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CO2 HYDROGENATION BY UTILIZING NICKEL-POOR AND ALUMINUM-RICH
LAYERED DOUBLE HYDROXIDES, WITH DIFFERENT INTERLAYER ANIONS
VIA REVERSE WATER GAS SHIFT ROUTE

Amin Hassani Moghaddam?, Marton Szabados?, Robert Mucsi, Andras Sapi 12

!Department of Applied & Environmental Chemistry, University of Szeged, H-6720 Szeged,
Dom tér 7, Hungary
2Department of Inorganic and Analytical Chemistry, University of Szeged, H-6720 Szeged,
Dom tér 7, Hungary
e-mail: amin.hm@chem.u-szeged.hu

Abstract

The concentration of the predominant greenhouse gas, COo, is remarkably increasing in the
atmosphere due to combustion emissions of fossil fuels. A state-of-the-art and relatively simple
synthetic path of preparing NiAls-layered double hydroxides (LDHs) were developed through
high-energy mixer milling pretreatment of AI(OH)z followed by impregnation with Ni(ll)
nitrate salt under mild circumstances (atmospheric pressure and 90°C). This method proved to
be improved by the ion exchange technique, and thus various counters (H.PO,, HPO3>,
H2PO4-, HPO4*, POs*, B4O7%, CO3% and HCO3Y) anions could be intercalated. The modified
LDHs proved to be active in CO. hydrogenation reactions at atmospheric pressure. The
catalysts were characterized using XRD, TG-DTA, FT-IR and H>-TPR. The quality of
interlayer anions was found to exert a considerable influence on the topotactic transformation
of LDHs, the in situ reduction of nickel, and the formation of spinel-type oxides. Furthermore,
their performance in CO> reverse water gas shift (RWGS) reaction was investigated. The data
analysis demonstrated that the highest catalytic performance was occurred at 550 °C pre-
activation. The catalysts obtained from LDHs with tetraborate and hypophosphite interlayer
anions clearly exhibits the highest CO selectivity among the studied catalysts in the range of
350-600 °C and the lowest CHs formation. Meanwhile, those generated from nitrate and
carbonate counters comprising LDHs facilitated mostly and vigorously the methane formation
and the intercalation of phosphate ions resulted in balanced production for both CO and CHa.
Catalysts from B4O7 counter containing they possessed significantly high (>70%) CO
selectivity slightly dependent on the reaction temperatures, it is promising to exploit efficient
RWGS reaction catalytic system.

Keywords: Nickel-poor layered double hydroxides, mechanochemistry, intercalation, CO-
hydrogenation, reverse water gas shift (RWGS)
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SUPRAMOLECULAR ARCHITECTURED WATER SOLUBLE BASED ON
COORDINATION COMPOUNDS WITH N-DONOR LIGANDS

Adelina-Antonia Andelescu?, Carmen Cretu?, Elisabeta I. Szerb?!, Anca Silvestru?
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Abstract

Chromonic systems are a subclass of lyotropic liquid crystal phases, which occur from face-to-
face aggregation into columns of the molecules which contain planar aromatic moieties and
solubilizing hydrophilic and/or ionic groups. However, lately coordination complexes based on
d-block metal centers with bulkier geometries like octahedral iridium(I11) complexes have been
shown to self-assemble spontaneously into ordered supramolecular organizations in water at
low concentrations, like the classical chromonics. The interest in this class of materials derives
from their potential applications in biosensing and imaging, thin film polarizers, micro-
patterning, nano-fabrication, etc. [1]. Thus, developing such lyotropic metallomesogens based
on rhodium(111) and platinumlIl) coordination compounds may lead to materials with potential
applications in medicine as drug delivery systems [2] and/or therapeutic agents [3].

On this background, herein we report the synthesis and characterization of some new water
soluble heteroleptic Rh(111) and Pt(1l) complexes. The nature of the complexes was established
by elemental analysis and molar conductivity and fully characterized by IR, *H-NMR and UV-
Vis spectroscopy. The mesomorphic properties in water of the complexes were investigated by
polarized optical microscopy (POM) using the Lawrence penetration method. The complexes
show ability to self-assembly into chromonic phases in water at room temperature. The
aggregation behavior in water of Rh(111) complexes will be discussed.
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HOW TO ESTABLISH METABOLITE REFERENCE RANGES FOR HEALTHY
ADULTS?

Boglarka Barnal? Violetta Ko6sz2, Agnes Téth%, Gabor Endre?, Ildiké Thibodeau?,
Csaba Varga!
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The main bottleneck for the clinical implementation of metabolomics is the lack of
standardized reference ranges for healthy adults. A possible solution for standardization would
be the use of absolute concentration data that in theory can be directly compared between
laboratories. Our study aimed to investigate the variance of absolute concentration
measurements between independent laboratories and to assess whether establishing
standardized metabolite reference ranges to facilitate clinical implementation of metabolomics
is feasible.

We have measured 50 healthy adults’ (aged 18-50) metabolomics profiles by using the
Biocrates MxP500 kit measured with liquid chromatography-tandem mass spectrometry. To
assess the results and to try to establish a normal range based on these measurements, we have
used basic data analytical tools, a bootstrapping method, and the fitting of statistical
distributions. We compared our results to Trabado et al.’s study [1] which quantified a smaller
number of metabolites for 800 healthy French subjects (aged 18-86).

Our results showed that none of the measured metabolites exhibited a normal
distribution and they varied in a smaller range than in the previous study. This may be explained
by our smaller sample size. Alternatively, it could be explained by the younger study population
which may suggest that the development of metabolite reference ranges should be stratified by
age.
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Abstract

Understanding the students’ opinions about energy sources allows exploring the factors of
acceptance. It can contribute to supporting the changes in energy production and utilization.
Focus on business students must have an emphasis since they may be the company decision-
makers in the future. The study analysis the return, availability, environmentally friendly
nature, knowledge requirement of the application, and future role of some renewable energy
sources and nuclear power. The sample consists of 150 randomly selected students. The results
show the dominance of solar energy and the marginalization of biomass energy. The students’
opinions differ from the professional approach on the energy sources that raise educational
challenges.

Introduction

However, it is fundamentally agreed that the depletion of fossil energy sources is inevitably
approaching, the changes are slow. Finding alternative energy sources is an important but
multifaceted challenge. Energy dependence is a complex social and technical challenge of the
present age [1].

According to Wolsink [2], both policymakers and researchers offer renewables to solve
environmental problems. It must be preferred to fossil fuels and nuclear power. The European
Union and the Hungarian government highlight and force renewables [3] [4]. Figure 1 shows
the trends limited to electricity production as an example that underlines the restraint in fossil
sources along with a high contribution of nuclear power.

Figure 1. The proportion of energy sources in the amount of electricity produced 2006-2017
(based on https://www.ksh.hu/thm/3/indi3_1_2.html)
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The role of the nuclear way is questionable. In some opinions, renewable and nuclear energy
are two plausible alternatives to fossil sources in energy production [5]. Busu [6] formulated
the idea to reduce CO> emissions, and one of the solutions involves increasing the use of
renewables. Both methods have several advantages and challenges, including the availability
or social acceptance of the technology [7]. The effectiveness of nuclear energy production is
obvious, but the advantages are limited to this life cycle phase. There are several risks to
consider in a life-cycle approach, especially managing nuclear waste [8] [9]. Not incidentally,
the impacts of nuclear accidents [10] are horrifying.

Beyond the technical and environmental issues, there are social and managerial considerations.
Among these, the acceptance of technology is emphasized in our research. Related models [11]
confirm the impact of background, knowledge level, intentions, and other factors. A higher
level of acceptance of technology can boost up its application.

Experimental
The direct evaluation of energy generation technologies uses a pairwise comparison with five
items (this means ten pairs of statements):

. biomass energy,

. nuclear energy,

. solar energy,

. hydropower,

. wind power.

The respondents are asked to make a pairwise comparison of the items from 5 perspectives:

. Return: In your opinion, which power generation technology has the highest
financial return on investment?

. Availability: In your opinion, which technology is the most accessible?

. Environmentally friendly nature: In your opinion, which technology is
environmentally friendly overall?

. Knowledge: In your opinion, which energy generation technology can be utilized
more simply, in general, i.e., with less specialized knowledge?

. Future: In your opinion, which power generation technology will be the most

decisive in the coming decades; which one will we use more?

The preferences are presented by the frequencies of ratings and a relative weight based on the
eigenvector method of Saaty [12]. The consistency of the individual evaluations is checked by
the Kendall method [13]. Weight calculation is limited to the cases with a perfect consistency
that means a clear preference list of the respondents. The ratio of these cases is 70% for return,
78% for availability, 78% for environmentally friendly nature, 82% for knowledge, and 72.7%
for the future role. Kendall’s coefficient of concordance is calculated for measuring the group
level consensus for pairwise comparison (v) [14]. The value is the study is expressed in
percentages of the maximum available value.

The results are based on a voluntary online survey among business students of Hungarian higher
education institutions. 150 randomly selected responses of the University of Miskolc are used
for the analysis. The data collection period was the fall semester of 2020. The sample’s
representativeness is not checked; the study can be considered a pilot, and the interpretation of
the conclusions cannot be generalized.

Results and discussion
The pairwise comparison allows a comprehensive assessment of the energy sources and the
technology related to them. In a hypothetical case where an energy source is preferred over all

9
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others by each respondent, its value in Table 1 was 100%. The table shows the agreement level
by comparing the number of preferences to the maximum available value. The calculations are
performed for the total sample and the respondents with a clear preference order (K=1).

Table 1 %
return availability  environmentally knowledge  future
friendly nature

Total K=1 Total K=1 Total K=1 Total K=1 Total K=1
hydropower  46.8 48.6 48.7 481 497 479 533 53.0 337 319
solarenergy 768 80.2 833 878 79.0 818 720 738 77.0 810
nuclear energy 37.8 36.2 225 192 65 41 143 116 48.8 493
wind power 547 552 57.0 575 640 65.8 67.0 68.7 48.7 47.7
biomass energy 33.8 29.8 385 374 5038 504 433 429 418 401
group-level 21.3 35.1 46.0 27.9 19.5
CONSensus

The dominance of solar energy is remarkable. It is considered the most important energy
technology in each aspect of the evaluation. According to the future role, solar energy is
followed by nuclear energy; however, in other aspects, it is undervalued. Wind power has a
high acknowledgment by the respondents, but the installation of the turbines is legally limited.
Biomass energy has a less relevant role.

In contrast, Znidarec et al. [15] emphasize that solar, biomass, and geothermal (not included in
the survey) potential is relevant in the region, while wind and hydropower potential is marginal.
The students’ evaluation is not in line with the professional opinion.

It is to note that the group level consensus is reflects shared opinions, especially on the future
role and the return of the investment. The highest value is found in environmentally friendly
nature.

The results of weight calculations are in Table 2. The normalized eigenvectors allow a ratio-
scale comparison of the results within each evaluation aspect (by rows in the table). It is to note
that a comparison between these is not feasible. The scores show the relative preferences of the
respondents. The dominant role of solar energy is confirmed, especially in its availability,
return, and future role. Figures 2 and 3 visualize the scores.

Table 2. Normalized weights calculated with the eigenvector method
hydropower solar nuclear wind biomass
energy energy power  energy

return 0.249 0.890 0.174  0.317 0.125
availability 0.169 0949  0.057 0.234 0.109
environmentally friendly 0.216 0.836 0.015 0.445 0.237
nature

knowledge 0.334 0.692 0.051  0.600 0.216
future 0.119 0922 0.250 0.210 0.171

Solar energy has subject to general optimism. Its availability, return, and future role
monopolizes the opinions, while the utilization is considered simple. Access to wind power is
considered similarly easy, but its future role is lower than even nuclear energy. Biomass energy
is acknowledged the third in its environmentally friendly nature, but other aspects are evaluated

10
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low. Figure 3 skips solar energy to show the differences of the evaluations on other energy
sources more spectacularly.

Figure 2. Normalized weight scores by evaluation aspects
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Conclusion

The results show the exceptional role of solar energy. Wind power is considered easy to apply,
but its availability and future role are remarkably lower. Nuclear energy is found the least
friendly to the environment and its return among the worst technologies, but there is confidence
in its relevant future role compared to other energy sources.

Former results reported encouraging results on the future usage of renewable energy sources in
Hungary [16] [17]. The backlog of knowledge on the topic was detectable, and it is confirmed
in the present study. The students’ evaluation and the professional opinions do not match.
Biomass energy must be mentioned as under-evaluated in each aspect of the analysis. Its role
and opportunities are broader than imagined and expected by the business students. Since
business students will become the decision-makers of companies or other institutions, the main
implication of the study is giving a higher emphasis to teaching about energy issues.
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Abstract

Anionic surfactants are commonly used in chemical Enhanced Oil Recovery (CEOR)
technologies, where their primary goal is to reduce the interfacial tension (IFT) between oil and
water which is crucial for the overall efficiency. However, the presence of alkaline earth
cations, in particular Ca?* and Mg?*, in brine water may cause a decrease in the surfactant
concentration because of precipitation [1]. Alcohols, commonly used as co-solvents, have been
reported to enhance the solubility of Ca?*-surfactant salts [2]. Yet, despite the importance of
this side reaction in cEOR, research focusing on the impact of alcohols on surfactant
precipitation is sporadic.

In this study, we characterized the effect of alcohols on surfactant precipitation in aqueous
solutions of calcium chloride and sodium dodecyl sulphate (SDS), applying spectrophotometry,
tensiometry and dynamic light scattering. In the absence of metal salt, we find alcohols to
increase both the size of SDS particles as well as the surface tension at the water-air interface.
Upon addition of Ca?* ions to aqueous samples of SDS, we observe the rapid formation of solid
CaSDS,. Strikingly, this precipitate can completely dissolve when alcohols are added to the
system: isopropyl alcohol (20.0 V/V%), 2-butoxyethanol (10.0 V/V%) and n-octanol (10.0
V/V%) enhance the solubility of the precipitates up to 10.0 g/L Ca?* concentration. Conversely,
Methanol (MeOH) and ethanol (EtOH) do not alter the solubility significantly.

These results suggest the addition of alcohols to anionic surfactants’ solutions to be a simple
and effective method to suppress the interactions between the surfactant and Ca?* ions.

[1] Negin, C.; Ali, S.; Xia, Q. Most Common Surfactants in Chemical Enhanced Oil Recovery,
Petroleum, 2017, 3, 197-211.

[2] Miyazaki, N.; Sugai, Y.; Sasaki, K.; Okamoto, Y.; Yanagisawa, S. Screening of the
Effective Additive to Inhibit Surfactin from Forming Precipitation with Divalent Cations for
Surfactin Enhanced Oil Recovery. Energies, 2020, 13, No. 2430
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Abstract

Liquid crystals are anisotropic fluids, where the combination of flow and molecular ordering
confers interesting optical, dielectric, and visco-elastic properties [1]. Liquid crystals have been
intensively studied as functional materials in the fields of energy, water, photonics, actuation,
sensing, and biotechnology [2].

Here, we present the synthesis of two isostructural Ni'' and Zn'" coordination complexes based
on N”N-chelating ligands (2,2’-bipyridine and 1,10-phenanthroline) and an O-donor ligand
(3,4,5-tridodecyloxybenzoate) and their structural characterization by spectroscopic and
analytic methods.

rm=a

7 N\_7 N\
*N\ /N*
o M 0
o Do
C12H250 0CH
12H2s
C12H250
OCqH OC12Hzs
12725 C12H250

M = Zn' and Nil!
Figure 1. Proposed structures of Ni'' and Zn'' complexes

The complexes self-assemble into liquid crystalline supramolecular architectures, their
mesomorphic properties being investigated by a combination of Polarized Optical Microscopy
(POM) and Differential Scanning Calorimetry (DSC) techniques. The metallomesogens show
typical columnar textures and are liquid crystalline over a wide range of temperatures.
Interestingly, the mixtures obtained by simply mixing the complexes in different molar ratios
show different thermal and mesomorphic behaviors comparative with their precursor
complexes, depending on their composition. Preliminary results regarding the emission
properties of the complexes and the new materials are presented.
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Abstract

Poplar it is known to be an efficient bio accumulator of soil chemicals, allowing its use
to remedy the soil of toxic elements being the subject of many studies [1]. Many parts of this
tree can be used as active ingredients, but the most valuable are the buds. The aim of the study
was to conduct a phytochemical characterization of Populus nigra L. buds extract obtained from
the western areas of Romania and to determine the inorganic elements as well as the in vitro
antiproliferative evaluation on the A549 human lung cancer cell line in terms of viability and
cytotoxicity. Regarding the elements contained, the formulation of a phytopharmaceutical
product includes several important aspects such as: the medicinal plant from which the active
principles come (evaluation of the content of toxic elements, especially in the case of plants
that are used for phytoremediation) and evaluation of the finished product to define active
principles; ensuring that it is not contaminated with toxic metals either from the handling
process or from the extractive process.

The inorganic elements concentrations were below the limit of detection for As, Co and
As, whereas Cd = 0.019 ug/g, Mn =0.59 pg/g, Cr =0.79 pg/g, Ni =3.28 pug/g, Cu=6.66 ng/g,
Zn = 14.84 pg/g, Fe = 39.00 pg/g and Al = 2109.87 pg/g. Pg ethanolic extract has a low
contribution to trace elements in dietary intake, but the most valuable remark is regarding its
safety, namely, the tested Pg extract does not produce any harmful effect of metal toxicity
during therapeutic application [2].

The Pg extract was found to contain twelve different phenolic compounds consisting of
dihydroxybenzoic acid, caffeic acid, chicoric acid, protocatechuic acid, apigenin-glucuronide,
chrysoeriolglucuronide, 3-caffeoylquinic acid, 5-caffeoylquinic acid, tremuloidin, salicin,
pinostrobin, and tremulacin. Apigenin—glucuronide was the major compound, found in an
amount of 55.828 mg/g chlorogenic acid equivalent (CCE). Among all the phenolics identified,
chryglucuronide and tremuloidin were also the most abundant compounds. Other results
obtained for the phenols, are in line with those reported by other authors [3].

Different concentrations (10, 25, 50, 75, 100, and 150 pg/mL) of the extract were tested
for the in vitro antiproliferative potential on A549 human lung cancer cell line. Poplar bud
extract induced a significant decrease of tumor cell viability in a dose dependent manner with
an IC50 = 72.49 ug/mL. Poplar bud extract can be regarded as a promising candidate for future
studies involving lung cancer [4,5].
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Abstract

Global warming and pollution are a big challenge facing humanity and CO> emission is one of
these issues. So, recycling Carbone dioxide to added value hydrocarbon is one of the solutions.
In this research CO- has been Photocatalytic hydrogenated using ZnO doped Fe synthesized by
co-precipitation method with different Iron ratios. The samples were characterized using X ray
Diffractometer (XRD) and UV Visible Refractance Spectroscopy. The CO: photo-
hydrogenation was taken place in Glass Photoreactor in batch mode using UV lamp. The XRD
revealed formation of single phase of hexagonal ZnO and UV visible spectroscopy determine
the maximum absorption and the band gap were calculated. Scanning Electron Microscope
(SEM) and (EDS) were used to investigate the surface morphology and the composition. The
Photocatalytic test results showed an enhancement in the photocatalytic activity for the doped
samples with 22%, 47% conversion and 99.9% CO selectivity with small traces of CH4
selectivity to CO for ZnO pure and iron doped ZnO respectively.

Keywords: Photocatalysis, Hydrogenation, Band gap, CO. and doping
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Abstract

Causing important economic damages, the corrosion of the titanium alloys used in the different
environmental or medical fields can be prevented by using a physical barrier with anti-corrosion
properties. The anti-corrosive property of a film consisting of poly (methyl methacrylate)
(PMMA) and ibuprofen (IBU) deposited by dip-coating on Ti alloy surface was investigated
by electrochemical impedance spectroscopy method.

Introduction

The main important anticorrosive methods consist of the design of corrosion-resistant materials,
the application of a film having anti-corrosion properties, the addition of corrosion inhibitors,
and the use of cathodic protection. In this context, an innovative high-protective anti-corrosive
strategy consists of using a composite matrix consisting of an inhibitor included in a polymeric
film [1].

Experimental

Ti—-6AI-4V/XIBU-PMMA (where x = 0.2, 0.4, 1. mM ibuprofen) modified surface was prepared
by dip-coating method and was investigated into a 3.5% of NaCl saline solution by
electrochemical impedance spectroscopy (EIS) measurements, using a PGStat 302N
electrochemical workstation.

Results and discussion

In order to establish the steady-state open circuit potential (OCP) a stabilization period of 60
min was performed. The potentiodynamic polarization measurements were carried out over a
potential range of 200 mV versus OCP with a scan rate of 0.5 mV s%. From the obtained Tafel
plots the estimation of the corrosion kinetic parameters, such as corrosion potential (Ecorr),
corrosion current density (icorr), and anodic (ba) and cathodic (bc) Tafel slopes were performed.
The EIS measurements lead to calculating the corrosion inhibition efficiency (IE%).

Conclusion

The corrosion inhibition performance of a Ti-6Al-4V/xIBU-PMMA (where x =0.2, 0.4, 1 mM
ibuprofen) interface in a 3.5% of NaCl saline solution was studied proving the inhibitory ability
of ibuprofen.
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Abstract

The micellization of the binary mixture of surfactants Triton X100 — Brij 58 in an aqueous
solution was investigated using a spectrofluorimetric method with pyrene as a probe molecule.
There are synergistic interactions between the micellar building units in the binary mixed
micelles Triton X100 — Brij 58, which increase with increasing temperature. The analyzed
binary mixed micelles possess molar excess entropy.

Introduction

Triton X100 is a commonly used surfactant, mainly as an additive in drug or vaccine
formulation. Brij 58 is a dominantly used solubilizer and an emulsifier in the food, drug, and
cosmetics industry. Their structures contain polyoxyethylene chains as hydrophilic parts of
their molecules, significantly longer in Brij 58 than in Triton X100. The hydrophobic part in
Triton X100 has an aromatic core and the hydrophobic part in Brij 58 has an aliphatic
hydrocarbon chain. These traits lead to different behavior in terms of critical micellar
concentration and affect the structure of their mixed micelle.

Experimental

Chemicals used for this study were taken from original manufacturer’s packaging (Sigma
Aldrich, Saint Louis, MO, USA). The critical micelle concentrations of pure surfactants and
their binary mixtures in aqueous solutions were determined by the invasive spectrofluorimetric
method, using pyrene as a probe molecule. Measurements were done with different molar ratios
(o) of surfactants in their binary mixtures (o = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9), in the
temperature range of T = (273.15-323.15) K, with 5 K increments. All solutions of surfactants
were prepared using pyrene-saturated water. First (I1) and third (I3) vibration band of pyrene
emission spectrum, were recorded at 373 nm (I1) and 384 nm (I3). Obtained fluorescence
measurement results (11/13 ratio) for different work solutions’ concentrations were analyzed
using software Origin Lab 9 (Northampton, MA, USA). The 11/l ratio vs. total concentration
of surfactants plots were analyzed using a Boltzmann fitting, where the interception of two
asymptotes was considered to be the critical micellar concentration of the examined surfactant
mixture, at a given temperature. The calculations of thermodynamic parameters were done
according to the Regular Solution Theory (RST) [1].

Results and discussion

In the monocomponent micelles of Brij 58, the globular and the elongated conformations of
surfactant molecules are randomly distributed. The substitution of Brij 58 molecules, which
hydrocarbon chains are in the globular conformations, with the molecules of Triton X100,
reduces hydrophobic hydration [2,3]. This results in a synergistic interaction between different
micellar building units in the examined binary mixed micelles. The mean value of the
interaction parameter is negative, in the examined temperature interval T = (273.15-323.15) K.
Synergistic interactions are usually the result of various factors (contributions). Enthalpic
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contribution most likely originates from hydrogen bonds (in the hydrophilic shell of binary
mixed micelles) between the terminal OH groups in the polyoxyethylene chains of Triton X100
molecules and the ether oxygens in the polyoxyethylene chains of Brij 58 molecules.
Thermodynamic stabilization of the examined binary mixed micelles increases with increasing
temperature. Namely, after replacing Brij 58 molecules that have globular conformations with
Triton X100 molecules, the planar aromatic rings are incorporated into micelles, which
increases hydrophobic interactions of Brij 58 hydrocarbon chains (with increasing temperature,
the size - intensity - hydrophobic interactions also increase [4]). As the hydrophobic segment
of Triton X100 is shorter than the hydrophobic segment of Brij 58, the hydrocarbon chains of
Brij 58 have a favorable packaging effect, i.e., in the inner domain of the hydrophobic nucleus
of the binary mixed micelle, the number of different conformational states of the Brij 58
hydrocarbon chains increases with increasing temperature.

Conclusion

For binary mixed micelles Triton X100 - Brij 58, the RST approximation of the zero value
molar excess entropy cannot be taken. In the temperature interval T = (273.15-323.15) K, with
increasing temperature, the thermodynamic stabilization of the binary mixed micelle Triton
X100 - Brij 58 increases in an aqueous solution concerning the hypothetical ideal state (ideal
binary mixed micelle).
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Abstract

Our research work focused on the applicability of dielectric measurement methods in
wastewater-sludge treatment processes. On the one hand, we wanted to investigate how the
soluble chemical oxygen demand (SCOD) - a key characteristic in sewage sludge utilization -
changes due to the different sludge pre-treatment processes, and whether these changes are in
connection with the dielectric behaviour of the material matrix. In addition, we also investigated
whether the anaerobic digestion of sewage sludge, as a bio-energy production method can be
monitored by measuring certain dielectric properties. The experimental results revealed that
there is a strong correlation between the change in SCOD of different types of wastewater
sludge that occurs due to the applied pre-treatment methods and the dielectric constant (at f=450
MHz frequency), and we also found connection between the nascent biogas yield and the
dielectric behaviour of the fermentation medium.

Introduction

Nowadays, with the growth of population, globalization and industrialization becoming more
and more pronounced, it is essential to meet the ever-increasing energy demands of different
industries, sectors, and services. Fossil fuels are finite and their economically viable
exploitation is becoming increasingly difficult to sustain, therefor it is necessary to exploit the
potential of alternative energy sources to maintain global energy stability, and to protect the
environment.

Wastewater and wastewater sludge can be considered as a type of biomass, therefore their
utilization for energy purposes can be considered as COz-neutral [1]. However, due to the
complex physicochemical structure they have, a proper pre-treatment method (such as
microwave or ultrasonic treatment, chemical extraction, thermal pre-treatment) is usually
needed. These pre-treatment methods often aim to directly increase the soluble organic content
in wastewaters, or to enhance the disintegration degree in wastewater sludge. These processes
then can contribute to the more efficient utilization of wastewater and/or sludge [2].

The dielectric behavior of various (biological) materials and systems have been investigated for
decades, with the aim of using the obtained results to design and optimize several biomass pre-
and post-processing devices and equipment that operate at radio and microwave frequencies.
Materials, when put into an electric or electromagnetic field behave differently, based upon
their dielectric properties. The absolute permittivity (€) of a material defines how well it can
respond to an electromagnetic field E, and to what extent this field causes an electric
displacement D in the material:

D =¢E 1)
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The applied field E also plays a role in the dielectric polarization (P), which is defined by the
electric susceptibility (x):
P=¢g- xE (2)

g0 denotes the vacuum permittivity, which is 8.85:1012 A-s(V-m)™.

As opposed to vacuum, however, the polarization in normal materials does not occur in an
instant, and therefore the generalized formula as a function of time should be used:

P(t) = 80[ x(E—tHE@R) dt’ = P(w) =gx(w)E(w) ®)

From Eq. 3 it can be seen that dielectric polarization and susceptibility depends on the applied
frequency, which lead to the frequency dependence of the permittivity as well. This reflects the
fact that the response the material gives to the electromagnetic field can be defined basically as
a phase shift (8). Since the magnitude and phase can be determined at the same time only with
complex numbers, the absolute permittivity should be addressed as a complex function of the
frequency as follows:

e (w) = |%| (cosd — i sind) = &'(w) — i £"(w) (4)

The real part of the complex function, €' is the dielectric constant, which indicates the electric
energy storing capacity of a given material. The imaginary part, € is the dielectric loss factor,
which (in lossy materials) covers the dielectric loss (often called as dissipation loss, which is
due to the rotation and vibration of permanent or induced dipolar molecules) and the
conductivity loss (which is caused by the displacement of charged particles, like free ions).

These parameters largely depend on the physicochemical properties of a given material and can
drastically change when any of these properties undergo some sort of transformation. This
observation supports the idea to use dielectric measurement in wastewater and sludge treatment
and utilization, since during these processes, several physical and / or chemical changes happen
in the material matrix. Studies have already shown that dielectric measurements can be applied
in food industry to detect enzymatic reactions [3], in foresting to determine the moisture content
of wood [4], and as we have already shown in one of our previous studies, to detect organic
matter removal in industrial wastewater [5].

Experimental

The changes in the extent of SCOD were investigated for three different types of sludge: meat
industry-originated, dairy industry-originated and concentrated municipal sludge. These sludge
samples were subjected to the same pre-treatments and the SCOD was measured from the
aqueous phase after each treatment, using a standard K>Cr.O7-based COD cuvette test. The
dielectric constant of the samples was then measured at a frequency of 2450 MHz using a
SPEAG DAK 3.5 dielectric sensor, attached to a Rhode&Schwarz ZVL-3 vector network
analyser. For the biogas fermentation process, meat industry wastewater sludge was used, and
the anaerobic digestion was carried out under mesophilic conditions (38°C). The absolute
pressure values in the fermenters were recorded with automatic manometric measuring heads,
and the dielectric properties of the fermentation medium were measured every second day of
the experiment with the aforementioned dielectric measurement Kit, in the frequency range of
300-900 MHz.

Results and discussion
In the first part of the experiments, three different types of sludge were physically pre-treated
with different intensities, and after each treatment the SCOD content of the samples was
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measured, as well as the dielectric constant at a fixed frequency of 2450 MHz. The change in
SCOD was given as a proportion to TCOD (total chemical oxygen demand), SCOD/TCOD.
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Figure 1. Correlations between SCOD/TCOD and the dielectric constant for the investigated sludge types

Based on the results, it can be concluded that the applied treatments modified the soluble COD
content to different extents for different sludge types, which can be attributed to the different
initial compositional proportions of the sludge samples (organic, inorganic, suspended solids,
etc.) However, for all three types of sludge, there was a tendency for the SCOD values to change
as a result of the treatments, with an increase in the water-soluble COD fraction, i.e. the amount
of organic matter in the dissolved phase, proportional to the intensity of the treatments. The
dielectric constant values determined for each sample showed a strong correlation with the
water-soluble COD fraction; as the SCOD values increased, the dielectric constant values also
became larger. This may be explained by the fact that the treatment, by disintegrating the sludge
flocs, has resulted in the solubilization of organic molecules into the aqueous phase which are
excitable at the applied microwave frequency and thus capable of absorbing more electrical
energy.

In the anaerobic fermentation of meat industry sludge, the dielectric behaviour of the
fermentation medium was monitored every second day of the digestion process in the frequency
range of 300-900 MHz (this is the interval where the differences in the dielectric behaviour
between the different materials / systems are the most observable, according to the excitation
and relaxation frequencies generally typical for aqueous media). The data were analysed by
comparing the maximum dielectric constant values and their corresponding frequency values
for the fermentation day in the applied frequency range (Figure 2).

The results clearly show that as the anaerobic digestion process progresses, the maximum of
the dielectric constant becomes lower and lower and the frequency value associated with the
maximum becomes higher and higher over the frequency interval investigated. Approximating
the relationship between the two variables with a second-order polynomial, the coefficient of
determination is approximately 0,98, which clearly indicates a close correlation between the
two values
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Figure 2. Frequency dependence of the maximum of the dielectric constant during anaerobic fermentation of
meat industry-originated sludge
As the fermentation time progressed, the biogas yield varied according to the three distinct
phases typical of anaerobic digestion (lag, log, stationery), with the stationery period occurring
at the 12" day. Thus, the results support that while significant biochemical changes occur in the
fermentation medium, these changes are also reflected in the dielectric behaviour, i.e. the
measurement method is suitable for monitoring the different phases of anaerobic digestion.

Conclusion

Our experimental results have clearly proven that physical and chemical changes that occur in
the media during wastewater and sewage sludge treatment and utilization processes can be
monitored by determining the appropriate dielectric parameters — a strong correlation has been
found between the change in SCOD of the pre-treated different sludge samples and the
dielectric constant, as well as between the fermentation stage of the anaerobic digestion of
sludge and the dielectric constant.
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Abstract

Within the scope of an international monitoring program to assess water and sediment quality
in the Danube basin, sediment samples (river bottom/bank, suspended and active
floodplain/overbank) were collected in the summer of 2020 at a sampling site in the Drava river
to monitor 19 polycyclic aromatic hydrocarbons (PAHS) as apparent water contaminants.
Among these, 8 PAHs were specified as priority pollutants in the corresponding EU Directive
on environmental quality standards (2008/105/EC). The highest levels were measured for
fluoranthene (1.73 pg/g), benzo(b)fluoranthene+benzo(k)fluoranthene (0.765 ng/g) and
anthracene (0.528 pg/g) sampled from the upper 5 cm layer of the bottom sediment on 5th
August 2020.

Introduction

In the frame of the SIMONA project (DTP2-093-2.1) titled “Sediment-quality Information,
Monitoring and Assessment System to support transnational cooperation for joint Danube Basin
water management” [1], development and test of a monitoring system was carried out in test
area at Drava River (Barcs, Hungary) in August 2020. Different sampling methods were
compared in order to develop the harmonized sampling protocol [2] and the different sediment
types were separately analyzed for different classes of pollutants (potentially toxic
elements/metals, pesticides, and PAHSs). The main parts of the system included a) a sediment
box for collection of suspended particles, b) sensors for recording different physicochemical
parameter (e.g., temperature, turbidity, dissolved oxygen level, pH), and c) passive samplers
for uptake of different contaminants. Here we report the results of PAH analyses for samples
taken by vacuum core-sampler (bottom sediment), spade or cake sampler (floodplain sediment)
and by using a barrel for collection of water (suspended sediment). In the cases of vacuum corer
and spade, sediments from two different depths were collected. Upon sample preparation and
instrumental analysis, isomer ratios were calculated based on the analytical results to determine
the possible origin of PAH contamination (pyrogenic or petrogenic).

Experimental

For the monitoring program, the sampling site was set up on the Drava river (Barcs, Hungary).
Coordinates of the site were: WGS Lat (N) 45.95088, Long (E) 17.44650. Sampling was carried
out from 5th to 8th of August in 2020.

Different sampler devices were used to collect sediment samples. Bottom sediment samples
were collected by a vacuum core-sampler, and the PAH content of upper 5 cm and that of the
subsequent 5 to 10 cm layer were determined. Suspended sediment samples were collected
together with 30-liter batches of water into a barrel using a pump. The fine material that settled
from the water collected was filtered in the laboratory. Active floodplain/overbank sediments
were sampled using a spade or a cake sampler, at depths level of 0-5 cm in the topsoil (or top
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layer). Another type of sample was also collected from the 40-50 cm bottom layer. The same
harmonized methodology was used for the sediment sampling, performed in other test areas of
the Danube river basin in the frame of SIMONA project [4-6]

Instrumental analysis was performed at the premises of Balint Analitika Ltd. using a GC-MS
method with an ion trap mass detector operating in the selective ion monitoring mode for
determination of the 19 target PAH compounds. The list of these priority pollutants issued by
the U.S. Environmental Protection Agency (EPA) in 1976 [3] contains 16 PAHSs, which are
routinely analyzed in environmental samples. Among these compounds 8 are on the list of
priority compounds in the field of water policy in the European Union [7,8] as well, and 6 of
them are identified as priority hazardous substances (Table 1). In addition, 3 PAH compounds
(2-methyl-naphthalene, 1-methyl-naphthalene, benzo(e)pyrene) were also determined in the
different sediment phases collected. Total PAH concentrations incluuded the levels of
acenaphthene, acenaphthylene, benz(a)anthracene, chrysene, dibenzo(ah)anthracene, fluorene,
phenanthrene and pyrene as well.

Table 1. Priority pollutant and other contaminant polyaromatic hydrocarbon (PAH)
substances analysed in the present sediment monitoring study

Category Substance Rings | logKow™*
. naphthalene 2 3.28
Priority substances qu%ranthene 4 4.90
anthracene 3 4.45
benzo(a)pyrene 5 6.06
Priority  hazardous benzo(b)fluoranthene 5 6.04
substances benzo(k)fluoranthene 5 6.06
benzo(g,h,i)perylene 6 6.50
indeno(1,2,3-cd)pyrene 6 6.58
. 1-methyl-naphthalene 2 3.87
f(\)drggcl)%rrﬂs measured 2-methyl-naphthalene 2 3.86
benzo(e)pyrene 5 6.44

* The octanol-water partition coefficient: a measure of lipophilicity.

Results and discussion

Regarding the PAH residues, the pollution pattern and trends were in accordance with our
expectations. Bottom sediment samples collected by the vacuum core-sampler had the highest
PAH content, but differences between the upper 5 cm and the 5-10 cm layer were not
straightforward. Typical levels were between the limit of detection (LOD=0.001 pg/g) and
0.006 pg/g. The highest levels were measured for fluoranthene (1.73 png/g),
benzo(b)fluoranthene + benzo(k)fluoranthene (0.765 pg/g) and anthracene (0.528 pg/g)
sampled from the upper 5 cm on 5th August 2020 at the the Drava river. The second highest
values were determined for the sample taken at the same site from the 5-10 cm layer, but
containing the highest amounts of phenanthrene (1.05 pg/g), naphthalene (0.949 ng/g) and 2-
methyl-naphthalene (0.719 pg/g) with significant amounts of fluorene (0.449 pg/g) and pyrene
(0.355 pg/g).

The point samples collected into the barrel contained little amounts of suspended sediment.
Although all target PAHs were detected, but amounts remained mostly close to the LOD. Levels
in the suspended sediment phase exceeded the limit of quantitation (LOQ) for anthracene,
benzo(a)pyrene, benzo(b)fluoranthene + benzo(k)fluoranthene, benzo(g,h,i)perylene,
fluoranthene and indeno(1,2,3-cd)pyrene. The highest levels were determined for fluoranthene
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(0.281 ng/g) and anthracene (0.292 ng/g) sampled on 5th August 2020 in Drava River. To
improve the reliability of the analytical measurement, amounts of the sample could be increased
by using a centrifuge additionally to remove floating material for the water phase, or applying
a standardized sediment box for long-term collection, which partially separates the suspended
sediment by the baffles of the box.

Sampling of floodplain sediment at two depths had the objective to identify in the analyzed
samples recent contamination transported by the flood events and the pre-industrial natural
background. Samples taken from the bottom layer (40-50 cm) contained only very low levels
of PAHSs near to the LOD. The top layer contained also low levels, and the highest concentration
was measured for benzo(b)fluoranthene + benzo(k)fluoranthene (0.078 pg/g). That sample was
taken by cake sampler and the corresponding value for the sample collected by spade contained
only 0.060 pg/g. Some amounts of fluoranthene (0.052 pg/g) and benzo(a)pyrene (0.041 pg/g)
also appeared in the same sample.

Fresh loads enter the water phase either from atmospheric depositions or from urban run-off,
and different other sources appear first in the suspended sediment, as due to their hydrophobic
characters their water solubility being very low. Elder contamination bound to the particulate
matter are finally deposited in the bottom sediment, where slow microbial metabolism leads to
the degradation of PAHSs. The higher the molecular weight and the higher the octanol-water
partition coefficient (logKow), the slower the degradation rate. Resuspension during flood
events can mobilize PAH substance, which may increase their levels in the active floodplain
sediment. On the other hand, consumption and metalibolization of PAHs by aquatic species
may eliminate some of the accumulated contamination from the bottom sediment.

The octanol-water partition coefficient (logKow) values for the target components ranged
between 3.28 and 6.58, thus, PAHs with five or more rings are proposed to be monitored in the
sediment phase (logKow > 5), whereas PAHs with two to four rings appear in both (water and
sediment) phases (logKow = 3-5). However, based on the experimental data [9], high molecular
weight PAH compounds (5 or 6 rings) contributed up to 11% to the total PAH content in the
non-filtered Danube river water sample. Due to the strong affinity of the target compounds to
the particulate matter, filtration during sample preparation of water removes most of the
hydrophobic pollutants together with the suspended sediment, which substantially influences
the results of the chemical analysis. In the bottom sediment samples in our survey the four-ring
PAHs dominated, whereas in suspended sediment the four- and five-ring species were equally
dominant, and in flood plain sediment the most abundant group belonged to the five-ring
isomers (Fig. 1.).
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Figure 1. Composition pattern of PAH compounds measured
in bottom, suspended and floodplain sediments.

The origin of the PAH contamination was determined by using the isomer ratios of different
pairs. There are several molecular indices, calculated from the corresponding concentrations,
that can be used for identification of the pollution source. We have used ratios for 4 isomer
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pairs to identify the possible sources (see Fig. 2). Worthy of note, that zero values indicated
that anthracene, fluoranthene, benz(a)anthracene or indeno(1,2,3-cd)pyrene were not detected in
the corresponding sample and numberous 0.5 values for the Drava samples originate from the
fact that the level of target compounds were near to limit of detection and therefore the ratio
from LODs was 1:2. Nevertheless, the other values may vary as they are presented in Fig. 2.
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Figure 2. Cross-plot for the concentration ratios A. of anthracene/(anthracene + phenanthrene)
(ANT/(ANT+PHE)) versus fluoranthene/(fluoranthene + pyrene) (FLT/(FLT+PYR)) and B.
benz(a)anthracene /(benz(a)anthracene + chrysene) (BaA/(BaA+CHR)) versus indeno(1,2,3-
cd)pyrene/(indeno(1,2,3-cd)pyrene + benzo(g,h,i)perylene) (IND/(IND+BghiP)) in sediments.

Typical levels were low for all types of the sediment samples taken at Drava sampling site.
Ratios of anthracene/(anthracene + phenanthrene) were above 0.1 in every samples, indicating
the pyrogenic origin of PAH contamination. Combustion of solid fuels as a source was
confirmed by all values calculated for fluoranthene/(fluoranthene + pyrene) except three
floodplain samples. Worthy of note that in these cases the concentrations of fluoranthene and
pyrene were very low (LOD). Both benz(a)anthracene and chrysene levels were near to LODs,
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but indeno(1,2,3-cd)pyrene/(indeno(1,2,3-cd)pyrene + benzo(g,h,i)perylene) values below 0.2 for 4
suspended sediment samples suggested petrogenic origin of PAH compounds, however
indeno(1,2,3-cd)pyrene levels were around the LOD. The ratios for the remaining suspended
sediment samples (0.2-0.5) indicated that combustion of liquid fuels is the main source, and
also about the half of the floodplain samples belonged to this category. The calculated values
for the rest of the flood plain samples were 0.5, although they contained indeno(1,2,3-cd)pyrene
and benzo(g,h,i)perylene, but only near the LODs. Combustion of solid fuels was the dominant
source in bottom sediment samples, except for a single case, where the ratio, calculated from
the LOD for indeno(1,2,3-cd)pyrene, correlated presumably to the combustion of liquid fuels.

Conclusion

PAH contamination levels in the sediment of the Drava river are low, although all the 19 PAH
components monitored in this study could be detected. The highest concentrations appeared in
the bottom sediment followed by the suspended sediment, and the lowest amounts were
determined in the floodplain sediment. Among the PAH compounds, the groups containing 4
or 5 rings dominated, and the larger molecules are more abundant in the floodplain sediment.
Possible sources of PAH contamination are mostly related to the combustion of solid fuels.
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Abstract

Carbon nanotubes (CNTSs) have play a dominant role in nanotechnology research for over 20
years due to their exceptional properties. Different solid catalytic substrates can be used to
produce vertically aligned carbon nanotubes (VACNTS); however it is important that this
structure can be achieved mainly on conductive substrates. It is important that further
application of this structure is preferable on conductive substrates. The conditions under which
the catalytic layer is prepared and synthesized also have major impact on the structure and
properties of the resulting vertically aligned carbon nanotubes. Environmental protection and
green chemistry are highly discussed topics nowadays. Therefore, the development of energy-
efficient, sustainable technological solutions is also receiving increasing attention in vertically
aligned carbon nanotubes research. Thus, the progress in this direction will be briefly review in
this work.

Introduction

Green chemistry and sustainable techniques are focusing on the use of non-hazardous
substances, plant extracts as the main precursors, and solvents that are not harmful to the
environment. In the field of carbon nanotubes, the vertically aligned carbon nanotubes with
their 3 dimensional structure are considered as a seperate branch, first fabricated in 1996 [1]
and often referred to in the literature as CNT forests due to their distinctive structure.

The industrial application of VACNTs demands the technical development of large-scale and
defect-free production techniques, where the chemical vapor technique has proven to be a
promising process for large-scale and high purity production of carbon nanotubes [2]. Methods
to fabricate VACNTS are still not at the desired level and further development is needed. This
"imperfection” is beneficial for the development of environmentally friendly and sustainable
technologies. Currently, only the chemical vapor deposition technique (CVD) and its subtypes
are suitable for the production of VACNTS. There are three main directions for the development
of environmentally friendly production of carbon nanotube forests. The first one is to replace
the carbon sources currently used by using non-toxic, plant-derived or plastic waste, the second
is to use equally precise but less energy-consuming methods for the catalyst layer deposition,
and finally to improve the technical development of the synthesis method itself [3]. In the
literature, there is a growing number of results where VACNTSs are produced at lower
temperatures of 550 °C, which initially was mainly around 800-900 °C, however, the choice of
parameters used in the experiments is of course influenced by a number of factors.

Due to their remarkable physicochemical and mechanical properties VACNTSs have extensive
potential and application in a broad range of science and technology, emerging nano- and
microelectronic devices and industry [4]. These materials can be considered as the elementary
unit of molecular electrical circuits and can be used not only as a link between the active
molecular elements of a device, but can also serve as a device element themselves [5]. In
addition to more environmentally friendly synthesis, environmentally friendly application is
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also an important goal. VACNTS have several promising applications, such as lightweight and
strong composites, supercapacitors, microelectromechanical systems (MEMS), electrodes,
batteries etc. due to their special electrical properties [3,6,7].

Figure 1. Single crystals of of methylammonium lead bromide (MAPbBr3) grown directly on
vertically alligned carbon nanotubes [7]

Experimental

During the syntheses of VACNTS, substrates are used to provide a base for growing CNT
forests. On this substrate, a catalyst layer is formed by a thin layer building method, on which
the growth of carbon nanotubes is achieved. Many materials can be used as substrates,
depending on the purpose of use, but mainly metals (aluminium, copper, stainless steal,
titanium), silicon and glass with or without transparent conductive oxide layers are used during
the synthesis. Also there is a wide variaty of thin layer coating methods such as atomic layer
deposition (ALD), dip coating, magnetron sputtering (MS), pulsed layer deposition (PLD), spin
coating, spray coating, to build the catalyst layer on the surface of the substrate. These methods
are suitable to control the parameters of catalyst layers, but there are large differences in their
material, energy and cost requirements which vary significantly. Transition metals (Fe, Co, Ni,
Mo etc.) and their alloys are mostly used as catalysts for the synthesis of CNT forests, which
ensure the growth of carbon nanotubes and determine their yield and structure. During the CVD
synthesis, first inert gas flows in the system, followed by hydrogen gas to create a reductive
environment and then the carbon source is introduced, which decomposes into its components
under the effect of both the presence of catalyst and high temperature and carbon is deposited
on the catalyst particles, which initiate the growth of carbon nanotubes. Water vapor is also a
common component in the synthesis process, which ensures that amorphous carbon is oxidized
from the surface of the catalyst particles, thus regenerating the catalyst and improves the quality
of CNTs, contributing to the height of VACNTS.

Results and discussion

In this section, the circumstances of the synthesis of VACNTSs and the materials will be briefly
described, as well as the efforts to make them environmentally friendly. Unfotrunately, it is a
clear issue in the literature that the structure and the properties of VACNTSs are affected by
multiple factors during their fabrication, which is why VACNTSs are underperfomed in large-
scale, industrial production compared to carbon fibers and CNTSs.

As it was described before in the experimental section, a thin catalyst layer is formed on the
surface of the substrate, the CNT forests are grown on the surface at high temperature (600-
1200 °C) via CVD technique.
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During the synthesis inert gas is needed to provide inert environment, uniform gas flow rate in
the system and to remove by-products from the system. Noble gases (Ar, He) and nitrogen gas
have been used as inert gas during VACNT synthesis. The great advantage of nitrogen over
noble gases is that it can be produced relatively cheaply and with simple industrial technology,
yet it is chemically stable under extreme conditions of synthesis and can create a pseudo-inert
environment.

The synthesis of VACNTS also requires reducing gas, in order to activate the catalyst particles
on the substrate surface and to influence the catalyst particles diameter, as it is known that the
catalyst distributions influence the height and structure of VACNTSs. Hz and NH3 gases are
mainly used as reducing agents, where Hz favours uniform catalyst nanoparticles distributions
and NHs forms mainly large clusters [8].

The range of carbon sources, which are suitable to produce carbon nanotubes, is reasonably
wide. At the beginning only gaseous phase materials, mainly short-chain hydrocarbons
(ethylene, methane, acetylene, natural gas, etc.), later organic solvents (ethanol, tholuol,
acetone, cyclohexane, diethyl ether etc.) were used as well [9] and it was observed that small
amount of oxygen-containing carbon compounds resulted low height VACNTS, on the
otherhand selectivity is lower, amorphous carbon and carbon fibers were present as well.
Nowadays many experiments can be found about CNTs and VACNTS where green resources
such as biomass and plant extracts, CO. and plastic waste [10][11] [12] are used as carbon
source.

Water vapor plays an important role in the synthesis of VACNT, extending the activity and
lifetime of the catalyst particles by removing the amorphous carbon deposited on their surface,
and improves the height, the quality and the structure of carbon nanotubes [13]. However, it is
also important to consider the flow rate of water vapor, because if there is too much in the
system, it will oxidize the outer walls of the carbon nanotubes as well, which will degrade the
otherwise good conductive properties.

Conclusion

In summary, there is still a lot of development and work to be done before VACNTS can be
manufactured industrially, but current awareness and ongoing research are working to make
this process as environmentally friendly and sustainable as possible. Many researchers expect
to be able to produce VACNTSs and other carbon nanomaterials by using CO3, the greenhouse
gas with the highest concentration, and from the large amount of plastic waste around us in the
near future. However, there are still many obstacles to overcome and resolve.
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The enantioseparation of potential pharmacons with N-azole and N-benzoazole functional
groups attached to lactone and amide skeletons was investigated using amylose-based chiral
stationary phases. The influence of acid and base additives was found to affect
enantiorecognitions and retentions slightly in both normal phase (NPM) and polar organic mode
(POM). The effect of mobile phase composition on the enantioseparation was investigated in
both modes, and several examples for the reversal of enantiomer elution order were found.
Based on the chromatographic parameters relationships were evaluated between the structure
of the selector and selectand. The hysteresis effect of Phenomenex Lux Amylose-1 (amylose
tris-(3,5-dimethylphenylcarbamate)) column was investigated under various conditions in
POM. Importance of the column pretreatment has been proven in both NPM and POM in case
of the applied lactone and amide compounds.
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Abstract

The presence of synthetic organic dyes in water represents an environmental and ecological
issues worldwide and requires feasible solutions in face of the short-term risk to human health
and stability of eco-systems. Therefore, the magnetic mesoporous composites (MMC) were
synthesized by surfactant template sol-gel method, using cetyl-trimethylammonium bromide
(CTAB) as mesoporous structure generator and investigated for anionic and cationic dyes
removal from aqueous solutions. The magnetic iron oxide nanoparticles were obtained by
reverse co-precipitation, followed by mesoporous silica coating through modifed sol-gel
method. The obtained materials were characterized by FT-IR spectroscopy, X-ray difraction,
transmission electron microscopy, Mdssbauer spectroscopy, nitrogen adsorption, small-angle
X-ray scattering and magnetization measurements. The infuence of CTAB amount on the
morpho-textural and structural properties of nanocomposites was studied. XRD and Mdossbauer
spectroscopy showed that the obtained nanocomposites were composed of pure maghemite
nanoparticles, and TEM images revealed particles size around 10 nm, embedded in silica
matrix. The combination of magnetic properties and high surface area values made suitable the
obtained nanocomposites to be used as adsorbents. The obtained magnetic nanocomposites
present high surface area values, high removal efficiency of dyes, even after four adsorbtion-
desorbtion cycles, and magnetic properties, facilitating the removal of adsorbents from aqueous
media.

Adsorbent
A Dyes on Fe:05@mSiO:
t

‘&

Figure 1. lllustration of the removal of dyes from aqueous media using magnetic
nanocomposites with mesoporous structures
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Abstract

Wastewater containing dye pollutants caused by textile industry has become one of the most
serious threats to ecological system [1]. Adsorption is one of the most advantageous techniques
applied for the removal of non-biodegradable dyes from wastewater, due to its simplicity,
efficiency and relatively low costs [2]. In recent years the application of magnetic
nanocomposites as adsorbent materials has been investigated due to their unique physical and
chemical properties [3,4].

In this work, new magnetite/carbon nanocomposites (MCN) were synthesized by the
combustion method [5], varying the magnetite/carbon ratio in their composition. The
synthesized materials were characterized by the most indicated and modern methods: X-Ray
Diffraction, Fourier transform infrared spectroscopy, magnetic properties, N2 adsorption-
desorption isotherm, Thermal analysis and Scanning Electron Microscopy. The synthetized
materials were applied as adsorbents for the removal of an anionic (Acid Orange 7 (AO7)) and
a cationic (Rhodamine 6 G (R6G)) dyes.

The MCN materials have a specific surface between 485-1095 m?/g and a saturation
magnetization between 0.67-14.30 emu/g. With increasing carbon content, the specific surface
area of the materials increased and also the dye removal efficiency, from 91.24% to 95.12% for
AO7 and from 92.35% to 98.92% for R6G. Further studies were performed using sample
MCN_3 containing magnetite:carbon in a ratio of 1:4.

The effect of the working conditions: solution pH (2+12), the amount of adsorbent (0.25+3
g/L), the initial dye concentration (10+250 mg/L) and temperature (25°C, 40°C and 55°C), on
the dyes removal efficiency was studied. Removal yields of the investigated dyes of over 92%
(AOT7) and 98% (R6G) were obtained working under normal conditions: solution pH and room
temperature (25°C).

The absorption capacity of the MCN_3 nanocomposite was further evaluated for the
simultaneous adsorption of investigated dyes from binary systems. For this purpose, the optimal
working conditions established for the adsorption of dyes from single systems, were selected
as initial conditions for the adsorption from the binary systems. For the simultaneous adsorption
of dyes, the removal efficiency decreased (74.13% for AO7, and 77.61% for R6G), which
indicated that in the bicomponent system the adsorption of dyes is competitive.

Kinetic studies indicated that the adsorption process was best described by the pseudo second
order model for investigated dyes. The data obtained at equilibrium fitted best with Sips
isotherm model, and the maximum adsorption capacities were determined as: 136.36 mg/g for
AQO7 and 266.87 for R6G. The determined values for thermodynamic parameters: Gibbs free
energy (AG?), enthalpy (AHP), and entropy (AS®) showed that the adsorption is a spontaneous
and endothermic process.
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The very good capacity of regeneration and reuse of the MCN_3 nanocomposite were
highlighted by the yields of more than 75% obtained for the removal of the investigated dyes,
even after six simultaneous adsorption-desorption cycles (Fig. 1).

100 -
I Cycle |
I Cycle Il
I Cycle lll
| I Cycle IV
[_ICycleV
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n(%)

AO7 R6G

Fig.1. Reusability of MCN_3 nanocomposite in adsorption/desorption cycles

The experimental results obtained, demonstrate that the synthesized nanocomposites can be
successfully used as adsorbents for the removal of the dyes from single and binary systems,
even working under normal conditions (solution pH, room temperature), which is important for
a possible application for the decontamination of colored industrial wastewater.
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Abstract

Among the current environmental challenges facing humanity is the protection of water in
quantity and quality. The objective of reduce to zero the generation of waste in productive
activities by applying the concept of circular economy has led to the emergence of proposals
for the production of biomaterials capable of contributing to environmental protection and that
do not imply huge investments of money. As a good example of these proposals, biochar had
to be mentioned which is a material with excellent adsorbent properties, with low production
costs and that is made with any type of organic matter such as agricultural waste. In this work
a nanoparticle-modified ultrafiltration membrane was used as a pre-treatment method prior to
ammonium adsorption. As adsorbent for ammonium removal alkaline modified biochar
produced from banana leaves were used. The characterization of biochar and the research about
kinetics and isotherm models obtained after batch experiments. The general results obtained
after the combination of membrane filtration and adsorption are promising and reflect a
satisfactory ammonium removal percentage, and these results prove that biochar would be a
good adsorbent for nutrient recovery from wastewaters.

Keywords: ammonium removal, water treatment, membrane filtration, biochar, adsorption.
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Abstract

Various aspects as pore size, surface area, functionalization and pore volume of materials have
to be considered when are envisaged increased hydrogen storage performances [1, 2]. Different
materials were synthetized by using the post-grafting method in alkaline conditions, through a
modified Stober process. Starting the simple silica, it was used the long chain cationic
surfactant, hexadecyltrimethylammonium bromide (CTAB) [3], and different organically silica
precursors: tetraethyl orthosilicate and various trialkoxysilanes with different functional
groups. By properly tuning surface interactions and textural characteristics, the overall
efficiency of hydrogen capture processes could be improved. Hydrogen adsorption capacity
was evaluated by using volumetric apparata and the performances obtained for the methyl-
functionalized sample can be debited to a different sorbent-adsorbent interaction and textural
properties developed. An NMR investigation aiming at clarifying the internal arrangement and
diffusion properties of hydrogen molecules inside functionalized porous silica materials has
been performed. The NMR spectral analysis and the T1 relaxation times [4], both carried out
under different pressure loadings, indicated two different populations of hydrogen sorbate due
to the molecules adsorbed in mesopores and in micropores.

References

[1] A. Policicchio, A.-M. Putz, G. Conte, S. Stelitano, C. P. Bonaventura, C. Ianasi, L. Almasy,
A. Wacha, Z. E. Horvath, R. G. Agostino, J. Porous Mater. 28 (2021) 1049.

[2] A. M. Putz, A. Policicchio, S. Stelitano, P. Sfirloaga, C. Ianasi, R. G. Agostino, S. Cecilia,
Fullerenes Nanotub. Carbon Nanostructures 26 (2018) 810.

[3] A. Policicchio, G. Conte, S. Stelitano, C. P. Bonaventura, A.-M. Putz, C. Ianasi, L. Almasy,
Z. E. Horvath, and R. G. Agostino, Colloids Surfaces A Physicochem. Eng. Asp. 601 (2020)
125040.

[4] A. Policicchio, G. Conte, R. G. Agostino, P. Caputo, C. Oliviero Rossi, N. Godbert, I.
Nicotera, C. Simari, J. CO2 Util. 55 (2022) 101809.

40



28th International Symposium on Analytical and Environmental Problems

FUNCTIONALISED MESOPOROUS SILICA WITH GAS STORAGE PROPERTIES
SYNTHESISED BY CO-CONDENSATION

Ana-Maria Putz?, Alfonso Policicchio?, Giuseppe Conte?, Raffaele G. Agostino?

1> Coriolan Dragulescu” Institute of Chemistry, Bv. Mihai Viteazul, No.24, RO-300223,
Timisoara, Romania
2Dept. of Physics, University of Calabria, 87036 Rende, CS, Italy
e-mail: putzanamaria@yahoo.com

Abstract

In order to be tested for their gas storage properties, mesoporous silica particles were
synthesized by sol-gel method, starting from tetraethyl orthosilicate silica precursor. Besides,
the following precursors have been added in different molar ratios: triethoxyvinylsilan,
diethoxy(methyl)vinylsilane or methyltriethoxysilane. Ammonia was used as catalyst and
hexadecyltrimethyl ammonium bromide as directing agent. The aim of our study is the
functionalization with different groups, with the purpose of trying to tailor their performances
as gas storage materials. The molar ratio of different functionalized precursors/TEOS is varied
in order to obtain different sizes for the pore diameter as for the specific surface area. The
hydrogen adsorption data show that the methyl functionalized material was better from the point
of view of maximum adsorption capacity for Hz, compared to the other materials. The higher
adsorption capacity of the methyl-functionalized sample can be attributed to a strong sorbent-
adsorbent interaction, but also to the high specific surface area and big pore volume. From the
evaluated materials, only the vinyl-triethoxysilan functionalised materials have an appreciable
affinity toward this gas specimen.
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Abstract

The effects of atropogenic CO2 emission are among today‘s most researched topics. One of the
most promising approach is to convert the CO; into other compounds, which could be further
converted into reagents for the chemical industry. This approach should let us reach carbon
neutrality. The accumulation of CO> in the atmosphere is due to the stability of the molecule,
thus a catalyst is required to activate CO> and break its bonds. In this project we demonstrate
the performance of PtCo alloy nanoparticle systems. PtCo nanoparticles with different Pt:Co
ratios (3:1, 1:1, 1:3) were synthesized with similar size and geometry. Pure Pt nanoparticles
were also synthesized and were studied as a reference material. The metal content and ratios of
the alloy particles were confirmed with IPC-MS. The particles were loaded onto an inert
mesoporous silica, MCF-17. The catalyts materials were characterized via TEM, XRD, BET
and HAADF (S)TEM. Catalytic activity for reverse water-gas shift reaction was tested in a
countinous flow reactor, where the products where separated and detected by a GC. The
difference in the catalytic behaviour was further elucidated with in situ DRIFTS and XPS and
measurements. In situ DIRFTS allowed us to comprehend the mechanism of the ongoing
reaction by identifying the intermediates in the gas phase and adsorbed on the surface of the
catalyst. XPS of the nanoparticles also provided valuable information about the composition of
the nanoparticles and how the different alloys are structured, as the peak binding energies of
the Pt show significants shifts depending on the coordination with Co in the crystal lattice.

42



28th International Symposium on Analytical and Environmental Problems

ENANTIOSELECTIVE SEPARATIONS OF PROLINE ANALOGS WITH
MACROCYCLIC GLYCOPEPTIDE-BASED CHIRAL STATIONARY PHASES

Daniel Tanacs, Robert Berkecz, Antal Péter, Istvan Ilisz

Institute of Pharmaceutical Analysis, University of Szeged, H-6720 Szeged, Somogyi u. 4,
Hungary
e-mail: tanacs.daniel@szte.hu

Abstract

High-performance liquid chromatography (HPLC) is a widely used technique, which can
be applied to both preparative and analytical chromatography. Chiral chromatography is a
specific field of chromatography. While the pharmaceutical industry pays outstanding attention
to chiral compounds, it is important to realize, that they are also present as food additives,
agricultural chemicals, or fragrance materials.

The chiral stationary phases (CSPs) are the backbone of direct chiral chromatography. There
is a wide range of CSPs, this way a wide range of chiral analytes can be separated. These
columns are also compatible with a wide range of eluents, which also helps in optimizing the
separations. The development of CSPs follows the development of achiral stationary phases
and nowadays there are a lot of ultrahigh-performance columns too.

These columns can be utilized in ultrahigh-performance liquid chromatography (UHPLC)
instruments. UHPLCs can work at higher pressures (up to 1500 bars) compared to HPLCs,
which come with several benefits. They can operate at higher flow rates, and utilize narrower
capillaries, which mean they have low dead volumes, and the columns can have smaller internal
volume and can be filled with smaller particles. This means we have shorter retention times and
higher chromatographic performance in most cases.

Macrocyclic glycopeptides were introduced by Armstrong and co-workers as chiral
selectors in 1994. The family of macrocyclic glycopeptides contains several hundreds of
different structures, but only a small number of them are used as chiral selectors, such as
vancomycin, teicoplanin, teicoplanin aglycon, and rifampicin. They can have multiple groups
(hydroxyl, amino, carboxylic, etc.) that can interact with the sample molecules and can also
contain multiple aromatic groups.

In our studies, the enantioseparation of proline analogs was investigated, and teicoplanin,
teicoplanin aglycon, and vancomycin were used as selectors. The experiments were conducted
on a UHPLC system.
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Abstract

Palladium (Pd) made part from the platinum group metals (PGMs), which are precious metals
used in a wide range of industrial applications, being considered indispensable in cutting-edge
technology. [1] While their natural resources are limited the demand for these metals increases.
[2] The content of the precious metals in secondary resources was found to be much higher than
their content in natural ores. To meet the continuously increasing demand for precious metals,
in recent years, the recovery of PGMs from secondary resources is a potential solution.

Introduction

It is well known that the sorption processes are more appropriate for the recovery of metal
ions from diluted solutions. An efficient adsorbent material must meet the following conditions:
high adsorption kinetics, excellent selectivity, high adsorption capacity, thermal and chemical
stability, and easy synthesis. These properties are met by layered double hydroxides (LDH). [3,
4] For more than a decade, studies have been carried out in the functionalization of different
solid supports with different functional groups to increase the adsorption capacity and the
selectivity of these materials. To this end, the researchers attention was focused on the use of
ionic liquids (ILs) in the processes of solid supports functionalization due to the unlimited
possibilities of tunability/design of new ionic liquids for specific applications and needs,
insignificant volatility, high thermal stability and wide ionic and electrochemical conductivity.
[5, 6] In this context, the present paper aims at the synthesis and characterization of MgsAl and
and their functionalization with ILs (methyl trialkyl (C8-C10) ammonium chloride in order to
obtain adsorbent materials with high efficiency in the removal process of PGMs from aqueous
solutions.

Experimental

The studied LDHs were synthesized by the co-precipitation method at low supersaturation.
The functionalization of the synthesised LDH was performed in two ways: ultrasonication and
co-synthesis. The obtained adsorbent materials were subjected to structural and morphological
characterization using X-ray diffraction (XRD), N> adsorption-desorption analysis, Fourier-
transform infrared (FTIR) spectroscopy and by thermal analysis.

Results and discussion

The results of the characterization proved the fact that through ultrasonication, is assured a
uniform distribution of the ILs onto the surface of the LDHSs, while via co-synthesis is obtained
an impregnation of the IL between the LDHs layers, which will bring a higher stability of the
obtained material. Palladium adsorption studies onto the studied materials were conducted in
batch mode, performing equilibrium, kinetic and thermodynamic studies. The adsorption
capacity increases with the increasing contact time, increasing temperature and increasing
equilibrium concentration of Pd(II).
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Conclusions

The presence of ionic liquid significantly improves the efficiency of MgsAl in the recovery
process of Pd(11) ions from aqueous solutions. The adsorption Kinetics were better described by
the pseudo-second-order kinetic model compared to the pseudo-first-order kinetic model. The
experimental data showed a good fit with the Langmuir isotherm. The adsorption capacity
increases as follows: MgsAl << MgzAl IL-US < MgsAl IL-COS.
By correlating the results obtained in the characterization process of adsorbent materials with
the results obtained from kinetic, thermodynamic and equilibrium studies, we can conclude that
in the case of the raw MgsAl sample, Pd recovery occurs through a physisorption mechanism,
as it is adsorbed in the pores of the material. In contrast, in the case of IL
(Methyltrialkylammonium chloride) functionalized samples, Pd recovery is due to a
chemosorption process, indicating that the functional groups of the ionic liquid confer a
beneficial influence on the adsorbent material.

Key Words: platinum metals group; adsorption, layered double hydroxides, ionic liquids;
functionalization.
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Abstract

In our research project new copper(ll) complexes were synthesized with a-dioximes, amines,
Schiff bases, semi- and thiosemicarbazones such as [Cu(DioxH).L.], (DioxH2: methyl-butyl-
glyoxime, ethyl-butyl-glyoxime, methyl-phenyl-glyoxime; L: diphenyl-amine, 2-methyl-
imidazole, dibutyl-amine, 2-amino-4-methylpyridine, imidazole, 1-aminonaphthaline),
[Cu(octan-2-one)>AL2], (A: hydrazine, phenylhydrazine, o-phenylene-diamine; L: 3-amino-
1H-1,2,4-triazole, 2-aminopyrimidine, 2-methylimidazole), [Cu(ketone-SC)2], [Cu(ketone-
TSC)2], (ketone:  propiophenone, butyrophenone; SC:  semicarbazone; TSC:
thiosemicarbazone), by the reaction of copper(ll)-acetate in suitable solvent. After a short
bibliographical survey, involving the classification and evolution of copper complexes with
possible applications, we analyzed their physicochemical properties using FTIR, Raman, ESR,
UV-VIS, powder X-ray diffraction (XRD), mass spectrometry, thermal analysis (TG, DTG,
DTA) and SEM. The importance of this class of compounds lies in biochemistry as some of
them are antibacterial agents and potential anti-tumour drugs.

Introduction
Copper is one of the oldest and most widely used metal. Its name originates from the Latin
name of Cyprus, Cyprium. Copper is an essential element in the life of plants and animals. It is
also an industrial metal bearing excellent electrical and thermal conductivity, and easy to work
with it, and when is combined with other metals, its technical applications are unlimited.
Among copper coordination compounds, copper(l1)-azomethines (Schiff bases, oximes,
hydrazones, semi- and thiosemicarbazones, porphyrins, etc.) play very important role in many
biological and biochemical processes. Schiff bases show bacteriostatic and antibacterial
activities. In addition, its anti-fungal, anti-tumor and anti-cancer effects have also been reported
[1]. Copper complexes formed with dioximes are also significant due to their antibacterial effect
[2], and some representatives are catalysts in oxidative coupling (polymerization) reactions.
Schiff bases are privileged class of ligands in coordination chemistry, and found
numerous applications in different scientific fields. semicarbazones and thiosemicarbazones
are biologically important compounds due to their potential pharmacological properties such
as antibacterial, antifungal, antimalarial, anticancer, antineoplastic and antiviral activities.
Medicinal chemistry shows a growing interest in the development of metal complexes as drugs
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or diagnostic agents. Owing to their wide range of coordination numbers and geometries, as
well as Kinetic properties, metal compounds offer various mechanisms for drug action [3]. In
this paper we report the synthesis and characterization of novel copper complexes with
glyoximes, Schiff bases, semi- and thiosemicarbazones.

Experimental

Used materials: Cu(OAc)2-H20, Me-Bu-DioxHz, Et-Bu-DioxH2, Me-Ph-DioxH>, diphenyl-
amine, 2-methylimidazole, dibutyl-amine, 2-amino-4-methylpyridine, imidazole, 1-
aminonaphthaline, 3-amino-1H-1,2,4-triazole, 2-aminopyrimidine, octan-2-one, hydrazine,
phenylhydrazine, o-phenylene-diamine, propiophenone, butyrophenone, semicarbazide,
thiosemicarbazide, MeOH, EtOH.

Methods:

- Synthesis of [Cu(DioxH).L2] type complexes

2 mmol DioxH> (Me-Bu-DioxH>, Et-Bu-DioxH> or Me-Ph-DioxH>) was dissolved in 20 ml
EtOH or MeOH, then this solution was added to the aqueous solution of 1 mmol (0.2 g)
Cu(OAC)2-H20 dissolved in 10 ml water. Afterwards 2 mmol amine (diphenyl-amine or 2-
methylimidazole or dibutyl-amine or 2-amino-4-methylpyridine or imidazole or 1-
aminonaphthaline) dissolved in 5 ml EtOH or MeOH was added. The obtained solution was
heated for 2-3 hours on a water bath. After cooling the crystalline complexes were filtered,
washed with MeOH-water mixture (1:1). A typical reaction as an example is shown below:

HHC—G——G—(CH-Cr @ @

2 O—N N—O HC— C—l—c (CHp)3—CHjz
\
H 0—N N—O
+ H + CU(OOC-CH3)2 H C ‘~H
> \ u
— 2 CH3-COOH ' AN % /

NH ‘o—lhl T N—0
2 ©/ @ HsC— (HC)s—C——C—CH;
Q0
- Synthesis of [Cu(2-octanone).AL:] type complexes

3 mmol octan-2-one (0.5 ml) and 1.5 mol diamine (hydrazine or phenylhydrazine or o-
phenylene-diamine) were dissolved in 5 ml MeOH, then refluxed for 1-2 hours. The resulting
colored solution was added to the aqueous solution of 1.5 mol (0.3 g) Cu(OAc)2-H20 dissolved
in 5 ml water. At last 3 mmol amine (3-amino-1H-1,2,4-triazole or 2-amino-pyrimidine or 2-
methylimidazole) dissolved in 10 ml MeOH was added. The obtained mixture was refluxed in
a water bath for 2-3 hours. After cooling the crystalline complexes were filtered off, washed
with MeOH-water mixture (1:1), and finally dried on air. A typical reaction is the following:

ﬁH_(CH2)4_CH3 + Cu(0OC-CHa), lCIIH (CH,)4—CHjs

Hac—E o —<NC:>> HC—C _<@
\

) ch—ﬁ—(CH2)5—CH3 + CgHs-NH-NH; ‘ N ‘
_—
o -2H,0 NH — 2 CH3-COOH
| ~2H,0 HN _<O
HsC—C HyC—

Il
CH-(CHy),~CHs CH (CHZ)A‘CH3
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- Synthesis of [Cu(ketone-SC)2], [Cu(ketone-TSC)2] type complexes

1.5 mmol propiophenone or butirophenone was added to 1.5 mmol semi- or thiosemicarbazide
dissolved in 5 ml water. In the case of semicarbazide 1.5 mmol CHzCOONa (0.1 g) was added
to release the semicarbazide from the salt. The obtained solution was refluxed in a water bath
for 1 hour, then 0.75 mmol (0.2 g) Cu(OAc)2-H20 dissolved in 5 ml distilled water was added.
The obtained mixture was refluxed in a water bath for 2-3 hours. After cooling the crystalline
complexes were filtered off, washed with MeOH-water mixture (1:1), and finally dried on air.
A typical reaction is displayed below:

@—ﬁ—CHZ—CH3
2 @E—CHZ-CHs N-N=C—NH,
0 2 C—CH,-CH;  *Cu(OOC-CHa), \c 0
+ - || S o~ &\

- 2H,0 N-NH-C—NH, -2 CH;-COOH
2 HoN-NH-C—NH, i HN—C=N—N

I}
CH3_CH2_C@
Results and discussion

Microscopic characterization and yields of the prepared complexes are presented in Table 1.
Table 1. Microscopic characterization, calculated molar masses and yields of the
prepared complexes.

N c q Calc. mol. | Yield Microscopic
r. ompoun mass (%) characterization
[Cu(Me-Bu-DioxH):
1. (diphenyl-amine),] 716.38 62 Dark brown lamellar crystals
[Cu(Me-Bu-DioxH); : ] .
2. (2-Me-imidazole)s] 542.14 17 Brown triangle-based prisms
3. | [Cu(Me-Bu-DioxH)x((n-Bu):NH),] | 636.42 50 Er?;ﬁ]gro""” triangle-based
ey | S21 | so | ek b
. - Dark brown irregular
[Cu(Et-Bu-Dl?xH)z(lmldazole)z] 542.14 56 micrqcrystals |
6. Eg.l;grr;gflz:aﬁ);;)izdine)z] 634.19 56 Eﬁggsh-brown triangle-based
[Cu(Ph-Me-DioxH) Black triangle-based prisms,
. (1-naphtylamine).] 704.28 50 lamellar crystals
[Cu(Ph-Me-DioxH); Dark  brown triangle-based
8. (2-Me-imidazole);] 582.12 49 prisms (microcrystals)
Cu(2-oct.),(hidrazone) Green triangle-based prisms
N (3-amino-1H-1,2 4-triazole).] 482.13 21 (microcrystals)
to, |[CuCocyrhden | spuzn | |l e
[Cu(2-octanone),(o-fen) Dark brown triangle-based
11 (2-Me-imidazole),] 554.28 21 prisms (microcrystals)
- Brown, small triangle-based
12. | [Cu(propiophenone-SC)] 443.99 24 orisms (microcrystals)
13. | [Cu(propiophenone-TSC):] 476.11 41 Brown triangle-based prisms
. Dark gray triangle-based prisms
14. | [Cu(butirophenone-SC).] 472.04 12 (microcrystals)
. Black triangle-based pri
15. | [Cu(butirophenone-TSC)] 504.17 43 (m?grogrlilggles) ased prisms
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Infrared spectroscopic study

The mid-IR spectra were recorded with a Bruker Alpha FTIR spectrometer (Platinum single
reflection diamond ATR), at room temperature, in the wavenumber range of 4000-400 cm ™,
and the far-IR range of 500-50 cm 2, respectively, on a Bio Rad — FTS 60A, PIKE Gladi ATR
spectrometer, with a resolution of 4 cm™. The samples were measured in solid state (in powder
form). The data of the most characteristic IR bands for the selected complexes are presented in
Table 2.

Table 2. IR data of the selected complexes.
P 5 6 7 9 10 | 11 | 12 | 14 | 15
cm
VN=H 3191m | 3135m | 3205w | 3180w | 3318 m | 3386w | 3180w | 3192m | 3169 m | 3318 m
VC-H 2929 m | 2930s | 2918 m | 2920w | 2924w | 2924w | 2923 m | 2968w | 2929 m | 2963 w
vc=C - - 1579 m | 1579w | 1611m | 1655s | 1656 m | 1674vs | 16765 1592 s
VC=N 1589s | 1560s | 1545s | 1544s | 1541vs | 1537w | 1565vs | 1564 vs | 1568 vs | 1518 vs
OCH?2 1457 s 1399s | 1441 m | 1440s 1397e | 1372vs | 1441vs | 1468vs | 1456s 1489 s
OCH3 1315m | 1327s | 1325m | 1325m | 1338k 1347s | 1391vs | 1336s | 1344w | 1343 m
VN-N - - - - - - - 1294m | 1307 m | 1277s
VN-O 1218 m | 1259w | 1240s 1242s - - - -
VN-OH | 1116w | 1185w | 1146s | 1148s - - - -
TO-H 978s | 1085vs | 951vs | 951vs | 1066 m | 1067 w - -
YC-H T41vs | 747vs | 694vs | 694vs 651 m 665 m 754vs | 694 vs 767s 697 m
VCu=N 505s 493 w 474 s 474 m 505 s 506 m 478 m 503 m 541 m 503 w
VCu-O - - - - - - - 460vs | 461vs

VCu-S - - - - - - - - - 443 m
ON—CuU-N - - 380s 374s 343w 343w - -
(Abbreviations: vs = very strong, s = strong, m = medium, w = weak)

The most important bands for the characterization of complexes are vc=n (1518-1589
cmY) and veu-n, veuw-o, veu-s (443-541 cm™). In the far IR region Sn-cu-n deformation
vibrations appear (343-380 cm™) [4].

Mass spectrometry

Mass spectra of the samples were recorded using electrospray ionization (ESI). In the spectra
we could detect the molecular ions and some decomposition fragments.

ESR measurements

The measurements were performed with a Bruker ELEXSYS 500 type device. By comparing
the experimental and calculated spectra, and by calculating the characteristic parameters, the
Cu-N couplings can be identified. In some cases, a small amount of cluster formation or two
conformations can be observed.

Thermoanalytical measurements (TG-DTG-DTA)

Thermal measurements were performed with a 951 TG and 910 DSC calorimeter (TA
Instruments), in Ar or N2 at a heating rate of 10 Kmin-* (sample mass of 4-10 mg).

The thermal stability of complexes is limited within the temperature range of 100-130
°C. In the case of [Cu(DioxH).L2] type complexes the first decomposition step belongs to
leaving amino (L) groups, until 240 °C, then the glyoxime units leave. The end of the process
is at 470 °C. Subsequently, the decomposition of the glyoxime unit is accompanied by big
exothermic peaks. This behavior can be explained with the presence of oxygen in the molecule.
In the case of [Cu(octan-2-one).AL2] type complexes the first step of the decomposition
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mechanism is the loss of the amino (L) groups between 50-350 °C, then the 2-octanone units
leave. Finally the diamine (A) unit is lost between 350-450 °C. The end of the process is at 500
°C. The decomposition of [Cu(ketone-SC).], [Cu(ketone-TSC)2] type complexes begins with
leaving of the ketone moieties until 400 °C, then the semicarbazone or thiosemicarbazone unit
leaves until 790 °C. The general mechanism for decomposition is as follows:
[Cu(DioxH).L2] — [Cu(DioxH).L] — [Cu(DioxH)2] — [Cu(DioxH)] —» CuO
[Cu(octan-2-one)2AL2] — [Cu(octan-2-one),AL] — [Cu(octan-2-one).A —
— [Cu(octan-2-one)A] — [CuA] — CuO
[Cu(ketone-SC):], [Cu(ketone-TSC)2] — [Cu(SC)2], [Cu(TSC)2] — CuO, CuS
UV-VIS spectroscopy
The electronic spectra were recorded with a Jasco V-670 Spectrophotometer in 10%
EtOH/water solutions containing the substance in 10-* mol/dm?® concentration. Using Sérensen
buffer solutions the electronic spectra were also recorded as a function of pH, and then the
acidity constants were calculated, too. The obtained values were between 3.9-1071% — 6-10719.
Powder X-ray diffraction measurements
The crystal structure of the complexes was studied with powder XRD measurements, carried
out on a PANalytical X’pert Pro MPD X-ray diffractometer. As being novel compounds their
diffractograms can not be found in the Cambridge database. The majority of the complexes
exhibits crystalline form, except for [Cu(octan-2-one)z(o-fen)(2-Me-imidazole)z] and
[Cu(butirophenone-TSC).] which are amorphous.
SEM (scanning electron microscopy) and EDX (energy dispersive X-ray spectroscopy analysis)
The images were taken with a JEOL JSM-5500LV scanning electron microscope. For all study
the beam energy was 20kV in order to obtain the excitation of all the elements and secondary
electron detector (SED) were employed for measurement. The morphological study of the
sample surface at five significant magnifications 10000x, 5000x, 1000x, 500x and 100x were
recorded.

Conclusion

In this work new copper(ll) complexes were synthesized and characterized with physico-
chemical methods. Thermal decomposition mechanism was monitored with thermoanalytical
measurements.
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Abstract

Technical ceramics have properties that aid environmental pollution management products.
Their ability to withstand high operation temperatures above 1000 °C make them suitable for
applications in solar energy conversion, catalyst support, photovoltaic as well as power plant
engine systems. In addition to this, ceramic materials have high resistance to thermal shock,
wear and corrosive attack. As a result, ceramics are the best placed materials to use in water
processing and treatment environmental technologies.

Research to improve thermo-mechanical properties of ceramics has gained momentum.
Nanoparticles have been attractive in the field of material properties optimization due to their
unique properties to impart ‘1 + 1>2’ effect. Among them SiC nanoparticles are attracting global
attention due to their excellent thermo-mechanical properties. However, agglomeration of SiC
nanoparticles is a major setback in their ceramic applications. In this study the effects of energy
on particle agglomeration in planetary milling have been investigated. SiC particles of the size
range (0.2-1.8) mm were milled in a planetary mill between (100-600) rpm with varying time
intervals (1-6) hours. Ball to Powder Weight Ratio and vial volume occupancy ratio were varied
during sample milling. Samples were analysed using XRD, SEM-EDX and DLS.

SEM and XRD result of the fresh SiC showed that SiC particles were mostly angular shaped
and of B-SiC/ 3C-SiC polytype. XRD analysis showed that crystallinity reduced from 76.65%
to 20.49 % and crystallite size reduced from 52.96 nm to 5.93 nm, while the lattice strain
increased from 1.7692 to 5.1493. In the sample milled at 600 rpm for 6 hours, the lattice strength
dropped to 1.6902 due to highly amorphous nature (79.51%) of the sample. SEM analysis
showed that milled samples were irregular and the surface morphology was rough. The
Hydrodynamic diameter reduced from approximately 390 nm in samples milled at 100 rpm to
280 nm in samples milled at 600 rpm for 6 hours. The dispersity index showed that the particles
were mainly polydisperse. This was attributed to the agglomeration/ aggregation of SiC
particles during milling process.

Key words: XRD, SEM-EDX, DLS, Silicon Carbide, Thermo-Mechanical Properties,
Hydrodynamic Diameter and Dispersity.
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Introduction

B-Lactamases protect bacterial carboxy-transpeptidases from [-lactam antibiotics by
hydrolyzing the B-lactam ring before reaching its targets [1]. Two systems of B-lactamase
classification have been used; sequence information based system was introduced by Ambler
[2], while the more recent activity based system was invented by Bush-Jacoby-Medeiros [3].
Accordingly, four classes are termed A, B, C, and D recognized by difference in hydrolytic
activity. The active site of classes A, C, and D contains a Ser-Xaa-Xaa-Lys motif, therefore
these are called serine B-lactamases. Class B is a heterogeneous group of zinc metalloenzymes,
called metallo-B-lactamases [5]. The Ser-Xaa-Xaa-Lys motif employs Ser as nucleophile
hydrolyzing pB-lactams by forming covalent acyl-enzyme intermediate, while metallo-f-
lactamases utilize Zn(ll) activated water molecules as the nucleophile for hydrolysis of B-
lactams [4]. As a source of development of bacterial antibiotic resistance class A TEM-1 -
lactamase is a frequent target of scientific research. Although TEM-1 B-lactamase is not a
metalloenzyme, we could purify this protein by chelating to Ni(Il)-loaded sepharose column[5].
This suggested that the enzyme can bind metal ions, which may influence its structure and
catalytic activity. Therefore, our aim was to purify the enzyme and study the effect of metal
ions, potentially present as heavy metal pollutants in the environment.

Experimental

The purity of TEM-1 B-lactamase was determined using 12-15% (w/v) sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS PAGE) with a mixture of seven unstained proteins
(116, 66.2, 45, 35, 25, 18.4, and 14.4 kDa) as molecular markers (Thermo Scientific #26610),
while the concentration of TEM-1 B-lactamase was determined by Cary 3500 UV-Vis double
beam, multicell spectrophotometer at 25 °C controlled temperature (Agilent Technologies) in
the 210-300 nm wavelength interval in a quartz cuvette (Hellma) with 1 cm path length. CD
spectra were recorded at room temperature by a Jasco J-1500 CD spectrometer. The parameters
were adjusted as described in the following. Wavelength range: 300 — 180 nm; path length: 0.2
mm (Hellma quartz cuvette); D.I.T.: 2 sec; bandwidth: 1.0 nm; scanning speed: 50 nm/min
(continuous scanning mode). Intact protein mass measurement and top-down protein analysis
was carried out on a Nanomate TriVersa (Advion) chip-based nanoelectrospray ion source
coupled to a linear trap quadrupole Orbitrap Elite mass spectrometer. The protein concentration
was 2.0 uM in each individual sample which contained 0, 2, 5 and 10 equivalents of NiCl,. The
samples were buffered at pH 7.8 with a solution containing 50 mM ammonium bicarbonate/NH3
(ag). TEM-1 B-lactamase activity was assessed by UV absorption spectrometry via hydrolysis
of series ampicillin concentrations (230 uM and 930 uM) as substrate (SERVA Electrophoresis
GmbH) in 1 ml 20 mM Tris-HCI, pH 7.5.
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Results and discussion

TEM-1 B-lactamase was purified by immobilized Ni(ll) ion affinity chromatography, based on
its metal ion binding sites without denaturation or fusing affinity tags [5]. There are several
amino acids (His, Glu, Asp, Ser) in the protein behaving as potential binders to NTA-Ni(ll)-
resin (Fig. 1). The investigation of the Ni(ll) binding of the purified enzyme by mass
spectrometry, we could detect up to three bound metal ions in the presence of increasing Ni(ll)
excess. However, the main peak in the mass spectra of Ni(l1l) TEM-1 p-lactamase was assigned
to the monometalated enzyme at each applied metal-to-enzyme ratio. Protein binding to two
Ni(Il) ions appeard at 5:1 ratio and its intensity slightly increased at 10:1 Ni(ll):protein molar
ratio. Traces of the protein bound to three Ni(ll) were also detected. TEM-1 B-lactamase may
coordinate more strongly to the first Ni(ll) through H151, H156 His pair at ~3.5 A distance.
The next binding site is weaker and the third site barely binds the metal ion. Interaction of TEM-
1 B-lactamase with Ni(ll) was also proven by the successful purification by chelating to Ni(ll)-
loaded sepharose column. Only a slight change was observed in the CD spectra on increase of
the Ni(ll) content. TEM-1 B-lactamase most likely could bind more than one Ni(ll) ion, but
with low affinity and without a significant change of the secondary structure. One Ni(ll) can
bind to H151 and H156 or H94, and H110, or H24 and H285. Excess of Hg(Il) caused a more
significant change in the CD spectrum, but still not a large change in the secondary structure.
Hg(11) may bind to C75 and C121, which are close to the active center of the enzyme. Sulphur
donor groups of soft character from methionines (Fig. 1) close to the active centre may also
support binding of Hg(l1). The specific activity of the enzyme decreased by ~50% in presence
of Hg(ll). Future mass spectrometric measurements are planned to reveal the Hg(ll) binding
sites.

Fig. 1: Sequence and structure of the E. coli TEM-1 B-lactamase (PDB code: 1zg4) [6]. A: The
relative positions of the side-chains of the SXXK motif and putative metal ion binding residues.
B: The cartoon representation of the crystal structure of TEM-1 B-lactamase with the putative
metal ion binding sites and the SXXK motif shown by sticks, 24-286 residues were detected
by the X-ray diffraction method.

Conclusion

The metal binding sites of TEM-1 B-lactamase can be a good candidate to change the chemical
structure of the enzyme. The CD spectra of metalized TEM-1 B-lactamase with Ni(ll) and
Cd(1l) only slightly differed from that of the free protein suggesting that the available binding
sites can coordinate to Ni(Il) or Cd(Il) individually without change in the secondary structure.
Nevertheless, the affinity towards Ni(Il) and Cd(ll) significantly decreases with the binding of
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the first, second and third metal ion, as confirmed by mass spectrometric measurements. Excess
of Hg(Il) caused a more significant change in the spectrum, but still not a large change in the
secondary structure. At the same time, the presence of Hg(Il) caused significant inhibition the
efficiency of enzyme in hydrolysis of B-lactams by ~ 50%. This result suggests that the heavy
metal ions increase the toxicity of the antibiotics against bacteria, which effect may be further
enhanced by the toxic property of the metal ions themselves.
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Abstract

The study aims to explore the attitudes of state science students towards business ethics. The
research used a voluntary online survey in Hungary. The results are based on the responses of
99 students from 2022. Machiavellianism is the most characteristic philosophy among state
science students, similarly to business students. The analysis explored that this characteristic is
not uniform; sub-groups can be defined. These clusters show different opinions about the
perception of CSR. Considering Machiavellianism is a rational, opportunist philosophy, the
middle way of scores is the most consistent with the idea that CSR can contribute to
sustainability. Understanding the patterns allows targeted human resource management
strategies to amplify environmentally conscious behavior.

Introduction

Society level and personal approaches to environmental and social problems have long been
the focus of interest. Considering that decision-makers are individuals or a group of individuals,
their value system is expected to be more or less reflected in organizational actions. Exploring
national, local, or profession-level patterns can contribute to substantive and acceptable CSR
actions. Palvolgyi et al. [1] stated that CSR is a particular challenge in formerly socialist
countries since the fulfillment of social goals was regarded for decades as solely the state’s
responsibility, and similarly, economic responsibilities were also limited. Although three
decades have passed, traces of the previous system remain in these cultures.
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Figure 1: Business philosophy scores of selected countries [2, 3, 4]

The Attitudes Towards Business Ethics Questionnaire (ATBEQ) is an instrument oriented
towards attitudes on selecting business ethics situations [5] based on the work of Stevens [6].
Clark et al. [7] present a concise summary of five business philosophies covering the ATBEQ
statements: Machiavellianism, ethical relativism, legalism, social Darwinism, and moral
objectivism. An extensive worldwide database is available among business students that allows
an international comparison. The results pointed out that Machiavellianism is the most
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prominent in the case of post-socialist countries among business students (Figure 1), and the
moral objectivism score is lower in this international comparison. Hungarian data was based on
the author’s data collection [4].

According to Clark et al. [7], Machiavellianism covers the idea that business firms are self-
contained organisms with their own ‘natural laws’ that can be bent but not broken. Miesing and
Preble [8] highlighted that Machiavellianism is amoral since the outcome justifies the way to
access it.

Machiavellianism can be considered both opportunist and realistic behavior [8]. It gives a
practical approach to CSR application. According to Christie and Geis [9], in their opinion,
people should believe in what they do rather than do what they believe in. Analyzing the Big
Five personality trait dimensions, Czibor et al. [10] found that a high level of Machiavellianism
Is inversely proportional to agreeableness (friendliness) and conscientiousness. All these
characteristics strengthen rationality, which is beneficial to business interests.

The study attempts to extend the investigations to public administration. Although the
curriculum and teaching methods are different in the case of state science students and business
students, they act as citizens and organizational decision-makers. CSR is increasingly integrated
with public administration bodies, and these are supported or regulated by legal actions. The
government’s role in the field of social responsibility is multifaceted. Consequently, an
emphasis on the field is reasoned. State science master students will play a key role in legal and
administrative positions in the future on a national level. The question is whether their attitude
to business ethics is similar to business students’ attitude or differs from it. The study focuses
on the analysis of Machiavellian characteristics.

Experimental

A voluntary online survey was used for data collection among Hungarian higher education
students, including the ATBEQ questions. The research sample of this study focuses on the
responses of the state science (master level) students at the Ludovika University of Public
Service, Budapest. The sample consists of 99 responses, including 60 females and 39 males.
Statistical analysis included analysis of variance and cluster analysis, supported by IBM SPSS
software. The analysis aimed to find the most characteristic philosophy. Machiavellianism
score is calculated as the mean value of 12 related statements, evaluated on a 5-point scale (1:
strongly disagree; 5: strongly agree):

The only moral of business is making money.

. A person who is doing well in business does not have to worry about moral
problems.

. Business decisions involve a realistic economic attitude and not a moral philosophy.

. Moral values are irrelevant to the business world.

. “Business ethics” is a concept for public relations only.

. George X says of himself, “I work long, hard hours and do a good job, but it seems

to me that other people are progressing faster. But | know my efforts will pay off in
the end.” Yes, George works hard, but he’s not realistic.

. For every decision in business the only question I ask is, “Will it be profitable?” If
yes—I will act accordingly; if not, it is irrelevant and a waste of time.

. In my grocery store every week I raise the price of a certain product and mark it “on
sale.” There is nothing wrong with doing this.

. A business person cannot afford to get hung up on ideals.

. If you want a specific goal, you have got to take the necessary means to achieve it.

. The business world has its own rules.

A good business person is a successful business person.
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Results and discussion

The pattern of the state science students is similar to the business students’ evaluation (Figure
1). Results show that Machiavellianism is the most characteristic philosophy (Table 1).
However, the remarkable skewness index suggests further investigations. The distribution of
the individual scores (Figure 2) confirms a mixing of samples; the state science students’
Machiavellian characteristic is not uniform or follow a normal distribution.

Mean Std. Skewness Kurtosis
Deviation
Statistic ~ Statistic  Statistic Std. Statistic Std.
Error Error
Machiavellianism  3.23 0.516 0.476 0.243 0.206 0.481
Moral 2.56 0.518 -0.122 0.243 -0.345 0.481
objectivism
Legalism 2.87 1.157 0.181 0.243 -0.546 0.481

Ethical relativism  2.88 0.664 0.097 0.243 0.890 0.481
Social Darwinism  2.77 0.478 0.537 0.243 -0.252 0.481
Table 1: Descriptive statistics of the philosophies (n=99, measured on a 5-point scale)

Count

Machiavellianism

Figure 2: Distribution of Machiavellianism scores (SPSS output)

The analysis of variance confirmed only a few significant differences in the scores by gender,
and any of these by other groping factors like study religiousness, CSR knowledge level, or
work experience. A cluster analysis was applied to explore characteristic patterns. Hierarchical
clustering by Ward-method (results the lowest variance within the groups) allowed 3 clusters
(Figure 3).
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Figure 3: Survey results by clusters

Cluster 1 (n=42, Machiavellianism score=2.79) includes students with the lowest scores on
most questions. Machiavellianism is the least characteristic among these students. Cluster 3
(n=25, Machiavellianism score=3.81) represents the highest scores, except for the statement
that being good means being successful. Cluster 2 (n=32) presents the middle way; the
Machiavellianism score is 3.35. The survey included some statements about CSR judgment
(Figure 4). Clusters show significant differences in three statements:

. Another tool for companies to generate profit (F=3.724, sig.=0.028)

. CSR can only be successful in the case of large companies (F=3.909, sig.=0.023)

. CSR implementation is expensive (F=3.474, sig.=0.035)
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Figure 4: Evaluation of CSR by clusters

Conclusion

The attitude toward business ethics is similar among state science and business students. Survey
results confirmed that Machiavellianism is the most characteristic philosophy, but the pattern
is not uniform. These patterns show a correlation with opinions about social responsibility.
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Cluster 1 has the lowest score in Machiavellianism but does not believe that CSR is only a tool
for profit generation. They find the implementation of CSR the least expensive compared to the
other clusters, as well as they found it applicable beyond large companies. Cluster 2 is
represented by the medium Machiavellianism scores in most statements; they believe in the
coordinative role of CSR and do not refuse it as a business interest. Considering the philosophy
as a rational, opportunist approach, the middle way seems to pay off in the interest of CSR’s
contribution to sustainability. Cluster 3 is the most characterized by Machiavellianism, and their
CSR approach is the most limited to large organizations and expensively.

The results contribute to the finding [5] that the ATBEQ instrument can be used to predict CSR
perception. Since ATBEQ is dealing with the value system of the respondents, which can be
considered an enabler factor, exploring the personal patterns may support effective human
resource management strategies. As a result, better support of CSR efforts can be achieved by
a refined division of labor meeting personal values.

Nevertheless, further investigations require the enhancement of the sample and the
consideration of the other business philosophies. Moreover, correlations may be engaging with
other aspects. We plan to check the relation with technology adoption propensity that can be
traced back to environmental and social problem-solving.
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Abstract

The efficiency of electrocoagulation-flotation (ECF) treatment was estimated based on the
quantity of pollutants (cooper, turbidity, and organic substances) in printing effluents (waste
offset printing developer and waste offset fountain solution) at selected process parameters.
Four sets of aluminum or/and iron electrode combinations were applied, each with a current
density of 2, 4, and 8 mA cm2 and interelectrode distances of 0.5, 1.0, and 1.5 cm. In the
progress of the ECF treatment, samples were taken at certain process times (1, 5, 10, 20, 40,
and 60 min). Based on the obtained results, the disadvantages of ECF treatment of offset
printing effluents are defined.

Introduction

The ECF treatment is an electrochemical process that includes in-situ generation of coagulants
(metal hydroxides and/or polyhydroxides) by electrodissolution of a soluble sacrificial metal
anode immersed in the treated wastewater, such as printing effluents [1].

ECF technique has many advantages regarding the conventional methods: easier operation,
simpler equipment, a short process time, better safety, selectivity, flexibility, cost-effectiveness,
lower amount of sludge [1, 2], environmental compatibility, operational and investment costs
[2], and a practical method of treating various effluents and pollutants [3].

Experimental

The electrode combinations set: four iron electrodes (1), four aluminum electrodes (2), two
aluminum (one was anode) and two iron electrodes (3), and two iron (one was anode) and two
aluminum electrodes (4) were used. All four electrodes are the same size (10 cm x 5 cm x 0.1
cm). Each set of electrode combinations was immersed in borosilicate glass (ECF cell) with
220 mL of the printing effluent and 0.50 g of sodium chloride. The outer electrodes were
connected in a bipolar mode to a digital DC power supply (DF 1730LCD). The ECF cell is set
to a magnetic stirrer (IKA color squid, Germany). When the appropriate set of electrodes was
selected (1, 2, 3, or 4) and adjusted the interelectrode distances (0.5, 1.0, or 1.5 cm), the suitable
current density (2, 4, or 8 mA cm2) was applied. Then, ECF samples (15 cm?) were taken at
certain process times (1, 5, 10, 20, 40, and 60 min) and centrifuged for 10 min at 2000 rpm [3].
Turbidity was determined in triplicate by HI 93703 microprocessor turbiditymeter (HANNA
Instruments, Portugal). The concentration levels of copper were determined in triplicate by
atomic absorption spectroscopy with PerkinElmer Aanalyst 700 spectrophotometer. The UV
absorbance of organic substances was detected by UV-1800 SHIMADZU spectrophotometer
(at a wavelength of 326 nm and with a 1 cm quartz cell). Selected pollutants turbidity, copper,
and organic substances were analysed according to the standard EPA 180.1, EPA 7000B, and
AWWA-APHA-WEF method, respectively [1, 2].

The percentage of ECF removal efficiency of pollutants (cooper, turbidity, and organic
substances) from investigated printing effluents was calculated as a function of process time by

61




28th International Symposium on Analytical and Environmental Problems

the universal equation [3]: Removal efficiency = ((Xo — Xt) 100) / X:. Where X, — the initial
values of content of copper or turbidity or organic substances in printing effluents and
Xt — values of the mentioned pollutants in effluents after a particular process time (t).

Results and discussion

The results of ECF treatment show that the removal efficiencies of pollutants from the waste
developer decrease in turbidity (99%) >| cooper (93%) > organic substances (53%) [3]. In the
case of waste offset fountain solution, the order is cooper > turbidity > organic substances. So
the removal efficiency of turbidity, copper, and organic substances from waste offset fountain
solution was 90, 65, and 44%, respectively.

The electrode combinations sets with aluminum (as an anode) provide better removal efficiency
of cooper and turbidity in both offset effluents. In addition, combining an iron electrode as an
anode with aluminum improves the removal of organic substances.

The best current density for all pollutants in both effluents was 8 mA cm™2. Interelectrode
distances of cooper and turbidity in investigating printing effluents were 1 cm, while for the
organic substances, it was 0.5 cm. The best process times for cooper and turbidity in waste
developer was 5 minutes, while in the second effluent, the values were 20 and 60 minutes,
respectively. For organic substances, the best process time was 60 minutes in both effluents.

Conclusion

The type of pollutants and offset printing effluents affect the removal order. Also, the
combinations of electrodes, the current density, the interelectrode distance, and the process time
determine the highest removal efficiency.

Removal efficiency increases with current densities and process time for all electrode
combination sets: the higher the current density and time, the more efficient the ECF treatment
for all pollutants.

Of course, ECF treatment of offset printing effluents has disadvantages. Optimization is
necessary (for example, with Response Surfaces Analysis) to show the relationship between
operational variables and to determine the optimum process conditions. A passivation layer on
aluminum or iron electrodes was formed during the treatment, which reduces its effectiveness.
Although a small amount of sludge is generated during ECF treatment, the characterization of
the sludge and its safe disposal in the environment is needed. The efficiency of pollutant
removal, which is lower than 90%, needs to be increased by combining the ECF treatment with
other processes (for example, adsorption).
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Abstract

As part of advanced technologies, water companies tend to use the most effective coagulants,
which will produce higher quality for the final treated waters and greater reliability. Alum and
prehydrolyzed aluminium chloride with general formula Alnm(OH)nClsn-m (PAC) have been
widely applied as coagulants in water treatment technologies. Their hydroxyl aluminium
polymers were recognized as the most effective components in Al coagulants.

Using the principles of coagulant preparation and of the electrolysis process, the method of
electrochemical synthesis of the Polyaluminium chloride (E-PAC) has been proposed and
carried out extensively in our previous research.

In this study the coagulation properties of electrochemically obtained PAC (E-PAC) on
ammonium ion removal from water was evaluated in laboratory scale and it was compared with
the performance of a commercially available PAC solution and classical aluminium sulphate
(alum).

Introduction

Nitrogen is an essential element for life and undergoes many chemical and biochemical
processes in water. It appears mainly as ammonium, nitrite, nitrate, gaseous nitrogen and fixed
in organic compounds, groups between which there are continuous transformations / transits,
forming the "nitrogen cycle".

The excess leads to eutrophication, contamination of aquifers, possible damage to human
health: methemoglobinemia in children, gastric cancer, etc. The presence of ammonium ion in
the composition of a surface water indicates a degree of its pollution.

Ammonium sources in waters are natural and anthropogenic. These "natural” sources are often
indirectly also anthropogenic. "Direct” anthropogenic sources are pointful (wastewater
discharges containing ammonium) and diffuse, mainly nitrogen compounds from agriculture,
chemical fertilizers, and natural fertilizers.

The removal of nitrogen compounds from drinking water is expensive and complicated.
Chemical (ion exchangers) and biochemical techniques have been experimented, mixing
contaminated waters with others with a lower concentration of ammonium/nitrogens[1,2] .
Here are some aspects that were the basis for choosing the ammonium ion introduced as
ammonium nitrate as a pollutant in a synthetic water in order to compare the efficiency of
removing this type of pollutant through the coagulation-flocculation process with aluminum
sulfate (alum), polyaluminium chloride (PAC) and a new electrochemically prepared
polyaluminium chloride (E-PAC).
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Experimental
Coagulants and water samples

For comparison purposes, commercially available PAC (8.8 % Al,Og, basicity 65, density 1.22
kg/dm®) was a a Donau Chemie product (Austria). Alum stock solution was prepared from
liquid aluminium sulphate (approximately 7.5% as Al.Oz3) obtained from a local Bega water
treatment plant.

The synthetic model water consisted of a stock ammonium nitrate (NN) solution prepared by
adding commercial ammonium nitrate powder (NN, Merck Company, Germany) into deionized
water. After that, this stock solution was stirred for 5 min., at 300 rpm.

Electrochemical preparation of E-PAC

The electrochemical reactor (ECR) for E-PAC preparation [3,4] consisted on a D.C.
Power Supply (HY 3000D, China), an electrolyzer made out of organic glass (rectangular size
76 x 51 x 70mm) equipped with 6 parallel plain-plate electrodes, 3 anodes and 3 cathodes
disposed in a mono-polar arrangement with 10 mm anode-cathode distance. Three sheets of Al
(95 x 50 mm) were used as anodes while the cathodes were three sheets of stainless steel plates
(95 x 50 mm). The system is completed by the electrolyte (200 ml aqueous solution AICIz 0.5M)
and stirring apparatus (IKA, Germany), with degree of agitation selected of 600 rpm. An
ammeter and a voltmeter were used for electrical characteristics control. Electrolysis was
carried out in galvanostatic conditions at optimum conditions, selected from our previous
studies, respectively current density of 1.15 A dm-2, electrolysis time of 2 hours, current
intensity of 1.5 A [5].

Experimental and analytical methods

Coagulation experiments were carried out at room temperature using jar test on a six-paddle
gang stirrer, equipment manufactured by Velp Scientifica (Model FC6S, Italy). The 800mL
working NN solution was added into the1000mL beaker. A measured amount of coagulant was
added by a calibrated pipette (Multipette stream Electronic hand dispenser, Eppendorf,
Germany) into the working NN solution under rapid stirring. The NN solution was stirred
rapidly at 150 rpm for 2 min after coagulant dosing, followed by slow stirring at 45 rpm for 15
min, which compares to current plant conditions at the Timisoara Waterworks.

For 30 min after settling, supernatants were collected to measure residual turbidity using a
Turbidimeter (HACH 2100N, USA). Total organic carbon (TOC) was analyzed after filtration
through a 0.45 mm membrane and were determined using a TOC Analyzer (TOC-V CPH,
SHIMADZU, Germany). pH and conductivity were determined on a laboratory multi-
parameter analyser (Consort C863, Consort, Belgium). Colour in Hazen units was measuring
using a photometer SQ 118 Merck (Germany). The absorbance at 254 nm (due to the Natural
Organic Matter/NOM content) was measured with a Spectrofotometer UV-VIS (UV-VIZ T90+,
PG Instruments Ltd, SUA), using a 1 cm path length quartz cuvette.

Results and discussion

Coagulation behaviors of E-PAC and conventional coagulants as alum and commercial
product PAC were compared, using the so called ,,Jar test" procedure, in accordance with water
treatment standards, to remove the introduced ammonium ion as ammonium nitrate from
deionized water with addition of 10 mg/L of ammonium nitrate (commercial NN powder),
selected for this study. The applied coagulant doses were the same 1 mg Al/L, for all three
coagulants compared.

64



28th International Symposium on Analytical and Environmental Problems

As part of the applied procedures, the level of residual turbidity, the amount of total organic
carbon, the UV 254 absorbance and color were evaluated, in order to assess the efficiency of
the coagulation process in all situations ( E-PAC and alum as coagulants). Table 1 demonstrates
the coagulation performance of all three coagulants.

Table 1. Water quality parameters of raw water and treated water with aluminium sulphate,

PAC and E-PAC

PARAMETER,

T T P e
Turbidity, NTU 0.697 0.540 0.605 0.412
pH 6.51 5.05 5.25 6.13
Temperature, °C 20 20 20 20
NH4*, mg/L 1.67 1.57 15 1.23
Colour, °Hazen 12 9 10 5
UV-254, mt 0.180 0.155 0.158 0.118
Conductivity, uS/cm | 25.5 29.0 243 29.0

Therefore, E-PAC proved to be the most efficient coagulant in terms of TOC and turbidity
removal (Figure.1) on ammonium ion from synthetic water.

Figure 1. TOC results of raw water and treated water (1) with aluminium sulphate (2), PAC (3)
and E-PAC (4).

TOC

mg/L

1 2 3 4

Scan Spectrum Curve for domaine 200-350 nm wavelength have been rendered with UV-254
nm absorbency, as shown in Figure 2.

Figure 2. UV absorbency spectrum curve
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E-PAC seems to exhibit better coagulation performance than PAC and alum, especially in high
coagulant dose (e.g. 10 mg Al/L). The superiority of E-PAC can be attributed to the higher Al13
content, than the respective values of PAC.

Conclusion

The results suggest that the electrochemically obtained E-PAC through a easily controlled
electrolysis process, is a product with better properties than the commercial PAC used for
comparison to remove the introduced ammonium ion as ammonium nitrate from synthetic
water.
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Abstract

Noise and noise pollution protection are one of the current topics of environmental law. The
accelerated pace of development of countries causes multiple pollution of the environment,
which is reflected, among other things, in the increasing negative impact of noise on humans.
The positive law of the Republic of Serbia in the area of noise protection is the Law on
Environmental Noise Protection with a large number of accompanying acts that enable its
application. The article consists of several thematic units, of which the first part of the paper
deals with the concept of noise and its impact, the second part of the paper is dedicated to the
legal regulation of the concept of noise, while third and fourth parts show the legal system of
the European Union in the part that regulates noise, so that the last part of the work is dedicated
to the harmonization of the Serbian legal system with the legal system of the European Union.
The paper also contains the European Union recommendations, which Serbia must follow in
order to harmonize the legal systems.

Introduction

Noise has been identified as one of the leading environmental problems of the modern world.
Its negative impact can be considered a consequence of the accelerated pace of technical and
technological development that has happened over the last fifty years. Noise and noise
protection are one of current legal issues that is highlighted in the European Union legislation
as a leading environmental problem both caused by industrialization and resulting from
industrialization.

It has been estimated that more than 20% of the EU population have been exposed to the
negative effects of noise that are harmful to human health [1]. According to the European
Environment Agency, approximately 210 million people in the EU, which is more than 44% of
population, are exposed to the levels of traffic noise higher than 55 dBA, and more than 50
million people are exposed to the levels of noise higher than 65 dBA during 24 hours, these
being labeled as ‘black’ acoustic points [2].

Communal noise has a wide range of negative effects on the health of the exposed population
[3]. It deteriorates the quality of life because it disturbs everyday activities, concentration,
communication, sleep and rest [4]. Long-term exposure to noise can lead to a higher rate of
cardiovascular disease due to permanent stimulation of the sympathetic nervous system [5].
Indirectly, noise affects various aspects of behaviour and, since it reduces productivity, it affects
work results as well [6].

The concept of community noise and criteria for the demarcation of sounds
According to internationally accepted definitions, noise is every unwanted and unpleasant
sound [7]. In theory, noise is defined as an appearance of unpleasant and undesirable acoustic
sensations [7]. These definitions introduce the category of wanted and unwanted sound in order
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to gauge harmfulness, which further means that only certain sounds are considered to be noise
[9].

The previous Law on Environmental Protection from 1991 defined noise as ‘an acoustic event
above the prescribed level in the environment in which an individual resides’, while previous
Slovenian legislation (the Law from 1976) defined noise as each sound that affects
psychological and physical condition of working people and citizens, in such a way that it
disturbs them at work, reduces their working capacity, causes restlessness, disturbs the
surroundings, disturbs people‘s regular rest and harms their health [10].

Today’s Constitution of the Republic of Serbia [11] proclaims that every individual has a right
to healthy environment and timely and complete informing on its state; that everybody,
especially the Republic of Serbia and an autonomous province, is responsible for the
environmental protection, and that every person is obliged to preserve and improve the
environment. The Law on Environmental Protection [12] was brought in 2004 and it is a
systemic, ‘umbrella law’ in the area of environmental protection whose aim, together with other
laws, is to enable exercising a human right to life and development in a healthy environment
and a balanced relationship between the economic growth and the environment in the Republic
of Serbia. The first Law on Environmental Noise Protection [13] was adopted in 2009 at the
proposal of the Ministry of Environment and Spatial Planning. It belongs to the so-called ‘green
package’ — a set of 16 laws which regulate different areas of environmental protection.

Protection against noise pollution in domestic legislation

The National Assembly of the Republic of Serbia adopted the new Law on Environmental Noise
Protection [14], which defines noise and expands the list of noise sources, in order to solve the
existing problem in a more efficient manner. This Law is accompanied by a great number of
by-laws, such as rulebooks, which make its enforcement easier and more precise.

In the Republic of Serbia, civil law regulations do not explicitly regulate the property protection
in the area of environmental protection. The protection of these rights is implemented through
general instruments in the area of damage compensation or through the institute of
neighbourhood rights, i.e. services that regulate property relations, in which cases we talk about
typical property and obligation instruments of protection [15]. The protection of the
environment through criminal law is a last-resort, but at the same time very efficient and more
than necessary measure. In the Serbian 2005 Criminal Law [16], there were classified, for the
first time, all crimes against the environment. The Criminal Law for the environmental
protection does not protect typical human rights (these being life and health) like it used to
before, but it protects an individual asset — the environment, or, to be more precise, a human’s
right to the preserved environment. Special laws can provide administrative law, criminal law
or civil law protection. The Law on Environmental Noise Protection includes violations done
by a company or other legal entity, by a responsible person in the state administration body, by
an authorized legal entity, and it also provides protective measures accompanied by a violation
fine [13], while the Law on Environmental Protection includes economic wrongdoings and
offences which are subject to sanction. The norms of environmental legislation are of special
character and have advantage over general norms of the other branches of law, i.e. the rule lex
specialis, derogat legi generali is applied [1].

Environmental noise pollution assessment and management in the EU legislation
The Article 3 of the EU Directive 2002/49/EC6 defines noise pollution as an unwanted and
environmentally harmful sound in the external environment, resulting from human activity [20].
Directive 2008/99/EZ [21] on the environmental protection through criminal law prescribes the
measures which member states should take in the area of criminal law, in compliance with the
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attitude of the Council of Europe that criminal liability should begin to exist in cases of ‘serious
pollution or endangering of the environment’ in order to protect the environment more
efficiently.

The most important law in the area of protection against noise pollution is Directive 2002/49/EC
which deals with environmental noise pollution assessment and management. This directive is
of a general character as opposed to other regulations in this area. It defines environmental noise
pollution as an unwanted or harmful sound in the external space, caused by human activities,
including noise pollution emitted by means of transport (passenger, railway and air traffic) and
noise pollution coming from industrial areas. Unlike our legislation which accepted the most
general definition of noise pollution, the EU directive accepts a more specific definition which
puts in the foreground a harmful impact on human health and the most significant sources of
community noise.

The main goal of this directive is defining a common approach primarily aimed at avoidance,
prevention or reduction of harmful effects of the exposure to environmental noise, including
health disorders caused by noise pollution. The directive is applied to the noise pollution people
are exposed to, particularly in urban areas, public parks or other quiet areas in agglomeration,
quiet areas in nature, next to schools, hospitals and other noise-sensitive objects and areas.
Based on this directive, member states are obliged to appoint competent authorities and bodies
responsible for the implementation of the directive at appropriate levels, particularly in order
to to carry out actions for determining the degree of exposure to noise by making ‘strategic
maps of noise pollution’ using mutual member states methods of assessment, to collect these
maps and action plans, and to provide information on the environmental noise to the public [9].
The main problem is a legislative delay of the adoption and implementation of common
prescribed methods in member states, in addition to very low rates of action plans adoption
[19].

The compliance of domestic normative framework with community law
The process of joining the EU is followed by changes in the legislation of a candidate state,
which are conditioned by the fact that the EU has its own legal assets (acquis communautaire)
which are different from member states legislation and international law.
The Republic of Serbia obtained its EU membership candidate status back in 2012, which came
with the obligation to harmonize the domestic normative framework with the EU legislation.
This obligation was established after a thorough review of Chapter 27 which deals with the
environmental protection by the European Commission and which, in the form of a report, is a
starting point for the analysis of the harmonization of Serbian laws with the EU laws related to
the noise pollution protection.
By adopting the Law on Environmental Noise Protection, the Republic of Serbia started the
process of harmonization and implementation of the EU laws in the area of protection against
noise pollution which was completely unharmonized until that moment. The harmonization
with international regulations and Directive 2002/49/EZ is particularly mentioned in the
explanation of the draft as one of the reasons for the adoption of the new law. In addition to the
law and accompanying by-laws, the area of environmental noise protection is also regulated
through special laws that regulate specific forms of noise, such as the Air Traffic Law and
technical regulations for motor vehicles and machines. Numerous by-laws for the
implementation of Directives 89/629/EEZ, 2002/30/EZ and 2006/93/EZ have been adopted,
too. According to the 2016 assessment done by the European Commission, the Republic of
Serbia achieved a good level of legal regulation harmonization, but the implementation of
regulations is still in the early stages [21]. The Republic of Serbia should build administrative
capacities in order to make drafts of strategic maps of noise pollution and action plans [22].
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In the new Law on Environmental Noise Protection, the changes to Annex Il of the Directive
2002/49/ES have been taken into account [23]. In this way, an attempt was made to fully
transfer European norms that refer to the mechanisms of reporting and introducing, i.e. applying
the ‘polluter pays’ principle, which would pass the responsibility for the creation of strategic
noise pollution maps to the local government and the responsibility for the creation of strategic
maps of traffic noise to public companies.

The main implementation activities under institutional jurisdiction are therefore the making of
strategic noise pollution maps and action plans. Strategic noise pollution maps and action plans
must be complete before the EU accession date. The long-term plan of activities includes the
establishing of mechanisms of reporting to the authorised EU institutions. One of the main
obstacles to the implementation of the accepted EU standards are the costs of the
implementation [21].A preliminary cost assessment, based on unit price and the experience of
member-states and European Commission experts, can be conducted in the following way:
prices of the creation of strategic noise pollution maps for settlements go between 0.25 and 1
EUR per capita. The total number of inhabitants in five big cities (Belgrade, Novi Sad, Nis,
Kragujevac and Subotica) is 2.443.862. The estimated cost for the 944km of the main travel
network is 600 000 EUR, whereas the estimation for the making of noise maps for airports is
between 10 000 and 15 000 EUR [21].

Conclusion

A legal framework for the environmental noise protection in the Republic of Serbia is provided
by the Law on Environmental Noise Protection, which was adopted for the first time within the
so-called green package of laws and which is accompanied by a set of by-laws. A legislator
started off from international recommendations and standards, particularly taking into
consideration the relevant directives of the EU. This umbrella law thoroughly regulates the
environmental protection against noise pollution, measures and conditions of environmental
noise protection, environmental noise measurement; access to the information on noise
pollution, monitoring and other issues of significance for the environment and human health.
An important preventative role in the protection against noise pollution is played by the norms
of the Criminal Law which prescribes crimes against the environment, thus protecting human
right to the preserved environment, while the Law on Environmental Protection also deals with
offences and wrongdoings committed by companies. The EU adopted 13 regulations of various
legal force in the area of noise pollution protection, the Directive 2002/49/ES being particularly
important for its general character and representing the foundation of the EU regulations in this
area today. It can be concluded that a huge step was taken when the Law on Environmental
Noise Protection was adopted, especially when we take into consideration the fact that this
whole area of environmental protection was one of the most critical points in the process of
harmonization until 2009. It will take more time to reach full state of harmonization.
Amendments to the Law are planned, for the purpose of fully accepting the norms from the
revised Annex Il of the Directive 2002/49/EZ. As for the second phase, one of the important
requirements prescribed by the EU laws that Serbia still has not met is the creation of noise
pollution maps. They provide a review of an average level of noise pollution in different parts
of a city, and they are important, among other things, for spatial planning, i.e. as a foundation
for the creation of protection action plans. One of the greatest problems that slows down their
making is a lack of financing, accompanied by the lack of experts. However, it must be pointed
out that this requirement has not yet been met by some member states either, which fact was
highlighted by the European Commission.
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Abstract

Hawthorn is belonging to the Rosaceae family and is one of the plants that have been used as a
source of bioactive products. The goal of this work was to determine the phenolic and flavonoid
contents and antioxidant activity of ethanolic extracts of some hawthorn species (Crataegus
pinnatifida Bge., C. monogyna Jacq., C. crus-Galli.). The extraction was performed at 45 °C,
by using ethanol 50 v/v% as a solvent (10 g of the fruit in 100 ml solvent) for 50 min. The
Folin-Ciocalteu’s method was used for the determination of total phenols, the aluminium
chloride method was used for the determination of flavonoids, and the ferric reduction
antioxidant power (FRAP) method was used to assess the antioxidant activity of extracts. The
identification of phenolic compounds present in extracts was performed using RP-HPLC. A
positive linear correlation between the antioxidant activity index and total phenolic content of
ethanolic extracts was observed. The order of antioxidant activity in species was as follows (C.
crus-Galli > C. pinnatifida Bge. > C. monogyna Jacq.) The RP-HPLC procedure showed that
the most abundant compounds were chlorogenic, ferulic and ellagic acids and (+)-Catechin
while gallic and caffeic acid were not detected. The extracts have significant antioxidant
properties due to the existence of phenolic compounds. It is noteworthy to emphasize that for
C. crus-Galli species, its extracts have not been studied or referred to, to the best of our
knowledge.

Keywords:
Hawthorn, Total phenolic and flavonoid content, RP-HPLC, Antioxidant Activity
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Abstract

French or dwarf marigold (Tagetes patula L.) is a well-known ornamental plant, but also
utilized in medicine, cosmetics, agriculture and food industry due to its biologically active
components (xanthophylls, carotenes, terpenes, flavonoids, benzofuran derivatives, thiophenes,
etc.). Three varieties of Hungarian bred Tagetes patula (’Csemd’, ’Robuszta kénsarga’,
’Orion’) were transplanted into the pot experiment (5.05.2021) in the following conditions and
soil mixtures: in the greenhouse in peat-based soil; outside the greenhouse in peat-based soil,
outside the greenhouse in a peat-free soil, and hydroponic system in the greenhouse (University
of Debrecen, Hungary). At the beginning of June 2021, whole petals were collected from each
variety and condition. The lyophilised samples were extracted by ethanol and ultrasonic assisted
method. The lutein and zeaxanthin content of the extracted samples were determined by the
HPLC instrument.

Tagetes patula ’Csemd’ was the richest source of lutein (709.9 - 1359.5 mg/kg based on dry
matter), followed by ’Robuszta kénsarga’ (161.4 - 429.7 mg/kg) and ’Orion’ (62.0 -
135.8 mg/kg). The highest lutein concentration was measured in the peat-free soil mixture in
the field, in each variety. The concentration of lutein and zeaxanthin were depending on the
conditions (greenhouse, field) and the medium (peat-based, peat-free and hydroponics), but in
the field, the measured lutein and zeaxanthin content was considerably higher than in the
greenhouse in the same type of soil mixture (peat-based).

Introduction

Tagetes patula L. (French or dwarf marigold) belongs to the Asteraceae family, is commonly
known as an ornamental plant. Tagetes species have been distributed all over the world and can
be cultivated in different soils and weather conditions with low requirements and a long
flowering period. Tagetes patula, similar to other marigold species, has been utilized in
medicine, agriculture and industry [1, 2]. Leaves and shoots of Tagetes sp. synthesize and
accumulate different terpenes, flavonoids, benzofuran derivatives, steroids, etc., due to theirs
biologically active secondary metabolites used in medicines and cosmetics industry [2, 3].
Thiophenes, which are mostly concentrated in the roots of Tagetes patula, are used in
agriculture production, due to its repellence of insects (nematicidal), bactericide, fungicide and
insecticide effects [4, 5]. Petals of Tagetes sp. are yellow, orange, red and a mix of these
colours, contain carotenoids (especially lutein, lutein fatty acid and B-carotene), used in
ophthalmology as a dietary supplement and in the food industry as a natural food colorant
(E161b) [6, 7]. Xanthophyll and carotenes contents of Tagetes species depend on the varieties,
parts of plants, climate and soil conditions etc. [2, 8, 9].
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Experimental

Germination and plant experiments were conducted in Biological Research and Plant
Experiment Greenhouse (Biodrome), Faculty of Agricultural and Food Sciences and
Environmental Management, University of Debrecen (Hungary) and in the field outside the
greenhouse, from February to August 2021. Three Tagetes patula Hungarian bred varieties
were cultivated: 'Csemd' (TAG1), 'Robusta kénsarga' (TAG2), 'Orion' (TAG3) were derived by
NARIC (National Agricultural Research and Innovation Centre, Hungary) and were bred by
1Dr. Zoltan Kovats, a famous Hungarian ornamental plant breeder and colleagues [10].
Tagetes patula seeds were sown on 19" February 2021, in perlite (particle size: 2-6 mm,
Magyar Perlit Kft., Hungary), in a germination chamber (humidified 4 times per day /
15 minutes, EasyGreen, USA). After 4 days, seedlings were transferred to peat-free and peat-
based soil mixtures (COMPO, OBI, Hungary) into the cell seedling tray with a volume of
60 cm®, and Grodan Rockwool cubes (25x25x40 mm, Playgrowned.com, Hungary). Terra
Aquatica Tripart advanced nutrient solutions (Micro, Grow and Bloom 3-Part Flora Series,
General Hydroponics Europe — GHE) were utilized with reverse osmosis water for Deep Water
Culture (DWC) hydroponic production, according to the user guide of products and
development phases of seedlings [11]. Three varieties of plantlets were transplanted into the
pots (diameter of 14 cm, 1800 cm?®) on 5" May 2021 for pot experiments in the following
conditions and soil mixtures: in the greenhouse in peat-based soil; outside the greenhouse in
peat-based soil, outside the greenhouse in a peat-free soil, and hydroponic system in the
greenhouse.

The first flowers appeared at the beginning of June 2021, whole petals were collected (Figure 1)
and frozen in the freezer before lyophilisation. The samples were stored in the dark at room
temperature before extraction and HPLC measurements.

7;53
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Flgure 1. Flowers of Tagetes patula ’Csemd’ (TAGI), 'Robuszta kénsarga’ (TAG2), *Orion’
(TAG3)

"

The lyophilised samples were grounded with a Retsch MM200 ball mill for 15 minutes. 0.1 g
of the powdered samples were sonicated (NEY, Ultrasonik 3 QT HEAT, 175W) with 0.5 mL
water for 15 minutes. After that 7 mL of absolute ethanol was added to the sample and sonicated
at 30 minutes. Finally, the samples were filled up to 10 mL with ethanol and 0.45 um pore size
PVDF membrane filters were used for the filtration of the samples.

Extracts should be analyzed with HPLC as soon as possible, certainly within 24 hr, and must
be stored at 4 °C. The lutein and zeaxanthin content of the samples was determined with an
ECOM s.r.o. ECS05 gradient analytical HPLC system. This system consisted of an ECP2000
pump, ECB2004B gradient box with a degasser, ECO2080 column oven, ECDA2800 UV/Vis
PDA detector and L-3320 autosampler made by RIGOL. A 10 uL sample was injected into the
HPLC and eluted with acetonitrile 63.0 %, methanol 8.60 %, water 10.4 % and ethyl-acetate
(18.0 %) on a C18 HPLC column (Phenomenex, 250x4.6 mm; 3 pum) at a flow rate of 1.0
mL/min. The measurements were done at 446 nm. The applied HPLC determination method
was modified version of Habib method [12]. With these parameters, the elution times were
close to 7.2 (lutein), 7.6 (zeaxanthin) minutes. The chromatograms were processed with Clarity
8.7 software.
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Results and discussion

Flower petal of Tagetes patula ’Csemd’ (TAG1) was the richest source of lutein, it was between
709.9-1359.5 mg/kg (based on dry matter) depending on the conditions and medium. In the
peat-based medium, the lutein content of ’Robusta kénsarga’ (TAG2) was double in the field
(321.6 mg/kg) than in the greenhouse (161.4 mg/kg). The highest lutein concentration of
’Orion” (TAG?3) variety were measured in the peat-free soil in the field (135.8 mg/kg) and in
the hydroponic systems (121.6 mg/kg) in the greenhouse. Lutein concentration of ’Orion’
(TAG3) were considerably lower than other varieties (Figure 2).

Zeaxanthin content of ‘Csemd’ (TAG1) was also the highest among the varieties, in the field
was similar (approx. 117 mg/kg) in the different soils, followed by the hydroponics and peat-
based soil in the greenhouse (86.1 and 71.1 mg/kg, consequently). In the greenhouse, in case of
different medium, the zeaxanthin content of ’Robusta kénsarga’ (TAG2) and ’Orion’ (TAG3)
was almost similar (15.0-19.4 mg/kg). In the field, zeaxanthin concentration of *Orion’ (TAG3)
was much lower than other varieties (Figure 2).
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Figure 2. Lutein and zeaxanthin content (mg/kg, based on dry matter) of flowers of Tagetes
patula Hungarian varieties in different medium and conditions (University of Debrecen, 2021)
Abbreviation: TAG1: Tagetes patula *’Csemd’, TAG2: Tagetes patula 'Robuszta kénsarga’,
TAG3: Tagetes patula *Orion’.

Based on our HPLC measurements and other authors references [2, 6, 8, 9] confirmed that the
varieties, the types of the medium, the climate conditions and the fields may also affect the
lutein and zeaxanthin concentration of Tagetes patula flowers. In our experiments, the highest
lutein concentration was measured in the peat-free soil mixture in the field, in each variety. In
case of peat-based soil mixtures, the measured lutein and zeaxanthin content were considerably
higher in the field than in the greenhouse.

Conclusion
Tagetes patula has important chemical compounds which are considered for chemical and
biological activity and they have a definite useful effect against various diseases. This
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conference paper is the preliminary reports of HPLC measurements of lutein and zeaxanthin
concentration from flowers of Hungarian bred Tagetes patula varieties. The applied HPLC
method has fast, simple and cheap sample preparation.

We will continue this investigation of the Tagetes patula varieties because the growth of these
plants at reduced use of peat and fertilizers is important for the commercial exploitation of these
plant-produced compounds.
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Abstract

For the purpose of improving a country's economy, urbanization, industrialization, and
technical advancement all had detrimental environmental effects. One of the most serious
consequences of the aforementioned phenomenon is air pollution. Various air pollutants
emitted by natural and anthropogenic sources have been found to have negative effects on the
environment and human health after prolonged exposure. Insufficient technologies are used to
reduce air pollution as a result of problems in the industry sector, including high maintenance
costs, machine failure, and expensive technical equipment. Technological innovations like
phytoremediation, which is sustainable and friendly to the environment, are being used to
improve outdoor air quality. Cost efficiency, convenience of in-situ application, eco-friendly
treatment, and the ability to improve the aesthetic value of the nearby environment are
advantages of phytoremediation over other conventional remediation approaches. Numerous
studies in the field of the outdoor air phytoremediation have found highly beneficial results, but
also challenges in applying the suggested method. Plant tolerance to pollutants, environmental
parameters, plant-specific features, composition of air pollutants, uncertainty in plant-microbe
interactions, and plant antagonism have all emerged as a result of the use of plants in outdoor
air pollution remediation. To become a complementary or alternative tool for engineering-based
remediation methods, the remedy process must be optimized with supplementary treatments or
the best combination junction with other methods must be found.

Key words: air pollution, phytoremediation, sustanaible outdoor air pollution remediation
technique

Introduction

Urbanization, industrialization, and technological advancement for the purpose of expanding a
nation's economy all had unfavorable environmental consequences. By 2050, 68 % of the
world's population, up from more than 55 % today, is anticipated to reside in urban areas [1].
The most essential element for live organisms to survive and function, air, is excessively
polluted due to the global urbanization. Although there are some natural sources of air pollution,
such as volcanic eruptions, wind-blown dust, and forest fires, the majority of pollution is caused
by anthropogenic sources such as industrial processes, fossil fuel combustion, waste treatment,
construction, and agricultural activity. Chemical complexes used in pesticides, insecticides,
fungicides, household cleaning materials, fabrics, paints, sofas, and other products, are another
major cause of air pollution [2]. In addition to comprehending how air pollutants are produced,
it is essential to know how they are transported and how they interact with the environment.
Gaseous contaminants have the ability to travel great distances and harm species in areas further
downstream. The production of secondary air contaminants during this trans-boundary transit
also had an impact on the aerosol size distribution [3]. Common pollutants with anthropogenic
origins include particulate matter (PM), carbon monoxide (CO), nitrogen oxides (NOx), volatile
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organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHS), potential toxic
elements (PTEs), sulfur dioxide (SO2), and secondary pollutants like ozone (Oz). However,
natural air pollutants like radon and biogenic volatile organic compounds (BVOCs) are
abundant [2]. People are exposed to approximately 200 different air pollutants in anthropo-
ecosystems, some of which can impact citizens’ life quality and well-being by increasing
respiratory and cardiovascular diseases and mortality. With 400,000 cases per year in Europe,
air pollution has been identified as the single greatest environmental health risk, leading to
approximately 4.2 million premature deaths annually [3]. Climate change is also one of the
consequences of air pollution. The combined effects of air pollution and climate change reduce
future ecosystem productivity and water availability [3]. Anthropogenic emissions should be
eradicated, prevented, or minimized in accordance with regulations. Following the prevention
of pollutant emissions at the source, science-based methods are required to treat existing air
pollutants. As a result, the development of technologies to remove/reduce air pollution has
arisen as a key concern for the worldwide community.

Conventional air pollution remediation techniques

Air pollution abatement strategies must be implemented in order to reduce the air pollution. Air
pollutants are controlled at the source through various policies and laws that require polluters
to reduce their emissions. To reduce the impact of air pollution, emission control systems and
air remediation technologies such as incineration, filtration, adsorption, photocatalysis,
ozonation, ionization, electromagnetic precipitation, and wet scrubbers are used [3]. Nature-
based solutions are becoming more popular means of reducing air pollution (NBS). NBS for
dealing with atmospheric pollution allude to plants ability to absorb and catabolize practically
any of airborne contaminants, as well as efficient pollutant deposition onto vegetation rather
than artificial surfaces [1]. Furthermore, new environmentally friendly and sustainable
technologies, such as phytoremediation, are being implemented. The benefits of
phytoremediation over other conventional remediation technologies include cost effectiveness,
ease of in-situ use, eco-friendly treatment, and the ability to raise the aesthetic value of the
immediate environment. Additionally, phytoremediation can be used to long-term remediation
of a wide spectrum of environmental contaminants.

Phytoremediation: sustanaible air pollution remediation technique

Phytoremediation is a relatively recent approach based on engineered application of plant
species for the elimination of hazardous compounds through processes such as separation,
accumulation, and stabilization [4,5,6,7]. The applied plant species root system and the
absorption process that takes place there play a key part in the phytoremediation procedure.
Polluting substances and water are separated from the treated matrix via absorption, after which
the degradation process begins. Water movement through the plant is encouraged by
evapotranspiration, which occurs above ground. Microbes inhabit plant roots (rhizosphere) and
shoots or above-ground organs (phyllosphere) as heterotrophs. Microbes can help plants
withstand abiotic and biotic challenges by absorbing nutrients and water and creating plant
hormones, inhibitory allelochemicals, and siderophores [3]. Phytoremediation is a process that
includes seven approaches: phytoextraction, phytovolatilization, phytodegradation,
phytostabilization, rhizodegradation, rhizofiltration, and hydraulic control [3]. The surface of
leaves and stems is known to adsorb considerable amounts of contaminants in the case of air
pollution. Phyllosphere microbiome, which inhabit these surfaces, may therefore be of
paramount relevance. Because some of the absorbed pollution makes its way into the plant, leaf
endophytes are of a particular importance. By degrading, transforming, or sequestering
contaminants, these phyllospheric and endophytic microbiome can detoxify a portion of
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contaminants. Rainfall also results in pollutants pouring down to the soil just beneath the plant,
where they come into touch with the soil, the rhizosphere, and the roots of the plant [3].

Using phytoremediation to improve outdoor air quality
An overview of phytoremediation for improving outdoor air quality is provided in Table 2.

Table 2. Enhancing outdoor air quality with phytoremediation

Location Pollutants Observations/Suggested Measures References
In 2015, shrubs and trees removed 238.4 t of
O3, SOy, air contaminants, and an increase of the
Tabriz, Iran NO., CO, elimination up to 814.46 t over the next 20 [8]
PM2s years is expected if appropriate, feasible
urban forest management is performed.
Among vines, shrubs, and coniferous trees,
Parthenocissus quiquefolia and Betula
North . )
. pendula “Youngii’ accumulated the highest
Katowice, PM . . [9]
Poland amounts of PM in their wax. The
accumulated PM contained carbon, oxygen,
silicon, iron, and heavy metals.
Fifteen . -
. The leaf traits were not the specific factor to
different . e g
urbanized determme_the de_posmon capacities of plants.
X PM Among investigated plants, N. glabra, C. [10]
areas in ;
Sydney comosum variegatum, P. Xanadu, and S.
yaney, wallisii entrapped the most amount of PM.
Australia
Wedelia trilobata and Syzigium olein are
grown on the main roads and exposed to
Surabaya SR .
heavy metals. Wedelia trilobata, having
town, Lead (Pb) . [11]
. wider leaves, absorbed more heavy metals
Indonesia _ . .
than Syzigium oleina showing a smaller leaf
surface area.
Compared to broadleaved plant species,
Beijing needle-leaved coniferous species
Forestry PM accumulated higher amounts of PMa2s. The [12]
University, 25 PM2.s removal capacity of broadleaved
Beijing, China species was correlated to the number of
grooves and trichomes.
Leaves with a lower area, hydrophilic traits,
Hanoi and a high abaxial stomatal density
Vietnar'n PM entrapped more PM; accordingly, Muntingia [13]
calabura showed the highest PM removal
capacity among 49 screened plant species.
Hebe albicans Cockayne, Hebe x youngii
Birmingham Metcalf, Buxus sempervirens L., and Thymus
New Street PM:. PM vulgaris L., which have small leaves,
railway, Fl;M 25 | revealed the highest PM removal capacity. [14]
United 10 Leaves with adaxial surfaces showed higher
Kingdom PM densities compared to those with abaxial
surfaces.
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Platanus acerifolia and Magnolia
grandiflora showed the highest PM removal
among deciduous and evergreen trees,
respectively. PM entrap capacity depends not

Kunming City, only on the leaf characteristics, but also on
Southwest PM the pollution grade; Loropetalum chinense, [15]
China Osmanthus fragrans, and Cinnamomum

japonicum exhibited significant
accumulation of PM in traffic and university
campus areas, whereas showing moderate
removal efficacy in an industrial area.
Based on APTI, plants showing the highest
APTI, Agave americana, Anacardium

Air . o .
Trivandrum Pollution ocudt_e_ntale, C'aSS|a'f|s§uIa, Cassia
City, Kerala Tolerance roxburghii, Mangifera indica, and Saraca [16]
I’n dia ' Indices asoca, were sugg_ested fo_r near areas
(APTI) presenting heavy vehicular air pollution, and

plants showing the next highest APTI for
greenbelts.

Conclusion

Controlling air pollution is far more difficult than controlling soil and water pollution, and new
inventive ideas and approaches are necessary to meet this requirement. Nevertheless, air quality
can be enhanced by phytoremediation, which incorporates plants and their microbiomes.
Because of its substantial advantages, such as being eco-friendly, cost-effective, and having
publically applicable procedures, phytoremediation is an emerging prospective tool for
improving in-situ air conditions. Phytoremediation has been shown to reduce the effects of
numerous air pollutants and to cause minimum environmental disruption in treatment areas, but
the removal efficacy of phytoremediation is still being studied. Because of the use of plants in
outdoor air pollution remediation, the following issues have emerged: plant tolerance to
pollutants, environmental parameters (wind, precipitation, temperature, pH, solar intensity,
water availability), plant-specific features (surface roughness, thickness, ultrastructure,
pubescence, wax content, leaf size, and structure), composition of air pollutants, uncertainty in
plant-microbe interactions, and plant antagonism. These characteristics provide obstacles in
phytoremediation methods and should be taken into account when developing an effective
phytoremediation approach for outdoor air pollution. The techniques applicability in highly
polluted air has not been clearly demonstrated. Optimizing the remedy process with
supplementary treatments or finding the best combination junction with other methods is
required to become a complementary or alternative tool for engineering-based remediation
methods.
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Abstract

Stability of metal complexes may be affected by various factors like nature of central metal ion
and ligand, chelating effect, etc. Some parameters like distribution coefficients, conductance,
refractive index, etc. are useful for the determination of stability constants. VVarious modern
techniques are used to determine the stability constant of simple as well as mixed ligand
compounds. The stability constant is one of the crucial physicochemical parameters, necessary
for the correct interpretation of the complex and determination of the metal-ligand reaction
properties.

Stability constants of some binucler mixed ligand Co(ll) and Cu(ll) complexes with
macrocycle tpmc = N,N',N",N"'-tetrakis(2-pyridylmethyl)- 1,4,8,11-tetraazacyclotetradecane
and different co-ligands are compared. The stoichiometric ratio of the compounds was
determined spectrophotometrically at 20 © using Job’s methods of continuous variation for
Cu(I1) complexes and Job’s method of continuous variation and Rose-Drago method for Co(ll)
complexes [1-4]. The values of stability constants K and Gibbs free energy AG were calculated
and compared.

The values logK are in the range of 2.76 — 4.80 obtained for Cu(ll) complexes with tpmc,

[Cu2(X)tpmc](ClO4)3-nH20 with bridging anions X= F, CI, Br, I , NO2 [5] and
[Cuz(gly)tpmc](ClO4)4-2H20/ CH3CN with glycine/alanine. For Co(ll) tpmc mixed ligand
complexes of formulas, [Coz(L)tpmc](ClOs)2, L = benzoate anion, phthalate dianion,
isophthalate dianion and terephthalate dianion values logK are in the range 5.25-5.37. It can be
concluded that copper (1) complexes with halogenous and monocarboxylic ligands are less
stable than cobalt(11) complexes with aromatic dicarboxylic co-ligands. Negative values for AG
mean that the formation of Cu(ll) and Co(ll) complexes is energetically favourable and that the
reactions proceed spontaneously.
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Abstract

The specific phospholipid fatty acid (PLFA) composition of the microbial biomass of
calcareous chernozem and humic sandy soils was determined using a gas chromatograph with
flame ionization detector (FID) and MIDI-Inc. complex data analysis software. The total PLFA
extracted from the soil characterizes the microbial biomass, and the quality of PLFAs can be
used to determine the presence and dynamics of specific taxon groups.

The objective of our work was to select, modify and develop the most suitable method
for the parameters of our measurement system from the several sample preparation methods
recommended in the literature for the measurement of soil microbial communities based on
PLFA determination.

The modified sample preparation method was used to compare the phospholipid fatty acid
profiles of calcareous chernozem soil (Debrecen-Latokép) and humic sandy soil (Debrecen-
Pallag) from pot experiments with significantly different properties. The calcareous chernozem
soil had a higher and more diverse PLFA content. The total PLFA on chernozem was 23.16
nmol/g, in sandy soil was one third lower, 7.23 nmol/g, suggesting a higher living microbial
biomass in chernozem soil.

Bacterial biomass was higher than fungal biomass in both soil types. The biomass of
Gram-negative bacteria slightly exceeded that of Gram-positive bacteria on chernozem and
significantly exceeded that of Gram-positive bacteria on the sand. In addition, we also analysed
how significantly different water supply, ideal supply and drought stress modify the PLFA
composition of the microbial community of calcareous chernozem.

Our results demonstrated that drought stress reduced the total PLFA from 23.16 nmol/g
to 16.49 nmol/g. Drought stress reduced the PLFA biomarker of mycorrhizal fungi by about
half. The biomass of Gram-negative and Gram-positive bacteria were also reduced, but their
proportions were not affected by different water supplies. The fungi/bacteria ratio decreased
slightly in the drought-stressed environment. Under drought stress, the ratio of saturated to
monounsaturated PLFA fatty acids, which can be sensitive to environmental stress as a stress
factor, increased compared to the value in the ideal water supply model.

In conclusion, our results showed that the chernozem soil had more types and higher
amount of extractable phospholipid fatty acids, which allowed to estimate a higher living
microbial biomass in this soil type than in sand. The mass of living microbial biomass present
in calcareous chernozem soil was significantly reduced under drought stress.
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Abstract

A series of three silsesquioxanes (containing either the original organic function (SH)
(silsesquioxane 2, SH_SS), a derivatized one (NH3Cl) (silsesquioxane 1, A_SS) or completely
chloro derivative (silsesquioxane 3, Cl_SS)) were obtained by acid hydrolysis of the three
organo-trialkoxysilane (3-aminopropyltriethoxysilane, 3-mercaptopropyltrimethoxysilane and
3-cyanopropyltriethoxysilane). The biological compatibility was tested for the three composite
films. The values of water vapors sorption capacities increase in the following order: P_CIl_SS
< P_SH_SS<P_A_SS. Depending on the silsesquioxane type, an increasing of the dielectric
constant value up to 4.5 as compared with the value for the silicone matrix was obtained. The
bactericidal performance in environmental applications of the newly blends with specific
microarchitecture, controlled porosity and higher hydrophobicity, is measured by its ability to
maintain the balance between the biological selectivity and membranes functionalization as
disinfection materials

Introduction

Three different molecular or polymeric well-determined complex structures containing
silsesquioxanes moieties with different functionalities were incorporated into a polymeric
matrix based on a polydimethylsiloxane of low molecular weight. After the incorporation of
the silsesquioxane, the films were investigated by dynamic vapour sorption (DVS) analysis,
stress—strain measurements and dielectric spectroscopy. The presence of the siloxane moiety in
the material ensures good mechanical properties.

Experimental

Antibacterial and fungicidal activities of silsesquioxanes functionalized with ammonium
chloride (1), mercaptopropyl (2), and chloropropyl groups (3) were evaluated by performing
"in vitro™ tests against pure culture of three fungi species (Aspergillus niger, Penicillium
frequentans, Alternaria alternata) and against both Gram-negative (Pseudomonas aeruginosa)
and Gram-positive (Bacillus polymyxa) bacteria.

Results and discussion

Three new membrane materials with three silsesquioxanes: - original organic function (SH)
(silsesquioxane 2, SH_SS), - derivatized one (NHsCl) (silsesquioxane 1, A_SS); - completely
substituted chloro derivative (silsesquioxane 3, Cl_SS). Polymeric matrix consists in low
molecular weight polydimethylsiloxane. After the incorporation of the silsesquioxanes, the
bactericidal performance in environmental applications of new blends with specific
microarchitecture, controlled porosity, and higher hydrophobicity were measured by its ability
to maintain the balance between the biological selectivity and membranes functionalization as
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disinfection materials. The inhibition of the Gram-negative bacteria for the P_SH_SS was more
pronounced than the inhibition for P_CI_SS, P_A_SS and P membranes.

Conclusion

Processing of the functionalized silsesquioxanes led to new materials with high-
performance characteristics designed to be used in a membrane system for wastewater
treatment. Characteristics of materials generated by the structural properties of the polymeric
chains and the history of the films influence the surface morphology indicating that the prepared
membranes could be applied as membranes in wastewater treatment. Filtration properties of the
composite silicone membranes have demonstrated the suitability of these to act as selective
barriers, permitting the free transport of water vapor through the pores. Evaluation of the
applicative potential of these membranes, tested in terms of antimicrobial activity, confirms
their excellent performance as potential candidates in the field of wastewater treatment.
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Abstract

Development of biomass utilization technologies is one of the main area of researches in
nowadays. Many biomass utilization process use enzymatic hydrolysis step. Monitoring of the
efficiency of hydrolysis plays crucial role in the determination of optimum process time and
contributes to achieve lower energy demand and better economy of technologies. Therefore,
development of fast, but reliable and non-destructive measurement methods has high relevance
not just for the science, but also for the practice. Dielectric measurements have great potential
for these purposes, but there are very few experiences related their applicability for detection
of conversion efficiency of enzymatic hydrolysis and fermentation processes. Therefore, our
research has focused on the investigation of the applicability of dielectric measurements at the
frequency range of 200-2400 MHz for the detection of the efficiency of sludge treatment
processes, and monitoring the enzymatic hydrolysis of lignocellulosic biomass. Our results
have shown that the cellulose degradation during the enzymatic hydrolysis of corn cob residue,
and, as well as, the increment of organic matter solubility after different sludge disintegration
methods can be monitored by the measurement of dielectric constant at the frequency range of
200-1000 MHz. The correlation between the indicators of biomass hydrolysis processes and
dielectric parameters enables to develop on-line and real-time monitoring methods.

Key words: dielectric constant, biomass, sludge, hydrolysis

Introduction

Dielectric properties can widely use to quantify and characterize the electric polarization when
the sample is exposed to electromagnetic field. The polarization ability of the system can be
measured by the complex permittivity. The real part of the complex permittivity (i.e. the
dielectric constant, €”) corresponds to the ability of the medium for energy storage exposed to
electromagnetic radiation; the imaginary part (dielectric loss factor, £”) relates to the energy
dissipation of the medium [1].

The dielectric parameters can be determined by resonant cavity methods, using of parallel plate
capacitors, free space methods, transmission line methods and coaxial techniques, respectively.
Novel developed open-ended coaxial cable probes provide a low-cost and easy implementable
method for the fast determination of dielectric parameters in a wide frequency range, based on
the measurement of reflection coefficient by impedance analyser or vector network analyser
(VNA) [2]. VNA can be used mainly for high frequency measurements (kHz-GHz ranges). In
measurements with open-ended coaxial probes need a direct contact with sample surface. Errors
and uncertainties of dielectric measurement process with an open-ended coaxial probe can be
arisen mainly from the inhomogeneity of samples, probe-sample contact, and/or probe-sample
pressure.

The dielectric parameters of the medium influence the reflection coefficient (given as I" or S11
parameter) of an open-ended probe that is attached to sample surface. Therefore, for example,
air-gap between the surface of material under test (MUT) with high roughness and the dielectric
probe decreases the reliability of the measurements. Dielectric parameters can use for modelling
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and optimization of microwave heat treatments, determine the moisture content of biomaterials,
detect the presence of specific compounds in different multicomponent system, or monitoring
of chemical and biochemical reactions, as well [3, 4].

The frequency of dielectric measurements depends on the system/material. Degradation of high
voltage transformer oils can be monitored with complex dielectric permittivity measurements
in frequencies between 100 MHz and 3 GHz [5]. For determination of the dielectric behaviour
of biological tissues a lower frequency range (17 MHz to 2 GHz) can be applied [6].
Measurements of dielectric properties and behaviour with open-ended coaxial probes have
lower accuracy if the measuring frequency is below 200 MHz and the dielectric constant and
loss factor of MUT has low in magnitude. High temperature in high water contented system
(suspension, solution) can led to forming of vapour bubbles on the surface of the probe that
disturb the reflection of electromagnetic waves [7].

Dielectric measurements have several advantages over the conventional analytical and material
testing methods, such as its non-destructive, non-invasive characteristics, no need for
chemicals, and easy sample preparation [8]. Furthermore, by using reflection-based methods in
vivo and in vitro measurements can be carried out in biological systems and samples,
respectively. Accurate knowledge of dielectric parameters of biological tissues has great
importance in medical diagnostic and electromagnetic medical (therapeutic) technologies for
dosimetry calculations, as well [9].

Dielectric constant at 2450 MHz is suitable to predict the molecular weight of macromolecules
produced in caprolactone polymerisation, furthermore, the dielectric parameters measured on-
line show good correlation with the progress of the ring opening of caprolactone monomer [10].
At higher frequencies, the inflection point of dielectric constant and the peak value of dielectric
loss correlates well with the change of dipolar relaxation time. Asymptotic value of dielectric
constant indicates the end of cross-linking process [11].

In solids, water content and water activity determines mainly the dielectric behaviour. Dielectric
constant increases with the increasing of water content and water activity at the microwave
frequency of 915 MHz and 2450 MHz. This general tendency enables to use dielectric
measurement for estimation the change of moisture content of food, for example [12].

The dielectric measurement have great potential for monitoring of chemical and biological
processes, but there is a gap in the knowledge related its practical applicability. Therefore, our
main aim was to investigate the applicability of dielectric constant for monitoring of the
progress and efficiency of enzymatic hydrolysis of lignocellulosic biomass and preliminary
hydrolysis of food industry wastewater sludge, respectively.

Experimental

For the lignocellulosic enzymatic hydrolysis tests 5 m/m% suspension (based on dry matter
content) made from the grit fraction of corn cob residues (COBEX GM20) was used. This
fraction has an average particle size of 780 + 90 um, and the cellulose/hemicellulose/lignin
percentage ratio of 47.1/37.3/6.8%.

Cellic CTEC2 (Novozymes) enzyme blend was used in a dosage of 120 FPU/gom for the
enzymatic hydrolysis tests carried out at the temperature of 50°C and pH of 5.2. Reducing
sugars were measured by DNSA spectrophotometric method.

To increase the organic matters solubility of meat industry wastewater sludge alkaline (pH=12)
and microwave pre-treatment and their combination were used. The specific energy intensity
of microwave treatment (J/g) was calculated from the power of magnetron (operating at
frequency of 2450 MHz), the exposure time, and the weight of the irradiated sample.

The solubility of organic matters was characterized by the ratio of soluble to total chemical
oxygen demand (SCOD/TCOD). The chemical oxygen demand was measured by colorimetric

87




28th International Symposium on Analytical and Environmental Problems

method (Hanna, COD cuvet test, after 2 hours thermodigestion at 180 °C ), for separation of
soluble fraction of organic matters filtration with 0.45 um pore sized syringe filter was used
after centrifugation (10 min, RCF=5500).

Dielectric constant (¢”) was measured with an open-ended coaxial-line probe (SPEAG DAK
3.5), connected to a vector network analyser (ZVL-3 VNA, Rhode&Schwarz) at the frequency
range of 200-2400 MHz. Immersion depth of dielectric probe was 10 mm; the temperature of

the samples was controlled at 25°C during the dielectric measurements by thermostatic water
bath.

Results and discussion

At the first stage of our experiments, the dielectric behaviour of meat processing sludge exposed
to different pre-treatments was determined. The organic matter solubility (given as
SCOD/TCOD) of the raw sludge was 0.23+0.05 and due to the microwave, alkaline and
combined microwave-alkaline pre-treatment it increased to 0.34+0.08, 0.39+0.11 and
0.48+0.12, respectively. It is verified, that microwave and alkaline pre-treatments are capable
to increase the organic matter solubility of sludge [13]. The dielectric behaviour of sludge has
been changed after pre-treatments. Compared to the raw sludge (Control) the dielectric constant
of treated sludge decreased in the frequency range of 200-1000 MHz (Figure 1).

—o—Control ——Alk pHI2 ——MW 450 J/g —=—MW450J/g+pH12

Dielectric constant (g")

69 T T T T T T

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Frequency (MHz)

Figure 1. Dielectric constant meat industry wastewater sludge treated by alkaline (alk),
microwave (MW) and with coupled method (MW-+pH12) (t=25°C)

Alkaline and microwave treatment, and their combination disintegrate the sludge particles;
increase the solubility of organic matter and the higher molecular weight compounds degraded
partially to smaller molecules. These physicochemical changes can alter the polarisation ability
of the medium which is indicated by the change of dielectric constant. At higher frequencies,
there can not be found unambiguous correlation between the type and efficiency of different
treatment methods and the change of dielectric constant.

During the enzymatic hydrolysis of corn-cob residue (COBEX GM) the reducing sugar yield
increased to 15+1.3 mgrs/gom,(1.day), 53+3.6 mgrs/gpm (3.day), 114+7.8 mgrs/gom (5.day),
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and 133+6.9 mgrs/gom (7.day), respectively. The frequency depending dielectric constant was
also investigated for the enzymatically hydrolysed lignocellulosic biomass samples at the
different hydrolysis stages. The results show that the dielectric constant decreased with the
cellulose degradation in the enzymatic hydrolysis process (Figure 2).

—=—Control ——1.day 3.day —e—5.day ——7.day

Dielectric constant(g")

75

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Frequency (MHz)

Figure 2. Dielectric constant of enzymatically hydrolysed lignocellulosic biomass (COBEX)
measured at different hydrolysis time (t=25°C)

The higher difference in dielectric constant measured at different time of enzymatic hydrolysis
process was found at lower frequencies (200-1000 MHz). Higher the frequency of dielectric
constant lower the sensitivity of measurement for detection of cellulose degradation. At higher
frequencies (1900-2400 MHz) there was any significant difference in dielectric constant of
samples enzymatically hydrolysed for 5 days and 7 days (despite of the different reducing sugar
yields), for example. These results verified, that the lower molecular weight compounds,
produced in enzymatic cellulose degradation process, can be polarized easier in the electric
field [14], therefore the dielectric constant has decreasing tendency during the hydrolysis.

Conclusion

The main aim of our research was to examine the applicability of dielectric measurements for
monitoring of lignocellulosic biomass hydrolysis, and detection of the efficiency of sludge
disintegration methods. For the investigation of the change of dielectric behaviour of corn cob
residue contented suspension during enzymatic hydrolysis, and sludge exposed to microwave
and alkaline treatments, an open-ended coaxial probe was used. Our results verified, that with
the measurement of dielectric constant at frequencies of 200-1000 MHz the cellulose
degradation degree and sludge disintegration efficiency can be monitored, as well. The change
of dielectric behaviour has a good correlation with the standardized analytical parameters, used
for the estimation of the efficiency of biomass hydrolysis.
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Abstract

Tests were conducted in the vineyards of Erdut winery (Croatia) during 2021. Riesling Italian
Is a very heterogeneous variety. Clonal selection was started in 1975, and in 1991 it resulted in
the discovery and recognition of three clones at the Institute of Viticulture in Sremski Karlovci.
The planting density is 2.8 x 1m, the cultivation form is a one-armed guillotine with a load of
5.1 meshes/m2, where one arm with eight meshes and a condir with two meshes are left. The
grape yield was determined by measuring the total amount of grapes by variety and expressed
in kg/m2. The content of sugar (%) and acid (g/l) was determined using an Excel Schwolder,
and by titration with NaOH with the help of bromothymol blue. Grape yield for clone SK-13 is
1.39 kg/m2, SK-54 is 1.51 kg/m2, SK-61 is 1.56 kg/m2, and the average is 1.49 kg/m2. The
average sugar content in grapes for all three clones is 19.53%. The average content of acids in
grapes for all three clones is 5.4g/l. The quality of the grapes, expressed through the content of
sugar and acids in the grapes, shows that the achieved results are also satisfactory at the level
of the Italian Riesling variety. Differences in quality favor clones SK-13 and SK-54. Given that
climatic conditions significantly affect the cultivation of vines, it is necessary to continue
monitoring these results over several years and different climatic conditions to ensure the
results.
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Abstract

Mushrooms have been increasingly recognized to be a rich source of bioactive compounds and
essential nutrients, including vitamins, minerals, fibres, proteins and nutraceuticals, whereas
having low levels of cholesterol, calories, fat and sodium. Additionally, the production of
mushrooms is sustainable compared with other protein products of both animal and plant origin,
thus having less deleterious effects on the ecosystem. On the other hand, excessive consumption
of sodium is a major risk factor for cardiovascular diseases, diabetes, kidney disease and also
hypertension. In this research, the effects of mushroom (Pleurotus ostreatus) powder addition
and salt reduction on some quality characteristics of sausages were investigated. Emulsion
stability, color, texture profile and salt content of sausage samples were evaluated. Fresh
mushrooms were dried in a tray dryer and then ground to mushroom powder using a hammer
mill. Six sample groups with various levels of mushroom powder and NaCl were produced as
OMH:0% mushroom powder and 2.5% NaCl; 3MH:3% mushroom powder and 2.5% NacCl,
5MH:5% mushroom powder and 2.5% NaCl; OML:0% mushroom powder and 1.25% NacCl,;
3ML:3% mushroom powder and 1.25% NaCl; 5ML:5% mushroom powder and 1.25% NaCl.
The lowest emulsion stability values were observed in the OML sample group with low NaCl
content and no mushroom powder (P<0.05). No significant difference was determined in the
external surface L*, a*, b* and internal surface b*, a* values of the samples (p>0,05), however
internal surface L* value of OMH was found to be higher than the 3MH, 5MH and 5ML
(p<0,05). 5MH and 5ML samples had the lowest values in terms of hardness, cohesiveness,
gumminess, chewiness and resilience while OMH samples had the highest. Mushroom powder
addition did not cause any difference on the salt contents of the samples (p>0,05) and the salt
content results were consistent with the NaCl added to the sausage formulations. According to
these results, mushroom powder and salt improved emulsion stability. However, mushroom
powder addition adversely affected the texture and caused a darker color in the inside surface
of the sausages.

Keywords: mushroom, sausage, salt, Pleurotus ostreatus
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Abstract

We report the preparation of porous zinc indium sulfide (ZIS) with high ability to adsorb
organic dyes such as methyl orange (MO). The influence of reaction temperature and zinc
concentration on the morpho-structural characteristics of ZIS were investigated.

Introduction

Purifying waste-waters of hazardous chemicals through various alternative methods, such as
heterogeneous photocatalysis or adsorption, is of a real interest [1]. Chalcogenides occupy a
prominent place in the study of nanomaterials with applications in photocatalysis [2].

Experimental

ZIS was synthetized using microwave (MW) and oil bath (OB) precipitation at 160°C and
180°C with different Zn:In ratio. The crystal phase, optical property, chemical composition and
morphology of ZIS were determined by XRD, PL, UV-Vis, ICP-OES, SEM, and BET.

Results and discussion

Morphology and porosity of ZIS influences the adsorption ability. OB samples consist of
globular aggregates which changes to nano-petals or hollow globules as the zinc amount
increases. Rounded spongy aggregates were obtained by MW. Samples prepared with zinc
excess exhibit different adsorption behavior due to complexation process in the first 5 minutes.

Conclusion

After the adsorption-desorption equilibrium, the MO adsorption vary between 35.5% - 68.6%
depending on the synthesis conditions. OB samples present a higher ability for MO adsorption
than MW samples due to morphology differences.
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Abstract

Cyclodextrins are a-1,4-linked cyclic oligosaccharides with a three-dimensional shape like a
truncated cone acting as “host” for bioactive molecules, with the complete or partial inclusion
in their cavity [1]. Due to their particular structures, cyclodextrins can encapsulate guest
molecules leading to the formation of inclusion complexes [2]. Cyclodextrins are used as
complexing agents to improve the solubility, stability and bioavailability of the bioactive
molecules [3]. In addition, many bioactive compounds such as salicin are astringent or present
an unpleasant flavour and encapsulation in cyclodextrins could effectively reduce or suppress
these deficiencies. Salicin is a white bitter-tasting powder and was first obtained in pure
crystalline form in 1829 from willow bark and was then used for the treatment of rheumatism.
Salicin is the metabolic precursor of salicylic acid and has a similar action in the human body
[4].

In this paper, salicin/a-cyclodextrin and salicin/y-cyclodextrin inclusion complexes in a molar
ratio of 1:1 were prepared by wet trituration and characterized by Fourier transform infrared
spectroscopy (FT-IR), Raman spectroscopy, scanning electron microscopy (SEM), X-ray
diffraction (XRD), and UV-Vis-NIR spectroscopy. The obtained results were compared with
those corresponding to the host components (a- and y-cyclodextrin), the guest (salicin) and their
physical mixture in order to demonstrate the formation of the inclusion complexes.

Acknowledgements

This work is part of the project PN 19 22 03 01 / 2019 “Supramolecular inclusion complexes
of some natural and synthetic compounds with applications in health”, carried out under
NUCLEU Program funded by the Romanian Ministry of Research, Innovation and Digitization.

References

[1] V. Suvarna, B. Bore, C. Bhawar, R. Mallya. Biomed. Pharmacother. 149 (2022), 112862.
[2] A. Cid-Samamed, J. Rakmai, J.C. Mejuto, J. Simal-Gandara. Food Chem. 384 (2022),
132467.

[3] E. Pinho, M. Grootveld, G. Soares, M. Henriques. Carbohydr. Polym. 101 (2014), 121-135.
[4] J.G. Mahdi. J. Saudi Chem. Soc. 14 (2010), 317-322.

94



28th International Symposium on Analytical and Environmental Problems

INFLUENCE OF ORAL ACIDITY AND TEMPERATURE BEHAVIOR OF
VARIOUS ORTHODONTIC WIRES IN ARTIFICIAL SALIVA

COSTEA Liviu-Virgil', DAN Mircea Laurentiu'”, DIMA George-Daniel', POROJAN
Liliana?

Faculty of Industrial Chemistry and Environmental Engineering, "Politechnica” University
Timisoara, Romania
2Department of Dental Prostheses Technology, University of Medicine and Pharmcy V.
Babes, Timisoara, Romania
e-mail: mircea.dan@upt.ro

Abstract

The sophisticated and highly variable, in terms of pH, electrolyte availability and temperature
environment of the oral cavity can cause various biomaterials used in oral medicine to release
metal ions due to corrosion phenomena. Thus, materials used in dental applications must be
biocompatible and offer a solid resistance towards corrosive leakage over a wide range of pH
and temperature values.

The present study aims to assess the corrosion resistance of chromium - nickel as
compared to chromium - manganese commercially available orthodontic wires in artificial
saliva. The two investigated wire samples have been studied by means of various
electrochemical techniques like cyclic voltammetry (CV), electrochemical impedance
spectroscopy (EIS), linear polarization (LV), as well as by employing chronoelectrochemical
studies (chronoamperometry - CA and chronopotentiometry - CP). The afore mentioned
procedures have been successfully applied in the investigation of various corrosion processes
involving dental alloys. We used Fusayama artificial saliva solution as corrosive electrolyte
during the electrochemical tests. While the solution pH varied in discrete steps between 3.5 and
7.5, the temperature was also modified between 27 and 47 °C for each pH value, to most closely
simulate real-life conditions of metal-electrolyte contact. Sample analysis by scanning electron
microscopy (SEM) before and after each corrosion test has been performed in order to inspect
potential modifications of the surface morphologies. Allergen and nickel free Cr-Mn
biomaterials, exhibited good corrosion resistance, representing a good alternative to the widely
used Cr-Ni alloy based orthodontic wires.

Keywords: Cr-Ni, Cr-Mn orthodontic wires; corrosion resistance; electrochemical
behaviour; biomaterials.
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In drinking water treatment, chlorination processes, based on the HOCI or CIO>
addition, are used for disinfection. The combination of chlorination with appropriate UV
radiation is an effective radical generation process. Recently, the UV/chlorine process has been
investigated as an alternative to UV/H,O, for water treatment [1,2]. To ensure the applicability
of UV-based processes, it is essential to opt for radiation sources that are effective and
affordable. With the growing availability of light-emitting diodes (LED) and their favorable
features, the application of LEDs for water treatment is proposed. The use of LED lights in
UV/CIO; processes permits the selection of wavelengths close to the absorption maximum of
ClO (359 nm, 1230 Mt cm™), which can initiate its decomposition into reactive radicals, such
as oxygen and chlorine radicals. The radical oxygen leads to hydroxyl radical ("OH) formation
in aqueous media, and the UV/CIO: process can degrade organic compounds using reactive
oxygen species (ROS) and chlorine radicals:

ClO2 + hv — ClO*+ O+
ClO2+ hv— Cle+ 0+ + O
ClO* + hv — Cl* + O-

In this work LED light sources were used, which emit 367 nm UV light; the emission
wavelength is close to the absorption maxima of ClO2 [2]. Aqueous solutions of two medicinal
substances trimethoprim (TRIM) and 5-fluorouracil (5-FU) were treated with the LED-
UV/CIO2 method. Trimethoprim has been used in various bacterial diseases, and many studies
reported its hard biodegradability and presence in wastewater, surface water, and even in
drinking water [3]. 5-FU is one of the most frequently used chemotherapeutic agents detected
in hospital wastewater at a concentration of 10-100 ug L1[4].

During the experiments, the effect of light intensity, ClO> dosage, and pH was
investigated. The biologically purified domestic wastewater was used as a matrix to test the
effectiveness of the method under real conditions. The effect of HCOs™ was also studied. After
treatment, the AOX and TOC content of the samples were determined and compared to study
the mineralization efficiency and the role and importance of *Cl in the transformation of target
substances.
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Abstract

The purpose of this paper is to determine the concentration of some essential macro and micro
elements, from tropical fruits and the role that these minerals play in health benefits. The
concentrations of Ca, Mg, Fe, Mn, Zn and Cu in bananas, grape fruits, kiwi, lemons, mandarins,
oranges, pineapples and pomelo sold in Timisoara markets were determined by flame atomic
absorption spectrometry method. The obtained results show that the distribution of the essential
mineral elements in the analyzed fruits presents non-uniformity, depending on the fruit species
and the nature of the analyzed element. The best represented among the analyzed elements are
Ca and Mg (59.1-358 mg/kg Ca, respectively 92-287 mg/kg Mg). Fe, Zn, Cu and Mn were
determined in much lower concentrations (1.12-3.26 mg/kg, 0.75-1.53 mg/kg, 0.45-1.21 mg/kg
respectively 0.34-7.12 mg/kg), but sufficient considering the requirement of these essential
microelements in the human body. However, it can be stated that the studied tropical fruits
contain important amounts, especially of calcium and magnesium, but also appreciable amounts
of essential microelements: Fe, Zn, Cu and Mn.

Introduction

Tropical fruits, originating from tropical and subtropical areas are particularly appreciated not
only due to their organoleptic characteristics including their exclusive taste, sensory properties,
and mouthfeel, but due to their particularly high nutritional values, a fact for which they are
recommended for curative purposes, being considered as medicinal food [1,2]. Fruits have a
significant contribution in human health and nutrition being a natural source, full of precious
nutritional constituents. They contain vitamins, fatty acids, dietary fiber and essentials minerals
available in various quantities and qualities. The beneficial effects of these fruits are due to the
main constituents, which include the mineral substances in the form of essential macro and
micro elements [5].Among the most important minerals available in fruits are calcium,
potassium, iron, phosphorus, magnesium, zinc. Due to the curative effects in a range of acute
and chronic diseases, the exotic fruit diet is used in modern medicine. It is recommended,
prophylactic and curative, as an adjuvant, when the body accumulates significant amounts of
acids; which has repercussions such as diabetes, aging, gout, and so on [1,4]. Consumption of
the fruit with pulp is prescribed in the treatment and prevention of cardiovascular diseases, liver
diseases, etc., that provides a high percentage of vitamins and minerals in the daily dose [5]. In
South Africa, the banana is the main food, basic for about 50% of the population and the most
popular fruit in industrialized countries [6]. Pineapple is a perennial herbaceous plant of the
Bromeliaceae family with the botanical name AnanasSativus or Bromelia pineapple, originates
in the tropical regions of America and the Far East [3].
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The specialized literature includes numerous references regarding the beneficial effects of
consuming exotic fruits obtained in tropical and subtropical areas, as well as the techniques for
analyzing some mineral elements from such vegetable products.

Experimental

The paper presents data related to the distribution of some mineral elements in different
imported tropical fruits, also known as exotic fruits. In order to achieve the proposed objective,
exotic fruit were purchased from different local markets in Timisoara (banana fruit, grape fruits,
kiwi, lemons, mandarins, oranges, pineapples and pomelo). To perform the experiment, three
fruit samples were prepared for analysis, corresponding to each variety of fruit under study.
The determination of the mineral elements in the analyzed fruits required two steps:
mineralization, by calcination, followed by the solubilization of the inorganic matter in 0.5 M
HNOs and the spectrophotometric determination of the absorbances of the essential elements.
The device used for this purpose was atomic absorption spectrophotometer in air flame -
acetylene, brand Varian AA 240 FS, a laboratory water bath and a thermal regulation electric
stove. Also, the Reagents used are Nitric acid Merck, 65% (p = 1.39 g/cm3) to prepare the nitric
acid solution 0.5 N; standard solutions for the analyzed elements: Ca, Mg, Fe, Mn, Zn and Cu,
obtained from the concentrated standard solution Merck Darmstadt - Germany, 1.000g/ml;
For each analysed element were prepared six sets of standard solutions to cover the
concentration range of each element analysed; distilled water. The working parameters of the
apparatus — wave length, air and acetylene pressure, burner height, etc. — were selected in
accordance with the recommendations of the Varian AA 240 FS. Simultaneously with the
measurement of the absorbance of analyzed samples, the absorbance of the working standards
solutions were determined in the same working conditions.

Results and discussion
The experimental results obtained in the analysis of the essential mineral elements, average
values, are presented in tables 1.

Table 1. The concentration (mean values) of some essential element from exotic fruits

Fruits Bioelement, mg/kg

Ca Mg Fe Mn Zn Cu
Banana 59.1 287 1.12 3.22 1.53 1.21
Grapefruit 253 94.4 1.78 0.87 1.12 0.45
Kiwi 358 128 2.92 0.58 1.14 0.68
Lemon 226 92 2.91 0.51 1.26 0.51
Mandarin 224 101 1.98 0.63 0.75 0.52
Orange 306 106 2.38 0.27 1.46 0.55
Pineapple 179 126 2.03 7.12 0.97 1.10
Pomelo 332 165 3.26 0.34 0.87 0.64

From the analysis of the experimental data obtained for the evaluation of some essential macro
and micro elements: shows that the distribution of the essential mineral elements in the analyzed
fruits presents non-uniformity. This depends on the fruit species and the nature of the analyzed
element. The best represented elements are the macro-elements, calcium and magnesium which
has the highest concentration values between 59.1-358 mg/kg Ca, respectively 92-287 mg/kg
Mg. Among microelements, the best represented bioelement was iron (1.12-3.26 mg/kg Fe)
followed - in slightly lower concentrations by Mn, Zn and Cu : (0.27-7.12 mg/kg Mn),

Zn ( 0.75-1.53 mg/kg Zn) and Cu (0.45- 1.21 mg/kg Cu). A ranking of the analyzed
fruits according to their mineral intake is difficult to achieve. Calcium (Ca?*), important
R —————
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macroelement in formation and stability of cell walls, in maintenance of membrane structure
and permeability, activates some enzymes was determined in the highest concentration,
between 59.1ppm - in bananas and 358 ppm - in Kiwi. Higher Ca contents were determined in
Kiwi, pomelo and oranges. Magnesium (Mn?*), an essential macroelement, was determined in
much lower concentrations than calcium, but much higher than iron, zinc, manganese and
copper. Increased magnesium content is recorded in pineapples, bananas and Kiwis. Iron (Fe*,
Fe?"), an essential microelement in plant growth and development, it was determined in the
highest concentration of all the analyzed microelements from all the fruits studied, between
1.12-in bananas and- 3.26 ppm in pomelo. Zinc (Zn?*), essential microelement for plants, this,
participating in the formation of chlorophyll, activates some enzymes, help to maintain the
health of the reproductive and immune systems. Among the analyzed fruits, the richest in Zn
are: bananas— 1.53 ppm, orange — 1.46, lemon — 1.26 and kiwi — 1.14 ppm. Cooper (Cu*, Cu?*)
is an essential microelement for plants which participates in redox processes, photosynthesis it
was determined in low concentrations (between 0.45 — 1.21), but close, with the exception of
pineapple, where it was detected in an amount of 1.10ppm and for banana 1.21ppm.

Conclusion

The obtained results show that the distribution of the essential mineral elements in the analyzed
fruits samples presents non-uniformity, depending on the fruit species and the nature of the
analyzed element. The best represented among the analyzed elements are Ca and Mg (59.1-358
mg/kg Ca, respectively 92-287 mg/kg Mg). Fe, Zn, Cu and Mn were determined in much lower
concentrations (1.12-3.26 mg/kg, 0.75-1.53 mg/kg, 0.45-1.21 mg/kg respectively 0.34-7.12
mg/kg), but sufficient considering the requirement of these essential microelements in the
human body. However, it can be stated that the studied tropical fruits contain important
amounts, especially of calcium and magnesium, but also appreciable amounts of essential
microelements: Fe, Zn, Cu and Mn. This category of fruits is important, as an additional supply
of micro and macro elements, contributing at the same time to the completion of the palette of
bio-elements from local fruits.
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Abstract

Storage impacts the visual and nutritional characteristics of carrots (Daucus carota L.). The
visual changes related to color parameters are interrelated to physiochemical changes,
especially to those that are responsible for color, i.e. carotenoids. With a proper environment,
the long-term storage of carrot is possible with the preservation of valuable nutrients.

In this study, four typical household storage environments are applied for carrot samples
originating from organic and conventional production. The results indicated, that among
temperature, packaging type, and cultivation type, packaging has the highest impact on the
investigated color parameters of carrot homogenates, and, indirectly on carotenoids content.

Introduction

Carrot (Daucus carota L.) is consumed worldwide in significant amounts (Keser et al., 2020)
and is a rich source of carotenoids, which is responsible for the orange color of the root.
Carotenoids are highly unsaturated pigments with strong antioxidant capacity which can reduce
the occurrence of cardiovascular diseases (Xia et al., 2020). Throughout storage, carrot loses
the majority of its water content, thus its firmness decreases, and microorganisms appear on its
surface. These processes lead to changes in surface color which can ruin the attractiveness of
the product. The color change can indicate underlying disadvantageous physiochemical
processes causing decreased nutritional values (Pither, 2003). Therefore, color is a significant
quality indicator for fresh and processed carrots (Simon, 1985) and its observation provide
useful information about the ideal storage technology for consumers.

Experimental

For the experiment, bulk and packaged carrots originating from organic and conventional
production were purchased from supermarkets. All items were pre-washed. Four-four identical
groups of 15 carrots were created from both organic and conventional samples in the laboratory
of the Department of Agroecology and Organic Agriculture, Hungarian University of
Agriculture and Life Sciences on 16 March 2022. For modeling typical household storage
practices, two temperatures (4°C, 12°C) for both bulk and sealable plastic bag storage were
employed. The temperature x packaging X cultivation type combinations resulted in eight
distinct storage technologies (Table 1). The duration of the storage experiment was set to four
weeks.
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Temperature 4°C 12°C
Storage type Bulk Packaged Bulk Packaged
Storage type

; CB4 OB4 CP4 OP4 | CB12 |OBl12| CP12 | OP12
code

Table 1. Details and codes of employed storage technologies for carrot samples. C in codes
refers to conventional, while O refers to organic cultivation origin.

On a weekly basis, three-three carrots were chosen from each storage groups and separated for
instrumental measurements. End parts were removed, and after homogenization with a
Iboratory blender, homogenate color was measured in triplicate with a handheld Konica Minolta
CR-410 colorimeter (Konica Minolta, Japan). CIELab values (L*, a*, b*) were retrieved, which
were used for chroma (C*) and hue (h°) values calculation.

Results and discussion

The L* value change of most carrot samples shows a somewhat similar pattern regardless of
any factor (Figure 1). After a radical decrease in the first week a gradual increase is experienced.
It is visible, that the cutivation system did not influence the change, while the packaging
impacted the L* value changes to the highest extent. Bulk storaged carrots showed higher L*
value decreases in comparison with packaged ones.

60

55

50

L* value

45

40
1 2 3 4 5

Storage time (weeks)

CB12 CB4 CP12 CpP4 0OB12 0oB4 OP12 OP4

Figure 1. L* value changes of carrot samples during storage.

A slight decrease is shown by the a* values of the samples after one week storage, which is
followed by a rise for the second and other weeks. Organic bulk samples show a lower a* value
at the beginning of the experiment; OB12 or OB4 give the lowest values over the whole storage
time in comparison with other samples. Regardless of starting values, bulk stored samples
overperform those stored in plastic bags in terms of a* values throughout the storage time. With
the exception of OB samples, CB, CP, and OP samples show similar trends regardless of
temperature differences over storage. Organic and conventional samples do not divide.
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Figure 2. a* value changes of carrot samples during storage.

The Chroma value changes reflects the L* and a* value changes of carrot samples. OB samples
together with CP samples show the lowest results. In case of bulk stored samples, cultivation
system had an impact, possibly because of the low initial values of organic samples. Storage on
higher temperatures seems to result in lower C* values regardless of cultivation type and
packaging.
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Figure 3. Chroma (C*) value changes of carrot samples during storage.

Higher initial hue values were obtained for OB samples. CB4, CB12, and OB4 samples shows
the greatest decreases among storage types. In general, hue values seems to be stagnating over
the storage period and no outstanding differences can be experienced. Overall, hue values are
not influenced by the variations in temperature, packaging, and cultivation type.
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Figure 4. Hue (h°) value changes of carrot samples during storage.

Conclusion

Among the investigated temperature, packaging and cultivation parameters, packaging seems
to have the highest impact on the investigated color parameters (L*, a*, C*, h°) of carrot
samples. The changes in color is interrelated with certain physiochemical processes, therefore
further instrumental analyses are required to explore correlations of color and phytonutrient
traits.
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Abstract

The most important key of wastewater treatment is the treatment of the wastewater sludge.
Anaerobic fermentation is an effective solution for the treatment. It can lower the organic
content of the sludge while a renewable energy source — biogas — is produced at the same time.
Our research is focused on the applicability of rheological and dielectric measurements to study
if these measurements can monitor the proccess of anaerobic digestion. Moreover, microwave
pre-treatment was used on the wastewater sludge to examine its effect on anaerobic digestion.
Our experimental results represent that the microwave irradiation can intensify the total biogas
yield by 15% during anaerobic fermentation. Furthermore, microwave irradiation was effect on
viscosity, it reduced the viscosity of the fermentation media by 13%. It has been confirmed that
dielectric and rheological measurements are capable of monitoring the anaerobic digestion
because there is a correlation among dielectric parameters, biogas yield and absolute viscosity
of the fermentation media. Changes in the dielectric parameters and absolute viscosity show
similar trends, which can be explained by the connection with biogas production.

Introduction

One of the ecologically dominant problems nowadays is the large amount of waste which is a
result of industrialization and growing population. Wastewaters from various origin also form
a group of wastes and the proper treatment of these wastewaters plays a particularly important
role in terms of the nature and the mankind as well. By subjecting the accumulated wastewaters
to appropriate treatments, it is possible to reduce the use of natural energy sources, such as
petroleum, coal or natural gas which are being depleted. Biologically produced alternatives -
such as biofuels - offer an opportunity to solve this, as the use of biomass means significantly
smaller ecological footprint. [1]

The most essential purposes of thermal treatment techniques are to reduce the moisture content
of the sludge, minimize its microbial risk and improve their fermentability. As an alternative of
tradicional heat transfer methods, the examination of microwave irradiation has become more
and more common in recent decades, due to its fast, selective and efficient heating mechanism
that can enhance several biotechnological and environmental processes. [2]

Anaerobic digestion is a promising and effective method in wastewater sludge treatment, as it
can be used to remove toxic substances, reduce the volume of the sludge and produce biogas.
During anaerobic digestion specific microorganisms transform the organic content of the
substrate into methane (40-65%), carbon-dioxide (30-55%) and other gaseous compounds (0,3-
1%). [3] The production can be divided into three different stages of microbiological activity,
which are built on each other and can not be separated under natural conditions (Figure 1). [4]
In the stage of hydrolysis, complex carbohydrates, lipids and proteins are transformed into
sugars, fatty acids, and amino acids with their help of polymer-decomposing bacteria. In the
next acidification phase the previous various compounds are used by acetogenic bacteria to
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produce organic acids and alcohols, then these
are almost completely modified into acetic acid.
In the last stage, the so-called methanogenesis,
the main component of the biogas — the methane
gas — is produced by methanogenic bacteria. [5]
: , Several key factors affect the successful

i i completion of biogas fermentation, for example

5 5 Time the C:N:P ratio of the substrate, the temperature,
Figure 1. Different phases of biogas total solid concentration, pH, and the
formation in a batch fermenter [7] bioavailability of compounds which are
involved in biochemical transformation. [6] [7].

Dielectric behaviour of normal materials largely depends on their physicochemical structure
and the frequency (f) and strength (E) of the electromagnetic field they are interacting with.
Given the equation

Logarithmic cell count

D—
E_ %

we can see that the absolute permittivity of a material is the ratio of the electric displacement
(D) that was caused by the electric or electromagnetic field E. Polarization however does not
occur instantaneously in these materials; therefore the electric displacement (D) can be
interpreted as a phase shift. Since complex numbers allow to define magnitude and phase in the
same time, the absolute permittivity of a material should be treated as a complex function of
the frequency:

€ = f(ec(w))

As any complex function, complex permittivity can be separated to its real and imaginary part:

ec(w) = &'(w) — i (w)

g’ refers to the dielectric constant which indicates the electric energy storing capability of a
given material, while €’ is the dielectric loss factor. The latter contains the so-called dielectric
loss (due to the rotation and vibration of permanent and induced dipolar molecules) and the
effective conductive loss (due to the ionic displacement of charged particles). These dielectric
properties greatly depend on the physicochemical structure of a given material, and can
significantly change when this structure undergoes any form of transformation — for example,
during a fermentation process. Measuring the dielectric properties of wastewater sludge is non-
destructive, quick, and chemical-free method. Taking the change of dielectric properties as a
basis, then changes taking place during the fermentation process can be monitored. Another
potential method to analyse the efficiency of anaerobic digestion is to measure changes in
dynamic viscosity. A number of biochemical reactions take place in the various phases of the
anaerobic digestion, therefore changes in absolute viscosity of the fermentation media are
expected to occur.

Experimental

For the anaerobic digestion experiments, we used wastewater sludge originated from a local
meat processing plant as raw material in a volume of 90 cm?® with 10 cm® of inoculum seed
sludge added to guarantee the proper microbiological environment. Anaerobic fermentation
was carried out under thermostatic conditions at a temperature of 38 °C. The samples were
incubated in 250 cm?, continuously stirred laboratory glass reactors, sealed by PTFE septum.
Measurements were taken every second day. On top of the reactors WTW Oxi-Top IDS/B
automatic manometric measuring heads were put, which could indicate the amount of biogas
production by monitoring the absolute gas pressure during the digestion. To observe the
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changes in the dielectric constant (¢’) and the dielectric loss factor (¢”) a DAK 3.5 (Speag,
Switzerland) dielectric probe connected to a ZVL-3 (Rhode&Schwarz, Germany) VNA was
used, which enables testing in the range of 200 to 2400 MHz. To derermine the absolute
viscosity of the fermentation liquid, RP1 rotary viscosimeter at a speed of 200 rpm was used,
which provides examination in the range of 20-13-10° mPas.

Microwave treatment was carried out in a Labotron 500 laboratory batch microwave equipment,
which generates electromagnetic waves at the frequency of 2.45 GHz. The treatments were
carried out at the power level of 250W and the radiation time of 720 seconds and 30-30 seconds
on/off cycle to achieve better temperature homogenity.

Results and discussion
Firstly, we studied the applicability of viscosity measurement to both control and microwave-

irradiated samples and investigated how the microwave irradiation affects the biogas production
dynamics.
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Figure 2. Biogas production during the Figure 3. Changes in absolute viscosity

anaerobic digestion

during anaerobic digestion

Our results show (Figure 2 and 3) that the biogas production dynamic follows the stages
represent in Figure 1 in terms of control and microwave irradiated samples, and at around day
12 the stationary phase sets. In case of viscosity, it declines gradually in both control and the
microwave-treated samples, as the biochemical environment changed, which shares intense
similarities in tendency with the curves of the biogas yield. The microwave irradiation resulted
overall higher biogas yield during the whole fermentation process and the maximum achievable
volume was approximately 230 cm® compared to the control sample, where the maximum
volume was 200 cm? It can also been seen that microwave irradiation shortened the lag and the
log phase by 1-2 days, so microorganisms could adapt to the fermentation environment more
easily. When the stationary phase sets the viscosity also become nearly constant, so the
changing of the biochemical environment in the different stages of the anaerobic digestion are
in connection with overall viscosity of the fermentation media. In rheological properties the
microwave irradiation resulted lower viscosity values during the whole fermentation by
approximately 13% in average, as it was expected.
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Secondly, the examination of the dielectric properties of the fermentation media during the
anaerobic digestion was the focal point of our research. It can be clearly seen that the values of
the dielectric constant gradually decreases in low-frequency both of control and treated samples
during the whole digestion, until the 12" day of the fermentation. The frequency which
correlates to the maximum ¢’ increases in both cases, until the 12" day of the fermentation.
After that the differences of the frequency of the €’ are starting to shrink and in higher frequency
ranges (1200-2400 MHz) the dielectric constant of the 12" day media becomes the lowest.
Because of reaching the stationary phase the biochemical environment becomes steady-state
and no significant changes occur, so the differences in the dielectric constant cease as well. In
case of the microwave irradiated samples the values of the maximum dielectric constant are a
bit higher, and the differences are a bit more observable in the lower frequency range (200-600
MHZz). The reason is the structural changes causes by the microwave irradiation. Microwave-
treated and non-treated samples show similarities, the maximum points of the dielectric
constant shift towards higher frequencies during the whole fermentation, until the 12" day,
when the stationary phase sets.
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Figure 6. Trends of the dielectric loss factor Figure 7. Trends of the dielectric loss
of the non-treated samples factor of the microwave irratiated samples

Our results show that the control sample has the highest dielectric loss factor during the entire
frequency range in non-treated and treated samples as well. This means that a reasonable
amount of absorbed energy was turned into heat during the measurement. During the
fermentation process the value of the dielectric loss factor become lower in every measurement
point, until the 12" day of the fermentation, after which differences start to cease, just like in
the case of the dielectric constant. Because of the biochemical changes during the fermentation,
the values of the dielectric loss factor are starting to increase intensively at a well-defined
frequency, but this point varies with the day of the fermentation. In case of microwave-treated
samples the values of the €” are higher than in case of non-treated samples, especially in the
lower frequency range and the differences between the fermentation days are more observable.
Moreover, the values of the dielectric loss factor are starting to increase at higher frequencies
compared to non-treated samples. It can be also explained with the biochemical changes during
the fermentation, because larger molecules are breaking down into smaller and smaller ones.

Conclusions

In our work we studied two monitoring techniques — dielectric and rheological measurements
—to discover if they are capable of identifying and tracking the various stages of the anaerobic
digestion of the sludge originated from meat industry. It was verified that the biogas production
follows the stages of the anaerobic digestion in each case and the standalone microwave
irradiation could intensify the maximum biogas vyield by 15%. Absolute viscosity
measurements share strong similarities with dynamics of the biogas volume, so these
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rheological measurements are able to identify and follow the different stages of the fermentation
in terms of non-treated and pre-treated samples too. Because of the disintegration of the sludge,
which was caused by the microwave pre-treatment the measured viscosity was lower than in
case of the non-treated samples. The suitability of the measurement of the dielectric constant
(¢’) and dielectric loss factor (¢’) for monitoring the process of the anaerobic digestion has been
proven both in the case of non-treated and pre-treated samples. As the fermentation moves
forward dielectric properties become lower and lower, until the 12" day of the fermentation,
when the stationary phase sets. Furthermore, the frequency that is in connection with the highest
dielectric constant value becomes higher as the fermentation progresses, until the 121" day of
the fermentation. This means that the starting point of the stationary phase of the fermentation
is determinable with this method. Based on our results the dielectric properties are due to the
biochemical changes that occur in the fermentation media due to the absorbed microwave
energy.
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Abstract

Channels can represent significant areas of plant diversity in urban ecosystems. The aim of this
paper is to determine recent flora of aquatic macrophytes as well as determining the
conservation values and ecological potential based on the macrophyte in one part of the Cer
boundary channel. Field research conducted during the summer of 2020 of total lenghth of 5km
upstream from the estuary. Macrophute data was collected according to the standard UKTAG
LEAFPACS method. A total of 13 macrophyte species were recorded out of which three species
are on the list of endangered and protected species. The ecological potential of the researched
part of the channel flow was graded as good and better. Based on the results can conclude that
the Cer boundary channel represents an optimal habitat for the development of aquatic
vegetation and thus other hydrobionts, as well as for the development of other rare and
endangered types of macrophytes. Results confirm the fact that artificial water bodies can play
a significant role in biodiversity conservation in urban ecosystems.

Introduction

Artificial water bodies, such as channels, can represent significant areas of plant diversity in
urban ecosystems [1]. However, data on flora, species composition, distribution and the
numbers of species are rarely published for artificial and modified water bodies [1]. Aquatic
macrophytes are an important indicator during monitoring of fresh water ecosystems, whereas
macrophyte vegetation represent habitats for development of other groups of aquatic organisms
[2, 3]. Macrophytes represent a group of water photosynthesis active organisms (plants) that
can be seen with the naked eye [4].

Based on the EU Water Framework Directive (WFD) [5], as well as the national Rulebook on
the parameters of ecological and chemical status of surface waters and parameters of chemical
and quantitative status of underground waters [6], macrophytes represent a significant
biological indicator of quality during grading of the ecological status of natural, i.e. ecological
potential of artificial and significantly modified water bodies.

For the estimation of the conservation value of the ecosystem different physical or biological
criteria are most often used [7]. Biological criteria are based on the presence of species
categorised according to the IJUCN Red list [8], or according to the national categorisation of
endangered or protected species [9, 10].

Considering everything aforementioned the aim of this paper is to determine the recent flora of
aquatic macrophytes in a part of the Cer boundary channel, as well as determining the
conservational value and ecological potential based upon the macrophytes flora.
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Experimental

The Cer boundary channel is the largest artificial water course on the territory of the town of
Sabac, with a total length of 30km, and it flows into the river Sava. The research was carried
out during the summer of 2020 at a part of the river flow through the town of Sabac, with a total
length of 5 km upstream from the estuary (Figure 1).

Data on the macrophyte vegetation was gathered at approximately 1000 m according to the
standard UKTAG LEAFPACS method [11]. The mentioned method is based on choosing a
sector along the shoreline approximately of 100 m length. At every 20 m within the sector
vegetation records of 1 - 9 m? area are taken at depths of 0.25, 0.5, 0.75 and below 0.75 m. At
the middle of each sector vegetational records are taken in transect at every 0,5 m of depth
increase, beginning with 1 m upto the depth at which the aquatic vegetation spreads [11]. At
five sectors (K1 — K5) a total of 100 vegetation records were made based on the described
methodology (Figure 1).

Vegetational data was summarized by LEAFPACS sectors, and then the species relative cover
(SRC), species richness (SR). The number of protected (NP) and strictly protected (NSP)
species is determined according to the Rulebook on declaration and protection strictly protected
and protected wild species of plants, animals and fungi [9], after which the relative cover of
protected and strictly protected species was calculated. Shannon—Weaver index of diversity
(SW) was calculated in CanoDraw software ver. 4.5 [13].

ok S 5

Figure 1 — Researched part of Cer parametercannel on the territory of the town of Sabac
with locations of LEFPACS sector (K1 — K5)

In this paper the conservatory value is shown based on the presence and relative cover of strictly
protected and protected species (RCPS) [12, 9]. The calculated macrophyte indices NP and NSP
give an insight into the conservation value of each LEAFPACS sector.

The ecological potential is determined based on the macrophyte indices SR and SW, according
to the Rulebook on parameters of ecological and chemical status of surface waters and
parameters of chemical and quantitative status of underground waters [6].

All aforementioned macrophyte indices (SR, SRC, SW, NP, NSP) are summarized at the scale
of the entire researched section of the Cer boundary channel.
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Results and discussion

On five LEAFPACS sectors a total of 13 macrophyte species were detected (Table 1). In most
cases the channels due to their uniform morphology are distinguished by poor species richness
and diversity [1] however the results of this paper confirm the opposite thesis, that artificial
water bodies can represent centres of floral diversity [14]. According to the results of the study
conducted on nine channels, marked as centres of diversity of aquatic macrophytes in Slovakia,
the number of species were in range from 11 to 62 [1]. In this research the species with the
highest relative cover were: Lemna minor L., Sparganium erectum L., Ceratophyllum
demersum L. i Nuphar lutea (L.) Sm. The beforementioned species, especially Lemna minor
and Ceratophyllum demersum represent very common findings in eutrophic slow waters, i.e.
water ecosystems with high concentrations of nutrients in Europe [1, 15]. Such species findings
were recorded in natural water bodies of similar hydromorphological characteristics on the
territory of Eastern and Central Europe [15]. In numerous research it was determined that in the
channels, due to the ecosystem succession and the process of terrestrification, the most
dominant and frequent heliophytes are Phragmites australis (Cav.) Trin. Ex and Typha latifolia
L. [1], as is the case in this research. Namely, by visual monitoring of the entire research area
it was determined that the reed and cattail are the most frequent species with the highest cover
between LEAFPACS sectors, as well as that those are parts of channels that dried out. On the
territory of Serbia, the plant communities with domination of Typha latifolia and Phragmites
australis represent a transition between aquatic and terrestrial vegetation, they are tolerant to a
long period of drying, increased salinity and water pollution [16].

Among those identified, three species have conservation value. Nuphar lutea has the status of
a strictly protected species and is also one of the species with the highest relative cover
(12.15%), while Iris pseudacorus L. and Potamogeton nodosus Poiret. have the status of
protected species on the territory of Serbia [9]. At least one protected or strictly protected
species was recorded in each sector, which indicates the conservation importance of the
investigated section. A large number of protected and endangered species have been recorded
in different types of artificial water bodies on the territory of Europe, which places them in the
group of ecosystems of conservation importance [1, 17]. The relative cover of protected and
strictly protected species at the sector level was in range between 5.26 and 33.37%, while at the
level of the entire investigated section it was 18.22%.

The number of species per sector varied between 7 — 9 which indicates a moderate ecological
potential (111) of each LEAFPACS sector. SW was within the limits of 1.60 - 1.83, which
indicates a good and better (1) ecological potential based on the national Rulebook [6] (Table
2). At the level of the entire investigated section, the ecological potential of the Cer boundary
channel can be rated as good or better (lI).
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Table 1 — Relative cover of species (%) and quantitative indices of macrophyte flora at the scale
of individual LEAFPACS sectors (K1-K5) and at the scale of the entire investigated section

Species KI K2 K3 K& K5 Entire
section
Ceratophyllum demersum L 26.31 16.67 31.91 15.9
Potamogeton nodosus Poiret. PS 6.38 1.4
Sparganium erectum L. 18.42 20.37 17.15 6.38 225 16.8
Nuphar lutea (L.) Sm. SPS 2.63 2411 30 12.15
Sagitaria sagitifolia L. 10.52 1.87
Lemna minor L. 26.31 11.43 38.31 15 17.76
Iris pseudacorus L. PS 263 926 857 212 4.67
Botomus umbellatus L. 2.63 286 212 2.5 1.87
Phragmites australis (Cav.)Trin. Ex. ~ 7.89 3429 6.38 8.41
Hydrocharis morsus-ranae L. 2.63 16.67 4.67
Typha latifolia L. 927 17.15 6.38 15 9.35
Typha angustifolia L. 351 857 7.5 3.74
Glyceria maxima (Hartm.) Holmb. 7.5 1.41
SR 9 7 7 8 7 13
SW 183 183 174 160 175 2.26
NPS 2 2 1 2 1 3
RCPS (%) 526 33.37 857 8.5 30 18.22

PS—Protected species on the territory of Serbia [9]
SPS-Strictly protected species on the territory of Serbia [9]

Table 2 — The ecological potential of the Cer boundary channel based on the Rulebook on the
parameters of the ecological and chemical status of surface waters and the parameters of the

chemical and quantitative status of underground waters [6]
KI K2 K3 K4 K5  Enire
section

SR 1 1 I I I I

SW Il Il Il Il 11 I

Ecological potential 11! 11! 11 11 11 ]

Conclusion

Based on the results it can be concluded that the Cer boundary channel represents an optimal
habitat for the development of aquatic vegetation, based upon that other groups of hydrobionts
as well and for the development of other rare and endangered macrophyte species. Also, results
confirm the fact that artificial water bodies can have a significant role in biodiversity
conservation especially in urban ecosystems. The results of this study could be used during
designing and work carried out on the maintenance of the channel and flow regulation.
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Abstract

Soils contamination with heavy metals is one of the biggest environmental threats and
environmental problems in the world and may represent the health hazard for surrounding
populations of plants, animals and humans. Anthropogenic activities are the main source of
contamination such as mining and metal processing industry, transport, the use of fertilizers,
sewage sludge, and many other industrial processes [1,2]. The aim of this study was to review
the most common heavy metals in non-agricultular soils of the Municipalities of Northern
Serbia (Province of Vojvodina). For the purposes of data analysis, publicly available databases
were used [3]. The most common heavy metals whose concentrations exceed the limit values
according the National Regulation [4] were cadmium (Cd), cobalt (Co), copper (Cu), nickel
(Ni) and mercury (Hg). In all samples in 2021, concentration of cobalt exceeded limit value. At
the Municipality of Kanjiza only concentration of cobalt exceeded limit value. Concentration
of arsenic (As) exceeded limit value only in the sample from Municipality of Odzaci, and lead
(Pb) only in the sample from Municipality of Sombor. Samples from the Municipality of Sid
contains very high concentration of copper (179.46 mg/kg) and nickel (109.46 mg/kg) that
exceed remediation values. Concentration of nickel (231.72 mg/kg) in sample from
Municipality of BeoCin exceeding remediation value.
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Liquid crystals represent a fascinating state of matter which combines order and mobility at a
molecular and supermolecular level with important applications in modern technology. Their
mesomorphic properties depend on the molecular shape, rigidity and polarity of the molecular
fragments [1-3]. Introduction of lateral dipole moments by grafting polar groups to the rigid
core gives tilted phases, for example, smectic C, which are of great practical importance for
switching devices [4]. A successful and widely reported rigid building block promoting the
formation of SmC phase is fluorenone which has a planar and slightly bent aromatic structure
[5-7]. Another interesting rigid building block for organic liquid crystals is thiophene where the
polarizability of the mesogenic group is changed due to the presence of sulphur atom which
changes the polarity of the local bonds.

Here we present the design, synthesis and characterization of six novel potential mesogens
carrying biphenyl-benzothieno-thiophene or fluorenone rigid cores with two or more peripheral
flexible alkoxy side chains of different lengths. The purity and structural characterization of the
intermediates and target compounds were carried out using 1D and 2D-NMR spectroscopy and
elemental analysis, while the mesomorphic properties were investigated by differential
scanning calorimetry (DSC), polarizing optical microscopy (POM) and X-ray scattering
(XRD). The synthetized compounds carrying biphenyl-benzothieno-thiophene rigid core were
shown to support cubic phase formation depending on the length of the flexible side chains,
while fluorenone-based compounds displayed smectic phase depending on the number of side
chains.
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Abstract

The paper investigates the corrosion inhibition property of the Bear Branch (Heracleum
sphondylium) extract for copper in acid HNOs solution. Potentiodynamic polarization and
chronoamperometry techniques were used in this study in order to evaluate the inhibition
efficiency of the proposed corrosion inhibitor in the mentioned solution. The Tafel plot method
employed to determine value of the the corrosion current icorr @s Well as the corrosion rate. For
a better simulation of the adsorption process of the extract on the metal surface, an equivalent
circuit (EEC) has been modelled by using the data provided from the electrochemical
impedance spectroscopy measurements. The possible interactions between the organic natural
compounds molecules present in the extract of Heracleum sphondylium, have been evaluated
by means of quantum chemical calculations and molecular modelling.

Introduction

As environmental protection laws begin to become more stringent on compounds used in
corrosion protection, research has turned to finding compounds with ever lower environmental
impact, low cost, and high inhibitory efficiency [1].

Lately, natural extracts have received a lot of attention for this purpose due to the complexity
of the molecules of the natural compounds in their structure, the multiple bonds, the
heteroatoms, or in some cases, the rings that respect the rules of aromaticity [2].

In the case of copper corrosion in nitric acid environment, previously published studies that
have been carried out assessed the electrochemical behaviour of some organic compounds like
Triazine derivatives [3], computational and experimental studies on heterocyclic imidazole
derivatives [4], respectively theoretical and experimental studies of some amino acids such as
L-methionine, L-methionine sulfoxide and L-methionine sulfone [4]. From the point of view of
natural extracts used as copper corrosion inhibitors in acidic media, remarkable inhibitory
efficiencies have been reported for the extract of cherokee rose (Rosa Laevigata) [5], an attempt
to test the inhibitory effect of the Bear Branch extract in the corrosion in acid media has not
been already performed.
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Abstract

The application of dielectric measurement techniques is becoming increasingly widespread in
several fields of science and industry, due to its simple, quick and accurate usability. The
dielectric behavior of almost all materials largely depends on — among other factors — their
physical structure and chemical composition, and when these properties change even to just a
relatively small extent, it can be detected by monitoring appropriate dielectric parameters. In
our work, we have investigated the process of acid coagulation of milk to see whether a
correlation can be established between the rheological behaviour of milk and two dielectric
parameters, namely the dielectric constant, and the dielectric loss factor.

Introduction

In food processing technologies, the development of rapid, sufficiently accurate and reliable
controlling — monitoring methods is becoming increasingly important to ensure adequate
product quality, process controllability and the stability of production capacity.

Dielectric measurements present a promising method for process monitoring and control, and
have been frequently used in food industry for quite a long time now, especially for detecting
moisture content [1]. Materials behave differently when put into an electric or electromagnetic
field, and this behavior is mostly defined by the various physiochemical properties of the
material matrix, the strength of the electromagnetic field (E), the applied frequency (). If an
electromagnetic field with a strength of E affects a material, it will cause its charge distribution
to change, and this change equals to the electric displacement D. The connection between the
displacement and the applied electromagnetic field is represented by the absolute permittivity
of the media as follows:

D=¢E =
— . _) e p—
£ £ (1)

In practice, the permittivity is often represented by a dimensionless quantity called relative
permittivity (&r), Which is the ratio of the absolute and vacuum permittivity (g0.). As opposed to
vacuum, the response of normal materials depends on the frequency of the electromagnetic
field, i.e. the polarization of the material does not change in an instant when it is affected by an
electromagnetic field, and therefore, the response can be represented by a phase shift. Complex
numbers allow the specification of phase and magnitude in the same time, and for this reason,
the permittivity of real materials should be treated as a complex function of frequency of the
applied field:
e - ¢e'(w) )

where £” denotes the complex permittivity.
Since &” is a complex function, the real and imaginary part can be separated as follows:

£'(w) = &'(w) — i (w) @)
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In Eq. 3, & denotes the real part of the complex permittivity function and often called the
dielectric constant, ¢’ is the imaginary part, and stands for the dielectric loss factor, and

i = ¥/=1. In the so-called lossy materials (in which% > 1), the total dielectric loss usually

occurs to two different mechanisms: energy dissipation due to dipole rotation, and effective
conductivity loss due to ionic conductivity. These different losses are covered by the dielectric
loss factor, and can be given by the following equation:

8” — 4 + 8” 4
2w * & a “)
This indicates that those materials that contain either charged particles (free ions) or dipolar
molecules (or both) in high concentrations tends to “lose” their stored electrical energy, and the
extent of this loss can drastically change if the chemical and / or physical structure of the
material undergoes a given kind of transformation. Therefore, measuring either the storing
capability (&'), or the lossyness (¢") of a material during a process which involves the
biological, physical and / or chemical transformation of the material (such as coagulation of
milk), provides the opportunity to monitor this given process via dielectric measurements.

At the normal pH of milk (6.7), the surface charge of the casein micelles is negative. During
acid-type coagulation, the added inoculum bacterial culture begins to metabolize the lactose
content of milk, producing nascent lactic acid. The accumulating lactic acid progressively
decreases the pH of the milk, and when its value reaches the 4.5-5.0 interval, the surface charge
of the casein micelles becomes neutral; this is the isoelectric point of these micelles. When they
lose their surface charge, a phenomenon called destabilization begins to take place. During
destabilization, the casein micelles, overcoming the potential barrier, begins to bond with each
other, producing first larger and larger casein aggregates, and later these aggregates form
polymer chains, and in the meantime, free Ca®*-ions are released from the amino acids. The
secondary molecular bonds between these chains will eventually develop the final gel form; the
clot starts to solidify, and the viscosity of the now coagulated milk is significantly increased.
The coagulation process involves numerous physical and chemical changes inside the bulk
material, and the aim of our research was to see whether a correlation between these changes
and the change in dielectric behavior can be established.

Numerous studies investigated the applicability of the measurement of dielectric properties in
food-related processes in the past few years. Harindran et al. found that the proportional
relationship between &’ and € (denoted as tand, which is called the dielectric loss tangent) has
a strong correlation with the change of pH in milk during coagulation [2]. Guo et al. conducted
an experiment where the dielectric properties of yogurt were measured during fermentation,
and found that the dielectric loss factor positively correlated with fermentation time [3].

The effect of storage time on the dielectric properties of milk and yogurt was also investigated,
and results indicate that the dielectric constant of both milk and yogurt decreased with storage
time, and the dielectric loss factor was found to be in connection with the changes of pH value
[4]. Dihn et al. investigated the formation of yogurt by using contactless dielectric sensors, and
they found that this technique is capable of monitoring both the conductivity and permittivity
of the yogurt during the formation process [5].

Experimental

The acid coagulation experiment was conducted by using ESL milk in 500 ml volume, and a
thermophilic yoghurt culture (FD-DVS, YC-X11, Yo-Flex, Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus) inoculum bacterial culture was added to the system
in a concentration of 3g/100ml. The milk was kept at a constant 45 °C temperature. For the
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measurement of apparent viscosity, an A&D SV-10 vibratory viscometer was used, and the
dielectric properties were measured with a SPEAG DAK 3.5 dielectric sensor connected to a
Rhode&Schwarz ZVL-3 vector network analyzer by an open-ended 50Q coaxial cable. The
rheological and dielectric measuring took place during the process at 15, 35, 55, 75, 85, 90, 95,
100, 105, 115, and 120 minutes.

Results and discussion

Observing the results presented on Figure 1 it can be seen that as the coagulation process
progressed, the maximum value of the dielectric constant gradually decreased, while the
inflexion point of the curves is shifted slightly towards higher frequencies. The slope of the
curves is essentially correlated with that of high water content systems, but it is noticeable that
the rate of the initial rising stages decreases to a slight extent with time.

The most observable differences occurred in the low-frequency range, around 400 MHz. The
rate of decrease of the dielectric constant was highest up to 95 minutes, with the differences
gradually reducing in the interval thereafter.

A clear explanation to this is that the solidification of the clot, i.e. the formation of the protein-
polymer network, started at about 90-95 min, as supported by the rheological data (see later).

g'=f(®)

—— (. min

=35, mins

Dielectric constant (") [-]
-1 -1 oo o] co ]
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72

0 400 800 1200 1600 2000 2400
Frequency [MHz]

Figure 1. The change in dielectric constant in the function of frequency at different times of the coagulation
process

The data obtained for the values of the dielectric loss factor indicates that as the coagulation
process progressed, a decrease in the dielectric loss was present, especially in the time interval
of 35-95 minutes. This strongly correlates with the tendencies experienced during the
investigation of the dielectric constant, i.e. when the formation of casein aggregates begun, the
dielectric behavior of the material matrix went through a significant change (Figure 2).

The sudden drop of the &’ can be explained by the destabilization of casein micelles, which
altered the average micelle concentration of the medium. High micelle concentration, especially
above CMC (critical micelle concentration), has a huge impact on the conductivity of a colloid
system, i.e. the conductivity above CMC increases rapidly. The destabilization of the casein
micelles caused the micelle concentration to decrease, with which the conductivity of the milk
also declined, and based upon Eq. 4, it caused the dielectric loss factor to decrease. Since the
most observable differences were occurred in the low-frequency region, we plotted the
rheological curve representing the clot formation and the relationship between the two dielectric
parameters separately at 400 MHz as well (Figure 3a and 3b).
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Figure 2. The change in dielectric loss factor in the function of frequency at different times of the coagulation
process
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Figure 3. The apparent viscosity and dielectric constant (a), and the dielectric loss factor (b) in the function of
coagulation time

From the apparent viscosity curves, it is clear to see that solid aggregates starts to form at around
90 minutes, after which the initial viscosity of around 8 mPas increases sharply to 47 mPas.
During the process, the dielectric constant first decreases steeply (between 0 and 50 minutes)
and then stagnates between 50 and 90 minutes. This change in the dielectric constant can be
explained by the fact that the concentration of lactose, which is basically easily polarizable,
gradually decreased over the 0-50 min interval due to bacterial decomposition, causing a steep
decrease in the values of dielectric constant. During this period, the lactic acid, which was
continuously accumulating in the system, gradually reduced the pH to the isoelectric point of
the casein micelles, thus initiating the destabilisation phase (50-90 min). At this stage, the
physico-chemical structure of the material matrix had not yet changed significantly, and
therefore no significant change in the dielectric constants was observed. Subsequently,
however, when the casein micelles, which had undergone charge loss, gradually formed the
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protein-polymer network by growing into larger aggregates (i.e. the coagulum started to
solidify) the dielectric constant started to decrease at a similar rate with a steep increase in
apparent viscosity.

In contrast, the dielectric loss factor showed a saturation-curve-like slope over the 0-90 min
interval, which could be explained, on the one hand, by the fact that the positively charged Ca?*
ions were being gradually released from the amino acids during the process, and especially at
this frequency, this increased the conduction loss from ionic conduction, and on the other hand,
by the slight increase in the free water content in the system due to the rearrangement of the
casein micelles. However, at the clot solidification phase, which started around 90 min, the loss
of conductivity due to micelle rearrangement was so large that it could not be compensated by
free Ca?* ions, so that the loss factor, similar to the dielectric constant, started to decrease
sharply in the last stage of sol-gel transformation.

Conclusion

Our experimental results revealed that the process of acid coagulation of milk can be monitored
by the measurement of the dielectric constant and loss factor, and that these two parameters
have a strong correlation with the changes in the apparent viscosity of the milk when it
undergoes the coagulation process.
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Abstract

The increasing presence of pesticides and heavy metals in the environment and their negative
impact on human, animal, and plant health, demand green, low-cost, and simple methods for
their monitoring. Due to photoluminescence (PL) in the visible part of the spectrum,
biocompatibility, and ecological acceptability, graphene quantum dots (GQDs) are at the center
of attention in the field of optical sensing. GQDs show great potential as PL sensors for Pd(I1)
ions and insecticide carbofuran. In this work, FTIR spectroscopy and Density Functional
Theory (DFT) calculation were used to resolve the mechanism of PL change in the presence of
these analytes.

Introduction

Among the many hazardous compounds present in the environment, heavy metals and
pesticides are the most common pollutants. Due to high toxicity, they have harmful effects on
human health, ecosystems, food, as well as drinkable water [1]. For a long time, the insecticide
carbofuran (CF) was the most frequently used in crop protection against insects to improve their
yield and quality [2]. The United States Environment Protection Agency (US EPA) has
completely banned its application in any form [3]. Apart from agriculture, the pharmaceutical,
and metal industry also contribute to global pollution. Palladium was found as an excellent
catalytic agent in organic chemistry and drug production. Residues of this element in final
products reach the environment causing damage [1].

One of the latest discovered members of carbon nanomaterials, graphene quantum dots (GQDSs)
found an important place in many scientific fields such as energy storage and conversion [4],
bioimaging, photodynamic therapy, as well as antioxidative agents [5]. They are 0D
nanoparticles less than 100 nm, with an sp? graphene core where different oxygen-contained
moieties are bounded [2]. Their remarkable properties such as water solubility,
biocompatibility, non-toxicity, PL in the visible part of the spectrum, as well as photostability
make them a promising candidate for application in the optical detection of pesticides and heavy
metals [1].

In this paper, GQDs were produced in the eco-friendly single-step top-down electrochemical
oxidation of graphite electrodes. To improve their optical properties, they were gamma-
irradiated at a dose of 200 kGy in the presence of 1g ethylenediamine (EDA). In earlier research,
these dots were tested as PL probes for the detection of Pd(1l) and CF [1, 2]. Now, we resolved
the mechanism of the Pd(Il) and CF-induced fluorescence change of GQDs using infrared
spectroscopy with Fourier transformation (FTIR) and Density Functional Theory (DFT)
calculations.

124



28th International Symposium on Analytical and Environmental Problems

Experimental

GQDs were fabricated by the previously described method [6]. For gamma irradiation, water
dispersion of GQDs in the concentration of 1 mg mL™* was mixed with 1g of EDA. To remove
molecular oxygen before irradiation, the mixture was bubbled with Ar. The sample was
irradiated at a dose of 200 kGy. As a radioactive source, a ®°Co was used. Irradiated dots were
labeled as yGQDs.

The morphology of yYGQDs was analyzed using Quesant AFM (Agoura Hills, CA, USA).
Structural characterization of yYGQDs was performed at FTIR spectrometer (Thermo Nicolet
i1S20, Waltham, Massachusetts, MA, USA). PL spectra of yGQDs at different excitation
wavelengths in the range of 300-400 nm were recorded at HORIBA Jobin Yvon’s Fluoromax-
4 spectrometer (Horiba, Kyoto, Japan). UV-Vis spectra were recorded using LLG-uniSPEC 2
Spectrophotometer (Lab Logistic Group, Meckenheim, Germany). For FTIR spectroscopy,
PdCl; and CF solutions were mixed with GQDs and dried into powder. Powdered samples were
mixed with KBr and compressed into pellets.

All DFT calculations were performed by using the Gaussian 09 suite of programs [7]. The
Ce0019N3H2s cluster, with 19 hexagonal Ce-rings, was employed as a model system for the DFT
calculations to examine the electronic structure and adsorption properties of N-dopped GQD.
The ground-state geometry optimization of bare GQD, GQD/Pd(II), and GQD---CF structures
were carried out in the aqueous phase, including the SMD solvent model [8] using the B3LYP
hybrid functional [9, 10] The LANL2DZ small-core ECP (effective core potential) basis set
[11] was used for Pd(11) ions, in which 28 core electrons are exchanged by an effective potential,
and the remaining 16 electrons occupy the valence space, while the Pople's valence double-C
polarized 6-31G(d,p) basis set [12] was chosen for the light atoms. The frequency calculations
were performed at the same level of theory to prove that the optimized structures present true
minima and to estimate the Gibbs free energies of adsorption in an aqueous solution. The
optimized geometries of the clusters, ESP maps, and NBO color schemes were obtained by the
GaussView software [13], while the total density of state diagram (TDOS) was derived from
the GaussSum program [14].

Results and discussion

Characterization of GQDs

In Fig. 1a, a 3D AFM image of yGQDs is presented and shows that dots are well-dispersed
nanoparticles. Their heights vary from 0.5-5 nm which correspond to 3-5 graphene layers. In
the FTIR spectrum of the sample (Fig. 1b), bands in the region 3420-3250 cm™ are assigned to
stretching vibration of O-H and N-H bonds in hydroxyl and amino groups, respectively.

Transmittance (a.u.)

Intensity (a.u.)

Fig. 1. a) 3D AFM image, b) FTIR spectrum with the schematic presentat}on of the structure,
and c) PL spectra of yGQDs recorded at excitation wavelength 300-400 nm.

The weak band around 1700 cm™ is attributed to stretching C=0O vibrations in carboxyl
moieties, while bands in region 2870-2970 confirmed the presence of C-H bonds in -CH, and -
CH> functional groups. Band at 1570 cm™, verified the presence of graphene structure. The
band detected at 1460 cm™ is attributed to the C-N bending vibration of the amide functional

group [2].
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FTIR spectroscopy confirmed the successful incorporation of N atoms in GQDs structure in
form of amide and amino functional groups. PL spectra of YGQDs (Fig. 1c¢) show that these
dots emit light in a blue part of the spectrum, and exhibit excitation-depended PL. With the
increase of the excitation wavelength, the center of the emission peak was shifted from 437 to
465 nm.

Mechanism of Pd?* and CF detection

In previous investigations, we examine GQDs with amine and amide groups as PL probes for
Pd(I1) and CF [1, 2]. We found a linear decrease of GQDs PL intensity in the presence of Pd(I1)
in the concentration range 0-7.5 pmol L with a limit of detection (LOD) of 0.66 umol L™[1].
On the contrary, CF led to a linear enhancement of PL intensity in the range of 15-100 umol L
! where LOD was 5.4 pumol L[2]. The mechanism behind Pd?* and CF detection was
investigated using FTIR spectroscopy and DFT analysis.

In Fig. 2a FTIR spectrum of the yGQDs-Pd(I1) system is presented. The band at 3420 and at
1700 are slightly reduced and moved to 3422 and 1712 cm™ due to complexation between
hydroxyl and carboxyl functional groups at GQDs surface and Pd(I1) ions. The shift of band at
1570 attributed to stretching vibrations of C=C bonds in n-conjugated domains, to 1635 cm™
indicates the transfer of GQDs n-electrons to unfilled d orbitals of Pd(Il) ions [2]. In UV-Vis
spectra of untreated yGQDs-200kGy (Fig. 2b, black curve) absorption bands at 200, and 250
nm are attributed to m-m* transition in sp? domains, and n-m* transition in C=0 functional
groups. After the addition of Pd(ll) ions (Fig. 2b, red curve) in the system, bands at 200 and
250 nm, are becoming more pronounced and shifted to 239 and 279 nm, due to cation-n
interactions and complex formation, respectively. [1].

a) b
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Fig. 2. a) FTIR and b) UV-Vis spectra of yGQDs in the presence of Pd(II) ions, and FTIR
spectra of YGQDs in the presence of CF.

A compared with FTIR spectra of pure yGQDs (Fig. 1b) FTIR spectra of yGQDs-CF system
also some changes can be noticed (Fig. 2¢). Band arround 1700 cm™ became more pronounced
due to bending vibration of H-bonds formed between carboxyl group on GQDs surface and CF.
[2].

DFT analysis

To investigate the mechanism of the Pd(Il) induced fluorescence quenching of yGQDs, we
employed DFT calculations to elucidate the interactions between Pd(11) ions with different parts
of the GQD molecule at the atomistic level. On the other side, we estimated the energy of
hydrogen bonding between carbofuran molecules with GQDs, which led to enhanced
photoluminescence intensity due to the structural rigidification of GQD particles. The density
of state diagram (DOS) with the spatial distribution of frontier molecular orbitals (FMOs), the
optimized structure of GQD, and the electrostatic potential map of GQD molecule are presented
in Fig. 3. The valence band maximum (VBM) and conduction band minimum (CBM)
approximated with HOMO/LUMO orbitals of the GQD cluster are located at —5.53 and —2.98
eV, respectively (Fig. 3a). These values determine the HOMO-LUMO gap of 2.55 eV, which
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is comparable with the experimentally measured absorption onset of the GQDs (~400 nm; 3
eV). The optimized structure of GQD reveals that the planarity of the molecule is perturbated
owing to the hydroxy and epoxy groups on its surface, which resulted in the bent geometry
(Fig. 3b). The map of electrostatic potential was calculated at the outer contour of electron
density (isoval = 0.0004; mapped with ESP; Fig. 3c). It can be noticed that the H-atoms of -OH
and -CONH_2 groups are positively charged, while the oxygen atoms of -COOH, -CONH_, -OH,
and epoxy groups are negative or slightly negatively charged.
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Fig. 3. a) Total density of state diagram (TDOS) of N-doped GQDs, b) the optimized structure
of GQD’s cluster (two views), and c) electrostatic potential map (ESP) as calculated at
B3LYP/6-31G(d,p) level of theory.

To estimate the adsorption of Pd(Il) ions at the GQD surface, we selected four sites of the
GQDs molecule. The relative Gibbs free energy of adsorption in aqueous solution (AGser) Was
calculated as the difference between Pd/GQD adsorbed system and isolated Pd(1l) ions plus
free GQD molecule, based on frequency analysis upon the structure optimizations. Therefore,
a negative value of AGsol indicates that the adsorption process is energetically favorable. The
strongest binding was calculated for the conformation in which the Pd(Il) ion is coordinated to
the deprotonated -COO™ group (AGsol = -1.72 eV), while the weakest binding refers to the
geometry where Pd(ll) is located above one of the Ce-rings (AGsol = -0.80 €V). Surprisingly,
high adsorption energy was calculated for the geometry with Pd(11)-ion coordinated to the C=C
double bond (Fig. 4a). The NBO charges of adsorbed Pd ions follow the order of Gibbs free
energy changes: the higher positive charge on Pd indicates more negative AGsol Values and
stronger adsorption (Fig. 4b).

e e 0
o . :
oot * 9 RO Ftit,

Fig. 4. a) The four optimized GQD structures in which Pd(11) ions are adsorbed to the molecule’s

different parts. b) The calculated NBO charges of four structures are presented in the same
charge range and color scheme.

o

The geometry optimization of the GQD- - -CF system resulted in a structure with a bifurcated
hydrogen-bond with respective -COO---H2N- distances of 2.10 and 2.77 A (Fig. 5a). The
calculated AGsol Value is -0.12 eV (-2.76 kcal/mol), which is within the typical range of H-bond
strengths. On the other hand, the ESC map of this adduct reveals that a highly negative region
is associated with -COO---H2N- interacting fragments of GQD and CF molecules, respectively
(Fig. 5b).
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dso1= - 0.12 eV

018

Fig. 5. a) The optimized GQD --- CF structur‘e‘ with assigned hydrogen bonds and b)
electrostatic potential map (ESC) as calculated at B3LYP/6-31G(d,p) level of theory.

Conclusion

In summary, we successfully resolved Pd(Il) and CF-induced mechanism of PL change of
irradiated amino/amide doped GQDs and Pd(I1) using FTIR spectroscopy and DFT analysis.
DFT analysis represents a promising, fast, and efficient method in the investigation of
intermolecular interactions without additional consumption of chemicals.
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Abstract

Soil pollution with heavy metals not only degrades soil fertility, but also negatively affects the
human health and well-being through the food chain. In order to protect the soil, as well as other
parts of the environment, special attention should be paid to the remediation techniques of soil
contaminated with heavy metals. The majority of physical and chemical remediation
techniques, despite of their high efficiency, are expensive, environmentally destructive, harmful
to soil fertility and therefore not well accepted by the public. Therefore, the use of
environmentally friendly and cost-effective biological remediation techniques is a more
acceptable approach for the remediation of contaminated soil. Phytoremediation is an eco-
friendly approach that using native plants for remediation of heavy metal polluted soil in a cost-
effective way. The aim of this paper is review of the most important results about of using plant
stinging nettle (Urtica dioica) for removal of heavy metals from polluted soil.

Keywords: polluted soil, heavy metals, phytoremediation, Urtica dioica

Introduction

Heavy urbanization and industrialization, intensive mining and smelting activities, and the
overuse of pesticides and other chemical additives in the agricultural sector have had a huge
input into the degradation of vast areas by heavy metal contamination [1]. Heavy metals are the
most studied among soil pollutants due to their persistence in the soil ecosystem [2]. Heavy
metals are non-degradable by any biological or physical processes and remain in the soil for a
long time, which poses a long-term threat to both the environment and human [3]. An excess
of potentially toxic metals may be present due to natural geological sources or they may be
introduced into ecosystems through anthropogenic processes [4]. They can enter into the food
chain through crops and accumulate in the human body through biomagnification, thus posing
a great threat to human health [5].

The possibility of remediation of the contaminated environment using different plant species
attracts the attention of many scientists compared to the application of traditional expensive
technologies for cleaning up contaminated sites. Methods, such as excavation, thermal
treatment and chemical soil washing are typically expensive and destructive [6].
Phytoremediation, i.e. the application of plants for the restoration of a polluted environment,
has been proposed as a promising green alternative to traditional physical and chemical methods
[3]. Various plant species have mechanisms for the detoxification of xenobiotic compounds,
with some being tolerant to high concentrations of toxic compounds and able to
hyperaccumulate up to 1% of their weight [7]. Plant cultivation and harvesting are inexpensive
processes compared with traditional engineering approaches involving intense soil
manipulation [8].

The degree to which metals are available for plant uptake and further accumulation in the food
web strongly depends on the degree of pollution and soil physico-chemical properties [9]. The

129




28th International Symposium on Analytical and Environmental Problems

uptake of metals from soil depends on different factors such as their soluble content, soil pH,
plant growth stages, types of species, etc. [10]. Modeling the translocation of metals from soil
to root and root to the other parts of a plant, can be a very useful tool in heavy metal
contamination and biological monitoring, in addition to the selection of tolerant or metal
accumulator species [11]. The process of metal translocation in plant species is a very important
factor that determines the distribution of metals in different plant tissues [12]. Several factors,
including biochemical, anatomical, and physiological ones [13] determine the level of
accumulation and distribution of heavy metals in the upper vegetative parts of plant.

To date, around 450 heavy metal hyperaccumulating species belonging to 45 families have been
identified [14] and one such reported hyperaccumulating plant is stinging nettle (Urtica dioica).

Stinging nettle (Urtica dioica) and its potential for removing heavy metals from
contaminated soil

The stinging nettle (Urtica dioica) belongs to the Urticaceae family and represents a perennial
plant. The word “nettle” refers to the stinging effects of the tiny hairs on the stems and leaves,
which when rubbed against the skin cause a burning sensation and temporary rash. It is
widespread throughout Europe, America and Asia in different areas from temperate to tropical
and it is easily adapted to many climatic conditions [15]. The main benefit of this plant species
is its simplicity in terms of nutrition requirements, moreover, nettles are considered weeds due
to their rapid growth and soil coverage. Stinging nettle is abundant species occuring in various
types of forest, road verges and grassland sites. Stinging nettle is a plant that grows wild in the
landfills and due to its ability to accumulative heavy metals in its organs, is a suitable plant

species for their removal from soil [16].

In study of Bislimi etal. [11] was investigated the translocation and bioaccumulation of heavy

metals such as Pb, Ni, Cd, Cu, and Fe in Urtica dionica and soil samples from two sites
(uncontaminated and contaminated). In the contaminated site, the mean level of all the metals
in soil and different parts (root, stalk, and leaf) of the plant were found to be significantly
(p<0.01) higher than the uncontaminated site. The results revealed that Urtica dionica
translocated high amounts of metals to its organs, especially to leaves, so that translocation
factors were much higher than one (>1). On the basis of this study it can be concluded that the
uptake of heavy metals from the soil to different parts of plant can be a very good biomonitoring
tool for the heavy metal contamination or determination of species with high accumulation
factor [11].

Shams et al. [17] examined the possibility of using the plants Urtica dioica, Brassica napus and
Zea mays for the phytoremediation of sites contaminated with chromium and concluded that
among the examined plant species, Urtica dioica was very effective due to its higher chromium
uptake capacity (the aboveground concentrations of Cr in nettles was remarkable about 10
mg/kg). Their experiments were carried out without any chelating agents that could artificially
enhance its uptake capacity. Urtica dioica with a mild presence of K in the chemicals produced
very promising results to be considered as a unique plant for chromium remedial purposes [17].
In the study Grubor [18] specimens of Urtica dioica and Sedum spectabile collected from
uncontaminated sites and transplanted in lead contaminated soil without additives (EDTA,
HEDTA) to identify their natural potential for hypertolerance and hyperaccumulation of lead.
This research showed that the concentrated toxic levels of lead in Urtica dioica and Sedum
spectabile were about 100 or more times higher than those of non-accumulator plants, so these
plants showed a natural hyper-accumulator and hyper-tolerant properties, because they have
accumulated large amounts of lead without any additions - chelating compounds (EDTA,
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HEDTA), to increase the uptake of lead from the soil. The results of the study by Dimitrijevi¢
et al. [19] also have shown that nettle has a tendency to accumulate lead.

According to Balabanova et al. [20] Urtica dioica showed potential to be used for
phytoextraction for copper but not much specific potential for lead, as previously investigated
by Grubor [18].

Research by Sharifi et al. [16] aimed to evaluate the absorption and accumulation of heavy
metals from a simulated landfill soil using nettle. The researchers collected nettle seeds from
the Tonekabon landfill, planted them in pots and after reaching the 6-leaf stage, the plants were
exposed to three concentrations of four heavy metals (Pb, Cd, As and Ni) during the growing
season. The results of this research showed that increases in the concentrations of the heavy
metals in the soils led to their higher concentrations in all organs of the nettle plants (Pb > Ni >
Cd > As), and larger quantities of the heavy metals were accumulated in the aerial parts of the
plants. The results of Sharifi et al. [16] showed the ability of nettle to accumulate more heavy
metals when they are present in higher concentrations in the soil.

Viktorova et al. [7] examined the plants of Utrica dioica which were cultivated in pots with
two types of contaminated soil: first type was collected from the dumpsite of a long-term
polychlorinated biphenyls (PCB) - contaminated soil in Lhenice (Czechia) and second type was
obtained from mining ore at Pribram (Czechia) with excessive levels of As, Cd, Pb and Zn. The
researchers in this study found a decrease in the concentration of heavy metals in soil samples
for lead 4.9 + 0.2%, for cadmium 5.3 £0.4% and zinc 19.4 + 0.8%, while arsenic was
undetectable in nettles in this study. This investigation provided the first report that focused on
remediation of PCBs with nettle. The researchers concluded that the nettle is only able to
remediate less chlorinated biphenyls and determined a decrease of up to 33% for trichlorinated
biphenyls (congeners 13-39), up to 12% of tetrachlorinated biphenyls (congeners 40-81) and
other chlorinated biphenyls were hardly removed at all [7]. Even though their overall
remediation is not very high, the remediation that they do perform is highly important.

Conclusions

Contamination of soil by various heavy metals is increasing as a result of different activities.
These potentially harmful and persistent metals pose a great threat to the environment and
human health. In order to protect the soil, as well as other parts of the environment, special
attention should be paid to phytoremediation, as an eco-friendly approach that using native
plants for remediation of heavy metal polluted soil in a cost-effective way. The stinging nettle
(Urtica dioica) represents a perennial plant, which is widespread throughout different areas and
easily adapted to many climatic conditions. The main benefit of this plant species is its
simplicity in terms of nutrition requirements, moreover, nettles are considered weeds due to
their rapid growth and soil coverage. Urtica dioica is one of the hyperaccumulating plants and
its potential to remove heavy metals such as Cr, Pb, Cu, Ni, Cd and Zn from the polluted soil
has been confirmed in several studies. Recent research has shown that Urtica dioica can be
used not only for phytoremediation of heavy metals, but also for organic pollutants, which is
highly important.
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Abstract

Fruits are appreciated in the food industry, due their high of bioactive compounds and sensory
characteristics. Chokeberry is one of the fruits that are bioactive compounds abundant. It is used
in juice production and other products, and large amount of chokeberry pomace believed to be
rich in bioactive compounds is produced. Therefore, this pomace can be reused by extracting
the bioactive compounds such as anthocyanins, which can be potentially used as natural food
additives in the food industry. However, some compounds can be sensitive to different
extraction conditions. Therefore, in this study, methanol (50%) and acetone (50%) were used
as solvents for extracting antioxidants, total anthocyanins, and total phenolic compounds at
room temperature and 60 °C at the duration of 30, 60 and 120 minutes. The shaker, ultrasonic
sound and at room stand were used to hold the sample for 15 minutes. Room temperature
extraction has been found not optimal for TPC and antioxidant at all extraction length in time,
however, it is suitable for anthocyanins. Alternatively, acetone at room temperature (A20) for
120 minutes at room temperature can also be ideal. A combination of methanol at 60 °C for 60
min and holding the sample on shaker has been found appropriate for anthocyanins. The
combination of extraction with acetone at 60°C for 120 minutes and holding for 15 minutes on
a shaker has been identified to be optimal TPC and antioxidant capacity extraction.

Introduction

Chokeberry (Aronia melanocarpa (Michx)) fruits have grown popularity in the food industry
due to its abundance of phenolic compounds M. Aronia fruits are used in juice processing,
which produces a large amount of Aronia pomace 2. Aronia pomace has been reported rich in
anthocyanins which is responsible for colours in fruits, making Aronia pomace a potential food
colourant source 1. Aronia pomace has also been reported rich in other polyphenols which can
be used to preserve food ¥ However, some compounds are sensitive to different environmental
conditions, and may degrade [“l. Therefore, for a significant quantity of bioactive compounds
to be extracted from Aronia pomace, potential extraction methods and conditions must be
considered. Solvents like methanol, acetone, ethanol, and glycerol are commonly used in
polyphenol extraction from fruits 7. However, there is little information on the optimal
conditions and solvents for extracting polyphenols from Aronia pomace. Therefore, the aim of
this study was to evaluate the efficiency of two commonly used solvents under different
conditions (20°C and 60°C) at a three different length of time (30, 60, 120 min) combined with
different extraction methods (ultrasound, shaking).
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Experimental

Materials and Methods

Aronia pomace were provided. Solvents were used acetone/distilled-water and
methanol/distilled in 1:1 v/v and acidified with 1% formic acid.

Extraction was carried out by adding 30 mL of the solvent to =1 g of the sample and thoroughly
mixed. Some samples were extracted at room temperature (20°C) and some at 60°C (in the
water bath set at 60°C) in both methanol (50%) and acetone (50%). Both room temperature
(20°C) and 60°C samples were left to react for 20 min, 60 min and 120 minutes. After reaction
time, samples were held for 15 minutes on the shaker, ultrasonic sound and on the bench (on
stand) for 15 mins. This was then followed by centrifugation at 4000 rpm for 5 minutes, and
the supernatant was collected and used for total anthocyanins (TA), total phenolic contents
(TPC), total antioxidant capacity (FRAP) and colour parameters (L*, a*,b*).

The total anthocyanin concentration was assessed using the pH differential method!®!. The total
phenolic contents were analyzed using the Folin-Ciocalteu method®!. The antioxidant capacity
was evaluated following the Ferric Reducing Ability of plasma (FRAP) assay 1.

Data analysis

The results obtained were statistically analyzed with IBM SPSS statistics software, version 27.
The mean differences between factors were analyzed using the one-way analysis of variance
(ANOVA) Post-hoc test (Turkey’s). The significant difference between factors were
determined at the interval level of P<0.05.

Results and discussion

The effect of time on the level of bioactive compounds

To determine the optimal extraction conditions of total anthocyanins, TPC, and antioxidants
from aronia pomace, the effect of 50% methanol and 50% acetone at room temperature (20°C)
and 60°C was evaluated at different extraction length in time (at 30, 60, and 120 minutes).
Total phenolic content: Figure 1A, indicates that the length of extraction time on samples
extraction with both acetone (A20) and methanol (M20) at room temperature have no
significant effects (P<0.05) on TPC content. However, a significant (P>0,05) increase of 3644
mg GA/mL (from 30 to 120 minutes) and 2945 mg GA/mL (from 30 to 120 minutes) on TPC
content has been observed on samples extracted with Acetone (A60) and methanol (M60) at
60°C, respectively. Figure 1A also indicates that acetone is more effective comparing to
methanol.

Antioxidant capacity: Different extraction length in time have also been observed to have no
significant effects (P>0.05) on the antioxidant capacity on samples extracted with both acetone
(A20) and methanol (M20) at room temperature (Figure 1B). Similar to Figure 1A, a gradual
increase on antioxidant capacity on samples extracted with acetone at 60°C at 30 min, 60 min
and 120 min has been observed with a significant increase (P<0.05) of 6013 pg AA/mL at 120
minutes from 30 minutes. Methanol extraction at 60°C has indicated no significant effects on
antioxidant capacity on samples extracted at 30, 60 and 120 minutes, however the extraction of
methanol at 60°C is more effective comparing to methanol at room temperature. Studies that
have looked at different durations of extraction!”! have also found similar results, where better
yield of FRAP was obtained as the extraction duration increases.

Anthocyanins: In Figure 1C, 60 minutes of extraction has indicated better recovery of
anthocyanins comparing to 30 and 120 minutes, on samples extracted with both acetone and
ethanol. In general, anthocyanins has poor stability, factors like heat, pH and other
environmental factors can affect the content of anthocyanin [*1. A significant decrease (P<0.05)
of 243 mg/mL in anthocyanin content has been observed on sample extracted with acetone at
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60°C from 60 minutes (1032+199) to 120 minutes (789+135). This could be a degradation due
to lengthy exposure of anthocyanins to high temperatures. Unlike in Figure 1A&B for TPC and
FRAP; the results obtained in Figure 1C indicate extraction at room temperature for both
acetone (A20) and methanol (M20) to have better recovery of anthocyanins comparing to

extraction at 60°( B
HA20 mA60 mM20 1 M60 EA20 mA60 mM20 = M60
16000 45000
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difference between factors. Error bars = Standard

o

30 min 60 min 120 min deviation.
Extraction time

The effect of a Shaker and Ultrasonic bath on the level of Anthocyanins, TPC and antioxidant
Total phenolic content: Figure 2A indicates the extraction with both acetone and methanol at
60°C to be more effective comparing to extraction at room temperature. According to the results
(Fig. 2A), the shaker has higher effects on TPC compared to room stands and ultrasonic sound
for both acetone and methanol samples at 60°C, with significantly higher recovery of
110124263 mg/mL compared to 8113+896 mg/mL of room stands on acetone samples.
Antioxidant capacity: The results also indicate the extraction at 60°C for both acetone (A60)
and methanol (M60) to be more effective on antioxidant recovery compared to extraction at
room temperature (A20 and M20) (Fig. 2B). The shaker has indicated better recovery of
anthocyanins (313804+3701 pg/mL) on samples extracted with acetone, highly significant
(p<0.005) compared to room stands (25292+2484 pg/mL). However, antioxidant capacity on
samples extracted with methanol was recovered with the ultrasonic bath although not as high
as antioxidants recovered with acetone on a shaker.
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was observed on samples extracted with

acetone (1674+93) and methanol (1584+193) at room temperature (A20 and M20) at room

stands (N), as well samples extracted with methanol (M60) on a shaker (1678+96) and with

methanol (M20) with ultrasonic bath (1607+148). Although in this case methanol at 60°C

(M60) on a shaker has yielded the highest anthocyanins, Acetone (A60) at room stand could be

advisable since anthocyanin is not stable, and at room stands, there are no many factors such as
heat.

Conclusion

Extraction of food components can sometimes be challenging due to the sensitivity if the
compounds to be extracted. Therefore, selection of solvents and extraction conditions is very
crucial for maximum concentration of polyphenols. In this study, two solvents were used at
room temperature (20°C) and 60°C at different extraction length in time and with different
extraction methods. It has been concluded that room temperature extraction does not yield good
results for TPC and antioxidant at all extraction length in time, however, it is suitable for
anthocyanins. The optimal combination to yield high TPC and antioxidant capacity extraction
would be extraction with acetone at 60°C for 120 minutes and holding for 15 minutes on a
shaker. Anthocyanins optimal conditions would be extraction with methanol at 60°C for 60
minutes on a shaker. Alternatively, acetone at room temperature (A20) for 120 minutes at room
temperature can also be ideal.
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Abstract

Surface acoustic wave sensors (SAW) are a type of microelectromechanical systems
(MEMS) that relies on the modulation of an acoustic wave produced at the surface of
piezoelectric material, correlated to a particular restrain applied onto that surface. From a
technical point of view, a SAW resonator consists of a pair of micrometer comb-like metallic
electrodes, aligned face to face. Also called interdigital transducers (IDT), this pair of electrodes
form a resonant cavity. Using a radio frequency input signal applied to one of the electrodes,
and taking into consideration the direct piezoelectric effect, this signal will generate onto the
second electrode by inverse piezoelectric effect, an electric charge, that can be analyzed in terms
of radio frequency output signal, relative to the input signal. The resonant frequency of the
device can be tailored simply by remodeling the geometry of the interdigital pins, in terms of
overall dimensions, aperture and pin spacing. The sensitivity of the SAW device is related to
changes in the velocity of the surface acoustic wave traveling between IDT, as a response to a
particular physical phenomenon produced on that surface. Changes in frequency, amplitude,
phase, or time-delay between the input and output IDT are used to quantify the presence of the
physical phenomenon. Due to their high sensitivity, tunable specificity and small size, SAW
sensors can be successfully used for applications such as gas, temperature, mass, pressure,
humidity or biological sensors [1, 2]. Considering the possibility of detecting small quantities
of gases (ppb) and their ability to operate in "wireless" mode due to the working frequencies
(MHz to GHz), the SAW based gas sensors have attracted much interest lately [3; 4].

This paper focuses on the studying of different geometrical alteration of IDT pins and
wave reflectors, correlated to the frequency and output signal amplitude shift of a SAW sensor.
The silver delay lines were obtained by photolithography onto a piezoelectric substrate, through
the negative photo-resist method. The piezoelectric substrate was prior coated with a thick layer
of silver, using thermal evaporation with Emitech K975X thermal evaporator. A thin film of
UV photosensitive coating was form onto the piezoelectric substrate, using the spin coating
technique. The desired IDT image was obtained by Kohler illumination, using a LEVENHUK
microscope coupled to a LEVENHUK D740T 5.1M video camera. Finally, the resonant
frequency shift and changes in signal level of the SAW device, in the absence and presence of
the contaminant, was studied using the RIGOL DSA832 spectrum analyzer.
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Abstract

In the last few decades, the cultivation and consumption of sea buckthorn (Hippophae
rhamnoides L.) is increasing with the extending prevalence of health-conscious nutrition. For
that reason, investigation of antioxidant value and finding differences between varieties are
especially current research topic.

The aim of this study was to determine the antioxidant status of the different parts of the sea
buckthorn berry (skin + flesh, juice, peel) by TPC and FRAP analysis in the case of six
genotypes.

Based on our results, the polyphenol content of the skin of the berries of the cultivars the
‘Leikora’, 'Mara' and 'Habego' was significantly higher. The highest FRAP value was for the
berries of 'Mara’, followed by R-01 and Askola, while the lowest value was represented by the
‘Clara’. The FRAP value of the berry skin was significantly higher for the ‘Leikora’ and
‘Habego’.

Introduction

Sea buckthorn (Hippophae rhamnoides L.) is an important plant with a worldwide attention for
the key attributes medicinal and nutritional potential [1].

The scientific evidences of the important elements and bioactive substances of the Hippophae
rhamnoides L. is vast and continues to increase exponentially [2]. An essential source of
bioactive substances such antioxidants, vitamins, fatty acids, amino acids, and minerals is found
in this plant.

Human medicine comes along with health nutrition. Therefore, being rich in antioxidant
properties, high vitamin C content and valuable vegetable oil content makes Sea buckthorn
plant with high interest for studying [3].

Sea buckthorn is a multi-purpose plant, all parts of the berries are processed into food or dietary
supplements. However, the amount of biologically active substances differs in the parts of the
berry [4, 5].

In order to produce a product with an optimal composition, we need to know the valuable
substances of the different parts of the berry.

The aim of this study is to determine the antioxidant content on the different parts of Sea
buckthorn berries (skin + flesh, juice, skin), which was done by conducting TPC and FRAP
analysis.
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Experimental

Plant material

Berries of the SB cultivars (Ascola, Clara, Leikora, Mara, Habego) and one Hungarian canditate
(R-01) were collected from the ecologically farmed plantation of Superberry Plus Kft. in
Rakoczifalva (N. 47 °11'87", E.H. 20° 21'97). The research material were harvested manually
from early August to October, when the berries began to soften and had orange colouring that
is characteristic for the cultivar.

Following the fruit harvest, samples (3 kg cultivart) were delivered to the laboratory, there the
berries were separated to three part (skin with flesh, juice and skin). After than it were
homogenised in a blender and stored in freezer at -28°C until analysis.

Spectrophotometric methods

1. Sample preparation for the spectrophotometric measurements. After thawing, the frozen
fruit pulp was centrifuged with a Hettich EBA 21 (Hettich Instruments, Massachusetts, USA)
laboratory centrifuge at 15,000 rpm for 5 minutes and polyphenol content and FRAP were
determined from the diluted supernatant as needed on a Hitachi U2800A UV-VIS
spectrophotometer (Chiyoda, Tokyo, Japan).

2. Total phenolic content. The total polyphenol content (TPC) was measured photometrically
with Folin-Ciocalteu reagents at A=765 nm. The calibration curve was made from gallic acid
using the method of Singleton and Rossi [6]. Three parallel measurements were conducted for
each sample.

3. FRAP assay. The ferric reducing antioxidant power (FRAP) assay was carried out according
to [7]. The FRAP assay is based on the reduction of the Fe3*-2,4,6-tripyridyl-S-triazine [3682-
35-7] complex to the ferrous form (Fe?*) and the intensity of the reaction is monitored by
measuring the change of absorption at 593 nm. The final results were expressed as micrograms
of Ascorbic Acid equivalents (AA) per liter of pulp (mM AA L™1). Five parallel measurements
were conducted for each sample.

Statistical analysis

For the statistical analysis of data, SPSS program was used. Statistical analysis was made by
nonparametric methods, Kruskal-Wallis test and Mann-Whitney test. In that case, if on the base
of a Kruskal-Wallis test based on rank numbers, there was a significant difference between
samples at 95% significance level, differences between groups were examined by pair
comparisons (Mann-Whitney probe).

Results and discussion

Several previous studies reported that the berries of SB varieties has a strong antioxidant effect
and there is considerable variance among the cultivars [8, 9, 10]., but the antioxidant content of
the different parts of the berries (skin + flesh, juice, peel) has not been investigated before. In
this study, the antioxidant state of different part of berries of the investigated SB cultivars and
one Hungarian candidate was characterized by total polyphenol content (TPC) and water-
soluble antioxidant capacity (FRAP).

Contents of TPC in three different part of berries of sea buckthorn genotypes are displayed in
Table 1. Among the investigated cultivars showed the skin +flesh part of the berries of ‘Leikora’
(1241.6 mg L) the lowest TPC value, while the R-01 candidate had the highest polyphenol
content for all three berry parts (2646.51-3063.47 mg L1).
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Based on our results, the polyphenol content of the skin of the berries of the cultivars the
‘Leikora’, 'Mara' and 'Habego' was significantly higher, while in the case of 'Ascola’, ‘Clara’ and
R-01 there was no significant difference in the berries of the three in different parts (Fig.1).

The polyphenol content in the skin of the berry of 'Leikora’ is significantly lower than the value
measured in the skin of 'Mara’, 'Habego' and R-01 (Table 3).

In present study, the TPC contents of the analyzed cultivars were similar or higher than the
published value of 1.75 mg GAE kg fw in berries of Indian Summer cultivar from Canada
[9]. However, some Indian populations were measured extremly high TPC content (from 964
to 10.704 mg GAE 100 g*) by Korekar et al. [10].

The polyphenol content of SBT cultivars is affected by both their genetic background and by
the growing and climatic conditions [11, 12, 13].
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Figure 1. Total polyphenol content in three different parts of the investigated sea buckthorn
genotypes (MgGE L) (average + standard deviation).

Based on our results, we can conclude that the berries of the investigated genotypes have a high
water-soluble antioxidant capacity (6.87 — 17.7 mMAA L™). The highest FRAP value was for
the berries of ‘Mara’, followed by R-01 and 'Askola’, while the lowest value was represented by
the 'Clara'. The FRAP value of the berry skin was significantly higher for the ‘Leikora’ and
‘Habego’ (Fig. 2), while in the case of the other examined cultivars there was no significant
difference in the 3 different parts of the berry (Table 1).

The berry skin of 'Clara’ had a statistically verifiable higher FRAP value compared to the other
tested genotypes, while the FRAP value of the berry peel of ‘Leikora’ was significantly lower
than the value measured in the berry skin of ‘Mara' and R-01.

142



Figure 2. Antioxidant capacity (FRAP) in three different parts of the investigated sea buckthorn
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Conclusion

Based on our results, we determined that the investigated sea buckthorn varieties are suitable
for the production of products or dietary supplements containing biologically valuable active
substances with functional properties. ‘Askola’ and ‘Mara’ varieties are mainly recommended
for the production of juice. The peel, in the case of most varieties, has a higher active ingredient
content. The peel (e.g. dried) can be used as an additional active ingredient in foods, especially

the ‘Mara’, ‘Habego’ varieties and the R-1 variety candidate.
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Modern medicine is challenged with complex problems caused by pathogenic microorganisms
and their resistance to conventional antibiotic treatments. From this reason, innovative and
sustainable solutions were sought to deal with these serious shortcomings by employing
multifunctional materials/surfaces that prevent or reduce the adhesion and colonization of
bacteria. In this context, the present work promotes a promising strategic way to design and
develop of fibrous micro-/nanostructures based on polysulfone with morphological and
surfaces properties tailored in accordance with the purpose of their use. Thus, by combining the
properties of the quaternized polysulfone (PSFQ), cellulose acetate phthalate (CAP) and
polyvinylidene fluoride (PVDF) and the proper choice of solvents for the electrospinning
process of composite solutions, the quality and functionality of the fibrous materials based on
PSFQ for the targeted application was guaranteed. Therefore, by controlling the weight ratio of
the components in the system, blends with different compositions were obtained in different
solvents, i.e., N,N-dimethylformamide (DMF) and N-methyl-2-pyrrolidone (NMP) were
obtained, and subsequently electrospun. The morphological changes and characteristics of the
nanofibers analyzed using SEM technique highlighted the influence of the polymeric solution
properties and solvents nature (Figure 1).

AN
f &g f&“ Figure 1. SEM images of PSFQ
é‘ fibers obtained from solutions

of 40% concentration in DMF
(@) and NMP (b).

The recorded SEM images demonstrate that electrospinning of pure polymers and their blends
solutions with different compositions and concentrations, enables the achievement of the fibers
with different morphological characteristics and design, depending on the used solvents.
Therefore, the solutions parameters associated with the polymer and solvent properties
(concentrations, viscosity, boiling point of the solvents, and the surface tension) and also, the
processing parameters related with the operation of the electrospinning apparatus and
environmental parameters (temperature, humidity, and local atmospheric conditions) represent
the key factors in electrospinning process, directly affecting the structural parameters and
morphology of the electrospun fibers.
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Abstract. A modified glassy carbon electrode (ZnO-Nafion/GCE) prepared by drop-casting
technique, was investigated by square wave anodic stripping voltammetry (SWASV) for the
detection of Pb2* in synthetic and reals water samples.

Introduction. Heavy metals (HM) pollution represents one of the important dangers to the
environment, and due to their toxicity, the HM detection is of great interest. Usually, the HM
detection is performed by complex analytical methods such as atomic fluorescence
spectroscopy, atomic absorbance spectroscopy, and inductive coupled plasma-mass
spectroscopy, but, also by electrochemical methods based on the modified electrodes [1].

Experimental. The ZnO-Nafion/GC modified electrode was prepared by drop-casting method
and was investigated by SWASV, using a PGStat 302N electrochemical workstation.

Results and discussion. The operational parameters (i.e., HM deposition time, frequency, and
pH of the buffer solution) for investigating the ZnO-NP-Nafion/GC modified electrode were
optimized. The calibration curve for Pb?* ions leads to obtaining the analytical parameters (i.e.,
sensibility, linear domain, and limit of detection) which were in concordance with the literature
data for other chemically modified electrodes. Moreover, the standard addition method was
performed for Pb?* detection in real water samples [2].

Conclusion. ZnO was used for preparing a sensitive ZnO-Nafion/GC modified electrode by a
simple drop-casting method, and its investigation by SWASV led to obtaining good analytical
parameters values in synthetic samples and the possibility to applying the device for detecting
HM in real drilling water samples.
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Abstract

In this study we investigated the inhibitory effect of the widely used broad-spectrum herbicide
active ingredient glyphosate and its related analogues on aVP3 integrin binding to the shortest
oligopeptide recognizing motif of integrins, the arginine-glycine-aspartic acid (RGD) sequence.
Integrin binding characteristics were assessed in a modified enzyme linked immunosorbent
assay (ELISA) and by a label-free optical biosensor technique. At 22 mM, glyphosate reached
full inhibition of VB3, and the inhibitory activity of its main metabolite,
aminomethylphosphonic acid (AMPA) was also above 95%, while another environmentally
relevant metabolite, sarcosine exerted only a weaker effect, approximately 35% inhibition. In
turn, the half maximal inhibitory concentration (ICso) of glyphosate and AMPA were reported
to be 2.7+0.5 mM and 1.3+0.2 mM, respectively. The inhibitory effects of the other related
compounds investigated (acetylglycine, glycine and iminodiacetic acid) at the same
concentration, 22 mM were below 50%. Inhibitory effects on cell adhesion to RGD-modified
surfaces by whole cells containing several types of RGD-binding integrins including a VB3 were
detected using the biosensor technique, where the integrin antagonist activity of glyphosate was
also demonstrated.

Introduction

After its discovery as a potential herbicide active ingredient in 1971, glyphosate has been
considered as a non-harmful compound to human health. As its popularity and usage intensity
sharply increased on the market, the active ingredient and its metabolites emerged with
increasing occurrence in environmental matrices as pollutants. Glyphosate residues have been
detected in surface and subsurface water, soil, and also in food and biological samples. This
fact paired with the contradictory toxicological classification by various international
organizations (e.g., classified as probably carcinogenic to humans by the International Agency
for Research on Cancer, but this statement has been refuted by the European Food Safety
Authority and other risk assessment agencies) indicates uncertainties regarding the safety of
this regulated product and an increasing rate of human exposure [1; 2]. Some of the revealed
toxicity effects were proven to be attributable to the previously commonly used formulating
agent, polyethoxylated tallowamine (POEA), yet certain effects, as the integrin antagonist
activity reported in this study, clearly belong to the active ingredient itself. The basis of our
modified receptor-binding enzyme-linked immunosorbent assay (ELISA) method was the
connection between the arginine-glycine-aspartic acid (RGD) sequence and the aVp3 integrin.
Integrins, as cellular bidirectional signaling transmembrane receptors, have important roles in
comunication between cells but are also involved in communication of the cells and their
external environment [3]. Thus, integrins can bind different extracellular matrix components
[4] which is provides a means for the cell to sense its surrounding medium [5]. Through specific
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binding to their target ligands from the extracellular matrix integrins mediate crucial cellular
physiological processes, such as cell adsorption and spreading on surfaces, migration and
differentiation, and in a broader sense survival, proliferation, motility and differentiation [5, 6].
In addition, they also may contribute to pathological processes as well, as inhibitory effects on
them may disturb normal cellular functions.

As RGD is the shortest recognizing motif for numerous integrins with different functions [7,
8], the inhibition of their binding can have a more extensive group of effects, including
alterations in processes in several diseases comprising some types of cancer [9, 10]. Our study
included characterization of cellular adhesion processes based on an Epic BenchTop (BT)
optical biosensor investigation, which indicated the potential inhibitory effect of glyphosate on
RGD-depended integrins [6], and compared the results with the extent of the aVB3 integrin
antagonist effect revealed in the ELISA and biosensor cell-free tests. To assess chemical
moieties necessarily present in the chemical structure of the integrin antagonist, the inhibitory
potential of structural derivatives of glyphosate has also been assessed within the study. All the
chosen potential inhibitors are metabolites and amino acid analogs of the main target
compound.

Experimental

ELISAs were carried out in high-capacity 96-well microplates (Nunc, Roskilde, Denmark,
#442404) coated with 250 ug/mL PLL-g-PEG-RGD in the form of poly(L-lysine)-graft-
poly(ethylene glycol) terminated with the sequence GGGGYGRGDSP (SuSos, Diibendorf,
Switzerland) in 10 mM 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid (HEPES, pH =
7.4) for 1 h and blocked after a washing step using phosphate buffer saline containing Tween
with 20 mM TrisB, pH = 7.5. After washing, competition steps were performed by adding 50
uL of the inhibitor first (e.g., glyphosate in dilution series in a concentration range of 137.5 uM
—22 mM), and then 50 uL integrin (2 pg/mL) for 1 hour incubation. A subsequent washing step
was followed by a 1-hour incubation of the primary antibody (mouse anti-human CD51/61, 2
ug/mL). After washing again, the second antibody labeled with a reporter enzyme horseradish
peroxidase (anti-mouse 1gG-HRP, 100 uL/well, 1 pg/mL) was incubated for 1 hour. After the
last washing step, 100 puL/well of the substrate (hydrogen peroxide, 1.2 mM) and a chromophore
(3,3',5,5'-tetramethylbenzidine, 1.2 mM) were added together in 0.5 M citrate buffer (pH =5.0).
Incubations were performed at room temperature. The enzymatic reactions were stopped at the
approppriate color intensity by adding 50 pL/well of 4 N sulfuric acid. Colorimetric signals
were detected using a SpectraMax iD3 Multi-Mode Microplate Reader (Molecular Devices,
San Jose, CA, USA) in endpoint mode at 450 nm.

Cell adhesion inhibition assays were performed in Epic BT instrument (Corning Incorporated,
Corning, NY, USA) using 384-well Corning Epic assay microplate coated with PLL-g-PEG-
RGD. The MC3T3-E1 cells were harvested and solutions containing glyphosate at varying
concentrations were added to the cell suspension, resulting in a final cell density of 8000
cells/well. Then 30 pl of cell suspensions were seeded into the wells and biosensor responses
were recorded for 1 h. Competitive biosensor integrin binding assays were performed in 384-
well Corning Epic assay microplates coated with 250 pug/ml PLL-g-PEG-RGD. Solutions of
echistatin, glyphosate, and tirofiban were added to the biosensor wells (20 pl/well). Upon stable
baselines had been established for all wells, 20 pl of aVB3 integrin solution was added to a final
concentration of 4 ug/ml and biosensor responses were recorded for 1 h. Snake venom
disintegrin echistatin was chosen as a positive control, while tirofiban, with no blocking effect
on aVB3 integrin, was applied as a negative control.

Comounds tested for integrin antagonist activity included, besides glyphosate, included its
common or less frequent metabolites or contaminating substances. The chemical structures of

148




28th International Symposium on Analytical and Environmental Problems

glyphosate and two of its major metabolites are depicted on Figure 1. Glyphosate was applied
in the form of its zwitterionic free acid or its isoprolylammonium salt.
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Figure 1. The chemical structure of the target compound glyphosate, and two of its metabolites,
aminomethylphosphonic acid (AMPA) formed by oxidative degradation N-acetylglyphosate
formed by N-acylation.

Results and discussion

ELISAs were performed to determine the inhibitory effect of glyphosate and related compounds
on aVB3 integrin binding to RGD sequence. Background levels were measured in coated and
blocked wells with buffer. The main inhibitor herbicide caused total inhibition at 22 mM, but
the half of that concentration (11 mM) still resulted in substantial inhibition as high as around
90% (Figure 2, left). To obtain comparable results with other compounds related to the target
molecule, glyphosate, all the other compounds were investigated also up to this molar
concentration, 22 mM. Surprisingly the main metabolite aminomethylphosphonic acid
(AMPA) reached almost the same level of inhibition with a signal decrease above 95%, but
other related compounds tested had only weaker effects with inhibition rates detected between
20% and 50%, and the activity of the weakest inhibitor, iminodiacetic acid did not reach 25%.
The other important metabolite, sarcosine also caused only 35% inhibition. The potent
inhibitory activity of AMPA was even more demonstrated by the half maximal inhibitory
concentrations (ICses), in which AMPA showed an even slightly stronger inhibition than
glyphosate: the ICso values of glyphosate and AMPA were reported to be 2.7+0.5 mM and
1.3£0.2 mM, respectively.

Glyphosate is decomposed mainly by two mechanisms: a redox pathway in which
aminomethylphosphonic acid (AMPA) and glyoxylic acid are formed via the C-N bond
cleavage in the aminoacetic acid part of the molecule (AMPA pathway) catalyzed by the
enzyme glyphosate oxidoreductase and other dehydrogenases, and a dephosphonylative
pathway in which N-methylaminoacetic acid (sarcosine) and phosphate are formed via the C—
P bond cleavage in the aminophosponic acid part of the molecule (sarcosine pathway) catalyzed
by the enzyme C—P-lyase [1; 11]. In addition, glyphosate can also be inactivated by an N-
acylation pathway in which N-acetylglyphosate is formed catalyzed by the enzyme glyphosate
acetyltransferase [1; 12].

The effect of the integrin antagonist activity of glyphosate was demonstrated by determining
its effect on cell adhesion of osteoblastic MC3T3-EL1 cells to RGD-displaying polymer surfaces
measured by label-free optical biosensing (Figure 2, right). For this purpose, the evanescent
field-based surface sensitive resonant waveguide grating biosensor Epic BenchTop (Epic BT),
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proven as a useful method for real-time, high-throughput, and label-free detection of cell
adhesion, spreading and signaling events based on measuring of dynamic mass redistribution
within a 150 nm range on the sensor surface, has been used [13-15].

The Epic cell assay was capable to assess changes in the kinetics of cell adhesion on the sensor
surface. Sigmoid-shaped kinetic response is known to be typical phenomenon in receptor-
mediated cell adhesion events [15-17]. In the presence of an inhibitor, cell adhesion is
decreasing resulting in reduction in the maximal biosensor signal and indicating considerable
effects of glyphosate on the cell adhesion process. The binding between RGD-specific integrins
in the intact MC3T3-EL1 cells and soluble glyphosate has been demonstrated to occur through a
competition for binding to the RGD-motifs with an estimated value of the Ky of 0.352 mM and
of the I1Cso of 20.6+£0.3 mM [6]. In addition, adhesion of the MC3T3-E1 cells to the RGD-
modified surface was completely blocked by preincubation with 74.5 mM glyphosate. The
somewhat lower integrin antagonist activity of glyphosate in the Epic BT biosensor tests than
in the ELISAs can be explained by the fact that the living whole cells contain various integrins
in addition to aVB3, therefore cell adhesion facilitated by integrins other than aVB3 can take
place even when all aVB3 integrins are fully inhibited. In competitive aVP3 integrin binding
assay in biosensor format the 11 mM glyphosate resulted in inhibition level of about 50%.
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Figure 2. Left: Inhibitory potential of glyphosate and its structurally related analogues on oV 33
integrin determined in a biosensor (Epic BT) and an immunoassay (ELISA) format. Right:
Inhibition of MC3T3-E1 cell adhesion to an RGD-displaying sensor surface by glyphosate at
various concentrations. A monotonous concentration-dependent inhibitory activity of

glyphosate on aVB3 integrin is observed in the concentration range of 0.4—74.5 mM (0.01—
1.7%).

Conclusion

Our study has evidenced the inhibitory effect of glyphosate on aV3 integrin. It has also been
revealed that the main metabolite AMPA, far more persistent than glyphosate itself, exerted
inhibition of aVB3 nearly as potently as glyphosate. This may emerge as a health concern not
only from the aspect of environmental relevance but also when human exposure is considered.
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Possible health consequences, due to the physiological processes affected by inhibition or
inactivation of the functions of aVB3 integrin may influence our approach towards safety
assessment of glyphosate.
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Abstract

Agquatic organisms are outstandingly exposed to water contaminants because of their
unavoidable contact with xenobiotics, thus their exposure needs to be routinely monitored. Due
to its extensive use, the herbicidal agrochemical active ingredient glyphosate realizes massive
exposure, its toxic effects alone and in formulations were evaluated in different in vivo aquatic
ecotoxicological tests on various algae species, freshwater biofilm communities, Daphnia
magna, and Danio rerio, furthermore the possible cytotoxic, genotoxic, and hormone-
modulating effects were evaluated in vitro on different cell lines and test organisms. Significant
differences were detected in the individual and combined toxicity of glyphosate and its co-
formulants presented in the formulations, therefore various additives cannot be classified as
unequivocally inactive components. The result of the in vivo testing proved higher toxicity for
the formulating agent and the formulation compared to the individual effect of glyphosate, and
significant differences in the sensitivity of test species, and the effects on the sexual
development of fish were also observed. The performed in vitro assays on cell lines
demonstrated the potential cytotoxic and genotoxic effects of glyphosate and its formulations,
and some of the effects are the result of the individual toxicity of glyphosate.

Introduction

The main part of pesticide active ingredients (e.g., glyphosate), and their formulations exert an
increased load on our environment [1-3]. Plant protection products contain various additives
(e.g., formulating agents) in order to enhance the effectivity and bioavailability of the
formulation, and these components have long been considered as inert ingredients from the
aspect of the required main biological effect of the formulation, although co-formulants may
have a possible adverse effect on the non-target organisms [4,5]. The occurrence of the market-
leading, non-selective herbicide active ingredient and desiccant glyphosate in environmental
matrices (e.g. surface water) is globally observed, and these residues may exert harmful effects
on non-target organisms, while the biologically active compounds can interact with the abiotic
and biotic elements of the ecosystems. Our research group has been working for over a decade
now on the evaluation of the ecotoxicity of glyphosate and its formulation. The main purpose
of the work has been a systematic evaluation of the ecotoxicity concerns about glyphosate-
based formulations carried out directly by testing of the active ingredient and the formulating
agent or indirectly by comparing the biological effects of glyphosate and its formulated
products. Ecotoxicological evaluation targeted on lethal or sublethal effects e.g.,
immobilization, algal growth inhibition, phytotoxic, cytotoxic, genotoxic, or hormonal effects
tested in in vitro assays on cell cultures or in in vivo biotests on indicator organisms.
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Experimental

The lethal and sublethal effects of glyphosate and its formulations were determined in different
standard in vivo ecotoxicological standard test methods on various aquatic indicators, as the
exposure of aquatic organisms to xenobiotics is unavoidable in surface waters. During our
measurements the effects on the immobility of Daphnia magna, the growth of various algae
species (unicellular floating green algae and cyanobacteria species), moreover the teratogenic
effects on Danio rerio embryos were also evaluated based on the related OECD guidelines.
Furthermore, the effects of glyphosate and its formulation (ROUNDUP CLASSIC) were assessed
on the biomass and composition of algal communities in natural freshwater biofilm at the
community level as well, completed with a glyphosate degradation test. Before the biofilm
testing, freshwater biofilms were grown on glass substrates with the use of a special buoy
developed for biofilm colonization under natural conditions in Hungarian river and standing
water bodies.

The possible cytotoxic effects of glyphosate were determined in vitro by the evaluation of the
effects on cell viability, apoptosis, cell cycle, and barrier function. Cytotoxicity of glyphosate
IPA salt, its formulations, and POEA was investigated on NE-4C neuroectodermal, MC3T3-E1
preosteoblast, JEG3 placenta choriocarcinoma, and IPEC-J2 porcine intestinal columnar
epithelial cell lines. Effects on viability, apoptosis, DNA-damage, caspase 3/7 activity, and cell
cycle were determined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) assay, Muse Cell Analyzer flow cytometer using Muse Caspase 3/7 and Muse Cell
Cycle Assay Kits, while cell integrity was visualized by holographic transmission microscopy,
while barrier functions of IPEC-J2 cells were determined by transepithelial electrical resistance.
Furthermore, the effects of glyphosate on cell adhesion via Arg-Gly-Asp (RGD)-dependent
integrins were assessed with the use of label-free optical biosensing and ELISA methods.
Genotoxic effects of the components of ROuNDUP CLASSIC were determined by the sensitive
Comet assay, a fluorescent method for analysis of DNA damage and DNA repair mechanisms
at individual cell level on human HepG2, NE-4C, and MC3T3-EL1 cell lines. Moreover, SOS-
Chromotests were performed on E. coli PQ37 strain. The test measures the primary response of
a cell to genetic damage. Briefly it detects sos error prone of the sfiA gene induced by most
genotoxins and it is coupled to a gene that expresses a colorimetric endpoint. Studies also
targeted on hormonal modulation and effects on sexual development by the in vitro
determination of aromatase activity on JEG3 cell lines, while endocrine disrupting effects of
the components in ROuNDUP CLASSIC were investigated also in vivo on D. rerio.

Results and discussion

Based on the results of acute immobilization tests performed on our own laboratory D. magna
colony and on juveniles ensured by the Daphtoxkit F test kit (MicroBioTests), the order of
toxicity for both tested D. magna strains and glyphosate-based formulations (ROUNDUP
CLAssic and MEDALLON PReEMIUM) was as follows: active ingredient < formulations <
formulating agents. In the algal growth inhibition tests, the order of toxicity mostly agreed with
the tendency observed for D. magna on the basis of the calculated 72h ECso values according
to the result of optical density and chlorophyll-a-content measurements. The results of the algal
assays indicated significant differences in the sensitivity of different algae species. The
photosynthetic activity of Pseudokirchneriella subcapitata green algae was significantly
decreased after the RouNDuP CLASSIC exposure but only at the highest investigated
concentration (18,9 mg/l POEA and 50,6 mg/I glyphosate), while photochemical efficiency of
the PS 1l photochemical system was not affected by the exposure of glyphosate and POEA
alone. During the determination of lethal and sublethal teratogenic effects of glyphosate, its
formulations (RouNDUP CLASSIC, MEDALLON PREMIUM, TOTAL, and GLYPHOS), and
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formulating agents (POEA, POE alkyl phosphate ester, sodium-alkyl polyglucoside citrate, and
sulfosuccinate) on D. rerio embryos, glyphosate was the least toxic and the formulating agent
POEA showed the highest toxicity also on embryos. The highest toxicity was observed for
RouNDupP CLASsIC during the testing of the formulations. Below or near the calculated LCso
values, deformities, edema (pericardial), inhibition of heartbeat and circulation were the most
frequently observed teratogenic malformations in every treatment. Based on the analytical
determination of retinoids responsible for the differentiation, development, and embryogenesis
of vertebrates, formulating agents used in glyphosate-based herbicides and the active ingredient
itself has been indicated to interfere with the formation of retinoids and the retinoid acid
pathway [6]. Based on the results of biofilm testing, significant differences were observed in
the sensitivity of biofilms grown under different natural conditions. In glyphosate-treated
biofilms (100 pg/l glyphosate a.i.), an increase of algal biomass was detected, although in some
cases only after an initial decrease, while usually a decrease in the algal biomass was detected
in ROUNDUP CLASsIC-exposed biofilms. Individual POEA treatment resulted in the increase of
biomass values, however, in samples from Lake Velencei, but only after an initial decrease
similar to the effects of glyphosate. The realignment of algal communities was detected in the
treated biofilms compared to the control units, while more sensitive species were replaced by
more tolerant especially filamentous green algae species, which can utilize the tested substances
as a source of nutrients. At the end of the testing period, increased production of EPS-matrix
(extracellular, mucous exopolymers) was demonstrated in the treated biofilms, especially in the
presence of POEA, which can be interpreted in biofilms as an intensified stress response [7].
The result of the trait-based analysis of diatom communities’ biological characteristics,
significant changes were detected in the cell number ratio and ecological guild categories of the
diatom communities in the treated biofilms. Based on our degradation study, the dissipation of
glyphosate was highly depended on the form of glyphosate (pure active ingredient or
formulated glyphosate), the presence of POEA or biofilms, and the physical/chemical
characteristics of surface waters (e.g., pH, the composition of the microbial community) [7].

According to the result of cytotoxicity tests, ROUNDUP CLASSIC significantly decreased the
viability of NE-4C cells, while the inhibitory effect of POEA was detected on cellular
metabolism. Based on the MTT-assays performed on NE-4C and MC3T3-E1, the order of
cytotoxicity was the following: glyphosate IPA salt < RouNnDuP CLASSIC < POEA. The results
of the determination of the ratio of total apoptotic cells, a significantly higher level of apoptotic
cells was detected for POEA compared to glyphosate IPA and RounNDupP CLASSIC. The
distribution of cells among different phases of the cell proliferation cycle is an informative
indicator, whether cell division of the population has been affected upon exposure to the test
substances. After 24 hrs, for all test compounds ratio of cells in the beginning DNA replicating
(S) phase decreased. After the 48-hr exposition, this decrease was more outstanding, moreover
ratio of cells in the growth (Go/G1) phase increased compared to the control [8,9]. Moreover,
NE-4C cells showed a higher sensitivity for the effects of the tested compounds compared to
the MC3T3-EL1 cell line, and the order of the inhibitory potency was as follows: glyphosate IPA
salt < < ROUNDUP CLASsIC < POEA [10]. Based on the detection of cell toxicity by label-free
Epic BenchTop optical biosensor, a higher ratio of apoptotic cells was detected in cells exposed
to POEA and Rounbup CrLAssic compared to glyphosate-treated cells at equivalent
concentrations indicating higher apoptosis-inducing potential of POEA [11]. Cell morphology
parameters, determined by holographic microscopy, are useful descriptors of cell viability and
ongoing cell-morphological changes including the processes of cell differentiation, cell growth,
and cell death. Due to the treatments, a time-dependent decrease in cell area and an increase in
the maximum thickness of the NE-4C cells were demonstrated, however, the difference was
statistically significant for glyphosate treatment. Average cell area showed an increase in 24
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hours in the control due to cell adhesion, while it was rapidly decreasing due to extensive cell
death upon the effect of POEA or RounDuUP CLASSIC, practically equitoxic with each other at
concentrations 20-fold below agricultural application [8,9]. Based on the assessment of the
cytotoxic effects on human JEG3 placenta choriocarcinoma cell lines, all the tested formulating
agents and formulations were comparably cytotoxic well below the agricultural dilution of 1%,
while the cytotoxic effect of glyphosate was not demonstrated. During the assessment of the
individual and combined effects of glyphosate and POEA on cell barrier functions, the 2-hr
exposition of POEA and RouNDuUP CLASSIC increased the paracellular integrity of IPEC-J2 cells
[12,13], but were toxic to various cancer cells [14]. Furthermore, the effects of glyphosate on
cellular interactions via Arg-Gly-Asp (RGD)-dependent integrins were demonstrated, [15], and
total inhibition of avp3 binding to RGD was observed for glyphosate and its primary metabolite
(AMPA), and on a5B1 binding to RGD for acetylglycine [16].

Potential genotoxic effects of the investigated components were observed on the investigated
cell lines based on the results of the performed Comet assays, while the results of SOS-
Chromotests indicated no genotoxicity in the concentration range of 0.03—-710 nM. The results
of the measurements of the endocrine-disrupting effects of glyphosate IPA salt, glyphosate-
based herbicides (RouNDUP CLASSIC, ROUNDUP WEATHERMax, GLYFOS, KAPAZIN, TOTAL,
MEDALLON PREMIUM), and co-formulants (POEA, POE alkyl phosphate ester, alkyl
polyglucoside, quaternary ammonium compound) on JEG3 cell line demonstrated decreased
aromatase activity both by the individual exposure of co-formulants (POEA and alkyl
polyglucoside) and the formulations at an 800-fold lower concentration than the agricultural
dilutions, while glyphosate exerted an effect only at 1/3 of the agricultural dilution
demonstrating, that the endocrine-disrupting effects of the formulations primarily caused by the
presence of the formulating agent [17]. During the in vivo assessment of the endocrine-
disrupting effects of the components in Rounpur CLASSIC (glyphosate and POEA) D. rerio,
hermaphroditic zebrafish were not presented in either treatment group, while the number of
females was higher in glyphosate and POEA treatments after the 20-week exposition.

Besides our work on the embryotoxicity of glyphosate, its formulant and formulations on D.
rerio [6], in vivo effects of these substances have been tested on an ecologically relevant
earthworm species (Lumbricus terrestris) [18,19]. The experiments demonstrated reduced
activity of earthworms upon exposure to commercial glyphosate formulations or the pure active
ingredients at concentrations of 40-90 ng/g soil.

Conclusion

Co-formulants presented in the various plant protection products have long been considered as
inert components, although these substances can exert biological side-effects, in given cases
synergistic with those of the active ingredients of these preparations. Surfactants used in
veterinary and pesticide formulations enter the environment and create potential exposure to a
number of non-target organisms, therefore the toxicological and ecotoxicological evaluation of
additives is essential during the environmental risk assessment of pesticide formulations applied
in agricultural practice. Our results demonstrated altered toxicity of glyphosate-based
formulations compared to the individual effect of glyphosate, and the identified biochemical
and (eco)toxicological effects including cytotoxicity (on cell lines of epithelial, neural, and
other tissues, as well as tumor cells), endocrine-disrupting effects, as well as aquatic ecotoxicity
regarded to the presence of the formulating agents, although glyphosate-specific effects were
identified during the measurement of RGD-specific cell adhesion.
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Abstract

Twenty-six species of hawks, eagles, and vultures (family Accipitridae) are present or
occasionally inhabit Serbia, although the presence of some species has not been proven with
certainty. The aim of this research was to determine the threats to these species at the global
level, as well as their conservation status at the European and national levels.

Globally, according to the IUCN, these birds are affected by a range of threats. Nevertheless,
the most prominent threat, affecting as many as 23 of the 26 representatives of the Accipitridae
family living in the territory of Serbia, is hunting. Also, renewable energy sources represent a
significant cause of the population decrease of these birds, considering that 19 of them are
threatened by the construction and operation of wind farms. Other threats that stand out in terms
of the number of species they affect are pollution from agriculture and forestry, arable land
(annual and perennial crops), tree plantations, etc.

According to the IUCN categorization at the European level, the highest number of accipitrids
living in the territory of Serbia (22 out of 26) belongs to the category “least concern” (LC),
while the bearded vulture (Gypaetus barbatus) is classified as “near threatened” (NT). Three
species are considered endangered at the European level, namely the greater spotted eagle
(Aquila clanga) and the Egyptian vulture (Neophron percnopterus), which are classified as
“vulnerable species” (VU), while the steppe eagle (Aquila nipalensis) is designated as
“critically endangered species” (CR) on the territory of Europe. However, there is only one
unreliable finding for the steppe eagle in Serbia, so this part of Europe probably does not
represent part of the natural range of this bird.

Of the 26 species of hawks, eagles, and vultures recorded in Serbia, 21 are listed in the Annex
| of the Birds Directive, while only five are not on this list, namely: the northern goshawk
(Accipiter gentilis), the Eurasian sparrowhawk (Accipiter nisus), the steppe eagle, the common
buzzard (Buteo buteo), and the rough-legged buzzard (Buteo lagopus). Unlike the other listed
species, which are not included in the Annex | because of small concern for their survival, the
absence of the steppe eagle on this list can be explained by the fact that its natural range mainly
covers the Asian continent, not the European continent. Regarding the Berne Convention, 25
species are included in the Annex I, while only one species is included in the Annex Il, namely
the steppe eagle. According to the European Birds of Conservation Concern, most bird species
belong to one of the so-called SPEC categories. The European population status for eight
species is currently considered secure.

The only species that is not protected by the Serbian national legislation is the steppe eagle
because Serbia is generally not considered as part of its natural range. Other species are
protected at the national level and listed as “strictly protected”, while the only species listed as
“protected” is the northern goshawk.
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Abstract

The reptile fauna of Serbia consists of about 26 species (including introduced ones): 4 species
of turtles, 10 species of snakes, and 12 species of lizards. The aim of this research was to
determine the threats to these species at the global level, as well as their conservation status at
the European and national levels.

Agriculture represents the biggest threat to the reptiles of Serbia at the global level. It is
estimated that 19 out of 26 species are threatened by annual and perennial crops worldwide.
Also, housing and urban areas represent a significant cause of the population decrease of these
animals, considering that 13 species are threatened by this factor. Other threats that stand out
in terms of the number of species they influence are hunting and gathering, road and rail traffic,
tourism and recreational areas, etc.

According to the IUCN categorization at the European level, the highest number of reptiles
living in the territory of Serbia (20 out of 26) belongs to the category “least concern” (LC).
Four species are in the category of "near threatened” taxa (NT), namely: the European pond
turtle (Emys orbicularis), the Hermann’s tortoise (Testudo hermanni), the four-lined snake
(Elaphe quatuorlineata), and the meadow lizard (Darevskia praticola), while the Greek tortoise
(Testudo graeca) and the Ursini's viper (Vipera ursinii) are considered “vulnerable” (VU) in
Europe.

Of the 26 species of reptiles recorded in Serbia, 20 are listed in the Annex Il and/or IV of the
Habitats Directive, while only six are not on this list, namely: the red-eared slider (Trachemys
scripta elegans), the grass snake (Natrix natrix), the common European adder (Vipera berus),
the slow worm (Anguis fragilis), the meadow lizard, and the viviparous lizard (Zootoca
vivipara). Regarding the Berne Convention, 15 species are listed in the Annex I, while five are
listed in the Annex Il1. Six species are not covered by this directive, namely: red-eared slider,
the Caspian whipsnake (Dolichophis caspius), the sand lizard (Lacerta agilis), the Balkan green
lizard (Lacerta trilineata), the European green lizard (Lacerta viridis) and the common wall
lizard (Podarcis muralis). The only species not covered by either of the two directives is the
red-eared turtle, which is expected considering it is a non-native species.

Only six reptile species are not protected by the Serbian national legislation, namely: the red-
eared slider, the slow worm, the sand lizard, the Balkan green lizard, the European green lizard,
and the common wall lizard. Two species are listed in the Annex Il (protected wild species),
while as many as 18 species are listed in the Annex I, which means that they are strictly
protected in Serbia.
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Abstract

Agro-industrial waste poses a significant effect on environmental pollution due to the
challenges of waste management. Meanwhile, agro-industrial wastes are rich in bioactive
compounds, particularly polyphenols that can be useful in the food, cosmetics and medicine
industries. This study investigates the extraction of polyphenols from the industrial apple
pomace of the variety Idared for potential use as natural food additives for the development of
functional foods. Polyphenols from the dried apple pomace were extracted by the ultrasound-
assisted extraction method using food-grade solvents ethanol and water. The amount of
polyphenols extracted (Total phenolic content) was quantified by Folin-Ciocalteu’s method.
Antioxidant activity was quantified by the Ferric reducing ability of plasma (FRAP) method.
Sonicating the pomace at 20 kHz for 10 and 35 minutes resulted in the extracts with extraction
recovery of 27 — 33 % for all solvents. Total phenolic content (TPC) was found to be 647 —
1430 pg GAE mL* while antioxidant activity (FRAP) was found to be 436 — 842 ug AAE mL"
! Results suggest that waste products (pomace) from the industrial processing of apples (variety
Idared) are valuable resources for extracting useful polyphenols that can be used for functional
foods development.

Keywords: Agro-industrial waste, Apple pomace, Polyphenol, TPC, Antioxidant, Functional
foods

Introduction

Processing of agricultural produce results in the production of an enormous amount of waste
products most of which are discarded into the environment. Apart from contributing to
environmental pollution, discarding this waste into the environment results in the loss of
valuable bioactive compounds that can be used in other sectors including food, cosmetics and
pharmaceuticals. It has been known that there is great potential in utilizing waste from
agroindustrial products for various uses such as energy production, chemicals and food
additives. Recently concepts such as zero waste production in agroindustrial processing
factories are being introduced where a majority of the waste products are being turned into other
products [1], [2]. One of the important agroindustrial wastes that can be turned into other
products is apple pomace.

Solid waste products from the industrial processing of apples to produce juice commonly
referred to as apple pomace are important agroindustrial wastes that are rich in fiber, pectin and
polyphenols. A small amount of this waste is being used for animal feed, energy production
and as a pectin source [3], [4]. A huge amount of the pomace is still disposed into the
environment despite the fact that they are rich in bioactive compounds. Research shows that
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these pomaces can be used to develop natural food additives such as antioxidants,
antimicrobials and food packages [5], [6]. Moreover, they are good candidates for developing
functional foods such as bakery products enhanced with dietary fibers as well as health foods
enriched with polyphenols for antioxidant enhancement [7], [8]. This study, therefore, focuses
on investigating the potential of obtaining polyphenols from the industrial apple pomace of the
Idared variety, using food-grade solvents (ethanol and water) for the development of functional
foods rich in antioxidants.

Experimental

The apple pomaces were obtained from an apple juice processing company in Hungary. The
pomaces were from the apples cultivated in 2020/2021 grown in Hungary and immediately
frozen at -20°C after pressing to obtain the juice.

Prior to drying, the pomace were thawed overnight and drying was done using the atmospheric
oven at 60°C for 3 hours followed by a vacuum drying oven at 60°, 65 mbar to reach a final
moisture content of about 3 - 4%. The dried pomace was ground to make a final powder using
a multi-chopper coffee grinder followed by packaging in sealed polythene bags and stored in a
dry condition awaiting the extraction.

Extraction was done by ultrasound-assisted extraction method according to [9] with minor
modifications. 10 g of the dried apple pomace powder was mixed with 200 mL of the solvent
(Water or ethanol) in flasks. The flasks were then sonicated at 20 kHz, power 240 watts at room
temperature for 10 and 35 minutes in an ultrasonic water bath. The temperature of water in a
sonicating bath was maintained by periodically replacing it with cold water. The pomaces were
allowed to stay in contact with the solvent overnight followed by centrifugation at 4500 RPM,
followed by filtration using filter paper No. 1 under vacuum. The filtrate was then rotary
evaporated to reduce the solvent to about 30% followed by further drying in the atmospheric
oven at 60°C for complete drying. The obtained residues were quantified to obtain extraction
recovery followed by redissolving in water to make a final concentration of 400 mg/mL.

Total phenolic content (TPC) was analyzed by means of the Folin-Ciocalteu‘s method
according to [10] where Gallic acid was used for the calibration curve and the results were
expressed as microgram Gallic acid equivalent per milliliter (ug GAE mL™). The antioxidant
activity was quantified by the means of Ferric reducing ability of plasma (FRAP) according to
[11] where Ascorbic acid was used for the preparation of the calibration curve and the results
were expressed as microgram Ascorbic acid equivalent per milliliter (ug AAE mL™).

Results and discussion

Solvent type (Ethanol or water) didn’t affect the extraction recovery of the extracts from the
pomace where there was no significant difference in the amount of the crude extracts obtained
between the two solvents. The recovery of the extracts from the dried pomace ranged from 27%
to 33% of the dried pomace for both ethanolic and aqueous extracts (Figure 1). Smaller ranges
were seen from other studies where extraction recovery using methanol as extraction solvent
was between 8% - 15% in different varieties of the apple pomace [12].
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Figure 1. Influence of ethanol and water on extraction recovery of the crude extracts from apple
pomace

Solvent type significantly affected the amount of polyphenol phenols extracted from the apple
pomace where ethanol resulted in extracts with higher amounts of TPC compared to water. The
amount of TPC was approximately 650 ug GAE mL for aqueous extracts and 1400 pg GAE
mL for ethanolic extracts and there was no effect in the TPC when the sonication was done
for both 10 and 35 minutes (Figure 2). Similar results were reported by L. Wang et al., 2018
where ethanol displayed higher TPC content compared to water. Differing observations were
observed in the study of Silva et al., 2020 where there were no significant differences in TPC
when ethanol and water were used as extraction solvents by ultrasound-assisted extraction.
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Figure 2. Effect of ethanol and water on TPC of the apple pomace extracts

There was a hugely significant difference in the antioxidant activity of the apple pomace
extracts after sonicating for 10 minutes where ethanolic extracts displayed FRAP value of 842
ng AAE/ mL while aqueous extracts displayed 435ug AAE mL? . Contrarily, there was no
significant difference between ethanolic and aqueous extracts when the sonication was done for
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35 minutes. Opposite to our study, the study of Gharedaghi et al., 2020 found that water results
in extracts with higher antioxidant capacity than ethanol when a conventional extraction method
is used.
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Figure 3. Effect of ethanol and water on antioxidant of the apple pomace extracts.

Conclusion

Agro-industrial wastes are known to have an enormous amount of bioactive compounds mostly,
polyphenols that are known to be potentially useful in various sectors such as food and
pharmaceuticals. Apple pomace from the industrial processing of the apples into juice contains
a huge amount of polyphenols that can be exploited for other uses instead of disposing them
into the environment. From this study, it has been seen that ethanol results in higher polyphenols
and to some extent antioxidant activity than water. It is recommended that apple pomace, a
cheap and reliable resource can be useful in obtaining polyphenols that can be used for the
development of functional foods rich in antioxidants using food-grade solvents ethanol and
water.
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Abstract

Industrialization, increasing motorization and rapid urbanization have led to extensive soil and
groundwater contamination. The main pollutants are fuel hydrocarbons and various gasoline
additives. Microbial bioremediation is a cost-effective and sustainable way to promote the
remediation of affected sites.

Our experiments focused on testing key parameters of a universal and promising biological
treatment technology, using a lab-scale fluidized bed bioreactor and a previously isolated
bacterial consortium. The aim of our work was to test our setup and provide data for the
technological design and optimization of field-scale bioreactors.

Introduction

Gasoline additives such as ether oxygenates and their tertiary alcohol metabolites are common
groundwater contaminants, mainly due to leaks from storage tanks. Compared to other
components of gasoline, ether oxygenates, like methyl tert-butyl ether (MTBE), are well-
soluble in groundwater and able to form an extensive contaminant plume [1].

Bioremediation is an effective and affordable way of environmental remediation. Studies have
focused on the investigation of aerobic and even anaerobic biodegradation of MTBE. Many
individual isolates and bacterial consortia are able to grow using ether oxygenates as a sole
carbon and energy source. In some cases, natural attenuation was observed, however, with
stimulation and optimized conditions enhanced biodegradation is achievable[2].

Fluidized bed bioreactor is an ex situ bioremediation technology that can provide the necessary
nutrients and optimal growth conditions (pH, temperature, dissolved oxygen) for microbes. As
a consequence of fluidization, the specific surface area is increased, enhancing bioconversion
efficiency by giving an opportunity for the formation of high biomass concentration and
promoting retainment. This type of reactor design is capable of treating large volumetric flow
rates, as well [3].

Experimental

The total volume of our lab-scale fluidized bed bioreactor is approximately 13 L. As an
affordable biomass carrier, we used sterilized, fractionated medium sand with a diameter of 1-
2 mm.

In advance of the initiation, the bioreactor was sterilized with sodium-hypochlorite solution and
washed several times with softened water. The volatilization of MTBE has been monitored for
several days with analytical measurements (HS-GC-MS).

The reactor was inoculated with a previously grown consortium culture maintained in minimal
media containing MTBE as a sole carbon source.

Influent water was delivered to the bioreactor by a peristaltic pump. To ensure the needed
recirculation flow for fluidization we used a membrane pump in order to reduce shear force and
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avoid the heating effect of centrifugal pumps.

We previously tested the optimal temperature for the chosen consortium at 18 °C, 20 °C, 22 °C,
23 °C 24 °C, 26 °C, 28 °C, and 30 °C, respectively. We also investigated the optimal nutrient
composition for the consortium, focusing on nitrogen and phosphate supplementation,
respectively.

Firstly, we were testing the effect of increasing MTBE concentration in contaminated water,
while influent flow was set to a middle-low level and was unchanged during the experiment.
Our next approach was using fixed MTBE concentration in contaminated water, which was
typical of an averagely polluted field. Inflow of contaminated water with unchanged MTBE
concentration was raised gradually in order to find out the maximum efficiency of our
experimental setup. The upper limit for MTBE concentration in effluent-treated water was 0,4
mg/l.

Results and discussion

Based on our results, the optimal temperature range for growth and efficient MTBE
biodegradation is 24-27 °C. The results of preliminary experiments indicate that ten times
decreased nitrogen and phosphate supplementation compared to basic minimal media was
perfect for efficient workflow.

Within days after the inoculation of the bioreactor, MTBE concentration decreased by 80%
compared to the starting point, thus we were able to start the continuous phase (starting the
intake of contaminated water and release of treated water). MTBE concentration was monitored
daily in the influent and in effluent water, respectively.

During the continuous phase, we applied necessary modifications to eliminate and prevent
technical issues, for instance redesigning the aeration in order to increase its efficiency and
using different types of pumps to find out, which one is the best choice.

As a result of increasing the intake gradually, we observed stable MTBE removal efficiency of
98% at a loading rate of up to 175 L/day. This achievement was much better than we expected,
additionally, based on our results, there are more opportunities to improve efficiency in the near
future. We are also planning to develop our bioreactor setup, making it more robust and being
able to work automatically.

Conclusion

Our prototype was developed to optimize the fundamental conditions for an MTBE-degrading
bacterial consortium. Our results verified that the prototype is far suitable for maintaining the
optimal conditions for several microorganisms, furthermore, gives the possibility to grow a
large amount of biofilm on the surface area of fluidized carrier particles in order to enhance
biodegradation.

Additionally, this setup is useful for testing newly isolated microbes and microbial communities
even for other types of biodegradation methods or optimizing operational parameters of a
fieldscale bioreactor. The main advantage of our lab-scale bioreactor is that it gives us the
possibility to model and test all of the parameters which are needed for designing and
developing full-scale bioreactors, which are universally usable, efficient, and economical
solutions for bioremediation of even large volumes of contaminated groundwater.
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Abstract

Sous vide is a minimal processing technology used to cook meat at strictly monitored time and
temperature under vacuum packaged conditions. The quality of sous vide treated meat during
storage differs depending on temperature conditions. In the present study, we analysed the
effect of chilled storage at 4 °C for two weeks and frozen storage at -20 °C for four weeks on
weight loss, pH, hardness, lipid oxidation and color attributes (lightness, redness and
yellowness) of sous vide treated pork chops. Weight loss, pH and TBARS values (lipid
oxidation) of sous vide treated pork chops were increased during the chilled storage at 4°C for
14 days. On the other hand, redness values of sous vide treated pork chops were decreased
during chilled storage. Frozen storage increased weight loss, TBARS, lightness and yellowness
values of cooked pork chops. In contrast, frozen storage (-20°C) had a significant effect on
decreasing hardness values of sous vide treated pork chops.
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Abstract

The present study has the objective of defining the metallographic structure of two titanium
alloys in order to find if they can be used in medical prostheses. The composition of the alloys
is: TidFe (93.2% Ti, 4% Fe, 2% Al 0,8 V) and Til0Al (89.5% Ti, 0.5% V, 10% Al).

For the purpose of obtaining the metallographic structure, it was necessary to use an optic ZESS
microscope Axio Vert Al. The materials were initially cut into samples of small volume and
covered in epoxy resin in such a way as to leave a controlled surface exposed to the environment
[1]. Afterwards the samples were polished and grinded with a Struers polishing machine, SiC
papers and an alpha-alumina suspension of 0.1 um [2]. When this process was finished, the
samples were cleaned for preventing possible contaminations that could affect the results. The
alloys were then submerged in Kroll reactive for five seconds in order to expose their
metallographic structure by acid attack. Shorter immersion times were not sufficient to observe
the structure satisfactorily, and longer times caused regions of the alloys to burn.

Figure 1. Metallographic structure of alloys Ti4Fe (a) and Til0Al (b) observed with 100x
magnifications.

The presence of the allotropic forms of a-titanium and B-titanium can be seen in the two images
obtained [3], although it is not possible to distinguish which of the regions corresponds to
which. If one wanted to obtain this information, it would be necessary to use other tests [4,5].
It can be seen that in the Til0Al alloy there is a greater presence of burnt regions by the acid
attack of the Kroll reactive, although not enough so that the structure cannot be appreciated.
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Abstract

Understanding the mechanism of action of biologically active compounds is of great interest in
medicine, including cancer research. Chemical labeling of molecules, i.e. making them
"visible" under the right conditions, is a widespread and intensively researched field of science.
The fluorescent labeling of compounds offers several advantages over other methods. It might
be considered as an environmentally friendly alternative to radioisotope labeling. It is highly
important that fluorophores used in biomedical applications meet certain criteria, including high
photostability, good cell permeability and stability under physiological conditions. However,
the accessibility of the fluorophores is often limited owing to their high price and complex
synthetic strategies. Here we synthesized aza-BODIPY fluorophores, which are red-emitting
altervatives to BODIPY derivatives. The syntheses were carried out considering the principles
of green chemistry. One-pot and/or microwave-assisted syntheses were performed in order to
minimize the number of reaction steps and time and use of solvents.

Introduction

The labeling of biologically active compounds is necessary in biomedical applications, however
it proposes several problems [1]. Radioisotope labeling in radiotherapy requires extreme
caution because of its potential risks to the living organism and the environment from
inappropriate dosing, and the potential for radioisotopes to be released into the atmosphere
through improper handling. Activities involving radiation exposure are subject to strict safety
regulations [2].

Today, intensive research is being carried out to develop techniques that could replace
radioisotope tracer-based methods. One such promising technique is the use of fluorescent dyes.
This imaging technique makes visible the biological processes involved in early carcinogenesis
and may therefore allow the detection of small tumours at an early stage. Fluorescence imaging
is based on the visualisation of fluorophores excited by light of a specific wavelength depending
on the excitation spectra. The light is then re-emitted at lower energy but at longer wavelengths.
The depth of penetration depends on the wavelengths tested, ranging from a few hundred
micrometres to a few millimetres [3].

The extremely high cost of fluorescent dyes is encouraging researchers to develop more
efficient processes for synthesizing these materials. BODIPY-based (4,4-difluoro-4-boro-
3a,4a-diaza-s-indacene) compounds display a very favourable compound group for this
application (Fig. 1.). In addition to their excellent suitability for fluorescent labeling of
biologically active compounds due to their strong absorption in the UV range, they are
characterized by narrow absorption and emission bands and high molar coefficient values. They
also have the advantage of being highly photostable and insensitive to the pH of their
environment, making them suitable for use under physiological conditions. As their framework
can easily be modified chemically (Fig. 2.), thus their optical properties can be manipulated,
and their emission can be extended to higher wavelengths [4].
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Figure 1. BODIPY (A) and aza-BODIPY (B) framework

The aza-BODIPY core (B), in which the carbon atom at meso-position is replaced by a nitrogen
atom, has even more advantageous properties to those of compound A (Fig. 1.). Aza-derivatives
(B) show significant batokromic shifts. Accordingly, their emission spectra are shifted towards
the red region [5]. These favourable optical properties allow their widespread biological
application, especially because the radiation emitted is non-invasive, i.e. the lower energy
emission does not damage cells. In addition, the light emission is also better separated from the
autofluorescence of the cells (which is typically below 600 nm), which further improves the
usability of the fluorophore [6].

Encouraged by the promising optical, chemical and biological properties of the aza-BODIPY
derivatives, here we aimed to synthesize novel fluorophores based on framework B. Functional
groups capable of later conjugation to biomolecules were introduced via postfunctionalization.
The enhancement of water solubility was also an important aspect of our strategy. In order to
consider the principles of green chemistry, one-pot and/or microwave-assisted syntheses were
planned in order to minimize the number of reaction steps and time, and use of solvents.

Figure 2. 1,3,5,7-tetraphenyl-aza-BODIPY and the possible positions for
postfunctionalization

Results and discussion

The reaction sequence is depicted on Scheme 1. The base-catalyzed condensation of the
benzaldehyde (1) and acetophenone (2) resulted in the corresponding chalcone (3). Michael
addition using nitromethane as reagent was carried out on the o,fB-unsaturated ketone (3),
leading to the nitromethyl derivative (4) in high yield. It should be noted that the first two
reaction steps were achievable in one-pot also, but the yield was slightly worse. The
dipirromethene (5) was synthesized using NHsOAc in EtOH solvent, under microwave
irradiation. This step is the critical point of the whole reaction sequence, according to its
extremely poor yield. After complexation with BF3.OEty, the pyrrole rings were selectively
formylated in a Vilsmeier-Haack reaction, leading to the monoformyl compound (7). The last
step was the oxidation of the aldehyde, which resulted in the formation of a carboxylic acid
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derivative 8. The reaction conditions applied for the oxidation did not affect other moieties of
the dye.

o
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Scheme 1. Synthesis of the carboxylic acid derivative (8)
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Conclusion

An efficient strategy was elaborated for the preparation of aza-BODIPY framework and the
carboxylic acid derivative (8). The tetraphenyl derivative provides further opportunities for
postfunctionalization, including enhancement of its water solubility. Our future plans involve
determination of the optical properties of the newly synthesized dyes and their conjugation to
certain biomolecules. The biological investigations will be carried out in cooperation.
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Abstract

The aim of this research was to demonstrate the beneficial role of complexation on the
efficiency of novel-designed chloro-substituted salicylanilide esters, starting from the premise
that entrapping antimicrobial compounds in cyclodextrins should lead to proper control of drug
release, so that the drugs could be more efficiently used. Thus, new complexes of salicylanilide
ethyl esters and B-cyclodextrin, using the kneading method were obtained and tested against
some Gram-positive and Gram-negative bacterial strains. For comparison, the effect of
uncomplexed salicylanilide derivatives was also evaluated. Antimicrobial assays showed good
activity on Gram-positive bacteria, meanwhile the Gram-negative strains proved no
susceptibility on the action of tested concentrations. Among the bacterial strains, the most
susceptible to the action of chloro-substituted salicylanilide derivatives proved to be
Streptococcus pyogenes and Streptococcus mutans. The MBC and MIC values were equal
meaning that the tested compounds action is bactericidal against the sensitive bacteria. The f3-
cyclodextrin complex of ethyl 2-(2-((2-chlorophenyl)carbamoyl)phenoxy)acetate preserved the
same activity of the ester itself, even if the amount of the ester in the complex was 4 times
smaller. This behavior can be due to the fact that complexation may disturb the cell membrane
potential of bacteria and improve the membrane permeability of the drug.
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Abstract

Although war events cause numerous negative consequences for society and the economy, their
effect on nature and biodiversity is often overlooked. The aim of this research is to present as
many examples as possible of the impact of war events and military activities on biodiversity,
consolidate previous conclusions on this subject, and derive basic patterns. War conflicts can
be conducted in different ways, so ground, aerial, and naval war operations are distinguished.
In this regard, the impacts on biodiversity can also be different depending on whether the war
involves the use of infantry or artillery, aviation or navies. During all the aforementioned types
of warfare, environmental damage, habitat disturbance, noise generation, contamination, and
direct mortality of living beings occur. In addition to these general effects, each of the
mentioned types of war conflicts can also have many specific ones. Ground war conflicts have
a particularly harmful character when they involve the use of armored vehicles, which destroy
vegetation and surface layer of the soil only by moving through a terrain. The specificity of the
influence of military aviation is the risk of a direct collision between military aircraft and birds,
which leads to their death. The most pronounced negative effect of naval military operations is
the use of sonar, particularly harmful to large marine mammals, which navigate in the oceans
and seas based on echolocation. The use of nuclear weapons is very harmful to biodiversity
because nuclear explosions have thermal, kinetic, and radioactive effects. Thermal and kinetic
effects often have an immediate impact on living beings, causing lethal or sublethal
consequences. On the other hand, the radioactive effect is usually long-term and can affect
future generations. The use of chemical weapons during the war primarily harms humans but
can also affect other organisms. Although it can be thought that war conflicts always have
negative ecological consequences, their impact can sometimes even be positive for biodiversity
through the elimination of other negative anthropogenic factors.
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Abstract

Di-n-butyl phthalate (DBP) is an organic compound used as plasticizer, often found in
numerous consumer products such as food packaging, cosmetics, adhesives and toys. Since
DBP bonds non-covalently to final products, leaching and evaporation may occur. DBP
released in the environment can thus be deposited or taken up by water and crops intended for
livestock and human consumption. It has been shown that the main route of exposure is through
oral intake. Aim of our study was to investigate wether exposure to DBP can cause liver damage
by affecting the activity of aspartate transaminase (AST), alanine transaminase (ALT) and
alkaline phosphatase (ALP) in female Wistar rats. Twenty-four female Wistar rats were divided
into 4 groups (6 per group) and treated subchronically (3 months) with 0, 100, 500 and 5000
mg DBP/kg diet, that corresponded to 6.69, 33.73 and 344.49 mg/kg BW/day. Activities of
ALT, AST and ALP in plasma were determined by Dialab Autolyser. Statistical analysis of
obtained data was performed using STATISTICA® version 13.0 (StatSoft, Inc). Data from
control and treated rats were compared using One-way analysis of variance (ANOVA) for
multiple comparisons, followed by Tukey post-hoc tests. Statistical analysis revealed no
significant difference between control and DBP-treated rats. Our results indicate that DBP
subchronic treatment in applied doses does not affect activity of liver enzymes.
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Abstract

The hospitality industry (e.g., hotels, restaurants, fast food) are considered one of the generators
of food waste. Waste is created in kitchens during food preparation and after consumption by
users. Meat and meat products are an integral part of most meals in catering establishments in
our country. The paper analyzes the frequency of use of pork in food preparation facilities in
Sabac and the amount of waste generated on that occasion. The results showed the need to
increase the yield of gastronomic products, which would lead to a reduction of unnecessary
trimmings waste.

Introduction

According to the European Environment Agency, food waste generated in households, retail
and wholesale, accounts for 61% of municipal waste [1]. This type of waste is a worldwide
problem [2, 3] and has an impact on the environment [4, 5, 6]. Different foods have different
environmental impacts. The amount of meat that is lost and wasted is not very high compared
to other foods, but meat requires much more resources to produce, so wasting meat still
significant impact on climate change [7].

Experimental

The research is based on the evaluation of the gastronomy offer in hotels, restaurants and fast
food restaurants in the area of Sabac. The paper examines how much pork meat is present in
gastronomy offer and estimation of the amount of waste generated. The catering sector is a
significant producer of food waste, but there is a significant lack of reliable statistics on food
waste and avoidable food waste. The research results were obtained through field research and
the use of various domestic and foreign literature.

Results and discussion

The results show the dominant presence of pork dishes in the offer of restaurants, as much as
43%, in fast food restaurants 41%, and in hotels 27%. The offer includes all categories of pork.
The inedible part of the meat produced in the kitchen amounted to an average of 10.8% to 35%
depending on the category of pork. The results show the hotels are looking for an effective
solutions for recycling and reducing food waste, while for the restaurants, food waste is seen
as low priority, despite the data that show that 10 % of all the food that a restaurant buys ends
up at the dumpster.

Conclusion

Increasing the yield of the gastronomic product through the implementation of the necessary
training of kitchen employees could contribute to waste reduction. The obtained results indicate
the need to change the way of thinking and raise awareness through education about the
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importance of reducing the amount of meat waste, which requires much more resources for
production and has a significant negative impact on climate change.

Keywords: food waste, pork meats, gastronomy, restaurants.

References

1.

2.

3.

Analysis of the food waste management system in the Republic of Serbia, Beolgrade,
(2019), NALED National Alliance for Local Economic Development, www.naled.rs
B. Okumus, B. Taheri, I. Giritlioglu, M.J. Gannon. Tackling food waste in all-inclusive
resort hotels, Int. J. Hospit. Manag. (2020).

F. Girotto, L. Alibardi, R. Cossu, Food waste generation and industrial uses: A review,
(2015), Waste Management , VVol. 45, Pages 32-41.

C. Martin-Rios, C. Demen-Meier, S. Gossling, C. Cornuzm, Food waste management
innovations in the foodservice industry, (2018), Waste Management, Vol. 79, Pages
196-206.

P. Studnicka, Possibilities of waste reduction in gastronomy and food industry in the
context of circular economy, ICOM 2021 Zero Waste Management and Circular
Economy, DOI: 10.11118/978-80-7509-820-7-0136

J. Markowska, E. Polak, A. Drabent, A. Tyfa, Innovative Management of Vegetable
Outgrades as a Means of Food Loss and Waste Reduction. Sustainability 2022, 14,
12363. https://doi.org/10.3390/su141912363.

FAO (2015) Food wastage footprint and climate change.

178


https://www.mdpi.com/search?q=gastronomy
http://www.naled.rs/
https://www.sciencedirect.com/science/article/pii/S0278431920300955
https://www.sciencedirect.com/science/article/pii/S0278431920300955
https://www.sciencedirect.com/journal/waste-management
https://www.sciencedirect.com/journal/waste-management/vol/45/suppl/C
https://www.sciencedirect.com/science/article/abs/pii/S0956053X18304562#!
https://www.sciencedirect.com/science/article/abs/pii/S0956053X18304562#!
https://www.sciencedirect.com/science/article/abs/pii/S0956053X18304562#!
https://www.sciencedirect.com/science/article/abs/pii/S0956053X18304562#!
https://www.sciencedirect.com/journal/waste-management
https://www.sciencedirect.com/journal/waste-management/vol/79/suppl/C
https://www.researchgate.net/scientific-contributions/Petr-STUDNICKA-2212078457

28th International Symposium on Analytical and Environmental Problems

EMPLOYEE REWARD SYSTEM IN THE FUNCTION OF SUSTAINABLE
DEVELOPMENT

Tamara Jevti¢, Jelena Jevti¢, Jelena Puric¢i¢ Milankovi¢, Aleksandra Vasi¢, Dragana Ili¢
Udovici¢

Academy of Professional Studies Sabac, Department of Medical and Business-Technological
Studies, Sabac, Serbia
jevtic.tasa.98@gmail.com, jevticj.vts@gmail.com, jdjuricic@yahoo.com,
aleksandravasic98@gmail.com, dilicudovicic@vmpts.edu.rs

Abstract

The development and management of human resources are important aspects of building an
environmental culture in the organization. The result of adequate application of GHRM (Green
Human Resource Management) is the creation of greater efficiency, lower costs and better
employee engagement. The employee reward system can be a key instrument for raising
environmental awareness within GHRM.

Introduction

GHRM is a concept closely related to sustainable development. Viewed from a broader
perspective, this concept includes awareness of environmental issues, awareness of the
importance of the social and economic well-being of employees, and thus of the organization
as a whole. Sustainability ensures that the organization has long-term solutions that will
improve economic well-being in the future. Employees of the organization play a key role in
the sustainability process. There are great opportunities for human resource management to
participate in building the organization's strategic capabilities to implement its clear orientation
towards a sustainable business environment, using human resources, their knowledge and skills,
attitudes and values, capacities for learning and advancement [9].

The concept of GHRM or green human resource management deals with the use of human
resource management to promote sustainable development. Sustainable use of resources within
companies, raising employees' awareness of environmental issues stems from unique and
recognizable patterns of behavior and decisions of HR managers. Managers' green regulations
can be promotional (when behavioral patterns of employees are used as an instrument to
promote the concept of sustainable development) or preventive (when behavioral patterns and
decisions are applied preventively to prevent negative consequences for the environment) [13,
15].

Rewards, i.e. fees and benefits are used to increase the number of employees, productivity and
loyalty. They also increase employee satisfaction and motivation for work. Green reward
systems should be designed to reflect management's commitment to environmental
performance while reinforcing and motivating employees' pro-environmental behavior [13].
The employee reward system is a central and integrated feature of human resources
management [2]. Fees (remunerations, compensations and earnings) form the basis of the
reward system. They include all types of wages and rewards paid to employees for their work
[4]. Compensations are intrinsic and extrinsic rewards to employees for performing work.
Internal compensations reflect the psychological state of employees as a result of performing
the job. Organizational development professionals are responsible for them. Extrinsic
compensations include monetary and non-monetary rewards, and in larger organizations
compensation managers are responsible for them [8].
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However, compensation can also be seen as a direct financial cost of the organization. Labor
costs can make up a significant percentage of total costs, in some countries that percentage is
as much as 60% of total business costs. Precisely because of this, compensations should be
viewed as investments that result in added value for the organization [17]. Total compensations
are part of total rewards, they include external elements of rewards that can be quantified, which
are fixed and variable parts of earnings, benefits and allowances [3].

Compensation professionals create reward programs to reward employees according to their
length of service, performance levels or for the knowledge and skills they have acquired related
to the work they do. Non-monetary prizes include e.g. health insurance, annual vacations or
various services for employees. Most experts call these non-monetary rewards employee
benefits, which represent a very important element of compensation packages [7].

The development of the compensation system begins with the analysis of the business strategy
and is a very important activity of every organization. The compensation strategy and key
principles of remuneration are developed taking into account the existing HRM strategy,
remuneration policy and practice and the needs of the company's stakeholders [10].
Compensation objectives can be classified into three groups:

1. Efficiency - the compensation system should improve worker performance, product quality
and consumer satisfaction, but at the same time should control labor costs;

2. Equality - a key assumption of the compensation system that takes into account both the
performance of employees and their needs, providing a transparent compensation system for
everyone;

3. Adherence to legal frameworks - it is important that the compensation system changes in
accordance with the increasingly frequent changes in legal regulations [5].

The main purpose of the compensation system is to attract, retain and motivate quality workers.
Organizations should pay special attention to building a compensation system for several
reasons [11]. The first reason is to attract highly qualified workers who will contribute to the
successful operation of the organization with their knowledge and skills. In addition to this,
organizations should pay attention to keeping these workers in the organization, so that they do
not look for another place to work. The goal of observing the compensation system is the
motivation of workers to give their best in performing work tasks, which will ultimately lead
to the achievement of the set goals of the organization. The basic role of the reward system is
to align the individual interests of employees with the company's strategic goals, which is
achieved through attracting, retaining, motivating and creating an organizational culture in
which it will be important for employees to contribute to the success of the company in which
they are employed [1].

Literature review

Based on previous research in this area, the negative effects of the environmental crisis are the
consequences for man, his health and living conditions. Polluted air, polluted water, soil and
food lead to the emergence of new diseases. Poverty, unequal development and distribution
between the rich and the poor lead to new problems regarding human rights, the right to life,
and the right to a healthy environment [12]. Under the pressure of the mentioned problems, the
position was accepted that a new concept of development must be created, which would imply
technological progress, but with the reduction of environmental pollution [6].

Based on the review of the literature in this area, it is concluded that the green economy creates
new jobs and increases the level of social equality. Transition to a green economy also means
transition to new employment policies, opening more jobs than is the case with traditional
economic models. If investments are made in the green economy, agriculture, construction,
forestry and transport, employment will increase in the short, medium and long term. The
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concept of green economy does not replace sustainable development, but today there is more
and more evidence that reaching the goals of sustainable development depends to the greatest
extent on the movement in the economic sphere [16].

The relationship between man and the environment in the modern world is becoming more and
more complicated. A way out is sought in the integration of economic development and
environmental protection using the concept of ecologically sustainable development [14].
Sustainable development connects the economy, society and environmental protection, within
which green growth strategies can be considered as an appropriate framework for practical
policies.

Sustainability means ensuring a non-decreasing standard of living for future generations. It
represents the transfer of natural capital to new generations in the same amount that we used.
Today, damage has occurred due to global warming, and natural resources have been used up
to 50%. It is believed that by 2050, the utilization of natural resources will be as much as 85%.
If the demand for resources without good substitutes is a large part of the current supply, our
use of natural resources is unsustainable. Environmentalists claim that natural resources and
acquired capital are not good substitutes in production. The decision-makers face the demand
for moderate development and preservation of the environment, with careful weighing of costs
and benefits for both the economy and the environment [9].

Results and discussion
Monetary green rewards can include various bonuses and incentives, profit-sharing programs
and salary increases for achieving environmental goals, while non-monetary rewards can
include promotion and recognition. Based on recognition, employee awards can be for
individual, team and divisional contributions to waste reduction, team awards for company-
wide excellence, giving employees opportunities to attend green events, paid vacations, time
off and gift certificates. Another important issue in green compensation and benefits is that
these programs should be related to the acquisition of specific skills and competences (not only
for performance), because they are considered important factors in long-term performance, that
is, reward systems should be developed to produce desirable behaviors in environmental
management. An effective green reward system should be based on:

e Rewarding the employee for achieving environmental performance and environmental knowledge and
values.
Design special monetary and non-monetary rewards for employees who achieve environmental goals.
Design special organizational, team and individual rewards for employees.
Design rewards for innovative employee environmental initiatives.

e Introduce new and innovative benefits for employees' environmental practices [13].
Directing the organization towards the implementation of a sustainable development strategy
requires a certain process related to the role that green HR plays in that way. The basic phases
of strategy implementation would be as follows:
First step: Identification and involvement of all stakeholders to whom the policies, processes
and results of the HR policy apply.
Second step: Selection and prioritization of key human resource management issues relative to
supporting a sustainable organization.
Third step: Review and revision of HR policies in accordance with the principles of
sustainability.
Fourth step: Preparation and development of activity plans, indicators and measures of success

[9].
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Conclusion

The national sustainable development strategy is one of the most important elements that lead
to raising environmental awareness. Sustainable development is oriented towards creating a
model that eliminates or reduces impacts that pose a threat or damage to the environment and
natural resources. In the long term, the effects of sustainable development would be seen
through the achievement of such a scale of efficiency and technological progress, innovation of
the whole society, better utilization of resources, reduction of pollution levels, prevention of
future pollution and preservation of biodiversity [12]. Proactive HRM focused on sustainable
development set as an imperative of modern business influences the pro-environmental thinking
of employees. As found in the literature review, the compensation system has a great impact on
the satisfaction of employees in the organization. This system should be aligned with numerous
internal and external factors that affect modern business, and that respond to new requirements
in terms of encouraging employees to change their behavior towards green champions.
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Abstract

The mechanical characteristics and electrochemical behavior of the new titanium alloys
TiMoZr, TiMoZrSi0.5, TiMoZrSi0.75 and TiMoZrSil were studied to determine their
microstructure, corrosion behavior and mechanical properties. Following the use of the
appropriate procedures, metallographic analysis showed that both samples had biphasic and
dendritic structures. According to electrochemical tests in body simulation fluid, the samples'
corrosion resistance increases with decreasing silicon content since silicon-containing samples
corrode more quickly. Electrochemical Impedance Spectroscopy measurements were
performed at various potentials, and the acquired spectra show a two-time constant system, due
to the presence of a double-layer passive film on the samples. The three-point bending test for
both samples demonstrated that the values of modulus of elasticity are lower than those
commercial alloys and nearly to the cortical human bone, and the microhardness test showed
that the samples' surfaces had soft and hard phases.

Introduction

Nowadays, due to the increasing use of biomaterials in various fields of medicine, they must
have a number of characteristics: high biocompatibility, ductility, fatigue and wear resistance,
osseointegration, absence of cytotoxicity and a combination of high strength and low Young's
modulus equivalent to human cortical bone ranging between 10 and 30 Gpa [1-3].

About 70-80% of implants are made of metallic biomaterials [4], with Ti and its alloys being
the most widely used, as they can modify their properties by changing the composition of the
alloying elements, their biocompatibility with biological materials, high corrosion resistance,
high mechanical performance, low modulus and high thermal stability [3,5-7]. The Ti6Al4V
alloy is the most commonly used alloy for orthopaedic applications, although vanadium is a
carcinogenic and toxic material and aluminium, in large concentrations, can cause dementia or
Alzheimer's [8].

Consequently, it was decided to determine the effects of four different silicon concentrations
on the microstructure, corrosion behaviour, quantitative microanalysis, modulus of elasticity
and hardness of the new TiMoZrSix alloy by means of metallographic, electrochemical,
scanning electron microscopy, three-point bending and microhardness tests.

Experimental

The study of four new alloys with Ti, Mo, Zr, varying the composition of Si, TiMoZr,
TiMoZrSi0.5, TiMoZrSi0.75, and TiMoZrSi1, has been carried out with the aim of applying
different tests to find out their properties. The production of these alloys was carried out using
a Voltaic Arc Remelting (VAR) furnace in which a consumable electrode was melted in a
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vacuum at a controlled rate with the heat generated by an electric arc between the electrode and
the ingot. As a previous step to electrochemical, metallographic and flexural tests, several
processes should be performed, such as to embed into an epoxy resin cylinder the samples for
cutting and their subsequent polishing in two stages: polishing with SiC abrasive papers of
progressive grain size from 400 to 1200 grit and final polishing with 0.1 micrometer alpha
alumina suspension. The samples are then submerged in an ultrasonic machine for 5 minutes to
remove all traces of dirt, and then immersed in Kroll’s reagent for 15 seconds. After chemical
etching, the metallographic test was performed by taking images with the metallographic
microscope, of the surface of the samples at different magnifications to characterize their
microstructure. Moreover, electrochemical test consisted in inserting a specimen into an
electrochemical cell together with Saturated Calomel Electrode (SCE) as reference and Pt
electrode as counter electrode. Corrosion potential (Ecorr), cOrrosion rate (Vcorr) Were determined,
and Electrochemical Impedance Spectroscopy (EIS) and Pitting Potential were applied [9].
Three-point bending test were applied to find the value of the modulus of elasticity of each
specimen. Finally, microhardness test was obtained following Vickers method by using a
hardness tester and applying different loads.

Results and discussion

In the metallographic test, it can be observed that both samples had biphasic and dendritic
structures, distinguishable for both magnifications. Furthermore, the size of dendrites decreased
with the Si addition while the interdendritic zone increased. Moreover, in the corrosion tests,
the samples were immersed in Ringer Grifols solution which simulates the physiological fluid
of the human body the results obtained were processed by the EC-Lab software. From the plots
of Ecorr Versus time, it has been observed that the corrosion potential tends to increase with time
and thus a passive layer is formed, except for the TiMoZrSi0.75 sample, which corrodes. EIS
measurements were performed on each specimen at different potentials to obtain the Bode
Impedance plots, where the corrosion resistance increases the more positive the applied
potential and the higher the impedance and phase angle values. After obtaining the polarization
curves and performing the Tafel fit, it could be shown that the corrosion rate increases the
higher the addition of silicon. In addition, no sample was corroded by the pitting technique. In
the three-point bending test the value obtained for the modulus of elasticity of all samples is lower
than commercial alloys. Furthermore, the graphs of Vickers hardness versus scan length for both
samples show widely dispersed maxima and minima, as the surfaces of the samples show soft and
hard areas and it is confirmed that the hardness increases the lower the percentage of silicon.

Conclusion

In this study, the effects of silicon content on the microstructure, microhardness, modulus of
elasticity and corrosion behaviour of TiMoZrSix alloy in a simulated body fluid were
investigated, and the following conclusions were drawn:

After the analysis of the results, it was confirmed, in the metallographic test, the biphasic and
dendritic structure. On the other hand, in the electrochemical tests, both samples tended to
passivate, apart from TiMoZrSi0.75, and it was demonstrated that the more positive the value
of the applied potential, the greater the resistance to corrosion, presenting similar impedance
values. The modulus of elasticity was lower than those of many commercial alloys. Finally,
Vickers hardness values increases the lower the percentage of silicon and all samples presented
soft and hard areas.

According to the results, the samples had good mechanical, chemical, and biological features,
with the Ti20MoZrSi0.5 sample having slightly improved mechanical characteristics.
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Abstract

In this study we present the development process of an alternative sample introduction system
for inductively coupled plasma mass spectrometers (ICP-MS) with the aim of improving the
efficiency and capabilities of single particle ICP-MS measurements. The system consists of a
high efficiency pneumatic nebulizer, and a low memory effect, high transport efficiency on-
axis spray chamber which are currently under manufacturing utilizing a high resolution, multijet
(MJP) 3D printer. Both part underwent several fluid dynamic simulations to debunk potential
design flaws and to assess their optimal operating conditions before their production.

Introduction

The relatively novel technique of single particle inductively coupled plasma mass spectrometry
(spICP-MS) is a powerful tool for the characterization of nanoparticle (NP) or cell dispersions.
This technique can provide information regarding elemental or isotope composition of
individual particles, as well as the size distribution and particle number concentration (PNC) of
their dispersions with great statistical relevance. However, the standard ICP-MS sample
introduction system — which usually consists of a concentric nebulizer and a Scott-type double-
path spray chamber — hardly exceeds 5% transport efficiency and shows significant memory
effects which makes its sample consumption suboptimally high for efficient single particle or
single cell analysis [1,2]. It has been shown that by utilizing low sample consumption, high
transport efficiency nebulizers which facilitate monodisperse droplet formation, coupled with
low volume spray chambers, the performance and efficiency of the spICP-MS technique can be
further enhanced. The higher sensitivity, lower limit of detections, and decreased sample
consumption these accessories provide, come in handy considering the ever-increasing demand
for determining the above mentioned characteristics of cell or NP dispersions using lower
sample volumes and concentrations [3,4].

Also, as 3D printing technologies advanced in the past years, their minimum feature size (MFS)
reached the few tens of microns regime, which makes them a great tool for producing parts
which require high spatial resolution and precision such as nozzles and microchannels [5].

Experimental

The connectors of the nebulizer and the spray chamber was designed to be compatible with our
Agilent 7700X ICP-MS (Agilent Technologies, Santa Clara, CA, USA) instrument. The 3D
models of the nebulizer and the spray chamber was made utilizing AutoCAD 2022 software
(Autodesk Inc. San Rafael, CA, USA). The fluid dynamic simulations were carried out using
COMSOL Multiphysics software (COMSOL Inc. Burlington, MA, USA). The production of
the parts was done by utilizing ProJet MJP 3600 high precision 3D printer equipped with VisiJet
M3 resin (3D Systems, Rock Hill, SC, USA).
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Results and discussion

The operational principle and geometry of the nebulizer and the spray chamber was chosen to
fulfil three requirements with no or relatively minor changes on the general design. (1) Their
geometry (connections, size), and supplies (gas flows, liquid pumps) needed for operation
should be compatible with our ICP-MS instrument. (2) Their geometry is relatively simple,
does not include such small details (except the nozzle head, which inevitably on the edge of the
capabilities of 3D printing) that are too challenging for the used 3D printing technique. (3)
According to the literature, their efficiency is the reasonably high.

With those in mind, for the nebulizer we decided on a concentric pneumatic nebulizer. The
changes we made compared for the general designs were the reduction of the inner volume and
nozzle bore size as much as the design itself and the production technology allowed. As for the
spray chamber, an on-axis type, low volume spray chamber with sheath gas flow was chosen,
on which minor adjustments were made, decreasing its inner volume. Also, both the nebulizer
and the spray chamber got equipped with connectors that are compatible with the tubing of the
original nebulizer and spray chamber of the instrument. They are meant to be operated using
only argon gas flows so that the plasma of the instrument remains relatively undisturbed. The
application of the two chosen designs together was already reported in the literature a few times,
they showed reasonably high, more than once near 100% transport efficiencies [2,6].
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Figure 1. The final designs of the a) on-axis spray chamber b) concentric
nebulizer. Values are given in pm units.

The final designs are shown on Fig. 1, the inner volume of the spray chamber accessible for the
produced aerosol and the dead volume for the sample in the nebulizer are ca. 9.2 mL and 0.51
uL respectively. In the design process, several fluid dynamic simulations were carried out using
COMSOL Multiphysics software. Firstly, the pressure conditions were assessed inside of the
two components. In case of both designs, we concluded that they are capable enduring the inside
pressure in a wide range of introduced gas flow values, thanks to the axial symmetry of the
design and the good mechanical resilience of the 3D printer resin. By examining the pressure
and gas flow velocity distribution inside the simulated components a few iterations per design

188



28th International Symposium on Analytical and Environmental Problems

were made. (1) To optimize the relative velocity of the nebulizer and the sheath gas flow by
adjusting the size of the constriction through which the sheath gas is introduced. (2) To ensure
the optimal and reproducible nozzle position inside the chamber to reduce the chance of droplet
deposition on the walls.

a Slice: Velocity magnitude (m/s)

Sliée: Pressure (Pa)

: Velocity magnltude (m/s)

Prax=2740 Pa

Figure 2. Simulation results showing the lateral gas velocity profiles a) on the
whole model b) near the nozzle, while c) shows the lateral pressure distribution at
the tip of the nozzle. All plotted in the mid-depth plane of the model.

Conclusion

An alternative, 3D printed sample introduction system containing a concentric pneumatic
nebulizer, and a low volume on-axis spray chamber equipped with sheath gas flow for ICP-MS
was designed to enhance single nanoparticle or cell analysis. Its geometry was based on
previously published reports of high efficiency nebulizers, spray chambers and several fluid
dynamic simulations which the models underwent before finalization. As the continuation of
this research, we are planning to characterize the capabilities of this custom sample introduction
system experimentally. Examining its transport efficiency, primary and secondary droplet size
distribution, and its effect on the efficiency of spICP-MS measurements when coupled with our
instrument.
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Abstract

Dibutyl phthalate (DBP), widely used as a plasticizer in different items including medical
equipment, elastic plastics, cosmetic formulations and toys becomes the predominant
contaminant in the environment. Phthalates are known endocrine-disrupting chemicals that can
directly target the ovary, potentially causing defects in ovulation and fertility.

The aim of our study was to determine whether DBP treatment affects sex hormones levels in
female rat.

Twenty-four female Wistar rats, 40 days old at the beginning of the experiment, were divided
into 4 groups (6 per group) and exposed subchronically (3 months) to DBP added to the diet in
concentrations: 0, 100, 500, 5000 mg DBP/kg diet, that correspond to 6.69, 33.73 and 344.49
mg/kg BW/day. At necroscopy plasma was collected in vacutainer tube for clinical biochemical
tests. Biochemical analysis are performed in the Biochemical laboratory. Statistical analysis
was performed using STATISTICA® version 13.0 (StatSoft, Inc). Data from control and
treated rats were compared using One-way analysis of variance (ANOVA) for multiple
comparisons, followed by Tukey post-hoc tests.

Statistical analysis revealed that treatment in doses of 100 and 500 mg DBP/kg diet significantly
decreased estrogen levels, while in the group exposed to 5000 mg DBP/kg diet no differences
in estrogen level was detected when compared with control. Results also showed a significant
decrease in progesterone levels in all treated groups compared to the control group.

Taken together, our results indicated that subchronically exposure to DBP induced reduction of
progesterone levels, while decreased estrogen level depends of dose. Phthalates exposure could
possibly be an important environmental etiological factor of female sex hormone synthesis
disorders.
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Alumina is typically refined from bauxite ore via the Bayer process, which annually
generates more than 2.7 billion tons of red mud/bauxite residue worldwide, and this quantity is
still growing by 120 million tons per annum [1]. Currently, almost all bauxite residue is stored
indefinitely in land-based red-mud disposal areas, bearing potential environmental risks
associated primarily with its alkalinity. Therefore, the decreasing the causticity by means of
neutralization is crucial for sustainable alumina production.

Sodalite (SOD, Nag[AlsSisO24]*2NaX, where X can be OH™, CI, NOs~, 4CO3*", or
15504%") is the dominant phase of all by-products forming during the Bayer process, beside
hematite [2]. Although sodalite can contain many different anions (depending on the medium),
the isomorph containing OH™ is especially important concerning the alkalinity. Hence, this
study focuses on the preparation of hydroxysodalite (HS, NagAlsSisO24(OH)2) under well-
controlled conditions and the neutralization of this aluminosilicate by hydrochloric acid.

Overall, we found a synthesis method that yields hydroxysodalite with unique cubic
morphology. Moreover, our findings shed light on the time duration and mechanism of
neutralization of this sodalite.
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Abstract

The circular economy, as the antithesis of the linear model of the economy, is considered an
imperative for sustainable development and is one of the priorities of economic development
in the Republic of Serbia, which will lead to a better economic perspective and sustainable
economic growth. In the modern world, there is an increasing use of the circular economy, in
which recycling is the leading instrument. Considering that the topic of our work is the
importance of the circular economy in the management of packaging waste, it is packaging
waste that can be recycled. In fact, packaging waste is any packaging or packaging material that
cannot be used for its original purposes, except for residues created in the production process.
Contemporary society is characterized by an increasing production of municipal waste, in
which packaging waste represents a significant share. The management of packaging and
packaging waste is connected with the concept of cleaner production, all with the aim of
protecting the environment while respecting the principles of sustainable development. In
Serbia, packaging waste is on average 14% glass, 25% plastic, 34% paper and cardboard, 5%
metal, 21% wood and less than 1% of the rest. The recycling of packaging waste in accordance
with the principle of producer responsibility is supported by seven operators of the packaging
waste management system. Packaging waste management in Serbia is on the rise. The specific
national goals for the Republic of Serbia in 2020 have been met for the reuse of waste in the
value of 62.6% and for the recycling of waste in the value of 60%. Considering that the goal of
our work is to point out the importance of the circular economy in the management of packaging
waste in Serbia, we conclude that in the coming period we should continue the trend of waste
utilization and strive to increase the number of operators.

Keywords: circular economy, management, packaging, waste, Serbia.
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Abstract

Modern agriculture is characterized by the intensive use of agricultural mechanization. Its
impact on animals can be viewed from two aspects - positive and negative. The positive aspect
is reflected in better solutions for microclimatic conditions and nutrition on large farms, as well
as in the use of artificial intelligence systems for performing work and detecting animals in the
fields. The negative aspect is manifested by mechanical injuries, which due to the manipulation
of machines and devices, in combination with noise, can lead to the death of animals. In this
way, there is a disruption of biodiversity and negative consequences for the environment.
Research shows that the greatest damage from agricultural mechanization is suffered by hunting
game (rabbits, pheasants, mallards) and birds whose habitats are near or on parts of cultivated
agricultural land. Precisely for these reasons, it is necessary to implement measures of
prevention and protection of animals when using agricultural machinery.

Keywords: agricultural mechanization, prevention, impact, animals, environment

Introduction

The connection between agricultural machinery and animals is complex - "agriculture by
definition involves the use of various tools (many of which must be mobile or portable) and the
application of directed force™ [1]. In traditional organic production, working animals provide
much of the driving force, and also in the early mechanization of agriculture where animals
powered machines like threshing machines. In these systems, draft animals are autonomously
maintained within the agro-ecosystem and not only provide all the necessary movement power,
but also supply society with fertilizers, food and draft power. The process of mechanization
was very uneven around the world, shaped by social and environmental constraints
[1]. Countries like Great Britain or the USA were highly mechanized in the middle of the 20th
century [2], while mechanization is still very low in some countries [3]. Estimates indicate that
draft animals are still used on about 50% of the global land area in the year 2000 [4].
The use of modern machines and devices in agricultural works - tillage, harvesting, mowing,
application of pesticides, etc., affects hunting game (rabbits, pheasants, lanad), birds as well as
grazing animals. Mostly, mechanical injuries and stress reactions occur, which can cause death.
Mechanization in animal husbandry can play an important role in the prevention and control of
zoonoses. Mechanized equipment kills pathogens more reliably and is more effective in
blocking transmission routes. At the same time, many mechanical equipment (used in the
production chains of large livestock farms) can: improve the management of the l