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Novel Zintl phases with group 15 elements and late /metals

Svilen Bobev

Department of Chemistry and Biochemistry, University of Delaware, Newark Delaware 19716, USA
e-mail: hobev@udel.edu

As part of an ongoing effort to better understand the structure-property relationships in
intermetallic compounds containing metals/semimetals with different electronegativities, we
focused our attention on the ternary 4-44-F» systems (4 = alkali or alkaline-earth metals, /7=
Cu, Zn, Cd, Zr = pnictogen, i.e., group 15 elements). Recent experimental work carried out
by our group led to the discovery of several new classes of #metal based compounds, with
two closely related examples shown in the the Figure below. Common threads in the
structures of all of these are the A/centered tetrahedra of Sb or Bi, 4Abs and A4/Bis,
respectively, which are interconnected through shared corners or edges to form chains,
ribbons, or layers with complex topologies. These systems present a case where a strikingly
delicate balance between the packing efficiency (size effects) and the valence electron
concentration (electronic effects) governs the stability of a particular arrangement over
another. The structural relationship between these and some well-known structures with two-

dimensional layers or three-dimensional four-connected nets will be discussed as well.
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Surface pretreatment as a significant factor influencing the electrochemical
performance of boron-doped diamond electrodes

Mariola Brycht', Andrzej Leniart', Maryia-Mazhena Dzemidovich', Stawomira Skrzypek’,
Olha Sarakhman?, Lubomir Svorc?

L University of Lodz, Faculty of Chemistry, Department of Inorganic and Analytical Chemistry,
Tamka 12, 91-403 Lodz, Poland
2 Slovak University of Technology in Bratislava, Faculty of Chemical and Food Technology, Institute of
Analytical Chemistry, Radlinského 9, 812 37 Bratislava, Slovakia
e-mail: mariola.brycht@chemia.uni.lodz.pl

The boron-doped diamond electrode (BDDE) is renowned for its excellent
electrochemical properties, including a wide potential window, low background current,
reduced surface fouling, and the ability to withstand high cathodic and anodic potentials,
making it a popular choice for sensing applications. Despite these advantages, BDDEs still
experience surface fouling, though less than sp? carbon-based electrodes. Various pretreatment
methods mitigate fouling, restore aged surfaces, enhance signals, and ensure repeatable
responses. Common strategies include electrochemical pretreatment through cathodic (CPT) or
anodic (APT) techniques, involving short applications of negative or positive potentials in
acidic solutions, and mechanical polishing (PPT), similar to sp? carbon-based electrodes [1, 2].

This study focuses on how BDDE pretreatment affects the voltammetric response of
biologically significant compounds like dopamine [3], imatinib [4], fenhexamid [5], 4-chloro-
3-methylphenol [6], and forchlorfenuron. Findings indicate APT is the most effective for
surface passivation by oxidation by-products of imatinib, fenhexamid, 4-chloro-3-
methylphenol, and forchlorfenuron, while CPT is more effective for dopamine. Electrochemical
pretreatment (APT or CPT) is more beneficial than PPT for analyte determination on BDDE,
eliminating the need for time-consuming manual renewal between scans required for sp?

carbon-based electrodes.
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From sol-gel to sensor: Advancements in carbon ceramic electrodes

Barbara Burnat

University of Lodz, Faculty of Chemistry, Department of Inorganic and Analytical Chemistry,
Tamka 12, 91-403 Lodz, Poland
e-mail: barbara.burnat@chemia.uni.lodz.pl

Ceramic carbon electrodes (CCEs), first introduced by Tslonsky et al. in 1994 [1], have
garnered interest for their unique properties but remain less prevalent in electroanalysis
compared to other carbon-based electrodes like glassy carbon electrodes (GCEs) and carbon
paste electrodes (CPEs). Manufactured through sol-gel technology, CCEs offer a distinctive
advantage due to the controllability of porosity and surface area, along with the ability to modify
the entire electrode volume, making them surface-renewable and highly stable.

This lecture will explore the possibilities and limitations of CCEs in electroanalytical
applications, focusing on recent studies involving their preparation and volume modification
with various carbon materials, including graphite powder, carbon nanotubes, carbon black, and
reduced graphene oxide nanoparticles. Modifications with materials like ferrierite and bismuth
oxide were also examined.

The electrochemical characterization, conducted via cyclic voltammetry and
electrochemical impedance spectroscopy, revealed significant improvements in sensitivity,
lower detection limits, and enhanced stability across different modifications. These findings
were validated through the application of optimized CCEs in the electroanalytical determination
of biologically active compounds. Furthermore, these procedures were successfully applied to

real sample analysis, confirming the practical utility of the modified CCEs.
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Circular dichroism spectroscopic studies of metal complexes

Béla Gyurcsik!, Maté L. Kis?, Balint Hajdu?, Ivayla Pantcheva?

! Department of Molecular and Analytical Chemistry, Faculty of Science and Informatics, University of Szeged,
Szeged, Hungary
2 Laboratory of Biocoordination and Bioanalytical Chemistry, Department of Analytical Chemistry, Faculty of
Chemistry and Pharmacy, “St. KI. Ohridski” University of Sofia, Sofia, Bulgaria
e-mail: gyurcsik@chem.u-szeged.hu

The interaction of biomolecules or ligands of potential biological activity, such as drug
molecules, with metal ions may influence their behavior. Approximately 50% of proteins are
either activated by metal ion complexation, or the metal ion is directly involved in the chemical
process catalyzed by a protein with enzymatic action. Some organic molecules, such as
monensin A, participate in transport of the monovalent metal ions through cell membranes
disturbing the metal ion homeostasis of the cells. Salicylic acid derivatives form neutral
complexes with metal ions influencing their uptake. Metal complexes as drugs (e.g. anticancer
agents) may directly affect the biological processes.

Many of these molecules contain optically active centers. The metal ions are chirally
perturbed upon interaction with such ligands. Therefore, the formation of the complexes can be
studied by circular dichroism spectroscopy in various wavelength ranges. Examples of
experiments carried out in our laboratory will be highlighted in the lecture. In the far UV region
the electronic transition of the ligand molecules dominate, being sensitive to the structural
changes of the organic molecules upon interacting with metal ions. Recently, we have studied
the structural changes of a zinc finger protein in the presence of zinc ions, as well as, in the
competitive environment of toxic metal ions [1, 2]. In the wavelength range of the visible light,
the changes in the electronic transitions of the colored metal ions are followed, allowing for
determination of the number of the formed species and their stabilities. Investigations with
monensic acid revealed that depending on the properties of the divalent metal ions, complexes

with various compositions were formed [3].
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Determination of Au(l11) by sequential injection analysis with online
separation and preconcentration using micro polymer inclusion breads

Yanlin Zhang, Robert W. Cattrall, Spas D. Kolev

School of Chemistry, The University of Melbourne, Melbourne,
e-mail: s.kolev@unimelb.edu.au

Micro polymer inclusion beads (uP1Bs), composed of poly(vinyl chloride) (PVC) as the
base polymer, Aliquat 336 (a mixture of quaternary alkylammonium chlorides) as the
extractant/carrier and 1-tetradecanol as a plasticizer, were fabricated by a novel microfluidic
technique and used for improving the selectivity and sensitivity of Au(lll) determination in a
sequential injection analysis (SIA) system. This determination was based on the catalytic effect
of Au(l) on the reduction of phosphomolybdic acid by thiourea.

The analytical procedure involved first loading the separation column of the SIA system
with uPIBs where Au(ll1) was separated from the sample matrix as a result of its extraction in
the form of [AuCls] by Aliquat 336 into the puPIBs. This was followed by stripping the extracted
Au(ll1) from the uPIBs into a receiving solution of thiourea where Au(l11) was reduced to Au(l).
The receiving solution was then mixed with a solution of phosphomolybdic acid which was
reduced by thiourea to phosphomolybdenum blue, and the latter was detected
spectrophotometrically.

The SIA method was optimized and successfully applied to the determination of Au in
aqua regia digests of electronic scrap. The results were in good agreement with those obtained

by inductively coupled plasma-optical emission spectrometry.
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Are we ready to change the paradigms in analytical and
bioanalytical chemistry?

Blazej Kudtak

Department of Analytical Chemistry, Faculty of Chemistry, Gdansk University of Technology, Narutowicza Str.
11/12, 80-233 Gdarisk, Poland

e-mail: blakudla@pg.edu.pl

The so-called classic analytical chemistry has started to appear as the most important
and rapidly developing field of modern sciences. It has confirmed its indispensability in routine
industrial analyses, medicine, environmental studies, novel materials development and many
others. On the other hand, the basic paradigm in this classic approach has forced analytical
chemists to qualify and quantify single chemical moieties in varying matrices and most of
resources has been devoted to reaching ultralow detection limits of instruments and methods.
How efficient these methods are when touching and reacting to real-life problems in medicine,
clinical works, sophisticated environmental matrices will be one of main topics undertaken in
the presentation.

Furthermore, recent advances in establishing novel bioanalytical methodologies in
medicinal applications will be discussed with special attention paid to point-of-care bioanalytics
and detecting plausible impact of mixtures of chemicals to the exposed tissues/organisms. The
most common misunderstandings in this area states that these interactions are only of
harmful/negative impact so it needs change of paradigm to search for opportunities in treating
e.g. pathogens, antibiotic resistant bacteria or fungi in plants and animals with tailored mixtures
of chemicals to reach lowered emissions of pollutants and boosting final positive effect from
human and society point of view.
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20 years of Bulgarian-Croatian scientific collaboration through the eyes of a
crystallographer

Gordana Pavlovié¢

University of Zagreb Faculty of Textile Technology, Department of Applied Chemistry, Prilaz baruna Filipovica
28a, HR-10000 Zagreb, Croatia

e-mail: gpavlovic@ttf.hr

The scientific cooperation and the role of single crystal X-ray diffraction method in
identifing and characterization in the solid state of many organic compounds synthesized by
bulgarian scientitists will be represented. As a result of the last twenty years of common work
started from 2003 we published six scientific articles in the various chemical journals [1 - 6].
We published results of synthetic and analytical work as well as the molecular and crystal
structures of many various organic compounds that can be divided into several classes: 1.
(inden)-1,3-diones [1, 3, 4] - 4 structures reported; 2. 2-thiohydantoins/2,4-dithiohydantoins [2,
5] - 3 structures reported; 3. phenalene-1,3-dione [6] - 1 structure reported. The molecular
structures of some of representative compounds are depicted at Fig.1.
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alylidene)-2H-inden-1,3-dione [3] -dithiohydantoin [5] phenalene-1,3-dione [6]

Fig.1. Molecular structures of selected organic compounds in [1 - 6].
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When metalomics meets metabolomics: Unravelling the impact of mercury
compounds on freshwater phytoplankton

Vera |. Slaveykova

Environmental Biogeochemistry and Ecotoxicology, Department F.-A. Forel for environmental and aquatic
sciences, Faculty of Sciences, University of Geneva, 66, boulevard Carl-Vogt, CH-1211 Geneva 4, Switzerland
e-mail: vera.slaveykova@unige.ch

Research in ecotoxicology highlights the urgent need to understand metabolic
disruptions from toxic stress at a molecular level. Despite mercury's pervasive presence and
bioaccumulative potential, its impact on phytoplankton metabolic pathways is still
underexplored. Combining metallomic and metabolomic approaches, this study investigates the
cellular responses of phytoplankton to mercury exposure, focusing on the green alga
Chlamydomonas reinhardtii and the diatom Cyclotella meneghiniana. The algae were
exposed to nanomolar concentrations of inorganic (Hg(ll)) and methylmercury (MeHQg).
Various parameters, including mercury uptake, sub-cellular distribution, and physiological
effects like oxidative stress and photosynthetic vyield, were assessed. Over 90
metabolites, including antioxidants, amines, organic acids/ phenolics, nucleobases/
sides/ tides, amino acids, sugars/ sugar alcohols, and fatty acids, were quantified using
liquid chromatography-mass spectrometry. Results showed that C. meneghiniana
accumulated more mercury than C.reinhardtii at both exposure levels [1]. The
subcellular distribution of mercury differed between species and concentrations. C.
reinhardtii concentrated Hg(ll) in organelles, while C. meneghiniana showed Hg(ll) in
organelles and heat-stable peptides. Metabolomic findings revealed significant alterations in
metabolic pathways like amino acids, nucleotides, fatty acids, the TCA cycle, and
antioxidant  metabolism, indicating  species-specific and mercury concentration-
dependent responses [2, 3]. This study provides new insights into mercury accumulation
and cellular handling of two major mercury species in fresh water phytoplankton, crucial for
understanding mercury toxicity in aquatic ecosystems and its potential transfer through

food webs.
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Studies on environmental pollution with potentially toxic elements
in North Macedonia

. 1 % . 2
Trajce Stafilov , Robert Sajn
1 Institute of Chemistry, Faculty of Natural Science and Mathematics, Ss Cyril and Methodius University in

Skopje, Arhimedova 5, 1000 Skopje, North Macedonia
2 Geological Survey of Slovenia, Dimic¢eva 14, 1000 Ljubljana Slovenia

e-mail: trajcest@pmf.ukim.mk

Anthropogenic environmental changes, mainly associated with chemical pollution, lead
to the degradation of the natural human environment. Among all chemical pollutants,
potentially toxic elements (arsenic, cadmium, lead, mercury, etc.) are of particular ecological,
biological and health importance. For this reason, detailed studies on the contamination of soil,
water, sediments, air and food with potentially toxic elements (PTEs) have been carried out
throughout North Macedonia. Various instrumental techniques such as atomic absorption
spectrometry (AAS), inductively coupled plasma atomic emission spectrometry (ICP-AES),
inductively coupled plasma mass spectrometry (ICP-MS) and neutron activation analysis
(NAA) were used for this purpose. Air pollution was studied using moss biomonitoring and
dust samples. Particular attention was paid to PTE pollution in the regions with mining and
metallurgical activities and in urban areas. It was found that the highest levels of pollution occur
in areas with numerous or active mines, metallurgical plants or thermoelectric power plants.
High levels of some PTEs were also found in areas where their levels normally vary gradually

across the geochemical landscape and depend on the geochemistry of the underlying lithology.
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X-ray Diffraction Analysis of Metal-Organic Frameworks for Enzyme
Biomineralization

A. Ugrinov!, D. Jordahl', Z. S. Armstrong', Q. Li!, R. Gao?, W. Liu?, K. Johnson!,
W. Brown!, A. Scheiwiller!, L. Feng!, H. Mao3, B. Chen!, H. Li', Y. Pan!, Z. Yang!

! North Dakota State University, Fargo, ND, USA
2 Chinese Academy of Sciences, Changchun, China
3University of California, Berkeley, CA, USA
e-mail: Angel. Ugrinov@ndsu.edu

Metal-Organic Frameworks (MOFs) are advanced platforms for enzyme immobilization and
have provided advancement in biocatalysis, biomedicine, and fundamental biophysics research.
Here we present the investigation of enzyme@MOF composites based on the combination of
several metal ions and :
two ligands that can ShEDC

entrap (via co- | single crystal
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differing in size and
hydrophobicity. Surprisingly, most of the formed composites are single- or multi- phase
crystals, unlike the expectation that in ambient aqueous conditions all or most of them will be
amorphous. All trapped enzymes showed good to excellent reusability, and were stable under
weakly acidic pHs. The stability under weakly basic conditions depended on the selection of
enzyme and metal-ligand combinations, yet for investigated enzymes, 3-4 MOFs offered decent
stability under basic conditions. This work initiates the expansion of the current “library” of
metal-ligand selection for encapsulating/biomineralizing large enzymes/enzyme -clusters,
leading to customized encapsulation of enzymes according to enzymes stability, functionality,
and optimal acidity.

The powder diffraction experiments of MOF samples and enzyme@MOF composites were
performed on single crystal diffractometer. This relatively unusual approach is practically very
well-developed method with several advantages: 1) very small amount of sample is required;
2) preferred orientation is minimized; 3) sample grinding is not necessary. Listed benefits have

a crucial impact in this research and will be discussed.
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Anticancer activity of metal-templated Schiff base complexes and their
propensity to supramolecular network formation

Anife Ahmedova®, Nikola Burdzhiev!, Ahmed Nedzhib?, Anna Dotega®, Rositsa Mihaylova®

! Faculty of Chemistry and Pharmacy, University of Sofia, 1, J. Bourchier av. Sofia 1164, Bulgaria
Z Military Toxicology Section, Department of Disaster Medicine, Military Medical Academy, 3, St. Georgi
Sofiiski str., 1606 Sofia, Bulgaria
3 Department of Inorganic Chemistry, Faculty of Chemistry, Gdansk University of Technology, G. Narutowicza
11/12, 80-233 Gdansk, Poland
4 Faculty of Pharmacy, Medical University, 2, Dunav Street, 1000 Sofia, Bulgaria
e-mail: Ahmedova@chem.uni-sofia.bg

For the purpose of designing metallosupramolecular systems we have synthesized
tridentate Schiff bases from 2-substituted-4-formylimidazoles and aminopyridine following
published procedure [1]. The Cu(ll) and Pd(Il) metal complexes with the formed tridentate
ligands possess additional donor atom from the imidazole ring, which is available for
coordination and triggers pH-dependent formation of oligomeric complexes [1].

In the present study we report the results on the formation of Schiff bases from two
types of 2-substituted-1H-imidazol-4(5)-carbaldehyde and 2-(pyridin-2-yl)ethan-1-amine
employing the template effect of metal chlorides (CuCl2 or PdCly), as depicted in the figure
below. Four complexes (with Cu(ll) and Pd(I1)) have been synthesized and characterized with
IR, NMR and elemental analysis. The anticancer activity of the formed complexes was
estimated on a panel of human cancer cells by MTT test and indicated on higher micromolar

cytotoxicity of the complexes bearing the 4-(1-pyrenyl) butanoic pendant arm.
R 2+

R

J S

+ MCl, + N \ | 7\
p— - l«——N

MCI2 = CuClz or PdClz ; R = H or 4-(1-pyrenyl) butanoic ester, S — solvent or chloride ion

Furthermore, to demonstrate the ability of these complexes to form heterometallic
supramolecular coordination networks, the Cu(Il) complex (of ligand with R=H) was reacted
with Zn(CHsCOO), which provided good quality single crystals that were subjected to X-ray
analysis. A polymeric Schiff base complex is formed with the participation of penta-
coordinated Cu(Il) and tetra-coordinated Zn(ll) ions with terminal and bridging chloride and
acetate ligands. These findings prove the high potential of the studied systems to develop a
library of supramolecular complexes by varying the reaction conditions for predesigned
applications.
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Risk analysis of Sofia city drinking water for pharmaceutical residues

Margita Aleksova'~*" Irina Schneider'?

! Sofia University “St. Kliment Ohridski”, Faculty of Biology, Sofia, Bulgaria
2 “Sofiyska voda” JSC, Sofia, Bulgaria
3Center of competence “Clean technologies for sustainable environment — water, waste, energy for circular
economy”, Bulgaria
e-mail: margitaslavova@gmail.com

Directive 2020/2184 focuses on the quality of water intended for human consumption.
It sets rules to protect human health by ensuring safety and quality through the whole system
to the end user. The directive covers risk assessments, water safety plans, and setting new
substances for monitoring. Water supply companies play a crucial role in managing risks from
the watershed to the tap. Since 2019 “Sofiyska voda” JSC, is analyzing and evaluating all the
risks for water safety and started monitoring the main water source for pharmaceutical residues
due to the lack of official information on the topic using a proven methodology. In this study,
based on a risk assessment for the water supply, the identified critical control points considered
the possible sources and the resulting risks to human health of the most common
pharmaceuticals at 6 critical control points (CCP) from the main water source to the drinking
water supply. The aim of the study is to analyse different groups of pharmaceuticals in the six
CCP and to analyse the risk to the drinking water of Sofia. It was found that currently the risk
of contamination of the main water source - Iskar Dam and drinking water with pharmaceutical
products is minimal.
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Residual Deviations Analysis — A Powerful Calibration Linearity Criterion.
Visual Test or Reliable Statistical Tool?

Ava Amideina, Petko Mandjukov

South-West University “Neofit Rilski”, Faculty of Natural Sciences and Mathematics, Chair of Chemistry,
Blagoevgrad, Bulgaria
e-mail: a_amideina@abv.bg

The main objective of every analytical measurement is to obtain unbiased result with as
low as possible measurement uncertainty and ensured metrological traceability. Crucially
important stage of an instrumental analytical procedure is the calibration. Usually, the
calibration function is suggested as linear which in most of the cases holds true. However, the

selection of the calibration function is not always a trivial task.
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One of the most sensitive and simple criteria for linearity / nonlinearity decision is the
residual deviations analysis. It is always described and applied as a visual test subjective in
nature. When the calibration function is properly selected, considering the data set, the residual
deviations are scattered randomly in a narrow band around the zero level (y = y). In such a
case the regression (e; vs. x;) trends to insignificant. The aim of the present work is, applying

trend analysis, to transform the residual deviations plot into reliable validation tool.
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A new approach for identification of the botanical origin of Bulgarian
honeydew and monofloral honeys

Elisaveta Mladenova®, Ralitsa Balkanska?, Tsvetomil Voyslavov?

L Sofia University “St. Kliment Ohridski”, Faculty of chemistry and pharmacy, Department of Analytical
Chemistry, Sofia, Bulgaria
2 Institute of Animal Science — Kostinbrod, Agricultural Academy, Bulgaria
e-mail: ahem@chem.uni-sofia.bg

Bee honey is a natural sweet substance produced from bees (Apis mellifera) and
in recent years, honey has gained wider significance in the light of a healthy human
diet. According to the origin of the bee pasture, honey is classified as nectar or honeydew
honey. Nectar honey is produced by honeybees collecting the nectar of blossoming
plants. For honeydew honeys, the bees collect mainly the sugar-rich material, called
honeydew, excreted by plant-sucking insects. On the other side, nectar honey is divided of
monofloral (obtained mainly from nectar of one plant species such as acacia, lime, sunflower,
thistle, rape, lavender,etc.) and polyfloral (obtained from different types of floral nectar),
whether honeydew honey is divided to coniferous (obtained mainly from coniferous plants —
pine, fir) and oak (obtained mainly from oak plants). The constituents of honey
(carbohydrates, minerals, enzymes, amino acids, pigments, variable amounts of sugar-tolerant
yeasts, pollen, traces of vitamins, organic acids, and wax) depend on different factors during
honey maturation. The bees add some of them, and some come from the plants. Traditionally
, the botanical origin of monofloral honey has been ascertained by melissopalynological
analysis — the pollen content is determined by microscopic examination, which is costly,
time-consuming, and requires personnel with high levels of expertise. The aim of the
present study is to (i) characterize honeydew honey(coniferous and oak) and monofloral
honey samples (acacia, lime, sunflower, thistle, rape)produced in Bulgaria with
guaranteed botanical origin from the point of view of physicochemical parameters
(such as color, water content, specific rotation, electrical conductivity, pH, total acidity
, hydroxymethylfurfural, diastase activity, proline content) and chemical elements content
(such as Al, B, Ba, Ca, Cd, Fe, K, Mg, Mn, Na, P, Pb, Sr, Zn), and(ii) to determine
appropriate descriptors for botanical origin determination of analyzed honey samples by

intelligent chemometrics approaches.
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Polycyclic aromatic hydrocarbons (PAHSs) are one of the most widespread persistent
organic pollutants in sediment, atmosphere, water and soil. The main anthropogenic sources are
incomplete combustion or pyrolysis of organic material (including oil, petroleum, gas, coal)
[1]. Of the hundreds of known PAHS, sixteen have been designated High Priority Pollutants by
the Environmental Protection Agency (EPA). According to the requirements of Bulgarian
/European legislation the concentrations of PAHs are subject to control.

The present study aims to optimize fast and efficient solid-phase extraction (SPE)
method and GC-MS/MS determination of PAHSs. The capacity of two types of SPE columns
(C18 and HLB - 1mL/100 mg both) were investigated using PAH-Mix 18 Reference Material
as a model solution. The effectiveness of solvents with different polarity (hexane, diethyl ether,
dichloromethane, ethyl acetate, acetone, methanol) on the conditioning and elution was studied.
The HLB columns were more efficient for PAHs retention previously conditioned with
dichloromethane and acetonitrile. PAHs were quantitatively eluted using dichloromethane as
eluting solvent. Effective retention and quantitative elution were also obtained when
dichloromethane was replaced by ethyl acetate, as well as their mixture.

The developed SPE method was applied for clean-up and concentration of PAHS,

extracted from spiked sewage sludge samples.
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In the 2023 season in the resort of Sunny Beach, there were 947586 tourists
accommodated and a total of 4975299 overnight stays, which is almost 5% more than in 2022
and 65% more than in 2021 [1]. Ravda wastewater treatment plant (WWTP) is responsible for
the treatment of the waste-water of the resort and its surroundings. Its goal is to cope with the
standards and decrease the pressure on the environment, especially on the Black sea coast. This
is directly related to the economic sector Tourism, as well as the health of tourists. It was found
that urban wastewater treatment is effective, but during the tourist season much higher values
close to the maximum allowable are observed [2].

To examine the adaptive potential of the WWTP, biotechnological analyses were
performed prior to the start of the summer season — in November 2023 and April 2024.
Chemical oxygen demand (COD), biochemical oxygen demand (BOD), Total nitrogen, Total
phosphorus, treatment efficiency, sludge volume index in the WWTP, and comparative
microscopic analysis of the activated sludge were performed. The elemental composition was
also determined by inductively coupled plasma mass spectrometry (ICP-MS).

Biotechnological analyses show that activated sludge adapts well in winter due to low
organic contaminants. No potentially toxic elements were found. However, the growth in
consumption and, at the same time, the presence of difficult-to-digest or non-degradable
organic compounds in the effluent require the implementation of innovative measures without

a technical expansion of the WWTP.
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A particular health risk is posed by toxic metal elements, which differ from other
pollutants in that they are not biodegradable in the environment and accumulate in ecological
systems and therefore in living organisms. The soil as a living environment is characterized by
its static nature, and for this reason it easily absorbs any harmful substances that have entered
the environment, both from natural and anthropogenic sources.

Contamination of soils with arsenic leads to a decrease in agricultural yields due to the
toxic effect it has on plants. The effect of arsenic toxicity in plants increases at low pH, and
sodium arsenate and arsenic oxides used as herbicides are the most toxic. The impact on the
soil itself is expressed above all in toxicity with regard to sensitive microorganisms, as a result
of which the mineralization and self-purification ability of the soil is disturbed. The toxicity
limit and mobility of arsenic in soil depend on soil properties, particle size, texture, mineral
nutrient content, pH, presence of other ions, moisture regimes, transformations under the
influence of soil microorganisms and chemical form of arsenic.

Keywords: heavy metals, arsenic, soils, UV-VIS analysis
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A new ionic liquid modified polymer gel containing methylimidazolium groups
(poly(MIA)) is proposed as a sorbent for the separation and enrichment of trace inorganic and
organic arsenic species in surface waters. The poly(MIA) was synthesized by chemical
modification of polymeric precursor using post-polymerization modification of poly(glycidyl
methacrylate-co-trimethylolpropane trimethacrylate). The composition, structure, morphology,
and surface properties of the prepared particles were characterized using elemental analysis,
Fourier transform infrared spectroscopy, scanning electron microscopy, and nitrogen
adsorption—desorption measurements. Optimization experiments showed that at pH 8,
monomethylarsonic acid (MMAS), dimethylarsinic acid (DMAs), and As(V) were completely
retained on the poly(MIA), while the sorption of As(Ill) was insignificant. The desorption
experiments revealed that due to the weaker binding of organic arsenic species, selective elution
with 1 mol/L acetic acid for MMAs + DMAs, followed by elution with 2 mol/L hydrochloric
acid for As(V), ensured their quantitative separation. The adsorption kinetic and mechanism
were defined. The analytical procedure for As(l11), As(V), MMAs, and DMAs determination
in surface waters was developed and validated through the analysis of certified reference

material.
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Contamination of environment by heavy metals is a serious problem worldwide, due
to their toxic effects and persistence. Biosorption, based on metal binding capacities of
various biological materials, is an effective technique for removal of toxic metals.

The present study deals with the application of experimental design approach for the
process of biosorption of Cu(Il) ions on the surface of plant material of Melissa officinalis L.
after essential oils extraction as an appropriate chemometric technique in order to clarify the
optimal experimental conditions for biosorption output signals (A% and Qe) depending on
three input factors (pH, mass and concentration Cy). The major goal is to create adequate
regression models able to correctly describe the area determined by the intervals of variation
of the inputs and, additionally to use the modes for predictive and optimization studies. The
experimental design procedure offered very reliable regression models (with multiple
correlation coefficients r* for Qe and A% for calculated vs. experimentally obtained values
0.923 and 0.921, respectively). Additional contribution of the study is the use of linear
regression models without mixed coefficients, which improves the models interpretation.

The experimental design carried out made it possible to correctly rank the input factors
responsible for the performance of the biosorption procedure of using plant as a biosorbent.
The usage of two output functions indicated that the biosorption yield for each output could
differ with respect to the mechanism of registration. Therefore, the experimenter should take
into account the way of signal reading when ordering the experimental conditions for the
biosorption procedure. The applicability of the simple linear regression models as proven by

the experimental design is an easy way to find optimal conditions for its performing.
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In the area of St. Nedelya, 3 km west of the village of Stoykite, Smolyan municipality,
the remains of a settlement complex, a sanctuary and a moundless (flat) necropolis from the
late Hellenistic period were registered. The archaeological investigations of the necropolis were
carried out in the period 1985-1988. One of the groups of graves is represented by 14 clay urns.
Interesting find from an archaeological and analytical point of view is a fragmented diadem
made of a copper alloy that has a second patinated metal layer with a gray metallic luster. The
analytical task was what alloy is the base made of, is there a metal coating and what is it made
of. The most likely metals — Pb and/or Ag require different approaches to restoration and
conservation.

The diadem was initially analyzed by LA-ICP-MS. The bronze standard BAM-211
which is in the form of shavings was use for the method calibration. Due to the roughness of
the sample surface and the use of a calibration standard with a different surface, geometry and
composition — major factors that affect the accuracy, the results were considered semi-
quantitative. The sample was further analyzed by ICP-MS after acid digestion of a few
milligrams scraped separately from the alloy and the coating. The results of the ICP-MS
analysis showed that mainly Cu and Sn present in the alloy indicating that it is bronze. The
concentration of Cu decreased significantly on the surface, due to the formation of patina. The
microelements Fe, Zn, As, Ag also present in lower concentrations in the coating. An increased

content of Pb was detected, which explained its gray metallic luster.
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An unstructured mathematical model is proposed to describe the fermentation Kinetics
of growth, lactic acid production, pH and sugar consumption by Lactobacillus
delbrueckiisubsp. bulgaricus WDCM 00102 as a function of the buffering capacity and
initial dry matterconcentration of pretreated biomass of Spirulina platensis (Arthrospira
platensis) in the culturemedia. Initially the experimental data of L. delbrueckii subsp.
bulgaricus WDCM 00102fermentations in algae-based media with different buffering
capacity and dry matterconcentration were fitted to a set of primary models. Later the
parameters obtained from thesemodels were used to establish mathematical relationships with
the independent variables tested.

The models were validated with 6 fermentations of L. delbrueckii subsp.
bulgaricuswDCM 00102 in different algae-based media. In most cases the proposed models
adequatelydescribe the biochemical changes taking place during fermentation and are a
promisingapproach for the formulation of algae-based probiotic foods.

Keywords: Lactobacillus delbrueckii subsp. bulgaricus, Probiotics, Growth study, Algae-
basedmedia, Buffering capacity, Dry matter concentration
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The transfer of Mn, Cu, Zn, Cd and Pb in the soil solution-vegetation system in several
regions of the Western Rhodopes was investigated by a combined approach, including
experimental determination of metal content in soils, soil extracts and meadow uncultivated
vegetation, as well as by thermodynamic modelling of the chemical species of the elements in
the aqueous soil extracts, as a model of the soil solutions.

The experimental results showed the highest Mn content and exceeded the maximum
permissible concentrations (Ordinance Ne3/2008) regarding Zn, Cd and Pb. In the investigated
vegetation, the content of Cu exceeded the average. Cd and Pb were also found in significant
quantities in the areas where the soils were polluted with them.

The results of the thermodynamic modelling showed that in the aqueous soil extracts,
Cu existed as organic complexes in an amount of up to 99%. The calculated amounts of free
Cu?* ions showed excellent agreement with the experimentally determined free ions by the
copper ion-selective electrode. Over 80% were the organic complexes of Pb, 60-75% of Zn and
40-70% of Cd. For Mn, inorganic species were dominant-free Mn?* ions or carbonate species.

Research showed that despite high concentrations of Mn in soils and aqueous soil
extracts, it did not accumulate in the studied vegetation, unlike Cu, Zn, Cd and Pb.

As a result, we can conclude that metal-organic complexes stimulate bioaccumulation

for the studied metals and vegetation, and inorganic species suppress it.
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The problem of water purification for drinking and household needs has become
particularly relevant in the recent years, due to the growing industrialization and the use of
various substances that are dangerous for human health [1]. The removal of various organic
compounds from water is necessary due to their toxic and carcinogenic effects, which
endanger the human health. Gamma irradiation is recognized as an effective method for the
destruction of organic compounds. It can be successfully applied when the contaminants are
very stable in natural conditions and their biological degradation would take too long a period
of time or in cases where their rapid destruction is necessary because their concentrations
exceed the established safe limits [2, 3]. The effectiveness of the gamma irradiation, however,
depends on a number of factors, such as the absorbed dose, the dose rate, the concentrations
of the target substances and the chemical composition of the irradiated media [4, 5]. The
paper presents the effects of gamma radiation on the decomposition of chorinated
hydrocarbons and organochlorine pesticides in water. Gamma irradiation was performed with
industrial gamma irradiator BULGAMMA based on JS-850 *°Co type gamma irradiator at
Sopharma AD. Irradiation with gamma rays with doses from 1 to 27 kGy at dose rate 1.01
kGy/h was applied. The concentrations of the contaminants before and after the irradiation
were measured by GC-MS. Removal percentages and radiation-chemical yields (G-values) of
the processes of radiolytic degradation were determined and discussed. Conclusions regarding
the applicability of gamma irradiation for water purification from chlorinated hydrocarbons

and organochlorine pesticides were drawn.
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Many electrolytes are composed in order to find application as an ingredient in
sodium- and lithium-ion batteries. Generally the electrolytes consist of an inorganic salt and
an organic solvent, the first providing electroconductivity of the solution. The selection of a
proper electrolyte composition requires knowledge on its electrochemical stability as well as
comparability with electrode materials. Herein we study the electrochemical stability of
carbonate based sodium electrolytes by means of in situ EPR spectroscopy. Two types of
electrolytes are selected: 1 M NaPFg in PC and 1M NaClO4 in PC.

The experiment is carried out in a specially designed electrolytic cell composed of
three electrodes which are immersed in studied electrolytes. The electrodes leads are
connected to a potentiostat through which voltage is applied by using a staircase voltammetry
technique. The analysis is performed on a fresh electrolyte both in oxidation and reduction
direction.

By EPR we detected organic radicals whose origin depends on the type of electrolyte
salt. The assignment of the EPR signal is based on the DFT modelling. The most possible

mechanism for radical generation will be discussed.
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In Bulgarian historiography, the end of the Chalcolithic period (beginning of the 4%
millennium BCE) is associated with a cultural and demographic collapse, the beginning of
which coincides with the end of the Late Chalcolithic cultures of the Eastern Balkans. The
archaeological record reflects these changes differently, yet they unmistakably influence the
emergence of new forms, technological specifics, and decorative techniques in ceramic
complexes.

In this study, a set of sixty samples of ceramic materials were examined, including 28
whole fragments and 32 polished samples. Using X-ray fluorescence spectrometry (pXRF,
Bruker S1 Titan portable spectrometer), the elemental composition of the samples was
quantitatively identified. To determine the maximum firing temperatures, a set of 33 fragments
was subjected to step heating in a laboratory muffle furnace, and the changes in their mass-
specific magnetic susceptibility were recorded. Additionally, Raman spectrometry and X-ray
diffraction provided information on the phase composition of the analyzed samples.

The analytical data and statistical processing demonstrate a very clear distinction
between the samples from Northeast and Southwest Bulgaria. All of the analyzed samples from
the Southwest region fall into an area with low calcium and high silicon concentrations. On the
other hand, results for northeastern Bulgaria show a significant dispersion of the samples. More
than 50% coincidence with the Raman spectra of natural apatite and calcite is observed for the
finds with an increased amount of calcium. This result supports the hypothesis that a pottery
production technology involving the addition of flattened river mollusk shells was incorporated,
which is characteristic of the earlier and synchronous cultures from the steppe regions situated
northern of Black sea.
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In the middle of January 2023, a medieval necropolis was accidentally discovered near
Nedelino, South Bulgaria. Four graves surrounded by stones were discovered at first — three of
adults and one of a six-seven year old child, and during the regular archaeological excavations
their number increases to 7. They are dated to the Middle Ages (10th-11th century). The place
IS on a private property, 1 km west of Nedelino. The excavations were carried out by the
Smolyan Regional Historical Museum. The burial chamber is built of local flagstones that
surround the graves on all sides and are covered by large flat stones above. Th