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The 23rd biennial conference EcoBalt2023 took place in Tallinn, Estonia, continuing
the tradition of international EcoBalt conferences in bringing together scientists, students,
educators, regulators, and industry representatives from the Baltic States and nearby regions.

EcoBalt2023 served as a forum for environmental scientists, ecologists, analytical and
organic chemists, material scientists, toxicologists, and risk assessors to discuss current
topics related to the environment.

The conference topics included the following:

• Environmental chemistry
• Environmental toxicology
• Ecology
• Analytical chemistry
• Green and sustainable chemistry
• Implications and applications of nanomaterials

During two and a half days of the on-site event, nearly 200 participants from 21 coun-
tries (Figure 1) had a chance to listen to 59 talks from experts in their fields, as well as from
early career researchers. In addition, 45 posters were presented during the conference.

The conference started with a welcome event and a special lecture by Dr. Priit Zingel
from the Estonian University of Life Sciences, Tartu, Estonia. Dr. Zingel presented a
captivating talk titled “The Challenge of Understanding—from Protozoa to Ecosystems”,
encouraging the audience to ponder on how the surrounding nature exchanges, collects,
and manages information—both at the ecosystem and cellular levels.

The first day of EcoBalt 2023 started off with a presentation by the first plenary
speaker—Dr. Stephen Ellison—a Science Fellow at LGC, the UK National Measurement
Laboratory for chemical and biological measurement. Dr. Ellison is an expert in statistics,
measurement uncertainty, and reference material certification who has co-authored EU-
RACHEM guides on measurement uncertainty, metrological traceability, and qualitative
analysis. Dr. Ellison’s talk was titled “Sampling, Detection and Uncertainty in Environ-
mental Analysis—Challenges and Solutions”. The plenary lecture was followed by parallel
sessions of talks by experts in the field as well as early career researchers. The topics of the
talks included data quality in environmental analysis, the effects of legacy and emerging
chemicals (such as microplastics) on ecosystems and humans, and the water quality of
Narva River, Lake Peipsi, and the Baltic Sea. The topic of micro- and nanoplastic effects on
the environment and human health was also covered by Prof. Pu Chun Ke, the plenary
speaker on the second day of EcoBalt 2023. Prof. Ke from the Nanomedicine Center of
The Great Bay Area National Institute for Nanotechnology Innovation (Guangzhou, China)
and Monash University (Melbourne, Australia) is an expert in nanomaterial–biomolecular
interactions and his multidisciplinary research career has spanned over three continents
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and has been funded by NSF and EPA in the United States, CSIRO and CBNS in Australia,
and NSFC and MOST in China.

 

Figure 1. Participants of EcoBalt 2023.

The conference included special sessions organized and funded by the Estonian Soci-
ety of Toxicology, project “NarBaltAware” implemented under the European Neighbour-
hood Instrument and co-financed by the European Union, and Erasmus Mundus master’s
programme “Excellence in Analytical Chemistry (EACH)” (www.analyticalchemistry.eu,
accessed on 20 November 2023) coordinated by the University of Tartu and Estonian Center
of Analytical Chemistry. EcoBalt 2023 organizers also acknowledge conference supporters
shown in Figure 2.

 

Figure 2. Supporters of EcoBalt 2023.

The session “Data Quality in Environmental Analysis” organized by the EACH pro-
gram was part of the EACH mini-conference series “Data Quality in Analytical Chem-
istry” and additionally served as a “get-together event” for current EACH students and
EACH alumni.

Acknowledgments: The publication of this volume of EcoBalt 2023 abstracts and organization of
EcoBalt 2023 were financially supported by the Estonian Society of Toxicology, the Erasmus+ Pro-
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gramme of the European Union (EACH EM JMD, project no. 619658), the European Neighbourhood
Instrument co-financed by the European Union, as well as the supporters listed in Figure 2.
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Abstract: We live in the information age, but we still do not fully understand how the surrounding
nature exchanges, collects, and manages information—both at the ecosystem and cellular levels. Still,
it is crucial to possess a dynamic and developing comprehension of the functioning of nature in
order to understand the phenomena occurring in our ever-changing world. Sometimes we encounter
an attitude that there is no need to investigate anything further, as everything has already been
researched. This is a very dangerous attitude. Without information, we should not actually talk about
the age of information, and it is worth reviewing some knowledge that is deeply ingrained in us
from time to time. Occasionally, it is worth taking a step back and considering whether we ourselves
may have become trapped in dogmas that may hinder our understanding. This presentation focuses
on various aspects of understanding nature, starting from single-celled organisms and ending with
ecosystems. The topics that will be discussed among others are (1) infochemicals (how do they actually
affect the biota?); (2) the remarkable process of cellular computation (does this imply that cellular
materials can show a primitive intelligence?); and (3) the ability of plants to influence wind patterns
and bring in more moisture from the ocean (what will happen to us when we excessively deforest?).

Keywords: cellular computation; infochemicals; wind patterns
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Analytical measurements are increasingly vital to inform our understanding of our
changing global environment and to support the regulation of human activity that affects
the environment. Environmental analysis, however, experiences particular challenges
for measurement reliability. Most practical environmental measurements are carried out
on relatively small samples and their results are taken as indicators of the much larger
area sampled. Environmental monitoring can span decades, and the comparability and
consistency of measurement results over time and across geographical regions is important
for detecting real trends. Environmentally important contaminants—often the subject
of regulations—are frequently present at very low levels, often stretching the detection
capability of even today’s analytical methods and instrumentation. At low levels, with
significant sampling variability, and perhaps especially when environmental measurement
is contentious, it is important to understand and express uncertainties clearly and accurately
so that reliable policy and regulatory decisions can be made. This, with any accompanying
conformity assessment decisions, can be particularly challenging in the frequent cases
where sampling and even measurement distributions are far from the familiar normal
distribution. Finally, the regulatory framework controlling laboratory operations has
evolved over time; for example, the validation of test methods has become increasingly
important as new regulatory flexibility allows wider choice of measurement methods,
including ‘in-house’ methods, subject to achieving specific performance criteria. Here,
these issues will be discussed in the light of experience of some of the UK’s frameworks for
environmental regulation and analysis, and with attention to some important Eurachem
guidance for analytical practice.

Sampling is often the first step in many environmental measurements. It is also
among the most variable, simply because environmental systems themselves are variable
on scales from kilometres to centimetres. Understanding the variation due to sampling is
key to developing sound sampling strategies and for planning an appropriate allocation
between sampling effort and analytical work. A recently updated Eurachem guide [1]
provides guidance on the determination of sampling uncertainty, including relatively
simple and economical methods for assessing sampling variation using a simple method
based on limited duplicate sampling and analysis [2]. The latest edition includes even
more economical approaches, which use a ‘staggered nested’ experimental design to reduce
analytical effort [3], and also includes recent methods for summarizing uncertainty when
the measurement or sampling distribution is asymmetric [4].

Once sampled, attention turns to the application of an appropriate, validated, analyti-
cal method. Validation procedures for environmental analysis in the UK are specified, for
example, in the MCERTS performance standard for soil analysis [5]. This sets out a specific
set of validation procedures, together with criteria for acceptable performance for a wide
range of analytes. A recent example of such a validation study, for an in-house modification
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of a standard method, [6] illustrated some of the problems of achieving reliable results
across different soil matrices, even with very precise methods (Figure 1); clearly, some
matrices can provide individual challenges (LGC6145 for nickel in Figure 1). These pose
practical difficulties for achieving performance and for reporting results and uncertainty.

Figure 1. Relative bias for aqua regia extractable metals in four prepared soil materials. The vertical
red line is at zero bias.

Detectability poses further problems, particularly for estimating averages and for
summary reporting. For example, a preponderance of low levels and the wide use of ‘less
than’ statements in summary emissions data for paper mills in the UK led to practical
difficulties in assessing compliance with new environmental controls [7].

Finally, environmental analysis is not complete without a reported value, with associ-
ated measurement uncertainty and, where necessary, a statement of conformity. Measure-
ment uncertainty evaluation is a requirement for accredited laboratories, even if it need not
always be reported [8]. Originally a challenge for analytical laboratories unfamiliar with
the concept, several guides exist to help with uncertainty evaluation, including a general
Eurachem guide [9] and a NordTest guide specific to environmental laboratories [10]. There
is also comprehensive guidance on the use of uncertainty in conformity statements, for
those laboratories required to assess conformity with a requirement [11,12]. Recent studies
show, however, that asymmetry of the kind found in environmental sampling distributions
can adversely affect producer and consumer risks in conformity assessment [13], and some
recent studies of the effect of asymmetry will be described.
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The global-scale production of plastics has been instrumental for sustaining the mod-
ern way of life, while the accumulation of plastics in landfills, oceans, and any other environ-
ment has become a major stressor for environmental sustainability, climate, and, potentially,
human health. While mechanical and chemical forces applied by man and nature can break
down and recycle plastics, our understanding of the biological fingerprints of discharged
plastics, especially of the nanoscale derivatives of plastics (i.e., nanoplastics), remains su-
perficial. In 2010, we first reported on algal photosynthesis impaired by nanoplastic adsorp-
tion [1]. More recently, a host of studies have been conducted to elucidate the environmental
implications of micro- and nanoplastics at the molecular, cellular, or whole-organism level,
typically from a toxicological point of view. In this paper, I will first introduce our early rep-
resentative studies focused on nanoparticle–biomolecular/environmental interactions [2–6].
I will then report on our recent finding that anionic polystyrene and poly(methyl methacry-
late) nanoparticles can elicit disruptions in vascular endothelial cadherin junctions, a new
phenomenon that is biophysical/biochemical and uncorrelated with cytotoxic events such
as reactive oxygen species production, autophagy, and apoptosis [7,8]. The last part of my
presentation will be focused on the effects of nanoplastics on the aberrant aggregation of
amyloid beta and alpha synuclein, two pathogenic proteins associated with Alzheimer’s
and Parkinson’s diseases [9]. This presentation aims to demonstrate the vast research
potential towards elucidating the implications of plastics for environmental sustainability
and human health protection.

Funding: This work was supported by the National Natural Science Foundation of China, grant
number T2250710182, and by the National Key Research and Development Program, Ministry of
Science and Technology of China, grant number 2022YFC2409700.
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Abstract: Measurement quality is about fulfilling analytical requirements, which should be based on
the intended use of the results. Within the European Union, environmental requirements can be set
in a directive based on the maximum allowable concentration of a substance in air, soil or water, e.g.,
an Environmental Quality Standard (EQS) or an Emission Limit Value (EVS); and the requirements
on measurement quality, e.g., the limit of quantification (LOQ), within-laboratory reproducibility
(sRw) or measurement uncertainty (MU). This presentation is about publicly available guidelines
that can help the analytical chemist working in the laboratory by implementing a specific method
to (1) set up internal quality control over the whole concentration range based on the requirements
through the use of target control limits, (2) perform ongoing internal quality control based on only
two rules, (3) plan method validation, and (4) estimate the MU based on quality control and validation
data. Normally for instrumental methods, the MU is estimated as a relative uncertainty at higher
concentrations and as an absolute uncertainty at lower concentrations close to the LOQ. For quality
control and MU estimation, free open source software will be presented.

Keywords: measurement quality; quality control; validation; uncertainty; target control limits
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As a result of plastic pollution and intentional use of plastics in agriculture, small
plastic particles called microplastics (<1 mm) are commonly found in soils. This has
raised many concerns on the possible effects of microplastics on soil physico-chemical
properties, soil biota and the ecosystem services they provide [1,2]. Hazard assessment of
microplastics on soil biota relies on using model terrestrial invertebrates, which are exposed
to microplastics either by ingesting the soils or through body surface contact. In recent
years, we have gathered considerable information regarding the effects of microplastics
on key ecotoxicity test invertebrates: woodlice Porcellio scaber, mealworms Tenebrio molitor,
springtails Folsomia candida, enchytraeids Enchytraeus cripticus and earthworms Eisenia
andrei [3–6]. The organisms were exposed through soil or food spiked with environmentally
relevant microplastic concentrations (0.005–5%) for typically 3–4 weeks. Microplastics
were generated from various plastic materials, generating tire wear particles, textile fibres,
polypropylene microplastics from disposable medical masks, low-density polyethylene
fragments from packaging, low-density-polyethylene fragments milled from mulching
films and starch blend polybutylene adipate-co-terephthalate mulching film fragments. A
number of endpoints was followed: survival, reproduction, moult, growth, energy-related
biomarkers and immune response. In general, our results show that tested microplastics
are not lethal to tested invertebrates, but microplastic exposure can induce sublethal effects,
such as alternation in reproduction, reduced growth, changes in metabolic activity and
induction of immune response. We will present an overview of the various effects observed
on different organisms and discuss how the responses differ between types of microplastics
and whether plastics-associated chemicals might contribute to the observed effects.

Funding: This research was funded by: the international project IMPASSE –Impacts of MicroPlastics
on AgrosyStems and Stream Environments, which is financed under the ERA-NET waterworks2015
co-funded call, Slovenian Research Agency (J1-2482, P1-0184), and European Union’s Horizon
2020 project PAPILLONS (Plastic in Agricultural Production: Impacts, Life-cycle and LONg-term
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Endocrine disrupting chemicals (EDCs) are defined as “an exogenous chemical or
mixture of chemicals that can interfere with any aspect of the hormone action” [1,2]. Thus,
they have been considered among the strong risk factors in the development of obesity,
metabolic disorders, infertility, endocrinopathies, diabetes, and hormone-dependent can-
cers globally. Combined exposure to EDCs may have more pronounced adverse effects on
human health and may trigger stronger (or occasionally weaker) toxicological effects than
exposure to an individual chemical, even at concentrations that are regarded as non-adverse
(i.e., where no effects are expected) [3]. This study is focused on the endocrine-disruptive
(ED) effects of the mixture of pharmaceuticals with nanoplastics. Paracetamol, ibuprofen,
and fluoxetine were selected as scientific cases of pharmaceuticals, while commercially
available 25 nm sized polystyrene nanoparticles (PNPs) were used as nanoplastics. The ED
effects of each pharmaceutical and PNP, as well as of their mixtures, were evaluated using
an in vitro estrogen receptor activity assay based on a T47D-KBluc cell line [4]. This cell line
is stably transfected with a triplet ERE (estrogen-responsive element)-promoter-luciferase
reporter gene construct, and therefore, it can be used to screen chemicals for estrogenic and
anti-estrogenic effects. The obtained results showed estrogenic effects of the PNPs and all
tested pharmaceuticals. The mixture of pharmaceuticals with PNPs demonstrated a higher
agonistic affinity towards estrogen receptors (ERs) compared with individual components
of the mixture. This study unambiguously shows that the health hazard potential of envi-
ronmental contaminants should not be investigated exclusively as individual pollutants,
but as complex mixture components.
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Sample preparation is the key step in determining low concentrations of pollutants
from food, biological, plant, industrial, and environmental matrices. Solid-phase mi-
croextraction (SPME) is a solvent-free, cost-effective, robust, and high-throughput sample
preparation technique [1] usually coupled with gas chromatography (GC). It is especially
versatile for sampling volatile organic compounds (VOCs) not only present in the analysis
of wine bouquet or cheese aromas [2], but also in cigarette smoke [3], or in the identification
of microplastics (MPs) [4]. The sorption of VOCs on the SPME fibre in the headspace
(HS) of the sample depends on numerous parameters: the type of fibre, the extraction
time, and the temperature. Mixed-polarity phase SPME fibres (DVB/CAR/PDMS; Supelco,
Bellefonte, PA, USA) were used in all analyses, from Nanos cheese to MP identification
to cigarette smoke. The HS-SPME method enabled the VOCs’ profile study of Nanos
cheese. The evolved cheese aroma profiles were affected by cheesemaking parameters:
the amount of starter culture, ripening temperature, and media, and were independent
of the geographical origin of raw milk as well as the location of ripening [2]. Further, by
employing the HS-SPME-GC–MS method, identification of the five most common polymer
types (PVC, PS, PET, PP, and PE) of MPs was possible. The well-controlled melting process,
which generates characteristic compounds of each polymer, enabled the classification of
MPs from real mixtures. Studying other VOCs concerning public health also included
HS-SPME of flavours in tobacco products [classic cigarettes (CCs), electronic cigarettes
(ECs), and heat-no-burn products (HNB)]. Flavours are the most common reason for pro-
moting smoking initiation and duration, and they make smoking cessation more difficult
among adolescents. However, the lack of simple smoke/aerosol/vapour (S/A/V) analyses
for comparison of CCs, ECs, and HNB makes legislation or prohibition of such products
impossible. It would be of general interest if a simple, standardised method existed.
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Abstract: Several plant species emit different volatile organic compounds constitutively under typical
physiological conditions, and all plant species can be elicited to emit volatiles under stress conditions
when physiological activity is curbed. Plant emissions constitute the biggest global source of reactive
volatile organic compounds in the atmosphere. These volatiles play major biological roles in plant–
plant interactions and in plant interactions with other organisms. In addition, plant-emitted volatiles
often dominate the volatile-driven large-scale biosphere–atmosphere processes. In particular, plant
volatiles participate in ozone- and secondary organic aerosol (SOA)-forming reactions and in cloud
formation. Both enhanced SOA and cloud formation contribute to the cooling of the Earth’s surface,
implying that plants can alter their own life environment. At the global scale, amelioration of
vegetation growing conditions via volatile emissions can reduce the rate of global environmental
change, but there are currently major uncertainties in understanding how plant emissions change
in future climates and the quantitative impact of plant emissions on future climate change. Climate
change is a complex phenomenon that entails alterations in a series of environmental factors. For
plants, climate change is expected to enhance the severity and duration of stress periods when plant
physiological activity is strongly reduced. This includes both the enhancement of abiotic stresses
such as rising temperatures and more severe drought episodes in many parts of the globe and more
devastating biotic stresses such as frequent outbreaks of herbivore and pathogen attacks. These
changes in the frequency and duration of stress episodes can strongly impact volatile emissions.
Stress typically reduces the emissions of constitutively released plant volatiles and elicits emissions
of specific volatiles in a stress-severity-dependent manner. Thus, the plant-dependent feedback on
global change is expected to become stronger in more stress-prone climates.

Keywords: air chemistry; biotic stress; cloud formation; environmental stress; global change; plant
stress; plant volatiles; secondary organic aerosols; stress-induced volatiles; volatile organic compounds
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Abstract: Chemical pollution affects the health of marine biota, key functions of the ecosystem, and
endangers its biodiversity. The current environmental monitoring and assessment approach is based
on chemical and ecological measurements, while the linkage between them, biological effects at the
individual level, has been largely neglected. It is currently well acknowledged that the monitoring of
chemical concentrations alone is not sufficient to protect populations; it considers only a tiny number
of substances, while myriad others are left unnoticed. In addition, the hazards related to contaminant
mixtures remain undetected. Biological effects of contaminants can be detected and measured at
different levels of biological organization, i.e., from the molecular/biochemical level up to changes in
populations and communities. In Baltic Sea monitoring programs, the few observations on the effects
of contaminants have, for decades, mostly been made at only the higher biological organization
levels, applying reproduction success parameters in top predators such as raptor birds and seals as
indicators. However, recording early warning signals of contaminant exposure and effects on the
health of individuals at lower biological levels makes it possible to anticipate and prevent damage at
the higher levels. Moreover, it is also crucial to monitor effects at lower levels of the marine food web.
The so-called biomarkers focus on changes in various biological functions and include parameters
related to the detoxification of xenobiotics, oxidative stress, neurotoxicity, geno- and cytotoxicity and
reproductive disorders, among others. Research on biomarkers aiming at improving their use in
monitoring and assessing the contamination status of marine areas has been intensive during recent
decades, although the implementation of the methods to monitoring programmes has been slow.
Here, the current state of biological effects monitoring using biomarkers, as well as selected case
studies in the Baltic Sea, are presented, followed by recommendations on their application in this
sea area.
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Recently, layered double hydroxides (LDHs) have attracted substantial attention
due to their wide range of important application areas, e.g., catalysis, photochemistry,
biomedical science and the environment [1,2]. LDHs can be fabricated through different
synthesis methods. The most common preparation techniques are co-precipitation [3]
and anion exchange [4]. The aim of this study is to show the advantages of the Chimie
Douce route to LDHs. The indirect sol-gel synthesis route for the preparation of LDHs
was recently developed and suggested [5]. Synthesized precursor gels were converted to
mixed metal oxides (MMOs) by heating the gels at 650 ◦C. The LDHs were fabricated by
reconstruction of MMOs in water at 80 ◦C. In this study, the co-precipitation and novel
indirect sol-gel synthesis techniques for the preparation of Mg-Al LDHs were compared
and luminescent properties have been investigated. The peculiarities of the intercalation
of organic anions to the LDH structures were also studied. In conclusion, the proposed
sol-gel synthesis route for LDHs shows some benefits over the co-precipitation method
such as simplicity, high homogeneity and good crystallinity of the end synthesis products,
effectiveness, cost efficiency and suitability for different systems. It was also demonstrated
that the luminescence of lanthanide element in the Mg3Al1−xREx could be induced by
intercalation of organic reagents to the LDH structure. The Mg3Al LDH coatings have also
been successfully fabricated using the same sol-gel processing route.

Author Contributions: Conceptualization, A.K.; methodology, A.K. and D.S.; formal analysis, D.S.;
investigation, D.S.; writing—original draft preparation, A.K.; writing—review and editing, A.K. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank A. Smalenskaite for assistance and discussions.

Conflicts of Interest: The authors declare no conflict of interest.

21



Proceedings 2023, 92, 46

References

1. Mohanty, U.A.; Sahoo, D.P.; Paramanik, L.; Parida, K. A critical review on layered double hydroxide (LDH)-derived functional
nanomaterials as potential and sustainable photocatalysts. Sustain. Energy Fuels 2023, 7, 1145–1186. [CrossRef]

2. Constantino, V.R.L.; Figueiredo, M.P.; Magri, V.R.; Eulalio, D.; Cunha, V.R.R.; Alcantara, A.C.S.; Perotti, G.F. Biomaterials Based
on Organic Polymers and Layered Double Hydroxides Nanocomposites: Drug Delivery and Tissue Engineering. Pharmaceutics
2023, 15, 413. [CrossRef] [PubMed]

3. Theiss, F.L.; Ayoko, G.A.; Frost, R.L. Synthesis of layered double hydroxides containing Mg2+, Zn2+, Ca2+ and Al3+ layer cations
by co-precipitation methods-A review. Appl. Surf. Sci. 2016, 383, 200–213. [CrossRef]

4. Kameda, T.; Takaizumi, C.; Kumagai, S.; Saito, Y.; Yoshioka, T. Preparation of Zn-Al layered double hydroxide intercalated with
carboxymethyl-beta-cyclodextrin by anion exchange method and its Ni2+ adsorption property. Soft Mater. 2020, 19, 139–147.
[CrossRef]

5. Sokol, D.; Salak, A.N.; Ferreira, M.G.S.; Beganskiene, A.; Kareiva, A. Bi-substituted Mg3Al-CO3 layered double hydroxides. J.
Sol-Gel Sci. Technol. 2018, 85, 221–230. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

22



Citation: Kahru, A.; Heinlaan, M.;

Blinova, I.; Aruoja, V.; Kasemets, K.;

Drenkova-Tuhtan, A.; Sihtmäe, M.;

Mortimer, M. The Environmental

Safety Aspects of Technologically

Powerful Materials Are Often

Overlooked. Proceedings 2023, 92, 11.

https://doi.org/10.3390/

proceedings2023092011

Academic Editors: Ivo Leito and

Riin Rebane

Published: 21 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

The Environmental Safety Aspects of Technologically Powerful
Materials Are Often Overlooked †

Anne Kahru 1,2,*, Margit Heinlaan 1, Irina Blinova 1, Villem Aruoja 1, Kaja Kasemets 1, Asya Drenkova-Tuhtan 1,

Mariliis Sihtmäe 1 and Monika Mortimer 1

1 Laboratory of Environmental Toxicology, National Institute of Chemical Physics and Biophysics, 23
Akadeemia Tee, 12618 Tallinn, Estonia; margit.heinlaan@kbfi.ee (M.H.); irina.blinova@kbfi.ee (I.B.);
villem.aruoja@kbfi.ee (V.A.); kaja.kasemets@kbfi.ee (K.K.); asya.drenkova-tuhtan@kbfi.ee (A.D.-T.);
mariliis.sihtmae@kbfi.ee (M.S.); monika.mortimer@kbfi.ee (M.M.)

2 Estonian Academy of Sciences, 6 Kohtu, 10130 Tallinn, Estonia
* Correspondence: anne.kahru@kbfi.ee
† Presented at the International Conference EcoBalt 2023 “Chemicals & Environment”, Tallinn, Estonia,

9–11 October 2023.

Keywords: environmental hazard; heavy metals; rare earth elements; green technologies; green deal;
sustainable-by-design; one health

Novel materials and their combinations are the basis of societal progress: stone—Stone
Age; bronze—Bronze Age; iron—Iron Age. For the current stage of the development of
mankind, there is not yet a commonly agreed strategic key material (silicon, polymers,
graphene, nano*) but it is generally agreed that novel materials and their combinations are
creating the basis of the technological progress. Not all technologically powerful materials
are intrinsically safe and may harm humans and our surrounding ecosystems already
at relatively low concentrations (copper, silver, zinc, cadmium, lead, mercury, nickel,
chromium, platinum, lithium, and cobalt). That does not mean that intrinsically harmful
materials cannot be harnessed to offer mankind new developments (incl. for the generation
of green energy and the destruction of environmental pollutants). Indeed, some of the
intrinsically harmful materials highly conduct electricity (copper), have magnetic properties
(cobalt, nickel, and neodymium), or possess multiple technologically beneficial properties
(graphene). However, progress cannot be built upon threatening the health of people and
the environment. To find a balance between venture and precaution, the environmental
fate and safety aspects of technologically powerful materials can no longer be overlooked
to be in line with the UN Sustainable Development Goals, The Green Deal, and One
Health programs. In addition, environmental toxicity data are imperatively needed for all
materials sold or marketed in Europe in large quantities, as regulated by REACH legislation.
Moreover, the data on the toxicity of almost all elements in the periodic table as well as on
plenty of organic compounds to conduct the initial risk assessment are available in various
databases and scientific resources. Unfortunately, the communities of material scientists
and engineers who create novel materials and devices and environmental scientists who
have knowledge on harmful effects of materials are educated separately and do not share
the same information space in their professional life. Due to that, there is a big risk that
the novel technologies will be introduced on a large scale before their environmental
aspects (but also human health aspects) have been deeply evaluated. To avoid that, a
holistic approach, covering also safety aspects [1], is needed while novel technologies
are planned and designed, analogous to that applied in nanomaterials safety research
about 20 years ago when physicists, biologists, chemists, material scientists, environmental
scientists, and medical doctors joined forces for the analysis of potential harmful effects of
nanomaterials—cornerstones for nanotechnologies [2,3].
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Abstract: Despite being the most abundant renewable resource in Estonia, wood has not been fully
utilized for its potential value. To fully harness its potential, wood needs to be processed to its core
components, such as fibers, wood sugars, and lignin, using chemical, thermochemical, or enzymatic
methods. Researchers at TalTech are working on developing a comprehensive value chain for wood
valorization, encompassing the production of food additives, thermoplastics, coating materials, and
fine chemicals. Traditionally, lignin, a byproduct of the wood fractionation, was burned for energy.
However, TalTech researchers are now using lignin to create novel thermoplastics, catalytic materials,
and fine chemicals via fermentation processes. Here we show that the conversion of lignin into novel
functional materials can be tailored by selecting appropriate extraction methods and source biomass.
For instance, organosolv lignin extracted from barley straw exhibits the largest BET active surface
area for lignin-based aerogels compared to those produced from softwood or hardwood organosolv
lignins. Additionally, we showcase the potential of actinobacterial enzymes to detoxify phenol-
containing wood sugar solutions, enabling their utilization in fermentation processes involving a
wider array of microbial species.

Keywords: wood chemistry; lignin; functional materials; fermentation; environmental microbiology;
TalTech
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Nanotechnology is considered as the “sixth truly revolutionary technology” intro-
duced into the modern world. The central question of how to benefit from this powerful
technology, while maximizing and avoiding possible risks, represents a challenge for reg-
ulatory agencies and an important area of scientific research. With examples from our
own research, we will illustrate what happens when aquatic microorganisms are inad-
vertently exposed to engineered nanoparticles (ENPs) that are increasingly released into
the environment. The specific focus will be on nanoAg and nanoTiO2, as representatives
of the most widely used nanomaterials. We compared the ENP-induced responses in
two phytoplankton species: the presumably “particle-proof” green alga Chlamydomonas
reinhardtii and the “particle-ingesting” microalgal predator flagellate Poterioochromonas
malhamensis. Generation of the reactive oxygen species (ROS), disturbing the cellular pro-
and antioxidant equilibrium, as well as membrane damage and effect of ENPs on the
photosynthesis were followed. The results revealed a significant increase in the cellular
ROS and membrane damage upon exposure to ENPs, but the intensity of the effects was
dependent on the nature, size and concentration of the ENPs, the exposure duration and
the feeding pattern of the phytoplankton species. Liquid chromatography-based targeted
metabolomics revealed that the abundance of metabolites involved in various pathways
corresponding to amino acid, nucleotides, fatty acids, tricarboxylic acid cycle and antioxi-
dant metabolism was altered in various treatments. The metabolomics results correlated
well with the physiological results and confirmed that (i) oxidative stress is a major toxicity
mechanism for nanoTiO2 exposure [1]; and (ii) dissolved Ag released by nanoAg seems to
be a major toxicity driver, even though nanoAg is internalized in the food vacuoles of P.
malhamansis [2]. However, nanoAg plays an important role in the perturbation of amino
acid metabolism, TCA cycle and oxidative stress. The implications of the obtained results
for assessing the ENP-induced toxicity and tolerance responses in phytoplankton and for
enabling the discovery of sensitive markers for early warning are highlighted.
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Several environmental issues need to be addressed, including air pollution and human
exposure to the low concentrations of volatile organic compounds that have been detected
indoors. Replacing fossil fuels with, for example, green and renewable hydrogen to reduce
carbon dioxide emissions and air pollution is another recent challenge. Photocatalysis is
an attractive technology with the potential to do both: abate air pollutants and synthesize
hydrogen. In order to increase the potential of the environmental applications of photo-
catalysis, the synthesis of catalytic materials with significantly higher activity is a priority.
The semiconductor oxide TiO2 in the form of an immobilized nano-powder and in the form
of thin films is the most studied and most promising photocatalyst. The photocatalytic
activity of TiO2 is associated with its defects, where both types of charge carriers—electrons
and holes—can reach the surface in nanosized materials to form effective interactions [1].
Favorable defect distribution can be determined by the presence of specific facets, although
obtaining high-purity anatase crystals with controlled crystallographic facet purity remains
a challenge [2]. It has also been found that oxygen vacancies are critical for the adsorption
of oxygen on the particle surface and the capture of photogenerated electrons. However,
the engineering of oxygen vacancies has not yet been developed for practical applications
of photocatalytic air purification or hydrogen generation [3,4]. At present, there is still a gap
in the efficient use of photocatalytic nanomaterials between laboratory-scale research and
practical applications. The development of materials science in the field of nanomaterials,
along with developments in the field of photocatalytic systems engineering, should provide
solutions for increasing the efficiency of photocatalysis.
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Abstract: The anthropogenic impact on the environment has long been known to negatively affect
the quality of air. Volatile organic compounds (VOCs) are widely used in domestic and industrial
applications, generally as solvents. They are mobile in both gaseous and aqueous phases, and thus
their spread in environment could have massive effect with dramatically negative consequences.
Pulsed corona discharge (PCD) and photocatalytic oxidation (PCO) are considered as efficient and
eco-friendly methods for the energy-efficient abatement of gaseous hazardous pollutants. One of
the main problems of PCD application in air treatment, however, is residual ozone, a side prod-
uct of air ionization considered as secondary air pollution. Photocatalytic processes are known to
degrade ozone extending simultaneously the photocatalyst lifetime. Thus, combining PCD and
PCO in a two-step treatment system could solve the problem of the presence of residual ozone and
complement each other’s strengths. In this study, experiments were conducted in separate systems,
i.e. photocatalysis and plasma, making a prerequisite for the progress in the combined PCD/PCO
applications. A prototype PCO reactor was built and tested with ozone and 2-methoxyethanol
(2ME) in combinations. 2ME was chosen as a hazardous model VOC used in industry in solvents
and paints. For the PCD experiments xylene was tested. Being refractory air pollutant, exten-
sively studied for its removal, xylene provides a basis for the comparison of its abatement methods.
The PCD treatment showed unequalled energy efficiencies in gaseous xylene oxidation. With respect
to PCO experiments, the degradation of 2ME and ozone was 40% and 95%, respectively. High ozone
degradation performed by PCO confirms the expediency of proposed air cleaning combination.
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The optoelectronic properties of π-conjugated chromophores have been widely used
since the discovery of the conducting properties of synthetic organic polymers in the
late 1970s. Indeed, due to their chemical structures, organic conducting polymers exhibit
electrical properties that provide useful materials, such as batteries, light-emitting diodes,
antistatic packaging and coatings, microelectronic devices, photovoltaic cells, corrosion
inhibitors, sensors, etc. Among them, polyaniline and polysulfide have been extensively
studied for this purpose due to their environmental stability, oxidation, or protonation-
adjustable electrical properties and low-cost production.

Nevertheless, these structures are generally depicted as linear structures, and there is
an interest in achieving hemicyclic or cyclic analogue structures to extend their potential
for use as metal–gas sequestering agents and/or sensing materials, as well as new organic
cyclic semiconductors exhibiting different properties from their linear counterparts. In this
context, we have recently developed a simple strategy based on a nucleophilic aromatic
substitution reaction to achieve such cyclic derivatives, which are parent compounds of
calixarenes with heteroatoms on the bridge, affording the desired heteracalixarenes and
mixed heteracalixarenes or the hemicyclic scaffold in high yields. Some examples and
properties will be presented herein, as well as the on-going research toward identifying
nanoarchitectures that can be integrated into devices such as sensors.
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An exclusive Cu surface feature has the ability to convert CO2 into hydrocarbons
with significant Faradaic efficiency [1]. The catalytic activity of metal is highly sensitive to
electrolysis conditions including surface structure, morphology and real surface area (SR).
Simple polycrystalline Cu electrodes possess a rather small surface area; therefore, their
efficiency is low. Three-dimensional nanoramified Cu electrodes or foams can be produced
via metal electrodeposition with intensive hydrogen evolution [2]. An accurate estimation
of the porous electrode SR is of high importance, as precise knowledge of this parameter is
crucial for comparison of the behaviour of various catalytic systems. The aim of this study
was to evaluate the suitability of the known Cu real surface area determination methods [3]
for their application for Cu 3D nanostructures. To reach this goal, the following design
was created. The initial Cu electrode with a known SR value was employed as a basis
for Cu 3D structure electrodeposition from an acidic sulphate solution. Electrochemical
methods employing the underpotential deposition of Tl and Pb, as well the double-layer
capacitance measurements, applying cyclic voltammetry and electrochemical impedance
spectroscopy were applied for Cu 3D structure SR evaluation. The obtained results imply
that non-porous Cu electrodes are not sensitive to the applied SR determination method,
while this parameter for Cu 3D structures depends significantly on the evaluation mode.
The most reliable data for Cu foam characterization were obtained with double-layer
capacity measurements, while all other applied methods yielded inaccurate results. The
electrodeposited Cu 3D layer structure and hence SR depend on the plating solution
composition [4]. An attempt has been made to investigate the influence of HCl additives
on deposited Cu foam SR values. The obtained results indicate that the addition of HCl
increases Cu SR threefold.

Author Contributions: Conceptualization, R.R.; data curation, B.S., L.G. and R.R.; formal analysis,
B.S., L.G. and R.R.; investigation, B.S. and L.G.; methodology, B.S., L.G. and R.R.; software, B.S. and
L.G.; supervision, R.R.; writing—original draft, R.R.; writing—review and editing, R.R. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

33



Proceedings 2023, 92, 4

References

1. Xie, H.; Wang, T.; Liang, J.; Li, Q.; Sun, S. Cu-Based Nanocatalysts for Electrochemical Reduction of CO2. Nano Today 2018, 21,
41–54. [CrossRef]

2. Xu, M.; Chen, Y.F.; Liang, J.Y.; Mo, D.C.; Lyu, S.S. Electrodeposition Patterned Copper Foam with Micro/Nanostructures for
Reducing Supercooling in Water-Based Cool Storage Phase-Change Materials. Appl. Sci. 2020, 10, 4202. [CrossRef]

3. Trasatti, S.; Petrii, O.A. Real Surface Area Measurements in Electrochemistry. Pure Appl. Chem. 1991, 63, 711–734. [CrossRef]
4. Shin, H.C.; Liu, M. Copper Foam Structures with Highly Porous Nanostructured Walls. Chem. Mater. 2004, 16, 5460–5464.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

34



Citation: Gaidukevič, J.;
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Justina Gaidukevič 1,2,*, Rūta Aukštakojytė 1, Mieczysław Kozłowski 3 and Rasa Pauliukaitė 2
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Graphene-based derivatives, such as graphene oxide (GO) and reduced graphene
oxide (rGO), have gained significant attention in the field of electrochemical sensors [1].
These materials offer several advantages, including a time-efficient and cost-effective syn-
thesis procedure and unique chemical, physical, and electronic properties [2]. rGO-based
materials, in particular, possess a high surface area, chemical stability, and electrical conduc-
tivity [3]. However, despite these favorable characteristics, the development of rGO-based
sensors with high sensitivity and rapid response times remains a challenge. One of the
promising strategies to meet this challenge is the doping of rGO using heteroatoms. This
approach involves introducing certain atoms (e.g., N, B, P, or S) into the graphene lattice,
which can modify the structural and electrochemical rGO properties [4]. Therefore, this
study focuses on the synthesis and structural characterization of N-doped rGO-based
materials and their application to the electrochemical sensing of dopamine and H2O2. rGO
modification with nitrogen species was achieved using two different synthesis approaches.
To functionalize the rGO surface with a cationic Bismarck Brown dye, a hydrothermal syn-
thesis method was employed. Also, the rGO surface was modified using gaseous ammonia
at temperatures of 950 ◦C or 850 ◦C for 8 or 4 h, respectively. The obtained materials were
characterized by different methods (XPS, BET, SEM, and Raman spectroscopy). Electro-
chemical measurements, such as cyclic voltammetry and chronoamperometry, were used
to evaluate the obtained samples toward dopamine or H2O2 detection. The results demon-
strated that various nitrogen species, including pyridinic-N, pyrrolic-N, and quaternary-N,
were detected in the N-doped rGO. Moreover, it was observed that the amount and type of
N-species introduced into the rGO surface contribute to the improved performance of the
sensing platform, enabling the sensitive and selective detection of analytes.
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Hemicucurbiturils are members of the single-bridged cucurbituril family, formed
through templated synthesis in a single step. This class of compounds is known for
its ability to form inclusion complexes with electron-rich species. We have developed
sustainable synthesis methods for chiral hemicucurbit[n]urils (where n = 6 or 8) and their
derivatives [1–4]. Additionally, we have demonstrated that cyclohexanohemicucurbiturils
can form external complexes with metalloporphyrins [5]. Porphyrins are well known
for their optical and photochemical properties, which are extensively utilized in sensing
and catalysis applications. Chirality sensing adds another viewpoint to sensing systems,
and we have shown that toxic organocatalysts can be sensed via complex formation with
Zn porphyrins [6]. By merging chiral hemicucurbiturils and metalloporphyrins via non-
covalent interactions into a solid thin material, one can construct an enantioselective
electronic nose and very selectively discriminate different analytes and their handedness [7].
In this conference, we will present our findings on how hemicucurbiturils and porphyrins,
as supramolecular receptors, can be employed for optical and gravimetric sensing, as well
as for the remediation of chemical pollutants.
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E. Anthropogenic Activities and

Microbial Populations: War, Peace or

Adaptation? Proceedings 2023, 92, 75.

https://doi.org/10.3390/

proceedings2023092075

Academic Editors: Monika Mortimer,

Anne Kahru, Ivo Leito, Riin Rebane

and Villem Aruoja

Published: 5 December 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Anthropogenic Activities and Microbial Populations: War,
Peace or Adaptation? †
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Aquaculture is one of the fastest-growing food sectors in Central, North, and Eastern
Europe. Freshwater farming is changing the biodiversity of fishing ponds to fulfill industrial
needs, and these changes can impact adjusting water bodies. Precautions should be taken to
protect ecosystems and ensure that they are sustainable. The main objective of this research
was to evaluate the influence of intensive fish farming on the condition of fishery ponds
themselves and the surrounding water ecosystems, as well as to evaluate the possibility
of transferring pollutants and antibiotic resistance genes to both environment and human
hosts. Sediment samples and fish gut microbiome samples were collected during September
2019 and the Summer of 2020 in three locations in Lithuania: fishery ponds, Simnas Lake
upstream from the fishery ponds, and Dusia Lake, which is downstream from the fishery
ponds. Heavy metals and antibiotic residues were measured in the samples. Genomic DNA
was isolated from the samples using the ZymoBIOMICSTM DNA Miniprep Kit according
to the manufacturer’s recommendations. The composition of the bacterial community was
determined using next-generation sequencing (NGS) by scanning the amplicons of the
bacterial 16S rRNA gene. The V3–V4 16S rRNA regions were chosen for sequencing because
they are capable of detecting both bacterial and archaea taxons with a high resolution [1,2].
NGS was performed by Novogene Bioinformatics Technology Co., Ltd. (Beijing, China) on
an Illumina paired-end platform to generate 250 base pairs (bps) length paired-end raw
reads. None of the tested sediment samples showed significantly elevated heavy metal
concentrations or substantial veterinary antibiotic pollution. From the antibiotic resistance
genes tested, the presence of aminoglycoside and b-lactam resistance determinants, as well
as the presence of integrons, could be of concern for the possibility of being transferred to
humans. The microbiome beta-diversity analysis results clearly indicated the differences
between the microbiota composition of all pond sediments and the entrance point, treated
as a clean area.
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Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wear, E.K.; Wilbanks, E.G.; Nelson, C.E.; Carlson, C.A. Primer selection impacts specific population abundances but not
community dynamics in a monthly time-series 16S rRNA gene amplicon analysis of coastal marine bacterioplankton. Environ.
Microbiol. 2018, 20, 2709–2726. [CrossRef] [PubMed]

2. Bukin, Y.S.; Galachyants, Y.P.; Morozov, I.V.; Bukin, S.V.; Zakharenko, A.S.; Zemskaya, T.I. The effect of 16s rRNA region choice on
bacterial community metabarcoding results. Sci. Data 2019, 6, 190007. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

40
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Viruses can significantly influence the biogeochemical cycling of major nutrients
through the infection and lysis of cyanobacteria, a globally important primary producer [1].
However, surprisingly little attention has been given to understanding how viruses alter
the metabolism of carbon (C) and nitrogen (N) in bloom-forming cyanobacteria, distributed
worldwide in fresh and brackish water ecosystems. Moreover, there is a lack of informa-
tion about how co-occurring microbial communities respond to the lysis of these primary
producers. Therefore, we employed an ecologically relevant filamentous diazotrophic
cyanobacteria Aphanizomenon flos-aquae [2] and Nodularia spumigena [3], and their lytic
cyanophages [4,5], as host–virus model systems in combination with a series of incuba-
tion experiments, to investigate the effect of viral infection and lysis on photosynthetic
activity, nitrogen assimilation and enrichment rates, expression levels of genes involved
in photosynthesis, and carbon and nitrogen metabolism, as well as on the concentration
of some central and secondary cellular metabolites. In addition, we analyzed the varia-
tion in the composition of associated bacterial assemblages in response to viral additions
and in relation to uninfected cyanobacterial cultures throughout their cultivation peri-
ods. We found that the effect of cyanophages on carbon and nitrogen cycling and cellular
metabolism was significant yet varied widely depending on the stage of the infection
process (e.g., cyanophage adsorption vs. DNA replication vs. release), and the state of the
host culture (culture undergoing infection/lysis vs. recovering culture). Our observations
suggest that cyanobacteria underwent a physiological state shift towards lower efficiency
carbon and energy cycling, as well as to the reduced nitrogen transport from heterocytes
(N-fixing cells) to vegetative cells [6,7]. The lysis of cyanobacterial cells was associated
with a release of ammonium and other compounds that promoted changes in co-occurring
microbes. The shift in the associated bacterial community was related to the infection rate
and increased with higher initial cyanophage density. On the contrary, the initial infection
rate, although it affected the timing, had no effect on the magnitude of net population loss
or changes in population structure. Our observations indicate that cyanophage infection
and lysis have implications across multiple levels of ecological organization, from cell to
population and to the entire community [5,6].
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Research on the use of neoteric solvents has been motivated by an increase in pollution-
controlled legislation and more regulations of common solvents, especially related to the
treatment of biomass. The most widely used neoteric solvent in biomass treatment, and
especially for the extraction of essential oils and other bioactive compounds from plants, is
supercritical carbon dioxide. A great reason to use CO2 in its supercritical condition is to
expand the spectrum of solvent solubility, polarity, and volatility [1].

Ionic liquids (ILs) and the deep eutectic solvents (DESs) are very attractive for ex-
traction and separation sciences as replacements for volatile organic solvents. Unfortu-
nately, traditional ILs, despite their high chemical flexibility and non-volatility, are not
green solvents.

DESs represent another type of tailor-made solvent that use both hydrogen bond
donor (HBD) and hydrogen bond acceptor (HBA) compounds, available from renewable
resources, resulting in natural deep eutectic solvents (NADESs) which have preferable
intrinsic characteristics, low cost, easy preparation, and low toxicity. The HBDs and HBAs
of a DES dictate the solvent properties that have a direct impact on the extraction efficiency.
The role of water in DESs’ composition is to alter the pH, viscosity, and polarity, which
results in a significant increase in extraction efficiency.

There are studies that have shown the excellent performances of DESs in the extraction
of biomolecules (such as polyphenols, iridoids, and alkaloids), providing comparable or
even higher efficiency than conventional solvents [2,3].

A variety of analytical methods could be applied for the characterization of ob-
tained extracts, including HPLC-DAD-MS, which is well suited for analysing the most
complicated samples.
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The shift away from fossil resources is revolutionizing our industrial carbon sources,
and the developments in legislation demand increased overall efficiency in processes and
emission abatement. Catalysis plays a key role in enabling the green transition in the
chemical process industry and environmental protection. They also act as a bridge between
chemical reactions and reaction mechanisms and moving from the molecular to the process
scale. Besides enhancing reaction rates, increasing selectivity plays a key role, and both
of these factors are tightly linked also to the process design and optimization for which
modern process intensification provides good tools. The current presentation displays three
examples of combining heterogeneous catalysis with process intensification for wastewater
treatment and the direct conversion of CO2 recently studied by our research group. The
wastewater treatment includes removing hemicelluloses from dilute biorefinery effluents
with the help of catalytic aqueous-phase reforming in a continuous reactor [1–4]. The
second case focuses on the removal of pharmaceuticals from communal wastewaters by
combining ozonation with heterogeneous catalysis in a semi-batch reactor operating at
ambient pressure [5–7]. In the case focusing on gas-phase processing, CO2 is converted to
renewable natural gas utilizing a bi-functional catalytic material in a periodically operating
continuous reactor concept [8–12]. Chromatography was used as the main analysis method
in all of the experiments. High yields and good selectivity were obtained in all of the cases,
and the next steps are related to process optimization, stability testing, and preparative
studies for scale-up studies. The obtained results display significant potential for green
process technology and process efficiency by combining catalyst development with pro-
cess design to be able to efficiently utilize effluent streams and minimize the effects on
the environment.
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(1) Background: The large dispersion of microplastics (MPs) in the marine environ-
ment has effects on the health of living organisms [1–3]. The aim of this study was to
identify MPs and their associated microorganisms in Adriatic Sea sediments and to evalu-
ate the antibiotic susceptibility patterns of the microbial communities. (2) Methods: A beach
transect, parallel to the shoreline where the waves break, was identified for the samplings.
A protocol to perform MP isolation from sandy sediments at different seasons, suitable for
biological sample upkeeping, and based on plastic floating in high salinity water, was opti-
mized. From floating MPs, aerobic and anaerobic cultivable microorganisms were isolated
and total DNA extraction was performed for the shotgun metagenomic analysis. Suscepti-
bility to a panel of 14 antibiotics, belonging to 12 different categories, was assessed [4,5].
Chemical characteristics of the isolated MPs were analysed using a Thermo Nicolet 6700
FT-IR Spectrometer with “Smart Orbit” diamond micro-ATR accessory and Thermo Nicolet
iN10 MX FT-IR microscope. (3) Results: Via chemical analysis, polypropylene microplastics
were estimated in the highest percentage, followed by polyethylene, poly-methyl acrylate,
and poly-vinyl chloride. Metagenomics data revealed differences in bacterial abundances
during seasons and in floating MPs with respect to total sand. The differential gene analysis
showed specific metabolic pathways in MP-associated microorganisms, including antibi-
otic resistance. Via microbial cultivation and MALDI-TOF MS identification, bacteria that
are promising for plastic degradation, such as Lysinobacillus fusiformis, Exiguobacterium sp.,
and Pseudomonas oleovorans, were also found, as well as potential pathogens, like Clostrid-
ium septicum, Clostridium novyi, and Shewanella putrefaciens. Only 17.2% were found to be
susceptible to all the tested antibiotics. High percentages of resistance were observed for
penicillins (85.7%), monobactams (80.9%), and tetracyclines (64.3%). (4) Conclusions: MPs
work as a vehicle for potential pathogens and antibiotic-resistant microorganisms in the
Central Adriatic Sea.
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In recent years, plastic use and pollution have gained a lot of attention. Plastic particles
have been identified from the Mariana Trench [1] to high mountains [2]. However, the
impact of plastic goes beyond that of particles [3]. Plastics are chemically very diverse.
In addition to the principal polymeric component, plastics contain over 10,000 different
additives [4] that may be non-intentional (e.g., production impurities) or intentional (func-
tional) for obtaining certain properties. Flexibility is an important property for which
plasticizers, a group of functional additives, are used. Until recently, phthalates have
been the most widely used plasticizers, but advanced knowledge on the hazardous prop-
erties of several commonly used phthalate plasticizers has led to their strict regulation
in the European Economic Area since 2020. This has created the need for alternative
plasticizers, especially in sensitive human applications. The plastic industry has started
producing and using novel non-phthalate plasticizers and high-molecular-weight phtha-
late plasticizers to the extent that they have become emerging contaminants [5,6]. Due
to their hydrophobicity, plasticizers sorb to particulate matter and tend to accumulate
in, e.g., wastewater treatment sludge. In the current research, sludge from wastewater
treatment plants was sampled from all over Estonia (20 samples) to analyse the occurrence
of selected novel plasticizers in the Estonian environment. Samples were analysed using
gas chromatography–mass spectrometry (GC-MS). The first results showed that the most
widely used DEHT (Bis(2-ethylhexylterephthalate), DPHP (Di(2-propylheptyl)phthalate),
DINCH (1,2-cyclohexanedicarboxylic acid diisonyl ester) were above the GC-MS quantifi-
cation limits in the majority of the analysed samples, and their levels were comparable to
those of the regulated phthalate plasticizer DEHP (Bis(2-ethylhexyl) phthalate).
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Plastic pollution is a global emergency [1,2]. One key problem is that microplastics
(MPs) (1 μm–5 mm) [3] and nanoplastics (NPs) (≤1 μm) [4] enhance the already severe
threat of antimicrobial resistance (AMR) by providing a micro-environment termed the
“plastisphere” for bacteria to form biofilms [5,6]. However, exact knowledge of the severity
of the plastisphere and its impact on AMR is currently still scarce [7]. Here, we show
how droplet-based technology can be used to study the potential phenotypic effect of MPs
on AMR. For this we used (i) polydisperse water-in-oil droplets generated via vortexing,
(ii) GFB-labelled Escherichia coli JEK 1036 as our study object, (iii) cefotaxime as the test
antibiotic, and (iv) 10 μm carboxylated polystyrene microspheres (PS). In parallel, we encap-
sulated single cells of E. coli into droplets with different concentrations of cefotaxime and
with or without PS. After overnight incubation at 37 ◦C, we imaged droplets as a monolayer
via confocal microscopy and analyzed droplets via Software Ilastik [8], CellProfilerTM [9]
and EasyFlow [10]. Our results show that E. coli’s minimal inhibitory concentration (MIC)
shifts slightly towards a higher cefotaxime concentration when PS is present in droplets.
Image analysis of E. coli growth patterns in individual droplets illustrates that E. coli tends
to clump together in droplets with PS, versus exhibiting an evenly distributed growth
pattern in droplets without PS. In conclusion, we see that PS in droplets might enhance
the MIC of E. coli resistance against cefotaxime. This possible enhanced resistance may
be related to the observed tendency for clumping (indication of biofilm formation) of E.
coli when PS is present. Droplet-based technology is thus a suitable tool for studying the
phenotypic effect of MPs on AMR. Further experiments with different antibiotics and MP
types and sizes will shed more light on the interesting and worrying tendency of MPs to
potentially enhance AMR that was found in this study.
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Internationally agreed long-term monitoring indicators do not consider the risks of
new synthetic substances. Screening a wide range of chemical substances gives early
identification data about substances that exceed ecotoxicological effect values in the aquatic
environment. This work summarizes the pollutants found in the Estonian water environ-
ment, which can cause both short-term and long-term effects on aquatic life. Data have been
collected within the period of 2016–2023 in the framework of various projects, including
Estonian national environmental monitoring [1]. Information on substances is collected
both with substance-group-based multi-methods (ca 300 substances using HPLC/MS;
GC/MS), with wide-scope target screening (2500 substances using LC-ESI-HRMS and
GC-APCI-HRMS), and with non-target suspect screening (more than 65,000 compounds
in each of the samples including their semi-quantification using LC-ESI-HRMS) [2]. In
the screening results, both completely new substances that were not previously associated
with environmental risk and substances that have already been regulated and considered
an important risk factor were found. In Estonian waters, 10 substances were found in
all sea fish and shellfish samples examined. Five of these substances also exceeded the
PNEC value on all samples (5′-Methylthioadenosine; 1-Eicosanol, phosphate, compd. with
2,2′-iminobis[ethanol]; Misoprostol; Butyl acrylate; 1-Propanone; 1-(4-dodecyl phenyl)-
2-hydroxy-2-methyl-). PAHs and PFASs still pose an environmental risk. The screening
identifies regional peculiarities. Not all substances are spread all over the Baltic Sea. Some
have significant effects only in Estonian waters. Screening studies of man-made substances
found in the environment with the latest analytical methods and knowledge, taking into
account the latest scientific developments, will be necessary in the future in order to prevent
long-term environmental problems. The presence of substances in the environment de-
pends on the properties of the substance, and therefore it is important to monitor different
matrices (water, sediment, biota).
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Plant-based nutritional supplements are considered a natural means of enriching every-
day diets, but they are also a source of various food contaminants, such as mycotoxins [1] and
pyrrolizidine alkaloids [2]. Both groups of food contaminants include chemical compounds
that can significantly affect consumer health. In this context, the present study aimed
to perform a multi-mycotoxin and pyrrolizidine alkaloid (PA) analysis (79 compounds
in total) of 47 herbal dietary supplements containing at least one herbal ingredient.
The extraction was performed using the QuEChERS method supplemented with the extract
freezing-out procedure. Alkaloids were separated using a Luna Omega C18 column and
quantified via TSQ Quantiva. The method’s LOQs ranged from 0.25 μg kg−1 to 500 μg kg−1,
and the recoveries ranged from 86% to 119%. The majority of samples contained detectable
mycotoxins and PA. Total concentrations ranged up to 5 mg kg−1. High concentrations of al-
ternariol monomethyl ether (AME) and tentoxin were found, with their levels reaching up to
2479 μg kg−1 and 307 μg kg−1, respectively. As reported before, many emerging myco-
toxins were detected, such as enniatin group mycotoxins and beauvericin, as well as regu-
lated mycotoxins, namely deoxynivalenol, T-2, and HT-2 toxins. Regarding PA, echinatine
was determined at the highest concentrations reaching up to 790 μg kg−1 (on average
191 μg kg−1), but the total PA concentration in positive samples was in the range of
0.62–1097 μg kg−1. Two samples exceeded the maximum level of 400 μg kg−1 for such
food supplements. The daily intake of mycotoxins and pyrrolizidine alkaloids may signifi-
cantly increase with the regular use of such nutritional supplements.
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The task of deployable military laboratories is to perform the fast identification of
chemical warfare agents (CWAs) and related chemicals in various types of samples in
field conditions. Identification is limited by the time and equipment of mobile laborato-
ries. Polar degradation products are commonly derivatized by a procedure using N,O-
Bis(trimethylsilyl)trifluoroacetamide (BSTFA) [1,2], which is time-consuming, and the re-
sulting chromatograms often contain a number of artifacts that hinder their identification [3].
This work describes the development and optimization of an alternative trimethylsilylation
(TMS) procedure for on-site identification. The goal was to develop a fast and robust
method that was efficient without heating, producing clean chromatograms. The analytes
were precursors and degradation products of blistering (thiodiglycol, ethyldiethanolamine,
methyldiethanolamine, triethanolamine), nerve (N,N-diisopropylamino ethanol), and psy-
choactive (3-quinuclidinol) CWAs. Ten TMS reagents were compared in terms of their
derivatization efficiency. The solvent effect, catalyst addition effect, and the time and
temperature of derivatization were studied and optimized. The stability of the deriva-
tives was observed over time, and chromatogram artifacts were monitored. The original
recommended and widely used method of derivatizing alcohol for 30 min at 60 ◦C in
acetonitrile using BSTFA was overcome using three optimized procedures with different
TMS reagents. They achieved high and stable yields in an acetone environment already
at room temperature and a reaction lasting 5 min. Due to the same chemical structure
of the resulting compounds (TMS-derivatives), it was possible to use established mass
spectral databases. Optimized procedures were applied to environmental (water, sand)
and urban (acrylic paint, asphalt-aluminum paint, concrete) samples contaminated with
the studied alcohol. The results obtained on a benchtop gas chromatograph were validated
afterward on a field device used by the deployable chemical laboratory of the Czech Army
following their standard operating procedures for sample preparation. The developed
methods are useful for military teams and stationary analytical laboratories whose task is
the unambiguous identification of CWAs and related compounds in various samples.
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The contamination of groundwater by arsenic is a serious concern due to the acute and
long-term effects of arsenic toxicity on human health. Arsenic contamination is observed in
at least 70 countries where the concentration of arsenic in drinking water exceeds the WHO
provisional limit of 10 μg/L [1]. In Finland, areas with high concentrations of arsenic in
groundwater [2], which affects the quality of well water used for gardening, can be found.
Arsenic can enter the food chain when vegetables and fruits are watered with contami-
nated well water. Although the contamination in Finland mostly originates from natural
arsenic, the growing number of mining activities presents a risk of additional pollution
from artificial sources. Therefore, proper monitoring of the water supply is necessary to
ensure safe levels of arsenic in water for human consumption. Currently, reliable methods
for arsenic content determination (e.g., AAS and ICP-MS) are time-consuming and must
be carried out under laboratory conditions [3,4]. The aim of our project was to develop a
compact and inexpensive method for measuring arsenic concentrations in water samples
using an electrochemical sensor. The method involves voltametric stripping [5], which
allows for the rapid measurement of arsenic at very low concentrations (ppb levels). A
handheld potentiostat with measurement and evaluation software and a mobile phone ap-
plication were also made. This technology is designed for on-field monitoring of arsenic in
industrial and residential areas. The project started with the laboratory-scale development
of an electrochemical method for arsenic analysis, which was later implemented at a pilot
scale in southern Finland. This study was performed under the ARMINE project of the
Measurement Technology (MITY-Kajaani) unit of the University of Oulu (Finland) and is
one of the application areas of research for health and clean technology.

Author Contributions: Conceptualization, A.F., M.K.H. and J.P.O.; methodology, A.F., M.K.H. and
J.P.O.; software, S.H. and V.S.; validation, A.F., M.K.H. and J.P.O.; formal analysis, A.F., M.K.H. and
J.P.O.; investigation, A.F., M.K.H. and J.P.O.; resources, J.P.R.; data curation, A.F., M.K.H. and J.P.O.;
writing—original draft preparation, J.P.O.; writing—review and editing, A.F. and J.P.R.; visualization,
A.F., M.K.H. and J.P.O.; supervision, A.F. and J.P.R.; project administration, J.P.R.; funding acquisition,
J.P.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by European Regional Development Fund through North
Ostrobothnia Centre for Economic Development, Transport and the Environment (Pohjois-Pohjanmaa
ELY) under REACT-EU program, grant number A77835.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

59



Proceedings 2023, 92, 62

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors thank the Pirkkala municipal office, Environmental department,
for their recommendations regarding sampling and field test sites. We are also grateful to Harri
Vuorenpää for the permission to perform the field test on his land.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Guidelines for Drinking-Water Quality, 4th ed.; World Health Organization: Geneva, Switzerland, 2022; pp. 340–343.
2. Ruskeeniemi, T.; Backman, B.; Loukola-Ruskeeniemi, K.; Sorvari, J.; Lehtinen, H.; Schultz, E.; Mäkelä-Kurtto, R.; Rossi, E.;

Vaajasaari, K.; Bilaletdin, Ä. Arsenic in the Pirkanmaa region, southern Finland: From identification through to risk assessment to
risk management. Geol. Surv. Finl. Spec. Pap. 2011, 49, 213–227.

3. Feng, Y.L.; Chen, H.Y.; Tian, L.C.; Narasaki, H. Off-line separation and determination of inorganic arsenic species in natural water
by high resolution inductively coupled plasma mass spectrometry with hydride generation combined with reaction of arsenic(V)
and L-cysteine. Anal. Chim. Acta 1998, 375, 167–175. [CrossRef]

4. Anezaki, K.; Nukatsuka, I.; Ohzeki, K. Determination of Arsenic(III) and Total Arsenic(III,V) in Water Samples by Resin
Suspension Graphite Furnace Atomic Absorption Spectrometry. Anal. Sci. 1999, 15, 829–834. [CrossRef]

5. Mays, D.E.; Hussam, A. Voltammetric methods for determination and speciation of inorganic arsenic in the environment—A
review. Anal. Chim. Acta 2009, 646, 6–16. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

60



Citation: Jakoobi, M.; Fajerwerg, K.;

Kahn, M.L. From Organometallic

Chemistry to Multifunctional

Nanoparticle-Based Devices for Gas

Detection and Degradation of Air

Pollutants. Proceedings 2023, 92, 42.

https://doi.org/10.3390/

proceedings2023092042

Academic Editors: Monika Mortimer,

Anne Kahru, Ivo Leito, Riin Rebane

and Villem Aruoja

Published: 24 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

From Organometallic Chemistry to Multifunctional
Nanoparticle-Based Devices for Gas Detection and
Degradation of Air Pollutants †

Martin Jakoobi 1, Katia Fajerwerg 1,2 and Myrtil L. Kahn 1,*

1 Laboratory of Coordination Chemistry (LCC), CNRS UPR 8241, University of Toulouse,
205 Route de Narbonne, 31077 Toulouse, France; martin.jakoobi@lcc-toulouse.fr (M.J.);
katia.fajerwerg@lcc-toulouse.fr (K.F.)

2 Université de Toulouse, UT3 Paul Sabatier, 118 Route de Narbonne, CEDEX 04, 31062 Toulouse, France
* Correspondence: myrtil.kahn@lcc-toulouse.fr
† Presented at the International Conference EcoBalt 2023 “Chemicals & Environment”, Tallinn, Estonia,

9–11 October 2023.

Keywords: organometallic chemistry; nanoparticles; mild conditions; size control; pollutants
degradation

Considering the climate, societal and health-related current and emerging issues facing
the world, our group, as part of the (nano-)material science community, will play a part
in providing materials and technology that can tackle these issues. Our strategy focuses
on the design and development of complex hybrid nano-objects and nanomaterials with
unprecedented properties, with the aim of developing functional and innovative solutions
to societal challenges (Figure 1). To achieve this, we are applying an organometallic
approach for the synthesis of well-defined nanoparticles (NPs) and nanomaterials [1]. This
bottom-up approach allows control of the NPs synthesis (size, shape, colloidal stability) on
a molecular level with the help of cleverly designed starting molecular precursor(s), under
mild reaction conditions and in safe-by-design approaches [2]. The presentation will focus
on our team’s research related to the synthesis and properties of NPs and nanomaterials,
their implementation into devices for either gas detection (i.e., sensors based on Cu [3],
Zn [4,5], and Sn oxide NPs [6,7]) or degradation of air pollutants [8], and the interconnection
between different fields (chemistry, physical chemistry, physics, and biology).

 
Figure 1. Positive feedback loop on the development of new nanomaterials and technological
solutions to societal needs.
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The Narva River has its source in Lake Peipsi and flows into the Gulf of Finland. It
passes through Estonia and Russia along its course. Estonia is a member of the European
Union while Russia is not. In addition to this, the two countries use completely different
techniques for discharge estimation. This all creates difficulties in river runoff calculations,
affecting calculations of pollution load, providing data inconsistencies when the countries
report to the Helsinki Commission (HELCOM) as they are required to. Besides this, the
river has a unique feature called the “backwater effect”, which affects the stage–discharge
relationships; thus, the usage of simple stage–discharge rating curves leads to a lot of errors.

The differences between the discharge numbers from two countries can reach up 80%
for certain months.

The NARVAWATMAN project, which was implemented under the European Neigh-
bourhood Instrument and co-financed by the European Union, strived to analyse the
existing discharge estimation techniques, conduct additional field measurements, come up
with a new harmonised solution, and provide recommendations for future analysis in the
runoff estimation of the Narva River [1].
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The Gulf of Finland, in the northeastern Baltic Sea, is experiencing ongoing adverse
effects due to human activities, leading to a decline in the quality of the marine envi-
ronment [1]. The current emphasis in environmental monitoring and assessment lies in
chemical and ecological measurements, with little attention given to the connection be-
tween these measurements and their biological effects. The neglect of examining biological
effects hampers our understanding of the overall influence that various contaminants have
on marine organisms, which results from complex combinations of multiple effects. We
have collected sediments from moderately to highly contaminated offshore and coastal
areas with subsequent analyses of selected chemicals (Figure 1). Where available, clams
(M. balthica) were collected for biological effects measurements. From seven sites, whole-
sediment bioassays with amphipods (M. affinis) were conducted to determine the effect
of contaminants with the registration of the mortality rate and activity of three biochem-
ical biomarkers. In the sediment biotest, the mortality rate was mostly uniformly low
(around 8%). The comparison of the amphipod and clam biomarker data revealed that the
amphipod, which was exposed to sediments from Narva Bay, did not exhibit significant
changes in biomarker activities, except for catalase (CAT), which indicates oxidative stress
(Figure 2). In clams, peaks and falls in enzymatic activities primarily reflect in situ expo-
sure to harmful compounds and conditions. The lowest glutathione S-transferase (GST)
activity in clams might be related to the impact of contaminants, as high levels of mercury
registered simultaneously in the sediments near the Narva river mouth, while near Kunda
harbour, the normalised content of PAH anthracene exceeded more than five times the
HELCOM threshold. The highest GST in Narva bay clams might be related to the mixed
impact of toxic biocide TBT, which exceeded the GES threshold by almost ten times, and
moderate contamination by PAHs and non-dioxin-like PCBs was found in the sediments
there. According to the calculated integrated biomarker response index, the highest value
at the Sillamäe harbour reflects the most stressful conditions within the studied area. In
addition, the elevated level of oxidative stress hints at the unfavourable hydrophysical and
chemical conditions in this location.
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Figure 1. Sampling stations in the study area.

Figure 2. Biomarker response in both species (mean ± sd). Station names above the bars indicate
significant differences between stations (p < 0.05).

Author Contributions: Conceptualization, I.K.; methodology, I.K., N.K., M.L. and K.K.L.; formal
analysis, I.K.; investigation, I.K., N.K. and M.L.; writing—original draft preparation, I.K.; writing—
review and editing, I.K. and K.K.L.; supervision, I.K. and K.K.L.; project administration, I.K.; funding
acquisition, I.K., N.K. and K.K.L. All authors have read and agreed to the published version of the
manuscript.

66



Proceedings 2023, 92, 54

Funding: This research was funded by the European Neighbourhood Instrument and co-financed
by the European Union (HAZLESS, NarBaltAware) (grant numbers: ER90/194), by the European
Biodiversity Partnership Biodiversa + (D2P) (grant number: 2021-473), and the Environmental
Investment Centre (KIK 17253).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Available on request.

Acknowledgments: We want to thank our colleagues from the Department of Marine Systems
(TalTech), namely, Urmas Lips, Fred Buschmann, Oliver Sammlas, and the crew of the R/V Salme, for
their comprehensive support in the organization and conduction of the fieldworks.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in
the decision to publish the results. The content of this publication is the sole responsibility of authors
and can under no circumstances be regarded as reflecting the position of the Programme-participating
countries or the European Union.

Reference

1. Kuprijanov, I.; Väli, G.; Sharov, A.; Berezina, N.; Liblik, T.; Lips, U.; Kolesova, N.; Maanio, J.; Junttila, V.; Lips, I. Hazardous
substances in the sediments and their pathways from potential sources in the eastern Gulf of Finland. Mar. Pollut. Bull. 2021, 170,
112642. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

67



Citation: Reihan, A.; Roosalu, K.

Estimation of the Share of Total

Nutrient Load from the Territory of

Estonia along the Narva River to the

Baltic Sea. Proceedings 2023, 92, 44.

https://doi.org/10.3390/

proceedings2023092044

Academic Editors: Monika Mortimer,

Anne Kahru, Ivo Leito, Riin Rebane

and Villem Aruoja

Published: 24 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Estimation of the Share of Total Nutrient Load from the
Territory of Estonia along the Narva River to the Baltic Sea †

Alvina Reihan 1,* and Kati Roosalu 2

1 Department of Civil Engineering and Architecture, Tallinn University of Technology, Ehitajate tee 5,
19086 Tallinn, Estonia

2 Department of Energy Technology, Tallinn University of Technology, Ehitajate tee 5, 19086 Tallinn, Estonia;
kati.roosalu@taltech.ee

* Correspondence: alvina.reihan@taltech.ee
† Presented at the International Conference EcoBalt 2023 “Chemicals & Environment”, Tallinn, Estonia, 9–11

October 2023.

Keywords: nitrogen and phosphorus; nutrient load estimation; transboundary rivers; Narva River;
Baltic Sea

The annual inputs of nitrogen and phosphorus by the Narva river into the Baltic Sea
are distributed between Estonia and Russia according to the catchment area shares of 33%
and 67%, respectively [1]. A comparison of the total nutrient load shows that the proportion
between countries may vary depending on what input data and estimation methods are
used. The aim of this study was to improve the comparability of estimates in order to obtain
more accurate information on the distribution of nutrients from Estonia. The results were
obtained from the testing of the Estonian and Russian calculated methods [2] and initial
data for the period 2006–2018, as well as the distribution of sources calculated for the direct
catchment area of the transboundary Narva River. Detailed calculations for each sub-basin
were carried out using mainly national coefficients. A comparison of the calculated total
input with the monitoring data showed that both countries’ estimates of nitrogen and
phosphorus loads correlated quite well with the monitoring data. The main sources of Ntot
in the immediate catchment were point sources and agriculture. The main difference was
in the Ptot input from natural and urban areas and agriculture. Therefore, point sources,
agriculture and runoff from urban areas can be considered the priority sources. According
to the results obtained for the Estonian territory, the contribution of Ntot was 23% and that
of Ptot was 29% [3].
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One of the aims of The European Water Framework Directive (WFD) is that the
Member States monitor and assess the ecological and chemical status of all surface water
bodies (rivers, lakes, transitional and coastal waters) and to ensure that they achieve a good
status by 2027, with an interim deadline of 2021. The question is, what is meant by a good
status and how to assess it? A good status of a water body can depend on several factors
such as its physical, chemical, and biological characteristics, which can mean a lot of data.
The water quality index (WQI) is a tool to provide a numerical value that indicates the
overall health of the water in a particular area. A summary of how the WQI has developed
and how it can be used was provided. When managing joint water bodies, it is especially
important that decisions are made on a uniform basis, and the status of the water body is
assessed in a similar way. During the project NarvaWatMan, the comparison was made
of how the status of the river Narva is assessed both in Estonia and Russia. Based on the
collected data, a joint water quality index was developed, and the received results were
presented [1].
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Our continent faces serious problems in areas such as biodiversity loss, limited natural
resources, the impacts of climate change, etc. Thus, during the last decade, environmental
education gained importance globally as the “alarm clock” that is now ringing loud, and
educators, as well as politicians, understand the urgent need to better educate young people
on the complexity and interconnection of ecological, economic, political, cultural issues and
develop creative problem-solving skills. This requires new types of educational methods,
as recent research also suggests that non-formal and interactive approaches to ecological
education are more effective than purely fact-based teaching. This article describes inno-
vative, interactive methods tested by the Estonian NGO Peipsi Center for Transboundary
Cooperation in regional schools and also during public events. Deliverables such as text-
books/worksheets on Peipsi ecosystems, the LoqQuiz orientation game, crossword and
educational videos with quizzes on Peipsi ecology, and Educational Live-Action Role Play
(EduLARP) were among the tasks that had the highest interest among our target group [1],
Our experience suggests that interactive and narrative approaches in environmental edu-
cation such as problem-solving exercises and role play can be more effective in the long
run and engage pupils better than fact-based (classroom) teaching. Non-formal learning
is characterized as learning by doing, foremost from the specific situations that pupils
experience, while their attitudes and values shape their future behavior [2]. Also, ecological
education should focus more on the importance of individual responsibility as well as
the role of collective action, and it is very important to constantly work with educators,
especially in more peripheral areas.
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Phosphorus (P) is a key nutrient for agriculture [1], but is also an environmental
pollutant that causes eutrophication and is commonly removed from wastewater [2]. Engi-
neered nanostructured materials, predominantly metal oxides/hydroxides, are frequently
reported as excellent adsorbents for phosphate [3], able to selectively remove P from
wastewater to ultra-low concentrations [4], and facilitate P-recovery through reversible
sorption [5]; however, their environmental safety is rarely addressed. This study assesses
the ecotoxicological hazard of 10 highly efficient metal oxide/hydroxide nanocomposite
P-adsorbents using toxicity tests involving two different food-web level test organisms: the
naturally bioluminescent marine bacterium Vibrio fischeri, and the crustacean Daphnia magna.
Nanocomposites were synthesized based on published procedures [6,7] via co-precipitation
of 2-, 3- and 4-valent metal precursors (Zn2+, Ca2+, Mg2+, Fe3+, Zr4+) at different molar
ratios, and characterized with laser diffraction, ICP-OES, XRD and SEM. Among these, the
pilot-scale tested ZnFeZr-6:1:1-oxyhydroxide [8] was modified by reducing the zinc fraction
to minimize leaching of toxic Zn2+ ions. The composites’ stability was investigated in deion-
ized water and 2% NaCl (V. fischeri test medium), addressing agglomeration, settling and
solubilization (the release of metal ions and/or potentially hazardous nanoparticles). All
composites, their filtered supernatants and precursor metal salts were evaluated for their
toxic potency (half-effective concentration, EC50 and minimum bactericidal concentration,
MBC) using three different tests: a Vibrio fischeri 30 min bioluminescence inhibition assay
(ISO-21338:2010) [9], a V. fischeri 24 h viability assay (‘Spot test’) and a Daphnia magna 48 h
acute immobilization test (OECD-202) [10]. Only the Zn-containing composites showed
inhibitory effects on both organisms. Those with the highest zinc fraction (ZnFeZr-18:5:1;
ZnFeZr-10:1:1) were classified “harmful” to V. fischeri (10 < EC50 ≤ 100 mg/L), and toxic to
D. magna (1 < EC50 ≤ 10 mg/L); therefore, they are environmentally unsafe for engineering
applications. The ZnFeZr-6:1:1 (V. fischeri EC50 = 118 mg/L; D. magna EC50 = 7.7 mg/L)
proved assumingly safe for both aquatic organisms once deposited on magnetic particles
ZnFeZr-6:1:1@MPs (EC50 >> 100 mg/L, MBC > 1000 mg/L). All other composites without
Zn were non-toxic, both to V. fischeri, and to the more sensitive D. magna.
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Hospital-acquired infections are serious medical problems worldwide. Therefore,
novel antimicrobials for the treatment of infections, especially those caused by antibiotic-
resistant microbes, are urgently needed. We have previously shown that Ag, CuO and
ZnO nanoparticles are also toxic against pathogenic microbes and relatively safe to animal
cells [1], thus being promising for medical use, e.g., in wound treatment. Moreover, combin-
ing these NPs with biologically active polymers may enhance their efficacy and specificity.
Chitosan (CS) is a biocompatible, antimicrobial and immuno-modulating polymer and is
already used for wound treatments. Therefore, crosslinking chitosan with antimicrobial
nanoparticles can yield novel antimicrobials with both biocidal and immune-modulating
effects. The study aimed (i) to design and synthesize silver–chitosan nanocomposites
(nAgCSs) with different silver–chitosan (Ag/CS) weight ratios (1:0.3, 1:1 and 1:3), (ii) to
evaluate their efficacy against bacteria and fungi that can cause wound infections and
(iii) to elucidate the mode of antimicrobial action of nAgCSs. nAgCSs were synthesized
through the reduction of AgNO3 with trisodium citrate and stabilized/coated with low-
molecular-weight chitosan. The antimicrobial activity of nAgCSs against bacteria Pseu-
domonas aeruginosa, Escherichia coli and Staphylococcus aureus and fungi Candida albicans
and C. glabrata was studied using a Spot test [2]. In this test, microbes are exposed to
toxicants in deionized water for 1, 4 and 24 h and then plated on an agar medium for the
quantification of the minimum biocidal concentration (MBC). The synthesized nAgCSs’
primary and hydrodynamic sizes were ~50 and ~100 nm, respectively, and the surface
charge was ~+25 mV. The shedding of Ag ions was in the range of 2–4%. The synthesized
nAgCSs were efficient antimicrobials acting already at sub-mg-per-litre concentrations. In
general, the nAgCSs were more toxic towards bacteria than fungi (24-h MBC 0.07–0.56
and 9.3–44 mg Ag/L, respectively), and nAgCSs with an Ag/CS mass ratio of 1:3 were the
most efficient. The high antimicrobial efficiency was most likely due to the absorption of
nAgCSs onto the surface of the microbes, as shown via confocal laser scanning microscopy
and flow cytometry. Interestingly, the shed Ag ions (the most reported toxicity mechanism
of AgNPs) did not explain the biocidal effect of nAgCSs, indicating a synergy between
chitosan and silver.
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Abstract: Herein, a proof of concept is reported, concerning the formulation of methacrylic and
styrene-based hydrogels with adsorption properties versus the emerging pollutants (dyes, pesticides,
and pharmaceuticals). The synthesis of the hydrogels was achieved by functionalizing the HEMA
monomer with specifically chelating groups, such as amino acids (lysine and histidine), cyclodextrins,
and meglumine. The as-prepared monomers were polymerized in water at different temperatures
to obtain macroporous samples. All the samples were characterized by chemical–physical and mor-
phological analyses confirming the success of the reactions. The resulting systems were successfully
tested to adsorb 2, 4 D, methylene blue, and lomefloxacin. In addition, up to five cycles of regenera-
tion tests were performed, confirming the aptitude of the samples to be used several times without
losing efficiency and maintaining their mechanical properties.
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Antibiotics are not completely metabolized nor degraded in traditional wastewater
treatment, leaving a large proportion of them in the wastewater. Consequently, water
bodies become reservoirs of antibiotics, where antibiotic resistance can develop. Therefore,
a new strategy for the efficient, selective, and cost-effective removal of antibiotics from
wastewater is being developed within the ANTIBIO project [1] using imprinted magnetic
nanomaterials. However, in order to apply the new materials on a large scale, their potential
harm to the environment has to be evaluated. We used aquatic ecotoxicology tests according
to OECD/ISO to evaluate the environmental hazard of the novel nanocomposites. We
used bacteria Vibrio fischeri, water fleas Daphnia magna and algae Raphidocelis subcapitata to
study the toxicity of the nanocomposites as well as their component materials, including
organic polymers, TiO2, ZnO and magnetite (Fe3O4). The studied concentration range was
0.01–100 mg/L. Out of the tested samples, only ZnO was toxic to all organisms, with
EC50 values (mg/L) 3.9 for V. fischeri, 3.3 for D. magna and 0.1 for R. subcapitata. When the
inhibition was calculated based on mg Zn per liter, ZnO and ZnSO4 were equally toxic,
indicating the shedding of Zn ions as a possible mechanism of ZnO toxicity. Magnetite
was toxic to algae, with an EC50 value of 2.2 mg/L; however, the composite containing
magnetite core was not harmful to algae. In contrast to our previous studies [2–4], TiO2
did not inhibit algal growth at 100 mg/L and the entrapment of algal cells within TiO2
aggregates was not witnessed. According to our results, the organic polymers as well as
the TiO2 produced within this study are not environmentally harmful, while the toxicity of
ZnO has to be considered when designing nanocomposites.
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Abstract: In the renewable energy field, the conversion of solar light into electrical or chemical
energy is considered essential to moving towards a truly green energy economy. Solar energy
can be harnessed not just through generating electricity with photovoltaic cells but also by driving
photoelectrochemical (PEC) reactions such as water splitting or pollutant oxidation. In this study, TiO2

films were synthesized electrochemically through a procedure called plasma electrolytic oxidation
(PEO). Under specific conditions, as the Ti substrate dissolves and the oxide film grows, electron
discharges occur across the film, and this ionizes both the oxide and some amount of electrolyte that
had been in contact with it. The mixture then cools, leaving a macroporous TiO2 structure. What
is particularly interesting for PEC applications is that the films can be crystalline and doped after
synthesis. XRD analysis revealed that a TiO2 film that had been obtained at a voltage of 200 V had an
anatase crystal structure. In addition, during ionization and cooling, ions from the solution can be
incorporated into the film. By adding 0.1 M Cu2SO4 into the synthesis electrolyte, we were able to
incorporate Cu into the films, as proven EDX and XPS. The TiO2 and heterostructured films showed
good PEC water-splitting activity and stability in alkaline media when illuminated with 365 nm LED
light. It was found that the photocurrent obtained depends on the synthesis voltage and that the
heterostructured films would generate ~2 times larger photocurrents. In addition, further surface
functionalization (e.g., with Au) was investigated. Electron–hole recombination was evaluated using
an advanced non-stationary photoelectrochemical technique—intensity-modulated photocurrent
spectroscopy (IMPS). Generally, films have very little recombination and only at lower overpotentials
up to ~1 V. Overall, the synthesis of oxide films through PEO may provide an efficient alternative
to obtaining crystalline films via annealing, and various heterostructures can be created simply by
modifying synthesis conditions.

Keywords: titanium oxide; plasma electrolytic oxidation; heterostructures; photoelectrochemistry;
photoanode; water splitting
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A wide range of mixtures of volatile organic compounds (VOCs), which are present
in indoor air in low concentrations, can strongly affect human health. Therefore, the
scientific interest in photocatalytic oxidation as a cost-effective and efficient technology
for the removal of VOCs from indoor air is growing. The aim of the study was to de-
posit TiO2 thin films by ultrasonic spray pyrolysis with different titanium isopropoxide
(TTIP)/acetylacetone (AcacH) molar ratios in the spray solution. Other objectives were to
determine the optimal TTIP:AcacH ratio and to study the ability of the film to purify air
from VOCs under different experimental conditions. TiO2 films were deposited onto the
borosilicate glass at 350 ◦C and heat-treated at 500 ◦C for 1 h. The TTIP:AcacH molar ratio
in spray solution varied from 1:1 to 1:20. At first, the photocatalytic activity of all obtained
films was estimated by the degradation of 8.8 mM stearic acid (SA) deposited on top of the
film [1]. In the second step of the studies, TiO2 films were tested for the oxidation of VOCs
(acetone, acetaldehyde, heptane and toluene) as separate pollutants in the concentration
ranges 5–40 ppm [2] and as 9 ppm VOCs mixtures [3]. The oxidation of VOCs was studied
in the gas-phase, multi-section reactor under ultraviolet and visible light. An increase in
the amount of AcacH in the spray solution enhanced the photocatalytic performance of
the films due to the carbon incorporation and changes in electronic structure. The reaction
rate constant of SA oxidation on the film with the TTIP:AcacH molar ratio 1:8 was 10 times
higher than that of the 1:3 film. The TiO2 film with a molar ratio of 1:8 showed a promising
ability in VOCs’ degradation, oxidizing up to 9 ppm VOCs mixtures at 1.5 min at catalyst
surface areas of 600 cm2 under ultraviolet, and up to 90% of the mixture under visible light.
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This study is dedicated to the development of an environmentally friendly building
material made from non-fired clay, stabilized with various biopolymers (starch, alginate,
and chitosan). The efficacy of the application of natural polymers has already been proven
in the geotechnical industry for soil stabilization [1–3]. The authors believe that the use of
natural polymers will have a positive impact on the physical–mechanical and operational
properties of the newly obtained building material made from non-fired clay. With the
addition of different concentrations (2.5%, 5%, 7.5%, and 10%) of biopolymer solutions,
the density of the clay composites was reduced by up to 9% (from 1990 to 1810 kg/m3).
The inclusion of starch and alginate contributed to an increase in the strength of the
clay composite of up to 42% (from 6.6 to 9.4 MPa). However, the application of 10%
chitosan resulted in a 20% decrease in strength (from 6.6 to 5.3 MPa). The conducted
research confirms that biopolymers are a promising stabilizer for non-fired clay composites.
Nevertheless, to create an effective building material, it is essential to consider the type of
clay and biopolymer, as well as their interaction potential and compatibility.
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The growing use of metal nanomaterials (including Ag-, Cu- and Zn-based nanoparti-
cles (NPs)) in medical applications but also in various green technologies is expected to
result in an elevated environmental burden of toxic metals and NPs [1]. Since soluble metal-
based NPs cause toxicity via released toxic metal ions [2,3], the safe use of NPs requires
strategies for mitigating their toxicity via the removal of these metal ions. Here, a novel
class of nano-sized specific adsorbent materials, metal–phenolic networks, are proposed
as suitable materials for this purpose due to their biocompatibility, high specific surface
area and the presence of functional groups specific for metal-ion binding. Iron–tannic-acid-
network-coated Au nanoparticles (Fe-TA@Au NPs) were synthesized and characterized
for their physicochemical properties and metal adsorption profile, using Cu ions as model
toxicants. The morphology, size, composition and stability in water of the synthesized
adsorbent materials were characterized using electron microscopy, Fourier-transform in-
frared spectroscopy (FTIR), dynamic light scattering, ultraviolet–visible spectrophotometry
(UV-Vis) and TXRF spectrometry (S2 PICOFOX, Bruker, Billerica, Massachusetts, USA). The
metal ion adsorption capacity, kinetics and specificity of the synthesized Fe-TA@Au NPs
were determined in aqueous solutions containing Cu2+ ions. A facile two-step synthesis in
an aqueous medium at room temperature yielded TA-stabilized Au NPs with a primary size
of 25 ± 7 nm which were coated with an Fe-TA amorphous layer (thickness: 7.6 ± 3 nm).
The hydrodynamic diameter of the Fe-TA@Au NPs was ~60 nm, and the surface charge
was highly negative in both MilliQ water (pH 6.0) and in HEPES buffer (pH of 7.4; zeta
potential of −45 and −60 mV, respectively). Aqueous suspensions of Fe-TA@Au NPs were
stable over several days. An FTIR analysis indicated the presence of metal coordination
bonds between TA and Fe atoms in the metal–phenolic network which were essential for
the formation of the network structure. The Fe-TA@Au NPs effectively adsorbed Cu2+

in aqueous media, as determined via TXRF spectrometry. When unicellular freshwater
protozoa Tetrahymena thermophila [4–6] were co-incubated with Fe-TA@Au NPs and CuSO4,
the Fe-TA@Au NPs completely rescued protozoa from the toxicity of CuSO4, suggesting
efficient adsorption of the Cu ions by the synthesized metal–phenolic networks. The results
indicate that NPs coated with metal–phenolic networks have promising applications in
environmental remediation.
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Liquid chromatography–high-resolution mass spectrometry (LC/HRMS) is a powerful
tool for detecting chemicals that are present in low concentrations. While this technique has
revealed thousands of ionizable pollutants in environmental samples [1,2], the expanding
list of emerging contaminants highlights the urgency to speed up their risk assessment [3,4].
Generally, the risk assessment workflow starts with structural identification, followed by
obtaining the analytical standard for confirmation, toxicity assessment, and quantifica-
tion with a calibration curve. To speed up the process, machine learning has found use
in predicting toxicity and ionization efficiency; however, most of the models in use still
require a chemical structure as an input. Therefore, detected but unidentified chemicals are
frequently discarded from further analysis and the bioactivity of samples often remains
partially unexplained [5]. Still, the fragmentation spectrum provides information about the
structure which can be related to the properties of the chemical. We developed a workflow
for estimating the risk of chemicals detected in non-target screening based on their MS2

data. Two prediction models, MS2Quant [6] for ionization efficiency and MS2Tox [7] for
acute fish toxicity, were trained based on structural fingerprints. While structural finger-
prints can be calculated from a structure, the recently developed SIRIUS+CSI:FingerID
software [8] offers the possibility to predict these fingerprints based on the MS2 spectrum,
and therefore predict chemical properties without structural assignment. Based on the
validation set, the root mean square errors of MS2Quant and MS2Tox were 5.9× (39 chem-
icals) and 7.8× (219 chemicals), respectively. These models were applied in a non-target
screening workflow regarding wastewater analysis. The preliminary results show that
MS2Quant and MS2Tox help to pinpoint chemicals that pose a higher risk compared to a
top five approach. Therefore, this approach provides the possibility to evaluate the risk of
unidentified LC/HRMS features and prioritize high-risk chemicals in identification.
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This study is the first systematic investigation of microplastics in influents and ef-
fluents of Estonian wastewater treatment plants (WWTPs) using continuous sampling
filtration method and FTIR-spectroscopy. The aim of the study was to evaluate the effi-
ciency of WWTPs in removing microplastics from the treated water. In total, six WWTPs
from all over Estonia were included in the study. For sampling, 14, 25 and 1450 L samples
of wastewater were collected from the influents before and after the screen and efflu-
ents, respectively, and filtrated over 24 h on three layers (5, 0.4, 0.33 mm) of metal sieves.
For microplastics analysis, organics in the sample were oxidized and the samples were
transferred to 10 μm polycarbonate filters for microscope-aided characterization. Selected
particles were identified using μFTIR. Contamination controls from sample collection,
preparation and characterization steps were analyzed in parallel. The results showed that
microplastics were present in all the samples, with the highest concentrations observed in
the influent sampled before the screen. The most common polymer types identified were
polyester, polyethylene and polypropylene. The study found that the treatment process
was effective at removing larger-sized microplastic fractions but less effective in remov-
ing smaller ones. The obtained data are also important for estimating the microplastics
load that reaches the environment in WWTP sludge used in agriculture and landscaping.
According to Koelmans et al. (2019) [1], the results of the study can be considered of high
quality and are hence important for implementing microplastics mitigation strategies and
control. The study established baseline levels of microplastics in the influent and effluent
of Estonian WWTPs.
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Abstract: The assessment of pollution is a serious issue and a major consequence of the overgrowing
human population and its activities. Focusing on the aquatic ecosystem, traditional approaches of
water chemistry mainly provide minimal monitoring with the detection of pollutants, while they fail
to produce mechanistic or predictive insight. As such, effect-based methods have gained significant
attention for the better mechanistic understanding of aquatic pollution. Among the key species
used, daphnids have acquired a central position in aquatic toxicology and ecology. In this study,
a novel feeding assay was developed and applied in a battery of exposures to different pollutants.
Furthermore, in combination with biochemical markers and sensitive metabolomic analyses, the
responses of daphnids following exposures were uncovered in molecular detail. Specific categories
of metabolites were identified as significant indicators to predict pollution.
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Chironomus riparius, a common test organism [1], has been widely used for the as-
sessment of the ecotoxicity of metal and organic contaminants in aquatic systems. Due
to having both aquatic and sediment-based developmental stages, midge larvae can be
exposed to both waterborne and sediment-bound contaminants, and hence, represent a
versatile model for toxicity studies. Recently, C. riparius has also been widely used in the en-
vironmental risk assessment of microplastic contamination in water bodies. The responses
of chironomid larvae that were experimentally exposed to nano- or microplastic particles
were shown to range from the molecular to whole organism level, e.g., [2–4]. However,
these responses have not been strongly related to the microplastic concentrations used for
exposure or load within the organism (the number of ingested particles). Instead, although
the presence of microplastic particles in the gut of C. riparius was demonstrated [5,6], the
populations of C. riparius that were continuously exposed to microplastic during three
generations showed recovery after the first generation [7]. Moreover, despite the greater
number of ingested particles at a higher microplastic concentration (1 g kg−1), compared to
the 10 times lower concentration (0.1 g kg−1), the emergence of adult midges in both cases
was not significantly different [6]. In this work, a review of the responses of C. riparius to
plastic exposure based on the published literature and our own data is provided, and the
peculiarities of the observed responses are discussed.
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The increasing demand for sustainable material production has fueled extensive
research on alternative polysaccharide sources. Microbial polysaccharides, particularly
exopolysaccharides (EPSs) in yeast, have garnered significant attention in the industrial
sector for their unique properties and production methods [1]. Rhodotorula toruloides, an un-
conventional yeast known for intracellular lipids and carotenoid production, also possesses
the capacity to produce EPSs [2]. EPS are primarily composed of mannose and glucose,
alongside non-carbohydrate components such as proteins and glycoproteins [3]. There-
fore, this study aimed to investigate, characterize, and evaluate the chemical properties
of EPSs derived from R. toruloides. The yeast was cultivated in shaker flasks under varied
growth conditions, including various pH levels, salt concentrations, agitation speeds, and
C/N ratios, allowing the identification of the optimal environment for EPS production.
Previous research has shown that a high carbon-to-limiting nutrient ratio in the growth
media increases EPS production [4]. Additionally, an increase in the ionic strength of
the medium hinders R. toruloides flocculation [5]. EPS purification was achieved through
absolute ethanol precipitation, followed by characterization via HPLC for monosaccharide
composition, GC-MS for glycosidic linkages after methylation using iodomethane/sodium
hydroxide, high-performance gel permeation chromatography for homogeneity and molec-
ular weight, and FT-IR spectrometric analysis to identify functional groups [6–8]. Determin-
ing the chemical properties of EPS is crucial for their potential application in industries such
as food, pharmaceuticals, and bioplastics. This study contributes to the growing knowledge
of sustainable polysaccharide production using yeast, particularly through the utilization
of R. toruloides as a microbial source. In conclusion, this study underscores the potential
of R. toruloides as a promising candidate for microbial polysaccharide production. The
optimization of cultivation conditions and EPS characterization pave the way for exploring
yeast-based polysaccharides in various industrial applications.
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Forests in Latvia are crucial, covering over half of the country’s territory and expand-
ing continuously through afforestation and natural growth. However, like forests globally,
they face challenges requiring attention. Climate and biodiversity changes call for sustain-
able forest management practices different from those in the past to ensure the long-term
health, resilience, and ecological value of Latvia’s forests. This study investigates the
impact of an arginine phosphate-containing fertilizer on nitrogen uptake, carbon content,
and elemental concentrations in pine needles across different forest types in Latvia. By
examining the effects of this fertilizer in the context of Latvia’s specific forest-related issues,
the research aims to contribute valuable insights into nutrient dynamics and concurrence in
the first years after planting. The study encompasses three distinct forest types: Vacciniosa,
Aegopodiosa, and Myrtillosa. Soil treatment was implemented during the planting of the
seedlings, followed by the analysis of pine needle samples. Isotope ratio mass spectrome-
try and inductively coupled plasma mass spectrometry were employed to determine the
nitrogen and carbon mass fraction, the nitrogen isotope ratio, and elemental concentrations.
Chemometric analysis facilitated data evaluation. The findings reveal diverse patterns
in nitrogen uptake and isotope ratio changes among the forest types. Aegopodiosa and
Myrtillosa forests exhibited increased nitrogen mass fraction and decreased δ15N values in
pine needles, indicating arginine phosphate as the primary nitrogen source. Conversely,
Vacciniosa forests displayed elevated δ15N values in control samples, suggesting alterna-
tive nitrogen uptake due to low soil nitrogen content. All samples exhibited a significant
increase in carbon content and a decrease in δ13C values associated with transplantation
and environmental shifts. Aegopodiosa forests demonstrated the least variation in δ13C
values, indicating a more consistent response during transplantation. Chemometric anal-
ysis highlighted correlations between elemental concentrations, seedling age, and forest
types [1]. This study highlights the importance of considering forest type and environ-
mental conditions when assessing fertilizer efficacy. It provides insights into the varying
effects on nitrogen uptake and carbon content in pine needles across different forest types
in Latvia, contributing to our understanding of nutrient dynamics in forest ecosystems and
guiding sustainable forest management practices.

Author Contributions: Conceptualization, M.B. and D.L.; methodology, A.V., D.L. and M.K.; soft-
ware, M.B. and L.A.-B.; validation, D.L., M.K. and A.V.; formal analysis, M.B., J.S., L.B., K.D., A.Z,

98



Proceedings 2023, 92, 50

V.V., T.A.S. and S.Z.; data curation M.B., J.S., L.B., K.D., A.Z., V.V., T.A.S. and S.Z.; resources, A.V., D.L.
and M.K.; writing—original draft preparation, M.B., J.S. and L.A.-B.; writing—review and editing,
M.B., L.A.-B., D.L., M.K. and A.V.; visualization, M.B., J.S. and L.A.-B.; supervision, D.L., M.K. and
A.V. All authors have read and agreed to the published version of the manuscript.

Funding: Research was funded by the Project “Strengthening the Doctoral Capacity of the Uni-
versity of Latvia within the framework of the new doctoral model” with project identification
No.8.2.2.0/20/I/006, LU registration No. ESS2021/434, co-financed by the European Social Fund.
Trees were measured to determine the growth rate and potential of accumulation of elements in
cooperation with the Latvian State Forest initiated research “Working methods and technologies for
restoration, planting, care and protection of forest stands” No. 5-5.9.1_007O_101_21_77).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors would like to express their gratitude to all individuals who provided
assistance and support throughout this research project. Their contributions and collaboration were
invaluable in the successful completion of this study.

Conflicts of Interest: The authors declare no conflict of interest.

Reference
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Borrelia burgdorferi sensu lato bacteria are the causative agent of Lyme disease, Europe’s
most common vector-borne disease. In Estonia, the number of ticks carrying pathogenic
bacteria and the case numbers of the illness are rapidly rising [1]. The infection can
affect multiple organ systems and withstand several rounds of antibiotic treatment [2].
Therefore, novel treatment options are needed to combat the persister forms of the bacteria
responsible for the chronic illness [3]. The screening of natural resources has shown
promise in helping discover lead compounds with distinct anti-Borrelia activity for future
therapeutic approaches. The antioxidative and antibacterial properties of several plants
found in Estonia have been demonstrated by our group. This presentation discusses the
chemical characterisation and anti-Borrelia activity determination of Plantago major and
Plantago lanceolata. The plants’ main groups of bioactive compounds were quantified
by colorimetric tests, total polyphenols by the Folin–Ciocalteu, total flavonoids by the
AlCl3, and total iridoids by the Trim–Hill method. The results show that dried aerial parts
of P. major and P. lanceolata contain up to 32.7 and 47.1 mg/g gallic acid equivalents of
phenolic compounds, up to 10.0 and 14.4 mg/g quercetin equivalents of flavonoids, and
up to 11.4 and 23.4 mg/g asperuloside equivalents of iridoids, respectively. The extracts
were chemically characterised using HPLC–DAD–MS/MS. The antioxidative activity of all
extracts was evaluated using the ORACFL method, and found to be up to 12.3 or 14.6 mg/g
Trolox equivalents for P. major and P. lanceolata, respectively. The anti-Borrelia activity of
the plant extracts was tested on the latent bacterial forms using the SYBR Green I and
Propidium Iodide assay. The residual viability of B. burgdorferi bacteria after incubation
with the plant extracts was as low as 18.7% for P. major species, and 23.6% for P. lanceolata
species. Therefore, as our results demonstrate that both P. major and P. lanceolata contain
considerable amounts of phytochemicals with antioxidant properties and show significant
anti-Borrelia effects on the latent forms of B. burgdorferi, these plants should be considered
for further therapeutic research.
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The reuse of treated wastewater for irrigation can preserve freshwater resources.
However, treated wastewater carries health risks due to residual contaminants. For safe
food production, it is essential to understand the uptake of potential contaminants and
their distribution in edible parts. Chromium (Cr), zinc (Zn), cadmium (Cd) and lead (Pb)
are commonly found in municipal wastewaters. In the present study, the uptake of Cr,
Zn, Cd and Pb was studied. Tomatoes were cultivated in Hoagland nutrient solution
(pH 7) prepared using potable water and nutrients [1]. Treated tomatoes were grown
in the Hoagland solution spiked with naturally abundant elements 52Cr (100 ng/mL),
66Zn (100 ng/mL), 111Cd (50 ng/mL) and 208Pb (100 ng/mL) and their enriched stable
isotopes 53Cr, 70Zn, 106Cd and 204Pb at the same concentration levels. The use of enriched
isotopes enabled distinguishing between the concentration of an individual element, which
is naturally present in Hoagland’s solution and is uptaken by plant during growth, and the
concentration of an individual element uptaken by plant as a result of its addition in the
nutrient solution. Tomatoes were raised 5 weeks in 40 L pots. Nutrient solution or spiked
nutrient solution were weekly replenished to volume. Plants were harvested 5 weeks
after exposure and divided into roots, stems, leaves and fruits. Samples were decomposed
using microwave digestion, and element concentrations were determined by ICP-MS. The
results showed that the roots exhibited the highest accumulation of Cr, Zn, Cd and Pb,
while low concentrations of Cr and Pb were determined in fruits. In the fruits, the highest
accumulation was observed for the essential element Zn. In compliance with Commission
Regulation, the concentration of Cd in fruits exceeded four times the permissible levels set
for fruiting-like vegetables. This study contributes to the understanding of pathways of
accumulation of essential and toxic elements in plants and to food safety.
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Burning candles, magic candles, incense, and pyrotechnics such as fountain candles
creates a sense of joy and celebration in various life and social events. Unfortunately,
most people never even thought about the smoke, particulate matter, or the pollution
that occurs and remains in indoor air after such activities. A lot of studies have raised
the issue of whether the use of such products indoors can worsen indoor air quality [1,2].
Contrary to that, the exposure to fine ambient particulate matter has been associated
with cardiovascular and respiratory diseases, and its relevance to particulate matter from
different candle burning remains unexplored [3].

The objective of the current study was to characterize the number concentration and
mass concentration of particulate matter originated indoors when burning fountain candles,
which are commercially available in Latvia. Therefore, simulating studies of burning fountain
candles were performed in a close laboratory for quantitative analysis of obtained particulate
matter. For the mass concentration of PM10, PM2.5, PM1, and number concentration of ultra-
fine and fine particulate matter with diameters from 0.265 up to 2.750 μm measuring, the
spectrometer GRIMM EDM—365 (Grimm Aerosol Technik, Ainring, Germany) was used. In
order to determine possible exposure of emitted particulate matter, a detecting device was
placed 1 m from the fountain candle. In another experiment, a detecting device was placed 4 m
from the fountain candle to characterize particulate matter distribution dynamics (see Figure 1).

Figure 1. Mass concentrations of PM10, PM2.5, and PM1 emitted from fountain candle burning
depending on the distance of the detecting devise.
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Model experiments showed that most of the particulate matter released indoors after
fountain candles burning are in size ≤ 0.265μm, which are the most harmful to human
health. The mass and number concentration of particles depend on the distance at which
the emission source is located, e.g., ultra fine particles move further in the room and their
concentrations are higher at 4 m compared to 1 m.
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Colorectal cancer is considered the second most common type of cancer [1]. It is as-
sumed for this type of cancer that environmental factors are more important than hereditary
factors [2]. Pesticides present in our food can alter the metabolism of our intestinal cells,
and this might be related to the potential impact on overall cellular metabolism. The aim
of this project was to investigate whether the pesticides Glyphosate, Glyphosate-based
Roundup, Boscalid, and NeemAzal alter the energy metabolism of human intestinal cells.
The study analyses if prolonged exposure and different growth environments increase
the sensitivity of Caco-2 cells to pesticides. The rate of oxygen consumption based on
electron flow through individual respiratory chain complexes and the overall oxygen con-
sumption rate of the respiratory chain were analyzed using the method of high-resolution
respirometry. The results demonstrated that lower concentrations of pesticides, which do
not affected cells in the short term, significantly decreased cell viability with prolonged
use. The experiments also showed that, in a plasma-like medium, similar to physiological
conditions, the toxic effect of pesticides is higher or equivalent to that observed in cells
grown in a regular medium. Analysis of mitochondrial oxidative phosphorylation revealed
a significant decrease in the oxygen consumption rate through the electron transport chain
at concentrations reducing cell viability by 20% for all pesticides. At lower pesticide con-
centrations reducing viability by up to 10%, the effect was detectable only for Boscalid and
Roundup. The results of the study confirm that commercially available pesticide Roundup,
along with its accompanying additives, exhibits stronger toxic effects than the declared
active ingredient Glyphosate alone. The results of the study indicate that low pesticide
concentrations, which have no immediate impact, may exert toxic effects over a longer
period, and this influence should be studied in a plasma-like medium.
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Over recent decades, the cereal grain market has experienced notable changes. Due
to the demand for healthier and more sustainable food options, significant growth in
the production of organically grown cereals has been observed in the EU and Latvia [1].
Climate change and its impact on agricultural productivity has created challenges to cereal
grain production, leading to a focus on resilient crop varieties and sustainable farming
practices. Research on stable carbon and nitrogen isotope ratio changes in barley and
triticale at different growth stages provides valuable insights into the metabolic processes
and nutrient uptake patterns of these crops. This research contributes to the improvement
of sustainable agricultural practices by allowing the optimization of fertilization strategies
and the development of more efficient crop management techniques. For this study, barley
and triticale samples at the stages of tillering, jointing, booting and maturity stages from
conventionally and organically fertilized sample plots were collected at the Institute of
Agricultural Resources and Economics, Priekuli Research Centre. Roots, leaves and grains
at maturity stage of the collected crop samples were analyzed using a stable isotope ratio
mass spectrometer (Nu Horizon, Nu Instruments, Wrexham, UK). δ13C and δ15N values,
and total carbon and nitrogen content were determined. The results showed a decrease in
δ15N values and total nitrogen content in both barley and triticale roots and leaves during
the growth of the analyzed crop samples. No significant changes in δ13C values and total
carbon content were observed. Differences in total nitrogen content and nitrogen-stable
isotope ratios between conventionally and organically fertilized crops were not definite
both for barley and triticale samples. These findings highlight the dynamic nature of
nitrogen uptake and utilization in barley and triticale crops during various growth stages
and suggest that other factors beyond fertilizer type may influence nitrogen content and
isotope ratios in these crops.
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Extremely intensive and chemicalized agriculture severely damages the naturally
formed eco-system [1]. This issue encourages concern about soil conservation and improve-
ment of its quality, human health, and environmental protection; therefore, it is necessary
to look for alternative methods of agriculture. One of these methods is organic farming,
where mineral fertilizers are not used and nutrients needed for plants are provided us-
ing biological substances of organic origin. On the other hand, the accumulation of such
biodegradable organic waste and its disposal in landfills causes various environmental,
economic, and social problems. One such waste is digestate [2]. Most of the digestate
(about 120 million tons) is agricultural digestate (a mixture of manure and plants). The
rest is obtained by mechanical biological treatment from municipal solid waste, separated
biological waste, sewage sludge, or the agriculture and food industries. In various EU
countries, renewable energy policies and subsidies for the production of electricity, gas,
and heat from biomass have improved economic conditions for the anaerobic digestion of
biological waste or food waste, but in this process, digestate is also produced. However, it
was also noted that a lot of detailed scientific research should be conducted concerning the
risk factors, environmental effects, fertilizer treatment methods, and enrichment during
long-term use [3–5]. Because the digestate is rich in organic matter, during this study, when
three different digestates were used, the organic carbon content was first determined. The
tests were carried out on dried digestates, which were of two types: whole and chopped. It
was found that the content of organic carbon is higher in whole samples and ranges from
39.0 to 50.0%, and ranges from 34.8 to 45.2% in chopped. In order to obtain the maximum
concentration of organic carbon from the used digestates, extracts were produced on the
basis of water, potassium alkali, and different production conditions. The samples were
kept for 3, 6, and 9 days at room temperature and for 3, 6, and 9 h at different temperatures,
mixed with a mechanical stirrer, and in an ultrasonic bath. Also, the samples were heated
at temperatures of 50 ◦C, 70 ◦C, and 90 ◦C. A higher concentration of organic carbon was
found in potassium-based extracts, and the higher temperature had a positive effect on the
concentration of organic carbon in the samples.
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The impact of the gut microbiota on human physiology through their vast metabolic
activities has surfaced as a remarkable scientific discovery over the past decade. It has
provided new avenues for biomarker discovery, especially via the analysis of known and
unknown metabolites using mass spectrometry-based metabolomics. In the face of limited
tools in chemical biology for metabolomics, we have designed advanced methodologies
utilizing ultra-performance liquid chromatography coupled with tandem mass spectrome-
try (UPLC-MS/MS) [1–4], with an intent to uncover unknown metabolites from human
samples, specifically from pancreatic cancer patients.

Understanding the bioactive metabolites produced by the gut microbiome, especially
thiol-containing metabolites, is key to the discovery of potential novel drug scaffolds and
dietary or disease biomarkers. To overcome the challenge posed by the lack of specific tools
for analyzing thiol-containing metabolites, we have synthesized a unique chemoselective
probe coupled to magnetic beads. This facilitates easy extraction of metabolites and
enhances the mass spectrometric sensitivity significantly. Application of this technique on
fecal samples has unveiled previously unknown metabolites and boosted the detection
limit for most metabolites [1–4].

In a novel approach, we have incorporated bicyclobutane into our methodology for
the chemoselective and irreversible capturing of thiol metabolites. Applying this tool to
human plasma, fecal samples, and bacterial cultures, we have identified the core bacterial
thiol metabolome of 394 features and specific bacterial metabolites for each bacterium,
including first-time detections in human plasma [1].

This novel chemical biology method surmounts analytical limitations and simplifies
the investigation of bioactive thiol-containing metabolites [1]. It uncovers a host of previ-
ously unidentified metabolites from dietary, bacterial, and human origins and paves the
way for comprehensive mass spectrometric investigations. This holds significant potential
for the discovery of disease biomarkers and therapeutic interventions.
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Plants are a natural source of phytochemicals, many of which have favorable bioactive
properties for human health and are therefore used in ethnomedicine for preventing and
treating a variety of diseases [1]. Epilobium angustifolium (fireweed) is a popular medical
plant that is known and used worldwide. Due to its abundance of secondary metabolites
such as polyphenols, tannins, and terpenes, fireweed has antioxidant, anti-inflammatory,
and anti-aging properties [2]. Cannabis sativa (industrial hemp) is mainly cultivated as a
source of industrial fiber or seed oil. In addition to cannabinoids, the chemical composition
of industrial hemp includes many other active compound groups, mostly tannins and
polyphenols [3]. The biological activity of the herb is dependent on its geographical origin
and the sample preparation procedure [4].

The aim of the present study was to quantitatively determine the total phenolic and
flavonoid contents and characterize the volatile compositions of three different plants
growing in Estonia: fireweed and the industrial hemp varieties Finola and Estica. The
volatile compounds were extracted from dried samples using headspace SPME (solid-
phase microextraction) and analyzed through use of GC-MS. Polyphenols and flavonoids
were investigated in plant ethanol extracts through use of colorimetric tests. As a result
of SPME-GC-MS, over 15 volatiles were quantified (≥1%) in each sample. The volatile
compound compositions were similar in all of the samples, and the volatiles with the
highest contents detected were β-caryophyllene and humulene. Colorimetric tests showed
high concentrations of polyphenols (up to 157.6 ± 8.1 mg GAE/g) and flavonoids (up to
11.7 ± 0.9 mg QE/g), whereas the fireweed extracts indicated higher levels. The obtained
results show that the investigated plants, fireweed, Finola, and Estica, are valuable sources
of phenolic and volatile phytochemicals.
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O.; Kornyšova, O.; Briedis, V.; et al. Evaluation of phytochemical composition of fresh and dried raw material of introduced
Chamerion angustifolium L. using chromatographic, spectrophotometric and chemometric techniques. Phytochemistry 2015, 115,
184–193. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

115



Citation: Gasco, R.; Worms, I.A.;

Slaveykova, V.I. The Interaction

between Extracellular Polymeric

Substances from Diatom Cyclotella

meneghiniana and Citrate-Coated

Silver Nanoparticles. Proceedings

2023, 92, 48. https://doi.org/

10.3390/proceedings2023092048

Academic Editors: Monika Mortimer,

Anne Kahru, Ivo Leito, Riin Rebane

and Villem Aruoja

Published: 24 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

The Interaction between Extracellular Polymeric Substances
from Diatom Cyclotella meneghiniana and Citrate-Coated Silver
Nanoparticles †

Rocco Gasco *, Isabelle A. Worms and Vera I. Slaveykova

Department F.-A. Forel for Environmental and Aquatic Sciences, Environmental Biogeochemistry and
Ecotoxicology, Faculty of Sciences, Earth and Environment Sciences, University of Geneva, 66 Boulevard
Carl-Vogt, CH-1211 Geneva, Switzerland; isabelle.worms@unige.ch (I.A.W.); vera.slaveykova@unige.ch (V.I.S.)
* Correspondence: rocco.gasco@unige.ch; Tel.: +41-22-379-03-06
† Presented at the International Conference EcoBalt 2023 “Chemicals & Environment”, Tallinn, Estonia, 9–11

October 2023.

Keywords: silver nanoparticles; EPS; diatom

Opposite to the significant knowledge about the toxicity of AgNPs to phytoplankton
species, rather limited knowledge is available about the role of phytoplankton secretions
such as extracellular polymer substances (EPS) in NPs’ fate [1]. This study, therefore,
explores the interaction between 20 nm citrate-coated AgNPs (Cit-AgNPs) and the EPS
derived from the diatom Cyclotella meneghiniana, and, in particular, their colloidal stability
and transformations. To this end, a combination of different state-of-the-art techniques
was employed to characterize the AgNPs-EPS interactions: Asymmetric Flow Field-Flow
Fractionation (AF4) coupled with ICP-MS, Dynamic Light Scattering (DLS), Zeta Potential,
and Surface Plasmon Resonance (SPR) absorbance spectroscopy. The changes in the size
distribution, surface properties, and stability of Cit-AgNPs (4 mg/L) in the presence of
various concentrations of EPS (130, 65, 32.5, and 13 mg C/L) were studied in both short-term
(0–2 h) and long-term (72 h) experiments. The results showed that EPS stabilizes Cit-AgNPs,
presumably through the formation of an ecocorona. The interaction occurred rapidly in the
short term, leading to long-term stabilization, as revealed by the changes in the SPR-UV-Vis
spectrum, characterized by the appearance of a typical shoulder associated with AgNPs’
aggregation/agglomeration and alterations in hydrodynamic diameter. In the presence
of EPS, the surface charge (zeta potential) of the Cit-AgNPs also shifted towards values
similar to those of EPS alone, indicating an interaction. The EPS reduced the dissolution of
Cit-AgNPs after 24 h. AF4-MD-ICP-MS provides relevant information with respect to DLS
and UV-Vis spectroscopy, confirming the change in size of the Cit-AgNPs, the stabilization
in the long term, and the interaction with the EPS. Taken together, the results of this study
demonstrate that the EPS derived from the diatom Cyclotella meneghiniana modifies the
surface properties and stability of 20 nm Cit-AgNPs. Therefore, such interactions have to be
taken into consideration for predicting the fate and effects of Cit-AgNPs in the environment.
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Abstract: The great increase in nanotechnology in the last 20 years has led to the alarming presence
of nanomaterials in the environment as a new category of pollutants. Given the fact that legislation
on nanomaterials is not concrete, the monitoring of their toxicity responses remains central. Focusing
on tests in aquatic environments, daphnids are commonly employed as a bioindicator species for
experiments with nanomaterials. However, until now, there has not been a unified and agreed
approach to nanotoxicity testing, while research among different laboratories has been performed
with significantly different setups, which may affect the reproducibility of the results. In this study,
daphnids were exposed to silver nanoinks and the impact of surface to volume was assessed by
comparing shallow vessels such as Petri dishes with deeper exposure vessels. Furthermore, in an
attempt to assess whether the tests can be performed in smaller volumes, and thus in miniaturized
versions, experiments compared larger and smaller volume setups. Finally, another parameter
explored was the crowding of animals in exposure, and therefore their absolute number. Mortality was
affected by both surface to volume and miniaturization, and significantly with crowding, supporting
the implication of the number of animals in the tests. Further investigation with molecular and
phenotypic endpoints confirmed these changes.

Keywords: molecular ecotoxicology; Daphnia; metabolomics; feeding; nanoink; nanotoxicology
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With the increasing trend of hard-to-treat microbial infections, including multiresistant
nosocomial infections, food-related outbreaks, and the rapid spread of potentially infectious
microbes in the common spaces of densely populated areas, awareness of the importance
of proper systemic hygiene practices has increased. One of the main routes of potential
pathogen transmission to vulnerable hosts is via contaminated surfaces. Therefore, the
introduction of antimicrobial surface materials may be considered as a potential preventa-
tive solution in infection hot spots. Similarly to disinfectants and other hygiene products,
the global market for antimicrobial surface coatings is increasing with an annual rate of
10% and is projected to reach USD 7 billion by 2027 [1]. Although other experimental
formulations have been used in antimicrobial surfaces, silver, copper, titanium dioxide, and
zinc are still the most frequently used active agents [2]. Compared with traditional antibi-
otics, such metal-based antimicrobial agents have a broad mode of action, which should
theoretically prevent the emergence of antimicrobial resistance—a process that has been
detected very frequently in the case of antibiotics. Yet, various types of metal-resistance
mechanisms in microbes have been described in association to polluted industrial areas
and metal mining sites [3]. Furthermore, recent evidence suggests that the appearance of
metal resistance may also be linked to the emergence of antibiotic resistance [4], and that
such resistant phenotypes may be selected in the presence of sublethal levels of stressors,
including various antimicrobial agents [5]. Therefore, ensuring the safety of antimicrobial
formulations, and their specific applications in terms of reducing their potential to induce
antimicrobial resistance or tolerance, is of great importance when developing sustainable
antimicrobial materials. In this work, we propose a strategy to determine the potential
of antimicrobial surfaces to induce resistance or tolerance either by enhanced mutation
frequency and subsequent selection of resistant mutants or by exchange of genetic material.
Along with the fact that such information is required to commercialize biocidal products in
the European Union [6], we believe that the proposed framework can be used to ensure the
long-term safety and sustainability of antimicrobial surfaces.
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In the early 1990s, the seminal work by B. Chaudret and J. S. Bradley led to the
establishment of metal nanoparticle (NP) synthesis from organometallic precursors. Since
then, this methodology has attracted the attention of many research groups, ours included,
and offered possibilities to selectively control the shape and size of these nano-objects under
mild reaction conditions. The clever design of substrate and stabilizing ligand systems
has allowed the synthesis of late transition metal and their oxide NPs (group 8–12) from
precious metals (Ru, Rh, Pd, Pt, Ag, Au) and from first-row (Fe, Co, Ni, Cu, Zn) metal
complexes [1,2]. However, to this day, the development of suitable early transition metal
complexes (group 3–7) for the preparation of corresponding oxide, sulfide, etc., NPs has
attracted only sporadic attention.

This presentation will focus on the use of the highly reactive Mo(0) complex for the
synthesis of molybdenum oxide and sulfide NPs at room temperature. These results will
illustrate how the choice of the substrate, stabilizing ligand and solvent system can lead to
stable colloidal NPs with a diameter of <10 nm in size (Scheme 1).

 
Scheme 1. Synthesis of early transition metal oxide NPs using organometallic approach.
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In general, agrochemicals are compounds used to control weeds and diseases in
crops during many agronomic practices, and they have become an essential tool in crop
protection [1]. Neonicotinoid pesticides are highly effective against some destructive
crop pests, and their occurrence in aquatic ecosystems could represent a relevant risk.
Acetamiprid N-[(6-chloropyridin-3-yl)methyl]-N′-cyano-N-methylethanimidamide and
thiacloprid (2Z)-3-[(6-chloro-3-pyridinyl)methyl]-1,3-thiazolidin-2-ylidenecyanamide) are
especially frequently used agrochemicals, with a wide spectrum of efficacy [2]. Currently,
exact knowledge about the impact of neonicotinoid exposure on the reproductive system
is limited as well as inconsistent. The scientific environment does not provide a relevant
background for solving this problem. The objective of our in vitro study was to examine
the potential effect of selected neonicotinoids on mouse Sertoli cells. TM4 cells were treated
with experimental doses of acetamiprid (10 to 500 μM) and thiacloprid (7.8 to 500 μM)
for 48 hours of exposure. Metabolic activity and cell membrane integrity were examined
to determine the potential toxicity. The results of an alamarblue assay revealed that
higher experimental doses of acetamiprid (200–500 μM) significantly (p < 0.0001) decreased
the metabolic activity of exposed TM4 Sertoli cells. A similar tendency was confirmed
after thiacloprid exposure when significant (p < 0.0001) cytotoxicity started from 125 to
500 μM. The cell membrane integrity, evaluated via a CFDA-AM assay, showed a significant
(p < 0.01) decrease at 250 or 300 μM followed by significant (p < 0.001; p < 0.0001) inhibition
at 350 and 500 μM of acetamiprid. In the case of thiacloprid, the presented parameter
was significantly (p < 0.01) inhibited at 125 and 250 μM, while the highest concentrations,
300 and 500 μM, caused significant changes (p < 0.001; p < 0.0001). Considerably more
detailed and systematic research on thiacloprid toxicology is definitely required for a better
understanding of the risks associated with reproductive health.
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Every year, approximately 2.5 billion tons of waste are generated in the European
Union. Due to these reasons and the limited amount of raw materials, the integration of
the circular economy is encouraged [1]. The fertilizer industry is one of the industries that
is characterized by the recycling of by-products into new products. One of the by-products
in the fertilizer industry is the liquid phase, which is obtained as a secondary product
after the crystallization and filtration of the solid primary product. Liquid fertilizers have
many advantages: they are highly compatible with trace elements, fungicides, physiolog-
ically active substances or other important additives [2]. It is very important to choose
the right fertilizer, because plants need to be given the required amount of nutrients. If
at least one element is missing, the plant may rot or even die [3]. During this work, the
possibility of using the post-crystallization solution for the production of liquid complex
fertilizers was examined. To achieve this goal, the concentrations of plant nutrients and
chlorine in the post-crystallization solution and its chemical—physical properties were
determined. Considering the need to increase the concentration of nitrogen in the post-
crystallization solution, studies were conducted, during which the influence of different
nitrogen compounds on the crystallization temperature of the post-crystallization solu-
tion were observed. Studies have also been carried out in which solutions (as organic
nitrogen additives) that would be highly compatible with the post-crystallization solu-
tion were extracted from the lupine (Lupinus polyphyllus). After the chemical analysis, the
liquid complex fertilizers were found to contain 1.4%–P2O5, 4%–Cl and approximately
13.5%–K2O. Depending on the nitrogen additions, the concentration of nitrogen in the
liquid fertilizers varied from 1.02% to 3.78% N. Four liquid complex fertilizers of different
brands were obtained and used: 1-2-14; 3-2-14+ME; 4-2-14+ME+mineralized lupine leaves;
and 4-2-14+ME+lupine leaf extract.
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Persistent organic pollutants that occur in different environmental matrices create
a need for their sensing, removal and remediation. Cyclohexanochemicucurbit[n]urils
(cycHC[n], n = 6 or 8) are chiral macrocyclic cavitands with a well-defined electron-deficient
cavity suitable for the accommodation of various electron-rich guests [1–3]. The current
work describes the application of cycHC[8] as a molecular container for the encapsulation
of small neutral organic molecules, including environmental pollutants (mustard gas
degradation products, haloalkanes) and biologically active compounds. The formation of
inclusion complexes in solid state was confirmed via SC-XRD. Complexation studies in
solution through 1H NMR and ITC revealed host–guest interactions between cycHC[8]
and hydrophobic S- and O-containing neutral heterocycles, as well as small haloalkanes, in
methanol and methanol–water media, resulting in stronger binding upon an increase in
solvent polarity. Since the macrocycle is insoluble in water, it was further utilized for the
selective capture of the neutral guests from aqueous solutions [3].
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Silver nanoparticles (AgNPs) are extensively utilized engineered nanomaterials that
inevitably find their way into the aquatic environment [1]. A significant amount of research
has been conducted to assess their potential toxicity to aquatic biota [2]. However, the
underlying cellular mechanisms involved in the toxicity and tolerance of diatoms to AgNPs
are still poorly understood. The present work aimed to gain better insight into the response
of diatom Cyclotella meneghiniana to AgNP exposure, as a representative model for the lower
trophic organisms in a freshwater environment, and its underlying mechanisms. C. menegh-
iniana was exposed to various concentrations of Cit-AgNPs (ranging from 0.001 mg/L to
5 mg/L) for up to 72 h, and the biological responses were compared with those induced by
dissolved Ag+. The response of diatoms to Cit-AgNP and Ag+ was characterized in terms
of diatom growth, membrane permeability, photosynthesis alterations, and morphological
changes. The stability of the Cit-AgNPs in the exposure medium was also investigated
by determining their dissolution, surface charge and hydrodynamic size. The DLS and
SPR-UV-vis results showed a shift in the size distribution of cit-AgNPs towards higher
values, which was related to aggregation/agglomeration processes. The dissolution of
cit-AgNP in the exposure media increased over time and was concentration-dependent.
The calculated 72 h-EC50 values, based on growth inhibition, were 0.348 ± 0.038 mg/L and
0.019 ± 0.001 mg/L for cit-AgNP and Ag+, respectively, suggesting a higher toxicity of Ag+

compared to cit-AgNP for C.meneghiniana. Short-term exposure (24 h) to Cit-AgNPs and
Ag+ resulted in reduced chlorophyll autofluorescence and impaired membrane integrity in
C. meneghiniana. Furthermore, the photosystem II was affected, as indicated by a decrease
in the quantum yield (Fv/Fm) and an increase in non-photochemical quenching (NPQ).
Cells exposed to Cit-AgNPs and Ag+ exhibited higher levels of proline accumulation
compared to the control, implying an activation of the antioxidant mechanisms in diatom,
since proline plays a role in ROS scavenging [3]. Additionally, the SEM-EDS analysis
revealed an increased presence of polyphosphate bodies (PPB) in both the Cit-AgNP- and
Ag+-treated cells, in response to metal toxicity and stress. Indeed, polyphosphates are
known as a chelator of cations, and their accumulation is linked to abiotic stress [4]. This
study demonstrates that synergistic mechanisms are adopted by C. meneghiniana to deal
with toxic levels of silver in both its ionic and nanoparticulate forms.
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Antimicrobial resistance is among the most serious global healthcare problems today.
In Europe, a third of the estimated 8.9 million yearly hospital-acquired infections in 2016 and
2017 were caused by antibiotic-resistant bacteria [1]. One possible source for novel, efficient
antimicrobials is nanotechnology. Some metallic nanoparticles (NPs) like silver, CuO, and
ZnO are already commercially available for biomedical applications. NPs are often coated
with different polymers to improve their characteristics. An intriguing biopolymer to
combine with metal NPs is the antimicrobial, biocompatible, and immunomodulating
chitosan, presently used in bandages and wound dressings. In this study, novel chitosan–
CuO nanocomposites (NCs) were synthesized via the precipitation of copper acetate by
sodium hydroxide in the presence of chitosan (50–190 kDa, Sigma Aldrich, Schnelldorf,
Germany). Varying copper to chitosan weight ratios (1:0.3, 1:1, and 1:3) were used. The NCs
were characterized by DLS, EDX, FTIR, SEM, XPS, and XRD. The minimum bactericidal
concentrations (MBC) against clinically relevant gram-negative (Escherichia coli ATCC 25922,
E. coli MG1655, Pseudomonas aeruginosa ATCC 27853) and gram-positive (Staphylococcus
aureus ATCC 6538) bacteria were determined by the Spot test [2]. Flow cytometry and
confocal laser scanning microscopy were used to reflect the interactions between NCs and
bacteria. The zeta potential of the synthesized NCs was >40 mV. The NCs’ hydrodynamic
diameter and polydispersity index increased with higher chitosan content, varying within
90–180 nm and 0.24–0.33, respectively. Based on the XRD analysis, the CuO portion
of the NCs had a crystalline structure. The NCs were similarly effective against gram-
negative and -positive bacteria, displaying MBC values of 0.13–0.25 mg Cu/L after 24 h of
exposure. Interestingly, after a 1-h period of exposure, the NCs were more toxic against
gram-negative bacteria than Cu ions, suggesting that chitosan may facilitate the interaction
of NCs and bacterial cells, enabling the immediate shedding of Cu ions alongside the
bacteria. Furthermore, after a 1-h exposure, the NCs with a higher chitosan content were
up to two times more biocidal against gram-negative bacteria than NCs with a lower
chitosan concentration.
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Inna Juhn, eviča from Riga Technical University for their invaluable help.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. European Centre for Disease Prevention and Control. Available online: https://www.ecdc.europa.eu/en/publications-data/
infographic-healthcare-associated-infections-threat-patient-safety-europe (accessed on 22 June 2023).

2. Suppi, S.; Kasemets, K.; Ivask, A.; Künnis-Beres, K.; Sihtmäe, M.; Kurvet, I.; Aruoja, V.; Kahru, A. A novel method for comparison
of biocidal properties of nanomaterials to bacteria, yeasts and algae. J. Hazard Mater. 2015, 286, 75–84. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

133



Citation: Labsvards, K.D.; Borisova,

A.; Kokina, K.; Bertins, M.; Viksna, A.;

Rudovica, V. Multi-Element Profile

Characterization in Monofloral

Honey. Proceedings 2023, 92, 31.

https://doi.org/10.3390/

proceedings2023092031

Academic Editors: Monika Mortimer,

Anne Kahru, Ivo Leito, Riin Rebane

and Villem Aruoja

Published: 22 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract

Multi-Element Profile Characterization in Monofloral Honey †

Kriss Davids Labsvards 1,2,*, Anastasija Borisova 2, Kristina Kokina 2, Maris Bertins 1, Arturs Viksna 1

and Vita Rudovica 1

1 Department of Chemistry, University of Latvia, Jelgavas Street 1, LV-1004 Riga, Latvia;
maris.bertins@lu.lv (M.B.); arturs.viksna@lu.lv (A.V.); vita.rudovica@lu.lv (V.R.)

2 Institute of Food Safety, Animal Health and Environment “BIOR”, Lejupes Street 3, LV-1076 Riga, Latvia;
anastasija.borisova@bior.lv (A.B.); kristina.kokina@bior.lv (K.K.)

* Correspondence: kriss_davids.labsvards@lu.lv; Tel.: +371-26395784
† Presented at the International Conference EcoBalt 2023 “Chemicals & Environment”, Tallinn, Estonia, 9–11

October 2023.

Keywords: honey; ICP-MS; floral origins; macro elements; trace elements; chemical profile

Apiculture, in general, is an important sector of the national economy due to the
environmental benefits of pollination. Honey is the main product of apiculture and is
regarded as a product with health-promoting properties; it is therefore often used for
medical purposes [1]. The high demand for honey raises concerns about the honey quality
available in the market because of the possible presence of counterfeited or fraudulent
products, thereby highlighting the need for modern instrumental analysis. Monofloral
honey is gathered from the majority of single floral sources, thus leading to a unique taste,
and organoleptic or visual properties, which consumers might find more attractive than
regular polyfloral honey. Determining the macro and trace element profile of these honeys
is valuable, serving a purpose to consumers, manufacturers, and researchers. In this study,
83 honey samples of different floral origins were used, and the floral origins were confirmed
via melissopalynology analysis. The macro and trace element profile of the honey was
determined using inductively coupled plasma–mass spectrometry (ICP-MS). The results
were processed using chemometric methods, including principal component analysis (PCA)
and a dendrogram of hierarchical clustering. Significant differences were determined using
one-way ANOVA analysis and Fisher’s test. In total, 30 different elements were found in
natural honey of Latvian origins, and the potential use of 18 of them as floral markers for
buckwheat, clover, heather, linden, rapeseed and willow honey was determined. Heather
honey showed the most diverse element profile, with increased concentrations of As, Ba,
Ca, Cs, Fe, K, Mn, Rb and Tl. Compared to other studies, the preliminary results of the
ICP-MS show one of the most versatile evaluations of floral origin [2]. The preliminary
results regarding macro and trace elements show their potential use as biomarkers for the
evaluation of honey floral origin and the evaluation of concentrations of elements harmful
to health.
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Mari-Liis Leinus 1,*, Piia Jõul 1, Martin Růžička 1, Jelena Gorbatšova 1, Merike Vaher 1, Ruth Shimmo 2

and Jekaterina Mazina-Šinkar 1

1 Department of Chemistry and Biotechnology, Tallinn University of Technology, 12618 Tallinn, Estonia
2 School of Natural Sciences and Health, Tallinn University, 10120 Tallinn, Estonia
* Correspondence: mari-liis.leinus@taltech.ee
† Presented at the International Conference EcoBalt 2023 “Chemicals & Environment”, Tallinn, Estonia,

9–11 October 2023.

Keywords: soil health; soil fertility; nutrients; portable capillary electrophoresis; GHG emissions;
fertilization of soils; over fertilization

Soil health monitoring is becoming progressively more important to meet the needs of
sustainable agriculture and climate policy goals. Portable capillary electrophoresis (CE)
devices could be used to monitor micro and macro nutrients available to plants in soil in
real time as anions and cations to make informed decisions about the need for fertilization.
These devices could be considered precise, cheap and fast alternatives to time-consuming
laboratory analyses and sensors that are currently on the market that can determine only N,
P and K, and not other important macro or micro elements [1–5]. Method development for
determining cations in soil samples was carried out using commercial CE device coupled to
a contactless conductivity detector (C4D) with the intent to later implement the developed
method on a portable CE device. The separation of eight cations (NH4

+, K+, Na+, Ca2+,
Mg2+, Mn2+, Zn2+ and Cu2+) was achieved using a capillary with an effective length of
47.5 cm and an inner diameter of 50 μm. Briefly, a 6 M acetic acid solution was used as a
background electrolyte, and we used an applied voltage of 15 kV. The duration of analysis
was 20 min (including 3 min of pre-washing). Linearity for analytes was determined to be
in the range of 1–10 mM, which encompasses the limit of detection (LoD) (0.1–0.9 mM) and
limit of quantification (LoQ) (0.3–1.8 mM) for the analytes. The extraction of cations was
tested from 1 min up to 24 h using distilled water and 0.01 M CaCl2 [6,7]. No remarkable
differences in extraction recoveries were observed within the tested timeframe. Therefore,
1–3 min was suggested as an optimum extraction time for the in situ extraction procedure.
The developed analysis method is suitable for the qualitative and quantitative analysis of
eight cations extracted from soil and can be implemented on portable CE devices. Further
optimization of simple and quick sample preparation must be carried out so that it could
be easily used directly on the field prior to analysis.
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Today, microplastics (1 μm–5 mm) have been found within organisms ranging from
small invertebrates to large mammals [1–3]. However, fibrous microplastics, the dominant
form of microplastics in the environment, are still not the focus of research [4]. Previous
studies indicated that microfibers caused more behavioral toxicity in organisms than pellets
and fragments because of organism entanglement [5,6]. Here, the overarching research
objective was to gain more information about the behavioral effects of fibrous microplastics
on freshwater zooplankton Daphnia magna. D. magna were exposed to fibrous polyester
microplastics sized 300 ± 192 μm at different concentrations (10, 102, and 103 items/mL)
in the presence of algal food. Behavioral responses, particularly swimming speed and
swimming trajectory, were recorded and analyzed via a tracker for 7 days. The frequency
of hop and sink behavior decreased when D. magna were exposed to microfibers. Moreover,
a special phenomenon, namely “hook & loop”, was noticed when examining the connec-
tion between fibrous microplastics and D. magna, especially in the 102 items/mL group.
Microfibers can easily twin the antennae and tail claws of D. magna, which is due to their
faint pectinate spines. The strong effect of microfibers intertwined with algae or impurities
prevented D. magna from moving freely, which caused a decrease in swimming speed
and swimming trajectories. More interestingly, this phenomenon was not dose-dependent.
D. magna exposed to much higher concentrations (103 items/mL) swam freely because of
the aggregation of microplastics themselves, which indicates the importance of microplastic
concentration number. Overall, this study demonstrates that “hook & loop” interactions
between fibrous microplastics and zooplankton could be directly causing the organisms’
behavior changes, which indicates that the interactions of microplastics and organisms
play a key role in understanding the behavior, fate, and effects of microplastics in the
aquatic environment.
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Lignin, a naturally occurring aromatic polymer, possesses a range of biological func-
tions. Notably, plants have harnessed lignin’s properties as a defense mechanism against
invading pathogenic microbes. Consequently, the utilization of isolated lignin as an
ecofriendly antimicrobial agent holds great promise for enhancing the value of lignin.
Furthermore, given lignin’s green and sustainable origin through plant photosynthesis, its
integration into the antimicrobial industry has the potential to reduce carbon emissions. Nu-
merous studies have explored the utilization of lignin for the development of antimicrobial
agents tailored to various applications. However, lignin is a highly heterogeneous polymer,
characterized by variations in monomer composition, linkages, molecular weight, and
functional groups. Consequently, the relationship between lignin’s structure and properties,
as well as its mechanism of action as an antimicrobial agent, remains unclear [1]. To address
these gaps in knowledge, we conducted a study in which we prepared forty-two quaternary
ammonium/phosphonium organosolv lignin samples from aspen, pine, and barley straw
(representing hardwood, softwood, and grass sources, correspondingly) using a versatile
intermediate, known as chloromethylated lignin, developed recently [2]. These samples
were then assessed for their potential antibacterial properties against clinical isolates of
Gram-positive (Staphylococcus aureus, MRSA) and Gram-negative (Klebsiella pneumonia)
pathogenic bacterial strains. Our findings suggest that the antibacterial activity of these
lignin samples exhibits an increase with the length of the hydrophobic chain, up to C14,
after which it begins to decline. Additionally, ongoing research is being conducted to inves-
tigate the antimicrobial activity of ammonium and phosphonium surfactant materials, both
individually and in combination. In this research, chemical modification has significantly
boosted the antimicrobial efficacy of lignin, and incorporating extra chemical structures,
e.g., cationic functional groups through chemical modification, presents a viable strategy to
enhance the future potential of lignin’s antimicrobial activity.
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The study was aimed at evaluating the catalytic and photocatalytic properties of
lignite fly ash samples, S1 and S2, from the Pilsen Power Station (Teplárna Plzeň) collected
using electrostatic precipitators with relatively high contents of Fe2O3 (6.0–7.4%) and TiO2
(4.6–4.8%). Iron oxides are used often as heterogeneous Fenton(-like) reaction catalysts in
certain compositions, as they have iron oxides and oxo-hydroxides attached to catalyst
supports with developed contact surfaces, such as zeolites [1,2]. TiO2 is the most studied
photocatalyst for the photocatalytic oxidation of gaseous volatile organic compounds
(VOCs) [3]. Experimental tests investigating the catalytic oxidation of the textile dye Acid
Orange 7 in aqueous solutions, using the heterogenous Fenton-like system (H2O2/fly ash)
and the photocatalytic oxidation of acetone vapors in the UV-A/fly ash system, were carried
out. In water treatment trials, adsorption and Fenton-like experiments were carried out in
parallel, under similar treatment conditions. The adsorption of the VOC was characterized
by its concentration in the reactor’s effluent growing with the adsorbent saturation with the
acetone vapors. Once the studied sample of fly ash had accumulated a certain amount of
acetone, the UV-A light was switched on to start the photocatalytic oxidation reaction. The
results showed moderate catalytic and negligible photocatalytic properties of S1 and S2 in
the studied systems, although they exhibited certain adsorption properties. Surprisingly,
S2 showed a noticeably stronger catalytic ability in the Fenton-like system than S1, despite
having an almost 2.6 times lower surface area at a similar chemical composition. The
fly ashes were also used for zeolite synthesis [4]. They were subsequently tested in ion
exchange with respect to ammonium cations and showed abilities close to those of a
commercial zeolite specimen.
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The possibility of controlling physical properties via chemical doping is particularly
important when considering the formation of both electrical and magnetic orderings in
the same compounds, which are commonly referred as multiferroics [1]. However, for
the most part, due to the conflicting nature of these properties, the coupling between the
electrical and magnetic properties is relatively weak. Recently, a new class of hexagonal
rare earth ferrite perovskite compounds has been found to exhibit multiferroic ordering,
with a mechanism and structure similar to that of hexagonal manganites, making them
a new avenue for potential research. This new family of room temperature multiferroic
compounds is based on LuFeO3 with a hexagonal structure (space group P63cm). It has been
discovered that LuFeO3 in its hexagonal state has both ferroelectric and weak ferromagnetic
orderings [2,3]. As such, in this work, we adapted an ethylene glycol based sol-gel synthesis
procedure for the preparation of bulk Sc doped hexagonal lutetium ferrite powders. The
crystal structure was investigated using XRD and Raman spectroscopy at room temperature.
The temperature-driven crystal structure transitions were analyzed by means of in situ
high-temperature XRD while the magnetic transitions were investigated by means of low-
temperature magnetization measurements. The obtained results revealed that at room
temperature, the polar hexagonal phase can be stabilized in a quite narrow doping range
that depends on the sintering temperature of the samples [4]. Additionally, samples with a
higher Sc doping content showed a lower phase transition temperature from ferroelectric to
paraelectric phases. While Sc itself is not magnetic, the Sc doping caused substantial changes
to the magnetization of the samples as well. Overall, the results indicate that LuFeO3 can
be successfully synthesized by means of the ethylene glycol based sol-gel procedure. The
desired phase composition, magnetic and electric properties can be optimized by means of
the doping content and the sintering temperature.
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In response to the increasing demand for environmentally friendly materials and the
necessity of effective end-of-life management [1], this study investigates the susceptibility
of innovative polyurethanes (PUs) that incorporate plant extractives to biodegradation.
The PUs were synthesized using polymeric methylene diphenyl diisocyanate, polyol PEG
400, and tetrahydrofuran as a solvent, with NCO/OH ratios of 1.0, 0.8, and 0.5 [2]. Partial
or complete substitution of the conventional PEG 400 polyol with black alder bark extracts
as bio-polyols was performed. Degradation tests were conducted in sewage water and
compost-enriched soil [3,4]. The susceptibility to biodegradation was assessed through
weight loss measurements, FTIR spectroscopy, and biological oxygen demand (BOD)
analysis [5–7]. After 2 months, conventional PUs exhibited weight losses of 9.6% in soil
and 12.4% in water. Complete replacement of PEG 400 with bark-sourced polyol increased
weight loss to 15.6% in soil and 15.7% in water. The reference biodegradable polylactic acid
(PLA) film displayed weight losses of 35.6% in soil and 15.0% in water. BOD measurements
indicated that PUs, particularly those containing bio-based building blocks, supported
microbial metabolism, corroborating previous findings [8]. The incorporation of bark
extractives significantly enhanced the susceptibility of PUs to biodegradation, resulting
in a reduction of up to 45% in the intensity of FTIR spectral peaks associated with the
urethane functional group (-NHC(=O)-O-), compared to a maximum reduction of 11% for
conventional PUs. Moreover, it displayed increased peak intensities for O-H and N-H
stretches after biodegradation, exhibiting a notable negative correlation with changes in
peak intensities for N-CO-O, C-O-C, and C-N vibrations following PU biodegradation.
This indicates the formation of hydroxyl and amino groups resulting from the hydrolysis
of various chemical bonds within the polyurethane network, facilitated by the integration
of bark extractives. This work emphasizes the potential of bark-derived building blocks in
the design of PU materials suitable for biological recycling while recognizing the need for
further investigation into the optimal agents and conditions for the biological conversion
of the latter.
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Plastics differ in chemical composition due to numerous chemicals (additives) used to
produce plastic for specific applications. Plastic additives may enter the environment not
only from the plastic waste during its weathering but also at all stages of the plastic products’
life cycle [1]. Plastic additives can be hazardous to living organisms and play a significant
role in the adverse effects of plastic contamination [2,3]. However, there are knowledge
gaps concerning the ecotoxicity of plastic additives [4]. Plasticizers are one group of plastic
additives of which phthalates are the most used, but they are also known for their toxic
potential. As the use of phthalate plasticizers has been increasingly regulated since the
beginning of the 21st century, alternative plasticizers have appeared in their stead. The
current study was conducted to obtain new experimental data on the potential ecotoxicity
of high molecular weight phthalate plasticizer DPHP (Di(2-propylheptyl) phthalate) in
comparison to DEHP (Di-2-ethylhexyl phthalate), which was a formerly dominant but now
restricted [5] low molecular weight plasticizer. For hazard evaluation, long-term (21 day)
effects were studied in life cycle tests with Daphnia magna, which is a representative of
microcrustacea and important link of the freshwater food web. D. magna was exposed
to the plasticizers via spiked sediment (sand).The tests were conducted in lake water to
increase the environmental relevance of the hazard data. Alarmingly, preliminary results
showed that DPHP may be more hazardous to aquatic organisms than DEHP. The mortality
of the organisms, exposed to DPHP plasticizer, was higher than with DEHP. D. magna
reproduction (the average number of offspring/organism) was lower than in the unexposed
control and comparable for both DPHP and DEHP. However, since fewer offspring were
also recorded for the used solvent (ethyl acetate) control, the affected reproduction was not
necessarily attributable to the plasticizers.
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Nowadays, it is difficult to imagine agriculture without the use of fertilizers, because
plants cannot absorb the required amount of nutrients from the soil. The only way to pro-
vide plants with all the nutrients they need is to fertilize them. Depending on the properties
of the soil, the type of plant, climatic conditions, etc., different amounts of nutrients are
required for effective plant growth [1]. However, the intensive and unbalanced use of
concentrated mineral fertilizers reduces the reserves of fertilizer raw materials, exhausts
the soil and harms the ecosystem. Meanwhile, in some industries (food, energy, etc.),
increasing amounts of production by-products are generated, which could be processed
into high-quality organic fertilizers. The decomposing matter from organic fertilizers
breaks down naturally and would provide nutrient and minerals to the soil [2,3]. One
such material is waste from the buckwheat groats industry: uncleaned buckwheat biomass
(UBM), buckwheat husks (BH) and buckwheat husk ash (BHA). These wastes contain
many different nutrients that plants need, so it becomes possible to use them as fertilizers.
It is difficult to directly use biofuel ash, buckwheat hulls or biomass for soil fertilization
because, due to the improper shape, non-uniformity and high dustiness of their particles,
the maximum fertilization efficiency is not achieved, and it is necessary to granulate them.
A drum granulator was used to produce a mixture of raw materials containing various
wastes: BH, BHA and UBM. Depending on the composition of the starting materials, it
was possible to obtain up to 60% of a productive fraction. The moisture content of such
granules varied between 2 and 10% and they had a relatively low bulk density (between
430–480 kg/m3). The pH values of the 10% solution of the produced granules ranged from
9.7 to 12.0, which indicates that the fertilizer can act as a lime agent; it is recommended to
fertilize acidic soils. It should also be mentioned that the obtained pellets are quite weak
and plastic. Granular fertilizers are non-hygroscopic and retain their shape when stored
at 21–23 ◦C and 70–75% humidity. In summary, it can be said that buckwheat groat waste
can be used in the production of environmentally friendly fertilizers in order to reduce
environmental pollution, slow down soil degradation and increase the amount of soil
organic matter.
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The increasing use of wind and solar energy creates an enormous need for intermittent
storage of electrical energy in batteries. Today, Li-ion batteries are the state of the art in
mobile applications, such as electric vehicles. However, due to the limited sources of
lithium, there is a growing need to replace Li-ion batteries with more sustainable alterna-
tives, such as Na-ion batteries. This development involves the replacement of graphite with
alternative anode materials, such as hard carbon. Lignin, a naturally abundant biopoly-
mer, has shown promising potential as a carbon precursor for electrical energy storage
applications, particularly in the synthesis of hard carbon anodes for Na-ion batteries [1]. In
this study, we investigate the synthesis of lignin-based hard carbon using a MgO template
technique, where lignin is dissolved using NaOH. The effect of the synthesis process on the
morphology, porous structure, and electrochemical properties of the resulting hard carbon
material is investigated. The synthesis process involves the carbonization of freeze-dried
solutions containing dissolved lignin and magnesium gluconate [2]. By subjecting the
mixture to preheat treatment at 600 ◦C, nano-sized domains of Mg and Na crystals form
within the carbon matrix. Acid leaching of the resulting particles is subsequently carried
out, followed by high-temperature post-heat treatment at 1100–1500 ◦C. These lead to the
formation of a hierarchical porous hard carbon structure for Na-ion battery applications.
The findings from this research have the potential to contribute to the development of
sustainable and high-performance energy storage systems.
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Solid solutions are crystalline phases consisting of at least two components in a freely
variable composition within certain limits. Depending on the miscibility of the components,
solid solutions are divided into two types, i.e., solid solutions of unlimited solubility of
components and limited solubility of components [1]. Solid solutions among inorganic
substances are widely studied and well-known solid phases for which the structure and
properties of the material are dependent on the component ratio. Such phases and the
change of properties they provide are widely found in such material classes as metal
alloys, minerals, ceramics, etc [2,3]. On the contrary, solid solutions formed between
organic compounds are researched notably less often [4]. However, the interest in the
formation of solid solutions between organic solids has significantly increased during
the last decade, which is clearly indicated by the increase in the number of scientific
publications investigating this phenomenon, mainly by testing previously accepted and
expressing new hypotheses in the field of crystal engineering [5,6]. In this study, the
formation of solid solutions in binary systems formed by thioxanthone and xanthone was
explored. In each of the studied systems, mixtures of substances with different component
ratios were crystallized, and powder X-ray diffractometry (PXRD) and construction of
phase diagrams from thermal analysis (DSC) data were used to determine the solubility of
substances in each other. The investigation of the xanthone–thioxanthone binary system
reveals the existence of two solid solutions, each formed on the basis of the parent structures
of xanthone and thioxanthone, respectively. One of these solid solutions exhibits miscibility
of both molecules within a broad composition range (>0-80 mol% of xanthone). In addition,
the crystalline structure of the solid solution involving thioxanthone:xanthone (75:25 mol%)
is also presented.
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According to the World Health Organization, antimicrobial resistance (AMR) is one of
the top ten global public health threats, justifying the need for new effective antimicrobials
for biomedical applications. For the successful commercialization of any new material,
data on its environmental safety are obligatory. Silver (Ag) compounds are widely used in
wound dressings as well as disinfectants in healthcare due to their antibacterial activity
and assumingly low risk of developing AMR.

In this study, the potential environmental hazard of silver–chitosan nanocomposites
(nAgCSs) was evaluated. nAgCSs were synthesized by the reduction of the AgNO3 with
trisodium citrate and stabilized by coating with low molecular-weight chitosan (50–190 kDa).
The amount of chitosan (CS) in the nanocomposites varied, resulting in three different
types of nanocomposites with the weight ratio of Ag to CS 1:0.3 (nAgCS-0.3), 1:1 (nAgCS-1)
and 1:3 (nAgCS-3). The toxicities of different Ag-CS nanocomposites and citrate-coated
Ag nanoparticles were tested on the naturally luminescent bacterium Vibrio fischeri and
microcrustaceans Daphnia magna and Thamnocephalus platyurus.

The primary size of nAgCSs was ~50 nm. In deionized water, the average hydrodynamic
sizes were in the nanoscale (≤100 nm) and the surface charges were positive
(16–26 mV). The toxicity of the studied Ag nanomaterials was evaluated using the bacterial
kinetic bioluminescence inhibition and viability test [1,2] and acute immobilization/mortality
tests with crustaceans [3,4]. The nAgCSs were about 10–500 fold more toxic to microcrustaceans
D. magna (48-h EC50 = 0.044–0.077 mg Ag/L) and T. platyurus (24-h EC50 = 0.19–0.261 mg Ag/L)
than to bacterium V. fischeri (30-min EC50=3–26 mg Ag/L). Taking into the account the data ob-
tained with this multi-trophic test battery the synthesized silver-chitosan nanocomposites could
be classified as “extremely toxic” [L(E)C50 ≤ 0.1 mg/L] [5]. Interestingly, the nanocomposites
with the highest chitosan content (nAgCS-3) were the most toxic to bacteria V. fischeri but the
least toxic to the crustaceans. The data obtained show that the chitosan–silver nanocomposites
may pose a hazard to aquatic organisms and must be handled accordingly.
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Silver nanoparticles (AgNPs) rank as some of the most commonly utilized engineered
nanomaterials and are known to enter wastewater collection and treatment systems through
their creation, application, and disposal processes [1]. Understanding the effects of AgNPs
on the performance of wastewater treatment systems, including treatment wetlands, is
critical for safeguarding public health. This research assessed how increasing levels of
AgNPs and Ag+ ions influence the composition of microbial communities, the system treat-
ment performance, and the elimination of antibiotic resistance genes (ARGs) in a pilot-scale
hybrid wastewater treatment system. Shotgun metagenomic sequencing was employed
to examine the microbial community’s structure and the antibiotic resistome’s diversity
and composition. Quantitative PCR was used to assess the amount of ARGs. The find-
ings indicated that heightened concentrations of AgNPs and Ag+ ions only moderately
altered the prokaryotic community structure in the biofilms of the filter material and did
not substantially affect the system’s overall purification capability [2]. The addition of
AgNO3 caused an increase in the genetic mechanisms responsible for silver resistance in
microbial communities in the vertical flow filters compared to the collargol, suggesting
that the microbial communities in these biofilms can resist or adapt to the presence of
silver nanoparticles. Notably, increased levels of Ag in the system did interfere with ARGs’
abundance and removal efficiency, leading to an increased discharge of these genes into
the environment [3]. The study also found that the concentration of accumulated Ag in
the filters had a more substantial impact on the absolute and relative quantity of ARGs
in the treated water than the actual amount of Ag present in the water. The research
documented a higher relative presence of tetracycline, sulfonamide, and aminoglycoside
resistance genes, along with increased levels of plasmid and integron-integrase genes in
the biofilms of the system units treated with AgNPs. These results emphasize the need for
further comprehensive studies to unravel the intricate effects of AgNPs on the nature and
behavior of microbes carrying antibiotic resistance genes in wastewater treatment systems,
the understanding of which is crucial for devising effective strategies to mitigate potential
public health risks. Additionally, it is important to consider that the wastewater entering
treatment systems contains a mixture of various engineered nanoparticles. Due to this,
future research must also explore how the combination of different nanoparticles influences
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the resistome within a wastewater treatment system and the dissemination of microbes
possessing antibiotic resistance genes into the environment via a system effluent.
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Metal–phenolic networks (MPNs) are novel adsorbent materials that have promising
applications in the environmental remediation of organic pollutants and heavy metals. For
efficient adsorption, the specific surface area of MPN materials can be increased by coating
nanoparticle surfaces with MPNs. Such MPN-coated nanoparticles may prove very efficient
in various environmental applications; however, their safety needs to be tested at the early
stages of material development. Here, free-living freshwater-ciliated protozoa were used
as model organisms for testing the biocompatibility of iron–tannic acid network-coated Au
nanoparticles (Fe–TA@Au NPs). Viability after 24 h Fe–TA@Au NP exposure was measured
using an ATP assay kit, and intracellular reactive oxygen species (ROS) were quantified
using 2′,7′-dichlorodihydrofluorescein diacetate (H2DCFDA) [1]. Microscopy was used to
qualitatively characterize the swimming behavior of protozoa as well as the uptake and
depuration of Fe–TA@Au NPs in the ciliates. The results showed that Fe–TA@Au NPs
were not lethal to the protozoa at the maximum concentration tested (~1010 particles/mL).
Despite MPN-coated NP phagocytosis by protozoa and accumulation in food vacuoles, the
MPNs did not affect the swimming behavior or viability during 24-h exposure. To test the
performance of the novel materials as heavy metal toxicity-mitigating agents, co-exposures
of protozoa to Fe–TA@Au NPs and toxic levels of copper salt (CuSO4, LC50~3 mg/L) were
conducted. Fe–TA@Au NPs completely rescued the protozoa from cell death induced by
CuSO4. The underlying mechanism of toxicity mitigation could have been the removal of
Cu ions by MPNs or the tannic acid in the MPNs acting as an antioxidant, as evidenced by
reduced levels of ROS in the protozoa. Thus, the study showed that the effective levels of
Fe–TA@Au NPs were biocompatible with unicellular freshwater model organisms and have
potential for applications in metal contamination remediation in aqueous environments.
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The toxicity of metal oxide nanoparticles has been a central research topic over the
past two decades, owing to the domestic and industrial applications of this vast class of
nanomaterials [1]. In the literature, ion release has been implicated as a primary cause for
metal oxide nanotoxicity, coupled with the distinct physicochemical properties (e.g., large
surface area, ready diffusion and dissolution, and strong adsorption) of nanoparticles, in
comparison with bulk materials [2,3]. However, few solutions have been proposed thus
far for overcoming the toxicity of metal oxide nanoparticles in vitro and in vivo. In this
study, we engineered functional amyloid fibrils [4] using beta lactoglobulin (blg), a major
whey protein, and demonstrated a scheme of ion sequestration by blg amyloid fibrils
co-incubated with CuO or ZnO nanoparticles, using inductively coupled plasma mass
spectrometry (ICP-MS). Our computer modeling revealed that blg fibrils possessed multiple
binding sites for Cu2+ and Zn2+, while strong binding of the metal ions often occurred at
the Cys-121 residues of the fibrils. In addition, our cell viability and reactive oxygen species
assays implicated blg amyloid fibrils as a functional nanomaterial with minimal toxicity.
This study offered a facile engineering strategy for remediating the toxicity of metal oxide
nanoparticles for facilitating their safe biological and environmental applications.
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Non-thermal plasma technology is recognized for its strong antimicrobial efficacy
on food and food production environment-associated microorganisms and its ability to
enhance food safety and food shelf-life [1]. However, the lack of scientific knowledge
regarding the differences in physical and chemical processes at various upscaling levels
hinders the successful transition of this technology from laboratory settings to indus-
trial applications [2]. Hence, the aim of this study is to study the association between
plasma-processed air (PPA) composition and its antimicrobial effects, as well as the
underlying mechanism of action. This research focuses on three different air plasma
torch devices, each representing a distinct stage of upscaling. A microwave plasma
torch operated with compressed air delivers PPA as an antimicrobial-acting process gas.
Three air plasma torch devices were applied and optimized to study the association be-
tween PPA composition and its antimicrobial effects. By employing advanced analytical
methods like Fourier transform infrared spectroscopy (FTIR), a comprehensive analysis
of PPA’s characteristics was carried out. Key reactive nitrogen species (RNS) in the
PPA were identified via spectroscopic measurements for the lab-size device MidiPLexc.
From the spectrum, nitrogen monoxide (NO), nitrogen dioxide (NO2), and dinitrogen
pentoxide (N2O5) were detected, where NO2 took up more than 70 % in a quantity of
the key reactive species [3]. Input power and relative humidity were found to have an
impact on the species concentration. The findings of this study will provide valuable
insights into the physical and chemical factors that affect the scalability of non-thermal
microwave plasma for antimicrobial processes. The knowledge gained will accelerate the
development and application of non-thermal atmospheric pressure plasma as a highly
promising alternative for disinfection and cleaning purposes.
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Calcium phosphates (CPs) represent the most widespread class of bioceramic materials
used for bone regeneration purposes due to their excellent biological performance and
similarity to the natural bone. Synthetic CPs substituted with other biologically active ions
can be considered as a sub-group of the CP family while possessing specific biological or
physical properties provided by incorporated foreign ions. Magnesium whitlockite (Mg-
WH, Ca18Mg2(HPO4)2(PO4)12) is a Mg-substituted CP, which naturally occurs in humans.
This material is assumed to be the second most abundant biomineral in the human body. Al-
though the ionic radius of Mg2+ is very similar to those of the first-row transition-metal ions
(Zn2+, Mn2+, Fe2+, Cu2+), reports on the synthesis of such materials are very rare [1–3]. At
the same time, transition-metal ions can provide some very specific properties (e.g., magnetic
properties). To the best of our knowledge, there is only one work describing the synthesis
and characterization of iron whitlockite (Fe-WH, Ca18Fe2(HPO4)2(PO4)12) [4]. The authors
prepared Fe-WH by treating Ca9Fe(PO4)7 with H2 or D2 at elevated temperatures. In our
work, Fe-WH was synthesized at low temperature by the dissolution–precipitation method
in aqueous medium under hydrothermal conditions. Phase conversion from brushite to
Fe-WH took place in slightly acidic medium in the presence of Fe2+ ions just in 1 h. The
crystal structure of synthesized products was confirmed by XRD analysis, FTIR, Raman and
Mössbauer spectroscopies. The magnetic ordering and oxidation state information were
determined using magnetic susceptibility. Morphological features were studied by means of
SEM analysis. Cytotoxicity experiments were performed with MC3T3-E1 cells.
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Soil is the largest terrestrial carbon pool and regulates carbon, water, and nutrient
cycles [1,2]. The diversity of the soil environment prevents it from having one certain
parameter to assess the condition of the soil. Instead, different physical, chemical, and
biological parameters are used to assess soil health in general [1,3]. A non-targeted method
was proposed for fingerprinting soil soluble organic matter (SOM) with high-resolution
mass spectrometry (HRMS) and making assessments of soil health from collected data.
Soil samples were collected from a permanent grassland in Tõravere over the course of
April 2022 to June 2022. The samples were dried with a vacuum and extracted with
organic solvents. Three solvents were compared for extraction—acetonitrile, methanol,
and toluene. The extracts were analyzed with HRMS by using a Fourier-transform ion
cyclotron resonance mass spectrometer (FT-ICR MS). Flow infusion together with two
ionization sources were compared—nano-electrospray ionization (nESI) and atmospheric
pressure chemical ionization (APCI) [4]. The results demonstrated that the mass spectra of
the methanol extracts were most abundant in peaks. Further data analysis of the elucidated
molecular formulas revealed that the identified compounds in each extract consisted mostly
of various lipids, although some peptides were identified in extracts of all three solvents
and some carbohydrates were identified in the methanol and toluene extracts. The results
also suggest nESI to be more suitable for HRMS analysis since it used up smaller amounts
of extract but gave more peaks on the mass spectrum [4]. Further research on more diverse
sample types and variations of additional parameters (time-series for observation of the
effects of the plant development cycle and soil microorganisms’ population dynamics,
changing weather conditions, etc.) are needed for looking at relationships between SOM
chemical composition and soil health.
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