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Ambient organic aerosol origin at rural
background site in the Czech Republic

Student: RNDr. Radek Lhotka
Supervisor: Ing. Jaroslav Schwarz, CSc.
Supervising Experts: RNDr. Petra Pokornd, Ph.D.,
Ing. Petr Vodicka, Ph.D.

Introduction
Atmospheric aerosols (AA) are ubiquitous particles in the atmosphere
that influence the Earth’s climatic system, environmental interactions,
and human health. Among AA, great interest is dedicated to organic
aerosols (OA) since it can represent from 20 to 90% of total submicron
mass. Source apportionment of OA at background sites is one of the
important tasks of current air quality protection.!

Methods

The variability of OA concentrations and their origin during four mea-
surement campaigns was studied at the rural background station
National Atmospheric Observatory Kosetice (NAOK) in the Czech
Republic. Ambient aerosol measurements of non-refractory PM;
(NR-PM; ) were performed using a Compact Time-of-Flight Aerosol
Mass Spectrometer (C-ToF-AMS,?) from 8th January to 14th October
2019 with a 5-min time resolution. The C-ToF-AMS measurements
were supplemented with equivalent black carbon (eBC) data using
an aethalometer (Model AE33, Magee Scientific, Berkeley, CA), 1-
hour boundary layer height (BLH) by satellite measurements (ERA
hourly dataset provided by the Copernicus Climate Change Service),
72-h back-trajectories (GDAS 1°) for every hour using the Hybrid
Single Particle Lagrangian Integrated Trajectory model (HYSPLIT)
and 1-hour meteorolocigal data. 30-min averages of NR-PM; were
calculated and Positive Matrix Factorization (PMF) with multi-linear
engine (ME-2) was applied, alongside the use Source Finder (SoFi,?)
was used.



Results and discussion

Five OA factors/sources were identified during the seasons of win-
ter, spring and autumn: biomass burning OA (BBOA), coal combus-
tion OA (CCOA) and more- and less-oxidized OA (MO-OOA and LO-
OOA). Four OA factors/sources were identified for summer, HOA,
BBOA, MO-OO0A, and LO-OOA. Three of these factors represent pri-
mary sources (HOA, BBOA, and CCOA), while the other two represent
secondary/oxidized factors. The concentrations of individual factors
were significantly influenced by meteorological conditions. The high-
est concentrations of primary factors seen during were periods with
low wind speed and atmospheric boundary layer height. Therefore,
the largest share of primary factors (29% of total OA concentrations)
was found in winter and the lowest (20%) in summer. Since the aged
primary OA becomes part of OOA, the percentage of primary factors
cannot be directly related to the share of these emission sources in the
overall immission budget.

This work was supported within a German-Czech TRACE project
funded by the GACR under grant 20-08304] and by DFG under grant
431895563, by the CZ MEYS of the grants ACTRIS-CZ LM2018122 and
ACTRIS-CZ RI (CZ.02.1 .01 / 0.0 / 0.0 / 16_013 / 0001315), and Euro-
pean Union’s Horizon 2020 research and innovation program ACTRIS
IMP (871115).
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How can we best eliminate pharmaceuticals
from wastewater?

Student: Mahdi Bourassi, MSc.
Supervisors: Doc. Ing. Petr Klusori, DSc., Prof. Jacques Barbier Jr.
Supervising Expert: Dr. Gwendoline Lafaye

Persistent pharmaceutical occurrence in different lakes and rivers
usually originates from live stocks, agriculture, aquaculture, house-
holds, and hospitals. The presence of these compounds in the ecosys-
tems leads to fatal consequences. Pharmaceuticals can threaten mi-
croorganisms in the environment, either causing its deterioration or
allowing pathogens to gain resistance against antibiotics and medical
treatments.! These occurrences in the environment questions the abil-
ity of conventional treatment to remediate pharmaceutical wastewater.

To prevent the presence of these pharmaceuticals in the environ-
ment, membrane separation may be a good choice for water purifi-
cation. Due to the adjustable parameters of the membrane process,
the conditions for the treated water can be optimized.> Moreover,
membrane modifications can overcome the limitations of the process.
For example, surface grafting modification can improve membrane
selectivity,® and bulk or material base modifications or material-base
can prevent the membrane from fouling by degradation or by increas-
ing porosity.4 However, the membrane process generates concentrated
pharmaceutical solutions which are not suitable for filtration. This con-
centrated solution causes more concern than the diluted one. Where
there is a need need to combine the membrane process with a degrada-
tion process to treat the concentrated solution instead of the expensive
incineration, the best choice to degrade concentrated solutions using
catalytic wet air oxidation (CWAO). The degradation process was
assessed on highly concentrated antibiotic solutions under soft condi-
tions using a 1% Pt/CeZr catalyst. The results showed 89%, 60%, and
60% antibiotics removal during the 15, 24, and 3" cycle, respectively.
Moreover, thermal ex-situs catalyst regeneration allows for a full initial
activity recovery. Furthermore, the treated solutions were subjected
to toxicity assessments, where the treated solution of tetracycline was
revealed to be non-toxic.

To sum up, the hybrid process of combining membrane separation
and CWAO has great potential for pharmaceutical wastewater treat-



ment. While the process is efficient for pollutant removal, it also avoids
any chemical utilization, recovers all implemented catalysts, and is en-
ergy efficient. The membrane-oxidation hybrid process may be the key
to sustainable wastewater treatment.
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Detailed Investigation of Human Galectins -1
and -3 by employing selectively
deoxyfluorinated N-acetyllactosamines

Student: Ing. Martin Kurfirt
Supervisor: Mgr. Jind¥ich Karban Ph. D.

Human galectins (hGals) are carbohydrate-binding proteins play-
ing key roles in a plethora of physiological processes. They are
able to modulate immune responses and neoplastic transformation
processes via the molecular recognition of galactoside-containing
glycans.! As a result, the development of their selective inhibitors has
become a focus of pharmaceutical research. However, the prepara-
tion of inhibitors targeting individual hGals remains challenging as 12
hGals featuring similar substrate specifications have been identified.
A deeper understanding of the differences between individual hGals
could facilitate the development of galectin inhibitors, and deoxyfluo-
rinated carbohydrates are established tools capable of providing such
valuable information.?

This work is focused on a detailed investigation of supramolecu-
lar recognition events between human galectins -1 and -3 and mono-
deoxyfluorinated N-acetyllactosamine probes, which were previously
prepared in our laboratory.® The recognition was studied using a com-
bination of X-ray crystallography, isothermal titration calorimetry and
several advanced NMR techniques, such as 1°F T2-filter, 'H-'H STD,
'H-15N CSP or F EXSY. These techniques provided insight into the
thermodynamics and kinetics of recognition and enabled us to uncover
of subtle differences between both investigated galectins. Such differ-
ences could be potentially exploited in the selective targeting of indi-
vidual galectins with important implications for the galectins-focused
pharmaceutic industry.

Support from MEYS (Project No. LTC20052 and LTC2007 2, COST
Action CA18103 INNOGLY) and Czech Science Foundation (grant no. 20-
01472S) is acknowledged. The author also thanks Jesiis Jiménez-Barbero
(CIC bioGUNE, Bilbao, Spain), Cafiada Vicinay Francisco Javier (CIB,
Madrid, Spain) and Roman Hrstka (RECAMO, Brno, The Czech Republic)
for sharing expertise in NMR-based molecular recognition and providing
human galectins.
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Organoruthenium glycomimetics as selective
galectin-1 inhibitors

Student: Ing. et Ing. Vojtéch Hamala
Supervisor: Ing. Tomas Strasik, Ph.D.
Supervising Expert: Mgr. [indfich Karban, Ph.D.

Galectins are a type of lectins that have the ability to bind to B-
galactosides. Human galectin-1 (Gal-1) and galectin-3 (Gal-3) have
been linked to tumor progression, with Gal-1 contributing to cell mi-
gration and tumor immune escape, while elevated levels of Gal-3
are associated with increased invasiveness, metastatic spreading, im-
munosuppression, and angiogenesis. The natural ligands of galectins
include galactose, lactose, N-acetyllactosamine (LacNAc), as well
as their glycosylated and sulfated forms. Modifications of these car-
bohydrate ligands can lead to the creation of glycomimetics, thus
enhancing binding to galectins and can serve as potent inhibitors.
A common method of modification involves replacing carbohydrate
hydroxyls with an aromatic substituent, which enhances binding to
galectins.

Several Gal-3 inhibitors are already in clinical trials against ill-
nesses connected with galectin overexpression, yet selective galectin-1
inhibitors are still lacking.! To address this, we conducted a project
in which we replaced the aromatic substituent in known galectin in-

Figure 1: A structure of prepared organoruthenium highly selective
galectin-1 inhibitor.
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hibitors based on LacNAc, phenylthiogalactoside, and thiodigalac-
toside scaffolds with arene-containing ruthenium “piano-stool” com-
plexes. We discovered that the unique geometry of the ruthenium
ligands in these complexes creates additional favorable interactions
in the binding site of Gal-1 while disrupting the inhibitor’s affinity to
Gal-3.

The prepared organoruthenium glycomimetics demonstrated sin-
gle unit nanomolar affinity to Gal-1 and over four orders of magnitude
higher selectivity to Gal-1 in comparison to Gal-3. The organoruthe-
nium galectin inhibitors were found to be nontoxic to both cancer and
noncancerous cell lines. Selected complexes showed an in vitro an-
timigratory effect against invasive cancer cell lines MDA-MB-231 and
SK-OV-3.

This work was supported by The Czech Science Foundation (grant
23-06115S). This work was also supported by the Martina Roeselova
Memorial Fellowship granted by the IOCB Tech Foundation.
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Utilization of electrochemically induced
cleavage of various sulfonimides

Student: Ing. Karolina Salvadori
Supervisor: Ing. Petra Cufinovd, Ph.D.
Supervising Experts: prof. Dr. RNDr. Pavel Matéjka,
prof. RNDr. Jiti Ludvik, Csc.

Currently, efforts are being made to carry out syntheses using
green chemistry procedures designed (or redesigned) to reduce the
environmental impacts of the processes. In this sense, the electrosyn-
thetic approach could provide clues. Since electrochemistry brings
benefits such as high selectivity in connection with facile operation,
eco-friendly conditions, or economical aspects relating to lower de-
mands for chemical agents and space, the application of this metho-
dology is desirable. Unfortunately, the processes employing electro-
chemistry are still relatively rare. This could be explained by the lack
of knowledge of the electrochemical redox mechanisms, which sig-
nificantly differs across individual molecules due to the interplay of
all functional groups present in their structures. However, the key to
understanding the redox behaviour of polyfunctional molecules lies in
the detailed analysis of electrochemical results at the molecular level®.
A good example of the use of electrosynthesis was recently published
by Huang et al?, describing simple electro-reductive hydrodefunction-

Figure 1: Electrochemical cleavage of octakis-nosylated calixarene.
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alization employing triethylamine as a reductant to cleave C-halogen,
N-C, O-S, O-C, C-C, and C-N bonds.

In this work, we describe the unexpected electrochemical cleavage
of sulfonimides, providing a direct pathway to corresponding sulfon-
amides. For this purpose, 16 substances were synthesized and tested,
reflecting the influence of different electron effects of -50O,Ph-R sub-
stituents, and the impact of the number of nosyl units present in mole-
cules. In the case of octakis-nosylated calixarenes, the electrochemical
cleavage via direct potential-controlled electrolysis was compared with
conventional organic synthetic procedures. After electrolysis, all pre-
pared sulfonamides were isolated in excellent yields.

References
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5th ed., CRC Press, Boca Raton 2016.
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Green approach for the preparation of
biosourced ionic liquids and the study of their
thermodynamic properties

Student: Mahasoa-Salina Souvenir Zafindrajaona, MSc
Supervisors: Prof. Sandrine Bouquillon, Ing. Magdalena Bendova, PhD.
Supervising Expert: Dr. Jean-Pierre Mbakidi

In the modern context of sustainable development as well as of the
availability of raw materials of petrochemical origin and to the nat-
uralness desired by consumers, the term “biosourced” appears ever
increasingly.! The valorization of biopolymers such as lignin is one of
the biggest challenge due to its complex structure, yet is nevertheless
extensively studied from both the fundamental and industrial point of
view.2 While the three major entities of which lignin is composed are
of great interest for chemical industry, finding ways of extracting these
components proves challenging.? Indeed, for a few years, studies on
the dissolution and the treatment of lignin have been developed to val-
orize this biopolymer. This presentation will address a green approach
to the synthesis of ionic liquids qualified as biosourced (monocatenar
or bolaform systems) from specific agro-resources, according to sev-
eral principles of green chemistry. As these solvents could be used to
solubilize lignocellulosic biomass and/or extract bioactive compounds
(from plant sourcing), the physicochemical characteristics (density,
viscosity and heat capacity) of pure ILs or mixtures of IL/water must
be determined. Preliminary results concerning this last point will be
presented.
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Synthesis and cytotoxicity of fluorinated
mannosamines

Student: Ing. Ales Krcil
Supervisor: Mgr. Jindfich Karban Ph. D.

Fluorinated carbohydrates have been widely acknowledged as use-
ful tools for studying the mechanisms of carbohydrate-processing
enzymes and carbohydrate-binding proteins, as well as for inhibit-
ing them.! The similarity in size between fluorine and hydroxyl has
also led to research exploring the potential of fluorosugars to modify
glycan chains by inhibiting carbohydrate-processing enzymes and/or
altering the balance between carbohydrate metabolites. Although this
research has identified several potent metabolic inhibitors, some flu-
orosugars have also been found to have cytotoxic effects, which also
opens up the possibility of therapeutic applications.?

Non-fluorinated N-acetylmannosamine derivatives are cytotoxic,
with their cytotoxicity depending on the substitution pattern of hy-
droxyl groups. Among the derivatives, 3,4,6-O-acylation resulted
in the most cytotoxic acylated N-acetylmannosamines. Conversely,
the 1,3,4-O-acylated N-acetylmannosamines exhibited significantly
lower cytotoxicity, indicating that the position of O-acyl, and espe-
cially the presence of a free anomeric hydroxyl, play a crucial role
in cytotoxicity.?> Ensuing research showed that similar relationships
between the cytotoxicity and O-acylation pattern also apply to N-
acetylglucosamine and -galactosamine. In our previous study, we
investigated the cytotoxicity of fluorinated acylated N-acetylgalactos-
amines and glucosamines. The results revealed that the introduction
of fluorine increased cytotoxicity as long as the anomeric position re-
mained unprotected."‘ On the basis of these findings, we have decided
to expand our research to include fluorinated N-acetylmannosamines.

The aim of the project is to synthesise mono-, di- and trifluoro
analogs of N-acetylmannosamines. The cytotoxicity of the final prod-
ucts towards selected cancer cells will be determined. The key in-
termediates are the corresponding multiply fluorinated mannosazide
thioglycosides prepared from deoxyfluorinated 1,6-anhydro-2-azido-
p-p-hexopyranose precursors by ring-opening reactions with phenyl
trimethylsilyl sulfide.
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Figure 1: Structures of prepared fluorinated N-acetylmannosamine
derivatives
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Chiral anion exchanger based on
x-methylbenzylamine for enantioselective
separation of racemic acids

Student: Ing. Jan Cizek
Supervisor: Doc. Ing. Pavel Izik, Ph.D., DSc.
Supervising Expert: Doc. Ing. Zdenék Slouka, Ph.D.

Chirality is a property of asymmetry that is responsible for the exis-
tence of enantiomers, molecules that are mirror images of one another.
In a symmetrical environment, these molecules have the same chem-
ical properties. However, the way in which they interact with other
chiral substances, may be very different. Since human metabolism in-
volves many stereoselective interactions, it is especially important to
consider chirality during the development of new drugs, where the
unwanted enantiomers may burden patients’ organs or even be toxic.
Preparation of enantiomerically pure drugs is, however, not always
possible and the separation of racemic mixtures on larger than ana-
lytical scale has been a challenging task.

Among analytical methods, high performance liquid chromatog-
raphy (HPLC) has been successfully used for the separation of many
racemic chemicals. However, scale-up to preparative or industrial
scale is typically not economically feasible. In this work, new enan-
tioselective material based on x-methylbenzylamine as the chiral se-
lector (recently utilized by our group in the preparation of chiral
membranes!) covalently attached to Merrifield resin beads is proposed
and discussed as a potentially cost-effective alternative to typically ex-
pensive stationary phase materials. It is shown that charged chiral
methylbenzylamine works as an enantioselective anion exchanger po-
tentially suitable for the separation of chiral acids, such as N—protected
amino acid, or non-steroidal anti-inflammatory drugs (NSAID), such
as ibuprofen. In a glass column chromatography experiment, racemic
N-(tert-butoxycarbonyl) tryptophan was partially separated, reach-
ing enantiomeric excess in eluates of around 10%.

References
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Application of hydrodynamic cavitation in
brewing

Student: Ing. JiFi Stérba
Supervisor: prof. Ing. Tomds Brinyik, Ph.D.
Supervising Expert: Ing. Miroslav Puncochdf, DSc.

The positive role of hydrodynamic cavitation (HC) has been an
object of study of the last two decades. HC phenomena involves the
generation, growth, coalescence and subsequent implosive collapse of
bubbles or cavities, occurring within a few microseconds and releas-
ing large magnitudes of local pressure and temperature. Due to its
very high oxidative capability in combination with mechanical shock-
waves, HC processes can disrupt biological cells, destroy microorgan-
isms, neutralize toxic chemicals or change molecule structures.

The aim of this work is to apply these advantages in the brewery
industry. In the field of beer brewing, we would like to investigate
several phenomenona, such as the isomerization of bitter hop acids,
the reduction of gluten concentration or the cell-walls breakdown.

The first step of our work was the construction of the experimental
setup formed by a special jet and pump control. A Venturi jet system
with a special inclined tube was chosen as the HC technique due to en-
ergy savings and robust design. The process of cavitation was exam-
ined in more details. Hence, the Venturi tube was installed in a pilot
scale brewery system.

Several experiments have been performed to confirm the positive
effect of hydrodynamic cavitation on the isomerization of the hop bit-
ter substances, and the influence in gluten removal due to the cavi-
tation. Furthermore, several parts of the experimental brewery were
improved. The regulation of individual parameters affecting the per-
formance of HC was achieved due to equipment improvements.

Hydrodynamic cavitation is a very interesting phenomenon, which
can see applications not only in the process of beer brewing, but also
in the entire food industry. It is important to investigate this phe-
nomenon, to find its mechanism and extend its applications.
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Cultivation of Limnospira maxima and
utilization of its fresh biomass in human
nutrition

Student: Ing. Claudia Visquez
Supervisor: Ing. Irena Brinyikovd, Ph.D.

The dried biomass of the cyanobacteria L. maxima, commonly known
as “spirulina,” is an available dietary supplement in powder or tablet
form that has been linked to numerous positive effects on human
health.! However, the process of drying and storing the biomass can
result in oxidative reactions that damage important nutritional com-
ponents and generate undesirable odors and flavors.? For this reason,
the use of fresh biomass is a potential alternative that not only main-
tains the sensory qualities of the product, but also helps to preserve its
nutritional value.’This work aims to enhance productivity, efficiency
and sustainability of L. maxima cultivation as well as to determine
the safe microbiological conditions for the nutritional use of fresh
spirulina biomass. Various parameters such as light intensity, light
spectral composition, temperature, pH, CO, and culture media com-
position can be optimized. A series of experiments were performed
to find the most suitable configuration to cultivate L. maxima, defined
by cyanobacterium productivity and yield as well as other metabolites
production such as phycocyanin (C-PC) and carotenoids. Procedures
of photoautotrophic cultivation were mastered in volumes of 0.3 to
2001, including methods of growth monitoring and related analytical
procedures. The productivity of the culture at different illumination
levels, cultivation temperatures and alternative sources of nitrogen
showed that overall, L. maxima can grow in a wide range of conditions,
being optimal at 30 °C , light intensity of 150 wuE-m~2-s~! and culture
media with nitrate as N source, however, higher productivity was
not necessarily related to higher production of valuable metabolites
such as C-PC. In conclusion, this study has shown that L. maxima cells
can grow in a wide range of conditions, however, the optimization of
parameters can significantly enhance the productivity, efficiency, and
sustainability of the cultivation, while also ensuring safe microbiolog-
ical conditions for the nutritional use of fresh spirulina biomass.
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Use of photoautotrophic microorganisms in
bioremediation of surface waters

Student: Mgr. Petra Musdlkovd
Supervisor: Ing. Irena Brinyikovd, Ph.D.

Eutrophication, an excess of nutrients (especially phosphorus) in
water, has negative consequences, including massive harmful algal
blooms, oxygen deficiency and toxin production, which can lead to
the total collapse of water ecosystems. Although there are several
procedures for dealing with eutrophication, they are expensive, have
limited efficiency and/or involve the introduction of chemicals. Thus,
we have been investigating phosphorus uptake by the cyanobacteria
Tolypothrix tenuis as a potential agent for bioremediation. At the same
time, we are developing a floating photobioreactor which would be
placed on the eutrophic water body surface, and which will enable an
exchange of water between its inner volume and the bulk water. In this
bioreactor, intently cultivated harmless cyanobacteria will uptake the
available nutrients, making them unavailable for the harmful species
of algae. Afterwards, the obtained biomass will be harvested and used
as a fertilizer in ecological agriculture.

Extensive experimental work has been executed to examine suit-
ability of the proposed approach. Firstly, a study of T. tenuis growth
and phosphorus uptake under the following conditions was con-
ducted; T. tenuis was grown in standard BG media differing in ini-
tial biomass concentration (0.3, 0.8, 1.7 g/L), pre-inoculation condi-
tions (0 mg/L of phosphorus for 0, 3, 6, 9 days), temperature (11,
15, 20, 25°C ), light intensity (60, 15, 250, 350 pE-m~2-s7!) and light
regime (12:12h DLC). Secondly, we tested the suitability of floating
bioreactor models for this bioremediation method. Throughout the
experiments, phosphorus concentration in the media was measured
spectrophotometrically; to confirm the amount of phosphorus uptake,
the intracellular phosphorus concentration was analyzed by ICP-OES
spectrophotometry. It was found out that T. tenuis was able to effi-
ciently reduce the phosphorus concentration in the cultivation media,
even to 0.02 mg/L which is considered a threshold for eutrophy. The
reduction rate was proportional to the T. tenuis biomass concentration.
The phosphorus-starved cultures had lower amounts of intracellular
phosphorus, leading to a higher phosphorus uptake rate. Regard-
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ing temperature, lower temperatures slowed phosphorus uptake and
biomass growth, but increased intracellular phosphorus concentra-
tion. Increased light intensity positively affected the phosphorus up-
take and biomass growth, and finally day/night mode did not affect
the phosphorus uptake rate. Overall, our results suggest that T. tenuis
is a suitable organism for the water bioremediation.
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Organic fluorine content and change during
thermal treatment

Student: Ing. Matéj HuSek
Supervisor: doc. Ing. Michael Pohotelyj, Ph.D.
Supervising Expert: Ing. Jaroslav Mosko, Ph.D.

The variability of organic substances (pollutants) is constantly in-
creasing as they are upgraded, substituted, or processed, making their
detection more difficult and disproportionately expensive. Examples
are per- and polyfluoroalkyl substances (PFAS), of which there are
more than 9000 representatives,! and some have been confirmed to
have a negative impact on human health.? Their use is widespread
and variable (domestic and industrial), which affects their presence
in sewage sludge®. We have previously described how pyrolysis af-
fected the content of selected PFAS representatives.*> However, we
could not determine with certainty whether they were merely cleaved
or mineralised. Therefore, we focused on the change in organic fluo-
rine content (part of PFAS) and analysed its thermal behaviour in inert
(sea sand) and heterogeneous (sewage sludge) material. The organic
fluorine content decreased with pyrolysis temperature, but its concen-
tration was a function of the pyrolysed material. The ability to mea-
sure organic fluorine includes PFAS, together with other organoflu-
orine contaminants, such as pharmaceuticals or agrochemicals.® Set-
ting aggregate limits, such as the total organic fluorine content, poses
a challenge for future research, along with setting legislations of inter-
est.
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Hazardous components: A case study in textile
waste management

Student: Ing. Anastasia Shtukaturova
Supervisor: Prof. Ing. Vladimir Koci, Ph.D., MBA
Supervising Expert: Ing. Michal Syc, Ph.D.

Textile waste, a problem that has been somewhat overlooked for
many years, is now coming to the fore.! The textile value chain is long
and complex, with over 8000 chemicals used in different manufactur-
ing processes.? A wide variety of chemicals are used in the manufac-
ture of textile products for the improvement of essential properties and
performance of textiles. Chemicals used in textiles significantly im-
prove their quality and appearance. However, the harmful effects of
these chemicals can occur at various stages of textile production and
processing, such as dyeing, printing and finishing, as well as during
use by consumers and at the end-of-life stage.? There is a lack of safety
information on the presence and use of all of these chemicals in con-
sumer products.

In particular, dyes and pigments are usually toxic and ecotoxic
because of the rather high content of heavy metals. Both wastewa-
ter and landfill leachate contain water-soluble heavy metal ions and
compounds characterized by high persistence and bioaccumulation in
the environment. Per- and polyfluorinated alkyl substances (PFAS),
which are widely used in the textile industry for their excellent oleo-
phobic and hydrophobic properties, are another hazardous group
with a high persistence and bioaccumulation capacity.

The emission of chemicals throughout the life cycle of a textile prod-
uct is one of the biggest sustainability issues, and the identification of
potentially toxic compounds and their synergistic effects in end-of-life
textiles is currently a major research gap. To fulfill this gap, leaching
tests will be carried out as an advanced waste characterization method,
simulating the geochemical behaviour of textile waste under real con-
ditions. The results will be discussed with a view to obtaining specific
chemical information on the hazardous chemicals that are used and
emitted in practice.
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Investigation of recycling possibilities of
discarded photovoltaic solar panels

Student: Ing. Antonin Sperlich
Supervisor: Ing. Michal Syc, Ph.D.

The long-term growth of the installed capacity of solar photovoltaic
energy production is now enhanced by both the current economic and
energy crisis. The current global production of energy from solar pho-
tovoltaic panels is about 500 GW. In addition, it is expected to increase
by up to 5000 GW by the year 2050.1 On the other hand, this source
of energy is bonded with the production of waste in the form of old
or discarded photovoltaic solar panels. In 2016, the mass of waste so-
lar photovoltaic panels was estimated at 45 000 metric tonnes globally.
By the year 2030 there is an expected mass of waste solar photovoltaic
panels of 1.7-8 million metric tonnes and by 2050, 60-78 million metric
tonnes.?

In the current market, the vast majority of photovoltaic panels sold
are monocrystalline and polycrystalline types.®> Both photovoltaic
solar panels have the same structure, consisting of an upper glass
layer, a second bonding layer of poly(ethylene-vinyl acetate) (abbr.
EVA), a third (middle) layer formed by silicone cells and other metals,
a fourth layer of EVA and a fifth (final) layer of polyvinyl fluoride.*
According to mass composition, around 75% of a photovoltaic solar
panel consists of glass, 10% of polymers, 10% of aluminium, 3% of
silicon cells, 1% of copper, and significantly less than 1% is formed by
silver (values are approximate).

Taking into account the economic value and mass content of indi-
vidual fractions sparked interest as components of glass, metals, and
silicon cells. The biggest current problem is the inefficient delibera-
tion of individual layers and physical pre-treatment. This work aims
to find an economically effective and industrially feasible method of
how to recycle discarded photovoltaic solar panels. Performed exper-
iments determined the exact composition of photovoltaic solar panels
and the advantages and disadvantages of the treatment mentioned in
the literature. Results will be used for a full-scale industrial unit design
for solar photovoltaic panels recycling.
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Properties and use of high-temperature biochar

Student: Ing. Anezka Sedmihradskd
Supervisor: doc. Ing. Michael Pohotely, Ph.D.

Despite being a hot topic in environmental research, biochar and its
properties have been mainly investigated from the perspectives of feed-
stock type and pyrolysis temperature. Few studies have explored the
effect of particle size on biochar properties.! Even when the effect of
particle size on crop efficiency is recognized, there is a lack of cor-
responding data and analysis.>” Therefore, we thoroughly analyzed
(proximate and ultimate analysis, SEM, XRD, Raman spectroscopy)
four particle size fractions (< 0.5, 0.5-2, 2-5, > 5 mm) of high-temper-
ature biochar from a gasification power plant, the sizes reflecting those
of biochar actually used in agriculture. The < 0.5 mm fraction was sig-
nificantly different in terms of carbon structure, and carbon and ash
content; consequently, pH, electric conductivity and heavy metal con-
tent also differed greatly. The corresponding results for the other par-
ticle fractions were broadly similar to each other. Interestingly, for all
fractions, the porosity and H/C ratio were independent of particle size,
meaning that, regardless of size, the investigated biochar fractions are
equally stable in soil. The 0.5-2 mm fraction was then selected to be
used in different industrial or agricultural processes such as the anaer-
obic digestion of wastewater or livestock feeding. The effect of biochar
on these processes is currently under investigation, providing only ini-
tial data so far.
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Intercomparison of boundary layer and mixing
layer height from models and ground-based
measurements

Student: Kajal Julaha, MSc.
Supervisor: doc. RNDr. Petr Pisoft, Ph.D.
Supervising Experts: RNDr. NadéZda Zikovd, Ph.D.,
Ing. Viadimir Zdimal, Dr.

Introduction

The planetary boundary layer is the layer next to the Earth’s surface,
most affected by the vertical transfer of momentum, heat, and mass
across the surface. It is also considered as a key parameter in air pol-
lution modeling since most of the pollutants emitted from the surface
become constrained within this layer due to lower vertical turbulent
mixing above the planetary boundary layer.! The boundary layer char-
acterized by vigorous vertical turbulences is known as the convective
boundary layer (CBL) or mixing layer.? The turbulence can be caused
by either wind or wind shears that generate mechanical turbulence
(called forced convection), or by buoyant forces (called free convec-
tion) associated with large thermals. The boundary layer shows diur-
nal variation due to solar radiation, with the rising of the mixing layer
during the daytime and shrinking at night.® There is a lack of studies
on the reliability of boundary/mixing layer retrievals from the Reanal-
ysis models, which are considered to capture the general pattern of the
daily cycles relatively well, particularly for remote regions.

Methods

In the present study, we obtained the ERA5 (fifth-generation European
Centre for Medium Weather Forecasting reanalysis model) 4 bound-
ary layer and HYSPLIT (Hybrid Single-Particle Lagrangian Integrated
Trajectory) ® model based on GFS (Global Forecast System), GDAS
(Global Data Assimilation System), and Reanalysis datasets on mix-
ing layer height for the National Atmospheric Observatory Kosetice
(NAOK) (49°35’N, 15°05’E; 534 m a.s.]) for the year 2020.

For the ground-based measurements of the boundary layer and
mixing layer height, the ceilometer model CL51 from Vaisala Inc. (Hel-
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sinki, Finland) was used. The ceilometer uses a LIDAR remote sens-
ing technique to record the optical backscatter intensity in the infrared
wavelength range (900 + 10 nm) sent out in a vertical direction. Reflec-
tion and backscatter caused by clouds, precipitation, haze, fog, mist,
and other obscurations are measured as the laser pulses traverse the
sky. The backscatter profile is further used to detect the boundary layer
and mixing layer height.

Results and Discussion

In this study, we found that the boundary layer height tends to be
lower in ERA5 and timing for the daily peak also appears to differ
as compared to ceilometer boundary layer data. In contrast, the ERA5
boundary layer observation was found to agree well with the mixing
layer height obtained from the ceilometer. Whereas in comparison to
HYSPLIT, GFS and GDAS, observations were found to agree well with
ceilometer data while Reanalysis underestimated mixing layer height
throughout the year. The seasonal changes in the boundary/mixing
layer height were well captured by both models and the ceilometer.

This study also reveals that the models underestimated the mixing
layer observations during the summer by 31%-45% and agreed rela-
tively well during the winter season by a difference of 10%, although
the surface temperature measured by models was found to follow the
same trend as in-situ measurements. The additional variables such
as global radiation, synoptic situation and stability of the atmosphere
will also be studied to explain the difference.

This work was supported by MEYS of the Czech Republic under
grant ACTRIS-CZ LM2023030.
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Vertical gradients of atmospheric aerosols
chemical composition

Student: Ing. Jiti Kovirik
Supervisor: Ing. Jaroslav Schwarz, CSc.
Supervising Experts: Ing. Petr Vodicka, Ph.D.,
RNDy. NadéZda Zikovd, Ph.D.

Atmospheric aerosols differ in concentration and chemical com-
position with altitude above the Earth’s surface. At higher altitudes,
aerosol constitution is significantly influenced by long-range transport.
The National Atmospheric Observatory Kosetice with its 250 m high
tower is a unique installation that enables the study of vertical gradient
of atmospheric aerosols chemical composition over extended periods
of time.

The aim of this work is to obtain data on the chemical composition
of aerosols at two heights (4-5 metres above ground and at 230 metres
on the atmospheric tower’s measurement platform). The following an-
alytical methods and sampling techniques will be used:

AMS (Aerosol Mass Spectrometry) — in combination with PMF
(Positive Matrix Factorisation), this method deconvolves complex
mass spectrum allowing us to distinguish individual chemical species
or groups. Numerous field studies have demonstrated that aerosol
mass concentrations and size distributions measured by AMS gener-
ally agree well with data acquired from other instruments.!™

ACSM (Aerosol Chemical Speciation Monitor) — in contrast to
AMS, the ACSM is simplified, compact-sized, lower-priced and does
not provide particle size measurement. On the other hand, AMS fea-
tures better mass resolution and detection limits.>

PILS-IC (Particle Into Liquid Sampler coupled with Ion Chro-
matography) — this technique is designed for the continuous mon-
itoring of aerosol chemical composition. Particles are mixed with
saturated vapour generated from ultrapure water, forming droplets
that are then collected.®” Liquid-phase samples are analysed with
IC or can also be stored frozen and analysed with other methods of
choice. PILS-IC provides near real-time measurements for long-term
operation. Additionally, accessory denuders will be applied. These
denuders cut off any influence of species present in ambient air in the
gas phase.?
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Filtering — the oldest method for aerosol chemical composition
analysis still plays an irreplaceable role. Various materials can be used
(fibrous — e. g. glass, polymer; and porous — e.g. polycarbonate, cellu-
lose), each of them having advantages and disadvantages. The most
commonly used material is quartz fibre; universal but suffers from
high levels of hygroscopicity.

Results obtained using the above mentioned analytical methods
and sampling techniques will be evaluated with regard to meteoro-
logical parameters, mainly atmospheric conditions such as boundary
layer height and gradient of wind speed and direction. The contri-
bution of long-range transport on concentration of individual species
will be also evaluated. Online methods of aerosol mass spectrometry
(AMS/ACSM) as well as semi-online (PILS) and offline (filters) will
be used and compared. Chemical composition will be also evaluated
with regard to daily and seasonal cycles.
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The effect of meteorology and aerosol size
distribution on light scattering properties at
a rural background site in Central Europe

Student: Mgr. Lenka Suchdnkovi
Supervisor: prof. RNDr. Ivan Holoubek, CSc.
Supervising Expert: Ing. Viadimir Zdimal, Dr.

Atmospheric aerosols have a significant impact on the Earth’s ra-
diative forcing.! They affect the Earth'’s climate system directly by scat-
tering or absorbing incoming solar and outgoing infrared radiation,
and indirectly by altering cloud properties and their lifetime.? The rea-
sons for the large uncertainty of aerosols in climate modeling are not
yet fully understood. Although there are studies that address the ef-
fects of aerosols on local climate, = there are few long-term series mea-
sured at rural background sites.

The aim of this study is to characterize the light scattering prop-
erties of aerosols at the rural background site National Atmospheric
Observatory Kosetice (NAOK; 49°34'20.787”N, 15°4’48.155”E) in Cen-
tral Europe, namely the coefficients of total light scattering (o) and

backscattering (o3, ), the Angstrﬁm exponent (SAE), the backscatter-
ingratio (b), and the asymmetry factor (g), with special attention to the
influence of meteorology and aerosol size distribution on these proper-
ties. We measured 0, and 07,5, at three wavelengths (450, 550, and 700
nm) using the Integrating Nephelometer TSI 3563 (PM;, inlet). The
measurements were performed from August 16, 2012 to December 31,
2019.

The results show an interannual downward trend in 0y, and oy,
associated with a shift toward larger particles and an enhanced aerosol
cooling effect during the observed period. Increased SAE values
in summer indicate increased SOA formation, while the decrease
in b in winter indicates increased concentrations of carbonaceous
aerosols. The oy, and 0y, values were higher during fog events,
medians 76.71 Mm~! and 8.57 Mm~! compared to no fog events, with
34.82Mm~! and 521 Mm~1! at 550 nm, respectively, due to increased
particle size during fog events. The value of ¢ showed a decreasing
scattering potential of particles during fog events, possibly due to mul-
tiple scattering of light by the particles. Higher values of 0, and oy,
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were observed during overcast and fine days compared to cloudy or
partly cloudy days (p < 0.05). The optical properties of aerosols cor-
related most strongly with the presence of particles between 200 and
800 nm, close to the wavelength of visible light.

The research leading to these results was funded by the National
Research Infrastructure Support Project ACTRIS Participation of the
Czech Republic (ACTRIS-CZ LM201822), supported by the Ministry of
Education, Youth and Sports of the Czech Republic, the Czech Science
Foundation (GJ18-15065Y) and the Ministry of Education, Youth and
Sports of the CR within the CzeCOS program (LM2018123).
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N-alkylation of a lysergic acid derivative under
PTC conditions in a continuous arrangement
using sonication

Student: Mgr. Natalie Jaklovd
Supervisor: Doc. Ing. Petr Klusori, DSc.
Supervising Expert: Ing. Petr Stavdrek, Ph.D.

This contribution focuses on the application of sonication to the
synthesis of a methyl ester of the 1-methyl-10x-methoxydihydrolyser-
gic acid (MeLUME). The N-alkylation reaction takes place under
phase transfer catalyzed conditions."? The alkylation was performed
in a continuous regime.? This reaction in a batch reactor is included in
the industry’s production of the drug Nicergoline, prescribed to pa-
tients with Alzheimer’s disease and dementia.* The reaction proceeds
in two immiscible phases, and to increase the space-time yield, the
effect of sonication was examined. Sonication led to a more intensive
renewal of the interfacial area and hence intensification of a mass trans-
fer of reaction components through the interface. First experiments
with sonication were in an apparatus with a FlowPlate microreactor
(LONZA), where the sonication was applied to the outlet capillary,
that represented asignificant part of the reaction volume. The posi-
tive effect of sonication on the course of the reaction was observed.
Therefore, the new reactor from static micromixers on a modular mi-
croreactor system was assembled. This reactor could be completely
immersed into the sonication bath. However, the results achieved
using this apparatus did not reach the values obtained from the pre-
vious measurements with the LONZA reactor. Based on the obtained
knowledge, a new type of reactor consisting of a fluoropolymer (FEP)
capillary was assembled. The results obtained after optimization of
the reaction process in this reactor were comparable to those achieved
in the LONZA reactor. The use of sonication for the N-alkylation reac-
tion allowed for doubling of the amount of product synthetized while
maintaining high conversion and selectivity.
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Separation of exosomes from polydisperse
suspension in microfluidic devices

Student: Mgr. Anna Paiikovd
Supervisor: doc. Ing. Jaromir Havlica, Ph.D.
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Exosomes are membrane vesicles with sizes ranging from 30 to
200nm secreted by almost all mammalian cells. They play a piv-
otal role in cell-to-cell communication and in transferring various
biomolecules such as proteins, microRNAs, and DNAs. Research on
exosomes is mainly focused on exploiting their potential as biomark-
ers for disease diagnosis and their possible use in therapeutic appli-
cations such as drug delivery and tissue regeneration. As a result,
their involvement in various physiological and pathological processes,
including immune response and cancer progression, has been inten-
sively studied in recent years.!

The extraction of exosomes from biological materials results in
polydisperse suspensions containing the desired nanoparticles as well
as various cells and debris. For biomedical purposes, it is necessary
to carry out their separation. However, these vesicles are susceptible
to mechanical damage, and current conventional separation methods,
such as ultracentrifugation and filtration, risk sample degradation
complicating the practical use of exosomes. Therefore, research in
this area has focused on non-destructive methods as is, for example,
the separation method based on microfluidic viscoelastic flow. In
microfluidic devices, viscoelastic fluids are used to create controlled
flow patterns that can selectively separate particles of different sizes
by experiencing both viscous drag and elastic lift forces. The balance
between these forces can cause specific particle migration. By carefully
designing the flow conditions (flow rate, channel geometry) and fluid
properties (viscosity), it is possible to exploit this migration behavior
to separate exosomes from larger contaminants. Smaller particles like
exosomes will experience less elastic lift and migrate closer to the chan-
nel walls, while larger particles are pushed toward the channel center.?
These microfluidic viscoelastic flow-based separation methods offer
several advantages, including low sample volume requirements, high-
throughput processing, minimal sample dilution, and reduced risk of
sample degradation. However, challenges remain in optimizing fluid
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properties and device designs for specific applications and ensuring
the scalability and reproducibility of these techniques.

The research on exosome separation from polydisperse suspen-
sions, where particle diameters vary in the range of 100-1000 nm, was
carried out experimentally and with the help of numerical simula-
tions. The work included fine-tuning the experimental methodology,
writing an in-house code for exosome tracking based on a one-way
approach, and performing a parametric study to investigate the sepa-
ration potential of the microdevice as a function of channel geometry,
flow rate, and viscosity. Preliminary results show that viscoelastic
microfluidics can be used as an alternative to conventional exosome
separation techniques.
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Bioreactors are widely used across many sectors of industry, espe-
cially in pharmacy and food production. Bubble columns are one of
the bioreactor types suitable for cultivation of organisms sensitive to
high shear forces, which often require careful supply of oxygen and
other important nutrients. Therefore, controlled aeration and homog-
enization need to be established, especially in the case of tall bubble
columns with high aspect ratios (liquid height to column width).! The
aim of the research is the experimental study of homogenisation and
aeration in a bubble column in dependence on operational conditions
and aspect ratio.

Experiments were carried out in a bubble column with an inner
diameter of 0.19 m, gas flow rate in the range 2-20 m3/h and aspect
ratios ranging in 3.0-6.0. Aeration was quantified by gas holdup mea-
sured from the change of dispersion height. Homogenisation was
quantified by mixing time tys measured via the colorimetric method
based on tracer experiments. Acid and alkaline solutions were used
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as tracers and concentration changes were visualized by a pH indica-
tor. Colour changes were recorded by camera and evaluated via image
processing.?

Obtained results provide a significant influence of aspect ratio on
both gas holdup and ty5. Based on data analysis, a correlation between
tgs and gas holdup was developed considering an influence of opera-
tion conditions and aspect ratio.
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a journey to near-wall region hydrodynamics

Student: Mgr. Viclav Harrandt
Supervisor: doc. Ing. Jaromir Havlica, Ph.D.

Transport phenomena occurring in the near-wall region depend on the
hydrodynamics in the boundary layers and are, therefore, significantly
influenced by wall shear stress behavior.! For this reason, knowledge of
the velocity gradient in the immediate vicinity of the wall can be used
to optimize problems concerning fluid dynamics, such as, for example,
the design of vehicles to reduce drag, the intensification of chemical
processes in the industry, or towards findings of optimal conditions
during the cultivation of biological material in biotechnology applica-
tions.

One of the possible techniques for non-invasive measurement of
wall shear stress is the electrodiffusion method developed by Reiss and
Hanratty.?> The basic principle of the electrodiffusion method is to
measure the limiting electric current flowing through the electrode
flush-mounted with the wall. On the basis of the value of the elec-
tric current it is subsequently possible to describe hydrodynamics near
the wall. Nevertheless, in order to obtain the studied hydrodynamic
quantities from the electric current signal, appropriate relationships
are needed, which can be found either by performing a calibration or
by using a theory that analytically describes the investigated problem.
The theoretical approach is based on the calculation of the mass trans-
fer coefficient from measured electric current. However, to simultane-
ously determine the magnitude and direction of the wall shear stress,
two independent electrical signals are desired, and thus the need arises
for the use of a two-segment measuring probe.

This contribution deals with a new theory* describing mass trans-
port in the vicinity of the measuring two-segment strip probe. Ana-
lytical formulas for the mass transfer coefficients of the front and the
rear electrodes were derived. At the same time, the correctness of these
formulas was confirmed by the numerical solution of the convection-
diffusion transport equation. Furthermore, a methodology for possi-
ble experimental data treatment was proposed. From the analysis of
the electric current ratio predictions for different measuring probe ge-

44



ometries, an optimal probe configuration was found with respect to the
sensitivity of the flow direction measurement. Applying the presented
derived theory to the experimental measurements makes it possible to
determine both a wall shear stress magnitude and its direction.
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