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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 Moghaddant, M8&rton?BahbdbatdoBucsi 2 Andr §s

!Department of Applied & Environmental Chemistry, University of Szegéd28 Szeged,
D-m t ®r 7, Hungary
2Department of Inorganic and Analytical Chemistry, University of Szegéd2a Szeged,
Dm t ®r 7, Hungary
e-mail: amin.hm@chem-szeged.hu

Abstract

The concentration of the predominant greenhouse gas, i€@markably increasing in the
atmosphere due to combustion emissions of fossil fuels. Adftéite-art and relatively simple
syntheticpath of preparing NiAtlayered double hydroxides (LDHs) were developed through
high-energy mixer milling pretreatment &I(OH)z followed by impregnation withNi(Il)
nitrate salt under mild circumstancedto( at mos
be improved by the ion exchange technique, and thus various couns®®, (HHPGQ?,

H.PQu , HPQ? , PO, BsO7%, COs%> and HCQ) anions could be intercalated. The modified
LDHs proved to be active in GChydrogenation reactions at atmospheric pressure. The
catalysts were characterized using XRD,-DGA, FT-IR and H-TPR. The quality of
interlayer anions was found to exert a considerable influence on the topotactic transformation
of LDHSs, the in situ reduction of nickel, and the formation of sgiyyeé oxides. Furthermore,

their performance in C&reverse water gas shiiRWGS)eaction wasnvestigated. The data
anal ysis demonstrated that the highes+ cat a
activation. The catalysts obtained from LDHs with tetraborate and hypophosphite interlayer
anions clearly exhibits the highest CO selectivity aghthe studied catalysts in the range of
35006 00 and t hfermatioo. ieantwhileCthbse generated from nitrate and
carbonate counters comprising LDHSs facilitated mostly and vigorously the methane formation
and the intercalation of phosphate i@asulted in balanced production for both CO and..CH
Catalysts from BO; counter containing they possessed significantly high (>70%) CO
selectivity slightly dependent on the reaction temperatures, it is promising to exploit efficient
RWGS reaction catalygisystem.

Keywords Nickelpoor 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 Andelescd, Carmen Cretu?, Elisabetal. Szerl', Anca Silvestri?
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Romania
2BabesBolyai University, Faculty of Chemistry and Chemical Engineei@iggmistry
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Abstract

Chromonic systems are a subclass of lyotropic liquid crystal phases, which occur frao face
face aggregation into columns of the molecules which contain planar taxonweties and
solubilizing hydrophilic and/or ionic groups. However, lately coordination complexes based on
d-block metal centers with bulkier geometries like octaheddaim(lll) complexes have been
shown to selassemble spontaneously into ordesegramolecular organizations in water at
low concentrations, like the classical chromonics. The interest in this class of materials derives
from their potential applications ibiosensing and imaging, thin film polarizers, micro
patterning, nandabricatia, etc. [1]. Thus, developing such lyotropic metallomesogens based
on rhodium(lll) and platinumll)coordination compoundsay lead to materials wighotential
applications in medicine as drug delivery systems [2]ariderapeutic agents [3].

On this bakground, herein we report the synthesis and characterizatisoroénew water
soluble heteroleptic Rh(Il&nd Pt(lIl)complexes. The nature of the complexes was established
by elemental analysis and molar conductivity and fully characterized B{RMR and U\

Vis spectroscopy. The mesomorphic propeitiesaterof the complexes were investigated by
polarized optical microscopy (POMising the Lawrence penetration methdte complexes
show ability to seHassembly into chromonic phases in water at rdemperature The
aggregation behavior in water of Rh(lll) complexes will be discussed.
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HOW TO ESTABLISH METABOLITE REFERENCE RANGES FOR HEALTHY
ADULTS?

Bogl 8§r k®¥VBalreatta Kpnesz Gg§tdhr, Enlddiek -2 Thi bode
Csaba Vargd
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The main bottleack 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 measur ed 5 0-50) maaabdomigs pafdes bytusngthg a g e d
Biocrates MxP500 kit measured with liquid chromatografagmgdem mass spectrometry. To
assess the results and to try to establish a normal range baseseoméasurements, we have
used basic data analytical tools, a bootstrapping method, and the fitting of statistical
di stributions. We compar ed[l]lovhichquargifedidsialert o Tr
number of metabolites for 800 healthy Frenehjscts (aged 186).

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 axy@d by the younger study population
which may suggest that the development of metabolite reference ranges should be stratified by
age.
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BUSI NESS STUDENTSG6 EVALUATI ON OF ENERGY
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Abstract

Understanding the studentsdé opinions about
acceptance. It can coibute 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 analysie return, availability, environmentally friendly

natue, knowledge requirement of the applicagiand 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 biomasgenerJ he st uder
opinions differ from the professional approach on the energy sources that raise education
challenges.

Introduction

However, it is fundamentally agreed that the depletion of fossil energy sources is inevitably
approaching, the changesaslow. Finding alternative energy sources isimportantbut
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 renewableslve
environmental problems. It must be preferred to fossil fuels and nuclear. gdweeEuropean

Union and the Hungarian government highlight and force renewables [3] [4]. Figure 1 shows
the trends limited to electricity production as an example that uneerthe restraint in fossil
sourcesalong with a higrcontribution of nuclear power.

Figure 1. The proportion of energy sources in the amount of electricity produce@@0D6
(based on https://www.ksh.hu/thm/3/indi3_1_2.html)
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The role of the nuclearay 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 GCemissions, and one of the solutions involves increasing the use of
renavables. 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 tifés cycle phas. There a several risks to
consider in a lifecycle 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 managerialatmmsider
Among these, the acceptance of technology is emphasized in our research. Related models [11]
confirm the impact ofbackground, 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):

A biomass energy,

A nuclear energy,

A solar energy,

A hydropower,

A wind power.

The respondents are asked to makeaiawise comparison of the items from 5 perspectives:

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

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

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

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

A Future: In your opinion, whictpower 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 consistencyefritlividual 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, B% for environmentally friendly nature, 82% for knowledaed 72.7%

for the f ut urnefficienoof cencordarea is caltulatédsfor measuring the group

l evel consensus for pairwise comparison (3)
percentages of thmaximum availablealue.

The results are based a voluntary online survey amongdiess 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 2026 @ahmp | e 6 s
representativeness is not checked;study can be considered a pilot, &melinterpretation 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 hypothdtiase 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 tontlaimum availablealue. The calculations are
performed for theotal sample and the respentswith 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 48.1 497 479 53.3 53.0 33.7 319
solarenergy 76.8 80.2 83.3 878 79.0 81.8 72.0 73.8 77.0 81.0
nuclear energy 37.8 36.2 225 192 6.5 41 143 11.6 48.8 49.3
wind power 54,7 552 57.0 575 64.0 65.8 67.0 68.7 48.7 47.7
biomass energy33.8 29.8 385 374 50.8 50.4 43.3 429 41.8 40.1
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 ruclear energyhowever, in other aspects 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.

I n cont r as t[l5] eephamedhatesaar, kidmasand geothermal (not included in

the survey) potential is relevant in the region, while wind and hydropower potential is marginal.
The studentsdé evalwuation is not in |line with
It is to note that the groupVel consensus is reflects shared opinions, especially on the future
role and the return of the investment. The highest value is fiouadvironmentally friendly
nature.

The results of weight calculations are in Table 2. The normalized eigenvectors atibw

scale comparison of the results within each evaluation aspect (by rows in the table). It is to note
thatacomparison between these is not feasible. The scorestsbosiative preferences of the
respondents. The dominant role of solar energyoidilened, 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 0317 0.125
availability 0.169 0.949 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 0.922 0.250 0.210 0.171

Solar energy has subject to general optimista. dvailability, returpn and future role
monopolize the opinions, while the utilization is considered simple. Astesvind power is
consicered similarly easy, but its future role is lower than even nuclear energy. Biomass energy
is acknowledged the thlin its environmentally friendly nature, but other aspects\aakiged

10
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low. Figure3 skips solar energto show the differences of the evaluations on other energy
sources more spectacularly

Figure 2. Normalized weight scores by evaluation aspects
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Figure 3. Normalized weight scores by energy sources, without solar energy
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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 rolare remarkably lower. Nuclear enegrgs 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 renemeaigiesources in
Hungary [16] [17].The tacklog of knowledge on the topic was detectable, and it is confirmed
in the present study. The studentsd evaluat:.
Biomass energy must be mentioned as westaiuatedn each aspect of the analysis. Its role

and opportunities are broader than imagined and expected by the business sfinents.
business students will become the decisiakers of companies or other institutions, the main
implication of the study is givig a higher emphasis to teaching about energy issues.

11
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DISSOLUTION OF CALCIUM(Il) DODECYL SULPHATE PRECIPITATES IN THE
PRESENCE OF ALCOHOLS
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Hungary
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Abstract

Anionic surfactants are commonly used @hmemical 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 Ga and Mdg*, in brine water may cause a decrease in the surfactant
concentration because of precipitation [1]. Alcohols, commonly usedsd\ants, have been
reported to enhance the solubility of?Gaurfactant 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 dodecybblate (SDS), applying spectrophotometry,
tensiometry and dynamic light scattering. In the absence of metal salt, we find alcohols to
increase both the size of SIp&rticlesas well as the surface tension at the watemterface.

Upon addition of C& 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%);utoxyethanol (10.0 V/V%) and-octanol (10.0
V/IV%) enhance the solubility of the precipitates up to 10.0 g/&* €ancentration. Conversely,
Methanol (MeOH) and ethanol (EtOH) do not alter the solubility significantly.

These results suggest the addition @nipleal cohc
and effective method to suppress the interactions between the surfactant@od<a

[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, KOkamoto, Y.; Yanagisawa, S&creening of the
Effective Additive to Inhibit Surfactin from Forming Precipitation with Divalent Cations for
Surfactin Enhanced Oil RecoveBmergies202Q 13, No.2430

13



28thInternational Symposium on Analytical and Environmental Problems

NEW 3d METAL COORDINATION COMPLEXES WITH N -AND O- DONOR
LIGANDS: SYNTHESIS, STRUCTURAL CHARACTERIZATION AND OPTICAL
PROPERTIES
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Abstract

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

Here, we present the synthesis of two isostructurabNi Zr{ coordination complexes based

on N*N-c hel at i ng -blpyrigine mard d,1§théhanthiline) and an-@onor ligand
(3,4,5tridodecyloxybenzoate) and their structurgiaracterization 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 lind Zrf complexes

The complexes seHdssemble into liquid crystalline supramolecular architectures, their
mesomorphic propeds beingnvestigatedy 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.
Interestigly, 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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Populus Nigra L.BUDS EXTRACT
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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 ements being the subject of many studidsMany parts of this
tree carbe used as active ingredients, but the most valuable are the buds. The aim of the study
was to conduct a phytochemical characterizatidPopiulus nigra Lbuds 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 formulatioa pfiytopharmaceutical
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 eatibn of the finished product to define active
principles; ensuring that it is not contaminated with toxic metals either from the handling
procesor from the extractive process.

The inorganic elments concentrations were beltve limit of detection foAs, Co and
As, whereas Cd = 0.0rE9799g/ g, Nnh = 8.3%8 Og/g,
Zn = 14 . F&4 =0g3/99.,00 Og/ g a Rglethanblic extra& haB @ lo8 7 Og
contribution to trace elements in dietary intake, but the malsable 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
dihydroxybkenzoic acid, caffeic acid, chicoric acid, protocatechuic acid, apiggmiuronide,
chrysoeriolglucuronide, -8affeoylquinic acid, Eaffeoylquinic acid, tremuloidin, salicin,
pinostrobin, and tremulacirApigeniri glucuronide was the major compound, foundan
amount of 55.828 mg/g chlorogenic acid equivalent (CCE). Among all the phenolics identified,
chryglucuronide and tremuloidin were also the most abundant compounds. €ghks r
obtainedfor the phenolsare in line with those reported byher autbrs[3].

Di fferent concentrations (10, 25, ,tested, 75,
for the in vitro antiproliferativepotential on A549 human lungancer cell line Poplar bud
extract induced a significant decrease of tumdtnaability in a dose dependent manner with
an | C50 = Pdlarbudl exBart/canlbe regaddas a promising candidate fature
studies involving lung cancét,5].
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Abstract

Global warming and pollution are a big challenge facing humanity ance@@sion is one of

these issues. So, recycling Carbone dioxide to added value hydrocarbon is one of the solutions.
In this research Cfhas been Photocatalytic hydrogenated using ZnO doped Fe synthesized by
co-precipitation method with different Iron ratios. The samples wikaeacterized using X ray
Diffractometer (XRD) and UV Visible Refractance Spectroscopy. The> @Botc
hydrogenation was taken place in Glass Photoreactor in batch mode using UV lamp. The XRD
revealed formation of single phase of hexagonal ZnO and UMeisgectroscopy 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 enhancemehe iphotocatalytic activity for the doped
samples with 22%, 47% conversion and 99.9% CO selectivity with small traces sof CH
selectivity to CO for ZnO pure and iron doped ZnO respectively.

Keywords Photocatalysis, Hydrogenation, Band gap, £&0d 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 physidal math anticorrosion
properties. Theanticorrosive propery of a film consistingof poly (methyl methacrylate)
(PMMA) and ibuprofen(IBU) deposited by dizoatingon Ti alloy surfacevas investigated

by electrochemical impedanspectroscopy method

Introduction

The main important anticorrosive methods consist of the design of corresistant materials,

the application of a film having antbrrosion properties, the addition of corrosion inhibitors,
and the use of cathodic protection. In thigteat, an innovative higprotective antcorrosive
strategy consists of using a composite matrix consisting of an inhibitor included in a polymeric
film [1].

Experimental

Tii 6AlT 4V/xIBU-PMMA (where x = 0.2, 0.4, 1 mM ibuprofemjodified surface was praped
by dip-coating method and was investigatedo a 3.5% of NaCl saline solutioby
electrochemical impedance spectroscopy (EIS) measuremasisg a PGStat 302N
electrochemical workstation.

Results and discussion

In order to establish the steasdge open circuit potential (OCP) a stabilization period of 60
min was performed. The potentiodynamic polarization measurements were carried out over a
potential range 0f200 mVversusOCP with a scan rate of 0.5 mV.§-rom the obtained Tafel

plots the esmation of the corrosion kinetic parameters, such as corrosion potenga), (E
corrosion current densitycék), and anodic ) and cathodic () Tafel slopes were performed.

The EIS measurements lead to calculating the corrosion inhibition effyojdti).

Conclusion

The corrosion inhibition performance of a 8AIT 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 surfad®riton X1007 Brij 58 in an aqueous
solutionwas 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 X100i Brij 58, which increase with increasing temperature. The analyzed
binary mixed micelles possess molar exaggsopy.

Introduction

Triton X100 is a commonly used surfactant, mainly assadditive in drug or vaccine
formulation Brij 58 is adominantly used solulizer and an emulsifier in the food, drug, and
cosmetics industryTheir structures contain polyoxyethyleoleains as hydmhilic parts of

their moleculessignificantly longer in Brij 58 than in Triton X100 he hydrophobic part in
Triton X100 has araromatic coreand the hydrophobic part in Brij 58 has aliphatic
hydrocarbon chain. These traits lead to different behavior in terms of critical micellar
concentration and affect the structure ofrtih@xed micelle

Experimental

Chemicals used for this stly wer e taken from or i gBigmal ma n
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, sing pyrene as a probe moleciNteasurements were done with different molar ratios

(U of surfactants in their binary mixtures£ 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9), in the
temperature range af= (273.1% 323.15) K, with 5 K increments. All solutions of surfactants

were prepared using pyresaturated water. Firstif and thrd (I3) vibration band of pyrene

emission spectrum, were recorded at 373 hinand 384 nmlg). Obtained fluorescence
measurement resultéf[zcr at i o) for different work sol uti
using software Origin Lab 9 (NorthamptdA, USA). Thel4/Is 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 giveriemperatureThe 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 moleculeare randomly distributedlhe substitution of Brij 58 molecules, which
hydrocarbon chains are in the globular conformations, with the molecules of Triton X100,
reduces hydrophobic hydratiof2,3]. This results in a synergistic interaction between different
micellar building units in the examined binary mixed micell&@he mean value of the
interaction parameter is negative, in the examined temperature interyalr3.15 323.15) K.
Synergistic interactions are usually the result of various factors (catmbnis). 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 polyoxyetleylehains of Brij 58 molecules.
Thermodynamic stabilization of the examined binary mixed micelles iseseaith increasing
temperatureNamely, after replacing Brij 58 molecules that have globular conformations with
Triton X100 molecules, the planar aromatings are incorporated into micelles, which
increases hydrophobic interactions of Brij 58 hydrocarbon chains (with increasing temperature,
the size- intensity- hydrophobic interactions also incredd¢). As the hydrophobic segment

of Triton X100 is &orter 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 thé&®rij
hydrocarbon chains increases with increasing temperature

Conclusion

For binary mixed micelles Triton X100Brij 58, the RST approximation of the zero value
molar excess entropy cannot be taken. In the temperature inferalr3.15 323.15) K, wih
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
wastewatesludge treatment processes. On the one hand, we wanted to investigdtee how
soluble chemical oxygen demand (SCQOI)key characteristic in sewage sludge utilization
changes due to the different sludge-peatment processes, and whether these changes are in
connection with the dielectric behaviour of the material matiaddition, we also investigated
whether the anaerobic digestion of sewage sludge, asembéigy production method can be
monitored by measuring certain dielectric properties. The experimental results revealed that
there is a strong correlation betweée tthange in SCOD of different types of wastewater
sludgethat occurs due to the applied ffreatment methods and the dielectric constant (at f=450
MHz frequency), and we also found connection between the nascent biogas yield and the
dielectric behaviouof the fermentation medium.

Introduction

Nowadays, with the growth of population, globalization and industrialization becoming more
and more pronounced, it is essential to meet theigesrasing energy demands of different
industries, sectors, and sems. 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 asr@@tral [1]. However, due to the
complex physicochemical structure they have, a propeitrpagnent method (such as
microwave or ultrasonic treatment, chemical extraction, thermatrgaément) is usually
needed. These pteeatment methods often aim to directly increase the soluble organic content
in wastewaters, or to enhance the disintegrategret 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 ofing the obtained results to design and optimize several biomass pre
and postprocessing devices and equipment that operate at radio and microwave frequencies.
Materials, when put into an electric or electromagnetic field behave differently, based upon
ther dielectric properties. The absolute permittivity 6f a material defines how well it can
respond to an electromagnetic fielf] and to what extent this field causes an electric
displacemenb in the material:

o -0 (1)
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The applied fielcE also plays a role in the dielectric polarizati®), (which is defined by the
electric susceptibility.(): .
0 - 2.0 2)

-denotes the vacuum péesAMiMAmM)vi ty, which is 8

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

~

0o - .0 000 MO 0T - .1 O (3)

From Eq. 3 it can be seen that dielectric polarization and susceptibility depends on the applied
frequencywhich 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 loieficatlyas

a phase shiftl{). Since the magnitude and phase can be determirled same time only with
complex numbers, the absolute permittivity should be addressed as a complex function of the
frequency as follows:

o .
-1 ) wWETTR Qe - 7 Qe (4)
The real part of the complex functidd,i§ the dielectric constant, which indicates the electric
energy storing capacity of a given material. The imaginarygart,i s t he di el ect ri
which (in lossy materials) covers tdelectric loss (often called as dissipation loss, which is

due tothe 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 giveal aratexan
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, severalgahgsid / 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 ka 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
industryoriginated, dairy industrgriginated and concentrated municipal sludge. These sludge
samples were subjected to the sametigatments and the SCOD was measured from the
aqueous phase after each treatment, using a stakdargD7-based COD cuvette testhe

dielectric constant ofhe samples was then measured at a frequency of 2450 MHz using a
SPEAG DAK 3.5 dielectric sensor, attached to a Rhode&Schwarz-ZVector network
analyser. For the biogas fermentation process, meat industry wastewater sludge was used, and
the anaerobic diesti on was <carried out under mesoph
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 physicalty e
with different intensities, rad 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.

Meat industry o Dairy industry . Municipal

*
sludge sludge sludge

79

z)

y =0,481x + 49,131
R =10.,829

¥y =0,586x + 38,423
R? = 0,859

Dielectric loss factor (£')
(f=2450 MH:
=

64 y =0,7593x + 38,028
R? = 0,856

250 30.0 350 40,0 45,0 50.0 55.0 60,0 65.0
SCOD/TCOD [%)]

Figure 1. Correlaions betweersCOD/TCODand 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 hleust 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 f8Q0®values to change

as a result of the treatments, with aaorease in the watesoluble 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
watersolude COD fraction; as th8CODvalues 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 theolubilizationof organic molecules into the agpus phase which are
excitable at theppliedmicrowave frequency and thus capable of absorbing more electrical
energy.

In the anaerobic fermentation afieat industrysludge, the dielectric behaviour of the
fermentation medium was monitored every secaydad the digestion process in the frequency
rangeof 300-900 MHz (this is the interval where the differenceshiedielectric behaviour
between the differemhaterials / systemare themod observableaccording to the excitation

and relaxation frequeres generally typical for aqueomsedig. The data were analysed by
comparing the maximum dielectric constant values and their corresponding frequency values
for the fermentation day in treppliedfrequency range (Figui®.

The results clearly show thas 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 intaxestigated Approximating

the relatonship between the two variables with a seeortter 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 dielectristaat during anaerobic fermentation of
meat industryoriginated sludge
As the fermentation time progressed, the biogas yield varied according to the three distinct
phases typical of anaerobic digestion (lag, kigtionery, with thestationeryperiod ocurring
atthe 12" day.Thus, the resultaupportthat while significant biochemical changes occur in the
fermentation mediumthese changes are also reflected in the dielectric behaviour, i.e. the
measurement method is suitable for monitoring the diffgphases of anaerobic digestion.

Conclusion

Our experimentatesults have clearlgroventhat physical and chemical changleat occur in

the mediaduring wastewater and sewage sludge treatmentuglizhtion processes can be
monitored by determining thegpropriate dielectric paramesdéra strong correlation has been
found between the change in SCOD of the-tpeated different sludge samples and the
dielectric constant, as well as between the fermentation stage of the anaerobic digestion of
sludge andhe 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, esliment samples (river bottom/bank, suspended and active
floodplain/overbank) were collect@adthe simmer of 202@&tasampling siten the Drava river

to monitor B polycyclic aromatic hydrocarben(PAHS) as apparent water contaminants
Among these, 8 PAHs were specified as priority pollutants in the corresponding EU Directive
on environmental quality tandards(2008/105/EQ. The highest levels were measured for
fluoranthene (1.730 g / da&nzo(b)fluoranthene+benzo(k)fluorantheri.765 O g) gnd
anthracene (0.528 g Y sgmpled from the upper 5 cm layer of the bottom sediment on 5th
August 2020.

Introduc tion

In the frame of the SIMONA project (DTFI®32 . 1) Sedirmhentgudlity fnformation,
Monitoring and Assessment System to support transnational cooperation for joint Danube Basin
water managemenfl], development and test of a monitoring systeascarried out in test
areaat Drava River (BarcsHungary in August 202Q 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 adiutants (potentially toxic
elementghetals, pesticides, and PAH3he main parts of the system included a) a sediment
box for collection of suspended particles, b) sensors for recording different physicochemical
parameter (e.gtemperature, turbiditydissolved oxygerevel, pH), and c) passive samplers

for uptake of different contaminants. Here we report the results of PAH analyses for samples
taken by vacuum corgampler (bottom sediment), spade or cake sampler (floodplain sediment)
and by using a beal for collection of water (suspended sediment). In the cases of vacuum corer
and spade, sediments from two different depthee collected. Upon sample preparation and
instrumental analysis, isomer ratios were calculated based on the analytical oetetiésmine

the possible origin of PAH contamination (pyrogenic or petrogenic).

Experimental

For the monitoring progm, thesampling site waset upon the Drava river (Barcs, Hungary)
Coordinates of the site were: WGS Lat (N) 45.95088, Long (E) 1704&apling was carrig

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 cesampler, and the PAH content of upper 5 cm and that of the
subsequent 50 10 cm layer were determined. Suspended sediment samples were collected
together with 3diter batches of water into a barrel using a pump. The fine material that settled
from the water collectedsas filtered in the laboratory. Active floodplain/overbaddiments

were sampled using a spade or a cake sampler, at depths leiglamhOn the topsoil (or top
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layer). Anothertype ofsample was also collected from theé 80 cm bottom layerfThe same
harmonized methodology was used for the sediment sampénigrmed in other test areas of
the Danube river basin in the frame of SIMONA projee6]4

I nstrument al anal ysis was performed M8 the
method with an ion trap mass detector operating in the selective ioonman mode for
determination of the 19 target PAH compountise listof these priority pollutantssued by
the U.S. Environmental Protection Agency (EPA) in 1§3]6contains16 PAHs which are
routinely analyzedin environmental samples. Among thesenpounds 8 are on the list of
priority compoundsn the field of water policyn the European Union [7,8] as well, and 6 of
them arddentified as priority hazardous substas€Eable 1) In addition, 3 PAH compounds
(2-methyknaphthalenel-methytnaphthéene benzo(e)pyrenewere also determineth the
different sediment phases collected. Total PAH concentratiocisiuded the levels of
acenaphtene,acenaphthylendyenz(a)anthracenehrysenedibenzo(ah)anthracenuorene
phenanthrenand pyreneas 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 flugranthene 7 2.90
anthracene 3 4.45

benzo(a)pyrene 5 6.06

Priority  haardous benzo(b)fluoranthene 5 6.04
substances benzo(k)fluoranthene 5 6.06
benzo(g,h,i)perylene 6 6.50
indeno(1,2,&d)pyrene 6 6.58

. 1-methyknaphthalene 2 3.87
?grcrillggﬂgldsmeasurec 2-methyknaphthalene 2 3.86
benzo(e)pyrene 5 6.44

* The octanoiwater 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 sedimentgales collected bthevacuum coresample had the highest

PAH content, but differences between the upper 5 cmthadi 10 cm layer were not

F

straightforward. Typical levels were between timeit of detection( LOD=0. 001 Og/ g)

0.006 Og/ g. evdise werd i mpdseredt for Ifluoranthene (1.1Bg/ g) ,
benzo(b)fluoranthene+ benzok)fluoranthene(0.765 O gy and anthracene (0.528g) g
sampled from the upper 5 cm on 5th August 2020 at the the Drava river. The second highest
values were determined for tlkample taken at the same site from th&0Bcm layer, but
containing the highest amounts of phenanthrene @.9, mpphthalene (0.940 g Y agd 2
methyknaphthalene (0.710 g Y with significant amounts of fluorene (0.4&9g Y agd pyrene
(0.3550¢g). g

The point sampkecollected irto the barrel contained littlamounts of suspendesgtdiment
Although all target PAHs were detected, but amounts remained mostly close@iiheevels

in the suspended sediment phase exceeded the limit of quanti(at@) for anthracene,
benzo(a)pyrene benzo(b)fluoranthene + benzo(k)fluoranthene benzo(g,h,i)perylene
fluoranthenand ndeno(1,2,&d)pyrene The highest levels were determined for fluoranthene
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(0.2810 g / gd) antlracene (0.292 g Y sampled on 5th Augu$t020 in Drava RiverTo
improvethe reliability of the malytical 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 letegm collection, which partially separates the suspended
sediment by the baffles of the box.

Sampling of floodplain sediment at two depths haddbjective to identify in the analgd
samples recent contamination transported by the flood events and timnelystial natural
backgroundSamples taken from the bottom layé6i 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 fdrenzo(b)fluoranthene benzok)fluorantheng0.0780 g ). That sample was

taken by cake sampler and the corresponding value for the sample collected by spade contained
only 0.0600 g /Sgme amounts of fluoranthene (0.@53 Y agd enzo(a)pyrené0.0410g) ¢

also appeared in the same saanpl

Fresh loads enteéhe water phase either from atmospheric depositions or from urbaffrun

and different other sources appear first in the suspended sediment, as due to their hydrophobic
characters thewvatersolubility beingvery low. Elder contanmiation bound to the particulate
matter are finally deposited in the bottom sediment, where slow microbial metabolism leads to
the degradation of PAHs. The higher the molecular weagldt the higher thectanotwater
partition coefficient (lofow), the slover the degradation rate. Resuspension during flood
eventscanmobilize PAHsubstancewhich 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 ¢haccumulated contamination from the bottom sediment.

The octanclwater prtition coefficient (logkw) values for the target components ranged
between 3.28 and 6.58, thus, PAHs with five or more rings are propdsethtmitoredin the
sediment phasédgKow > 5), whereas PAHSs witkwo to four rings apea in both (water and
sediment) phas€logKow = 3-5). However, based on the experimental §@itahigh molecular
weight PAH compounds (5 or 6 rings) contributedteid 1% to the total PAH content in the
noniltered Danube river water sample. Due to the strong affinith@farget compounds to

the particulate matter, filtratioduring sample preparation of wategmoves most of the
hydrophobic pollutants together withe suspended sediment, which substly influences

the resultof the chemicahnalysisin the bottom sediment samples in our survey the fiiogy

PAHs dominated, whereas in suspended sediment thediodifivering species were equally
dominant, and in flood plain sediment the mostiratant group belonged to the fiviag
isomers (Fig. 1.).

100% -
80% [N 6
60% - . . =5
40% - 4

20% 1 3

0% r'.:-'»'.f.s : : _— ‘ )

bottom  suspended floodplain

Figurel. 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 tiwdé zero values indicated

that anthracendluoranthene benz(a)anthracener indeno(1,2,3d)pyrenewere not detected in

the corresponding sample and numberous 0.5 values for the Drava samples originate from the
fact that the level of target compounasre 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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Figure2. Crossplot for the concentration ratids of anthracene/(anthracene kgmanthrene
(ANT/(ANT+PHE)) versusfluoranthengfluoranthene+ pyrene) (FLT/(FLT+PYR)) andB.
benz(a)anthracen&benz(a)anthracene chryeng (BaA/(BaA+CHR)) versusndeno(1,2,3
cd)pyrené(indeno(1,2,3cd)pyrenet+ benzo(g,h,i)peryleng(IND/(IND+BghiP)) in sediments.

Typical levels were low for all types of the sediment samples taken at Drava sampling site.
Ratios of anthracene/(anthracenphenanthrenewere above 0.1 in every samples, indicating
the pyrogenic origin of PAH contamination. Combustion of solid fuels asuace was
corfirmed by all values calculated fdtuoranthenéfluoranthene+ pyrene) except three
floodplain samples. Worthy of note that in these cases the concentratitunsasftheneand
pyrene were very low (LOD). Bothebz(a)anthracerend chrysen&evels were near to LODs,
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butindeno(1,2,3d)pyren&(indeno(1,2,2cd)pyrenet+ benzo(g,h,i)perylenevalues below 0.2 for 4
suspended sediment samples suggested petrogenic origin of PAH compounds, however
indeno(1,2,&d)pyrenelevels were around the LOLThe ratios for the remaining suspended
sediment samples (0.2.5) 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 pln samples were 0.5, although they containéeino(1,2,3d)pyrene
andbenzo(g,h,i)perylenebut 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 forindeno(1,2,%d)pyrene correlated presumably to the combustion of liquid fuels.

Conclusion

PAH contamination levels in treediment of th®rava riverarelow, although all the 19 PAH
componerg monitored in this study could be detectéle 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 moleculesmaore 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 (CNTs) have play a dominant role in nanotechnology research for over 20
years due to their exceptianproperties. 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 @ this structure is preferable on conductive substratesconditions 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. Environmeoiiadtpn and

green chemistry are highly discussed topics nowadays. Therdferdevelopment of energy
efficient, sustainable technological solutions is also receiving increasing attentenically
alignedcarbon nanotulsresearchThus, the progss in this direction will be briefly review in

this work.

Introduction

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

The industrial application A CNTsdemandghetechnicaldevelopment of largecale and
defectfree productiontechniqueswhere thechemicalvapor techniquénas poven to be a
promisingprocesdor largescale and high purity production cdrbonnanotube[2]. Methods

to fabricate VACNTSs are still not at the desired level and further development is néédsed.
“imperfection” is beneficial for the development of environmentally friendly and sustainable
technologiesCurrently, only the chemical vapor deposition technique (Cafid)its subtypes

are suitable for the production of VACNThere are three main directions for the development

of environmentally friendly production of carbon nanottitrests The firstoneis to replace

the carbon sources currently used by usingtogit, plantderived or plastic wastéhe second

is to use equally precise but less enecgnsumingmethods for theatalyst layer deposition

and finally to improve the technical development of the synthesis method[&kelih the
literature, there is a growing number of results where VACNTs are produced at lower
temperaturesd5 0 AC, whi ch i niti a9 00y hédwaverthenchoicedf y ar o
parameters used in the experiments is of course infigelmg a number of factors.

Due to their remarkable physicochemical and mechanical properties VACNTs have extensive
potential and application in a broad range of science and technology, emergingaméno
microelectronic devices and indusfdj. These materials can be considered as the elementary
unit of molecular electrical circuitand can be used not only as a link between the active
molecular elements of a device, but can also serve as a device element thefbkelnes
addition to more environmentally friendly synthesis, environmentakéndily application is
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also an important goal. VACNTs have several promising applications, such as lightweight and
strong composites, supercapacitomscroelectromechanical systems (MEMS)ectrodes,
batteriesetc.due to their special electrical propest|8,6,7].

Figure 1. Single crystals of of methylammonium lead bromide (MARBown directly on
vertically alligned carbon nanotubes [7]
Experimental
During the syntheses of VACNTS, substrates are used to provide a base for gédNVing
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, cogtp@rless 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 $iguing (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
materid, energy and cost requirements which vary significafutgnsition metal¢Fe, Co, Ni,
Mo etc) and their alloys arenostlyused as catalysts for the synthesi€dIT forests which
ensure the growth of carbon nanotubes and determine their yield astdrstiuring theCVD
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 dboth the presence of catalydhigh temperature and carbon is deposited
on the catalyst particles, which initiate the growth of carbon nanotWsgsr vapor is also a
common component in the synthesis process, which ensures that amorphous carbon is oxidized
from the surface of #hcatalyst particles, thus regenerating the catalyst and improves the quality
of CNTSs, contributing to the height of VACNTSs.

Results and discussion

In this section, the circumstances of the synthesis of VACNTSs and the maddtibés briefly
describegdas well as the efforts to make them environmentally friedhfotrunately, it is a

clear issue in the literature that the structure and the properties of VACNTs are affected by
multiple factors during their fabrication, which is why VACNTSs are undegpeed 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 teragéo

1 2 0 0 via’C®I technique.

32



28thInternational Symposium on Analytical and Environmental Problems

During the synthesis inert gas is needed to provide inert environment, uniform gas flow rate in
the system and to remove-pyoducts from the system. Noble gases (Ar, He) and nitrogen gas
have been used as inert gasimyg VACNT synthesis. fie 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 aipsgudo
environment.

The synthesis of VACNTSs 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 andigire of VACNTs. H and NH; gases are
mainly used as reducing agents, whegdastours uniform catalyst nanoparticles distributions

and NH forms mainly large cluste(8].

The range of carbon sources, which are suitable to produce carbon nanotubes, is reasonably
wide. At the beginning only gaseous phase materials, maindytchain hydrocarbons
(ethylene,methane, acetylene, natural gasc), later organic solvents (ethanol, tholuol,
acetone, cyclohexane, diethyl etle¢c) were used as wef®] and it was observed that small
amount of oxygencontaining carbon compousdresulted low height VACNTSs, on the
otherhand selectivity is lower, amorphous carbon and carbors fikere present as well.
Nowadays many experiments can be found about CNTs and VACNTs where green resources
such as biomass and plant extracts, @ad plastic wast§l0][11] [12] are used as carbon
source.

Water vapor play an important role in the synthesis of VACNT, extending the activity and
lifetime of the catalyst particles igmoving the amorphous carbon deposited on their yrfac

and improves the height, the quality and the structure of carbon nanfit8bd4owever, it is

also important to consider the flow raié water vapaor because ithereis too muchin the

system it will oxidi ze the outer walls of the carbon nanotuassvell,which will degrade the
otherwise good conductive properties.

Conclusion

In summary, there is still a lot of development and work to be done before VACNTSs can be
manufactured industrially, but current awareness and ongoing research are working to make
this process as environmentally friendly and sustainable as po#s#ig.researchers expect

to be able to produce VACNTs and other carbon nanomaterials by usingh€@reenhouse

gas with the highest concentration, and from the large amount of plastic waste around us in the
near future. However, there are still many obstades/ercome and resolve.
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HPLC SEPARATIONS OF N-AZOLE COMPOUNDS IN POLAR ORGANIC AND
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The enantioseparation of potential pharmacons wWithzole andN-benzoazole functional
groups attached to lactone and amide skelet@ssinvestigated using amylebased chiral
stationary phasesThe influence ofacid and base additives was found to affect
enantiorecognitions and retentions slightly in both normal phase (NPM) and poldacongae
(POM). The effect ofnobile phase composition on teaantioseparation was investigated in
both modes, and several examples for the reversal of enantiomer elution order were found.
Based onhie chromatographic parameteetationshipsvereevaluaed between the structure
of the selectoandselectandThe hysteresis effect éthenomenex Lux Amylosk (amylose
tris-(3,5-dimethylphenylcarbamate)dolumn was investigated under various conditions in
POM. Importance of the column pretreatment has bearep 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 thetshortisk to human health

and stability of ecesystems. Therefore, the magneticsmgorous composites (MMC) were
synthesized by surfactant templatei gel method, using cetytimethylammonium bromide
(CTAB) as mesoporous structure generator and investigated for anionic and cationic dyes
removal from aqueous solutions. The magnetio ioxide nanoparticles were obtained by
reverse ceprecipitation, followed by mesoporous silica coating through modifetigsbl
method. The obtained materials were characterized b\RFSpectroscopy, Xay difraction,
transmi ssi on el e dauerspectroscopyr nitregeroagolsprptionylSamdfe

X-ray scattering and magnetization measurements. The infuence of CTAB amount on the
morphet e xt ur al and structural properties of nar
spectroscopy showed that thbtained nanocomposites were composed of pure maghemite
nanoparticles, and TEM images revealed particles size arounth,1@mbedded in silica
matrix. The combination of magnetic properties and high surface area values made suitable the
obtained nanocompdes 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 fromsaqueo
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 causededyile industryhas become one of the most
serious threats to ecological systgh Adsorption is one of the most advantage@abihiques
applied for the removal of nemodegradable dyes from wastewater, due to its simplicity,
efficiency and relatively low cost$2]. In recent years the application of magnetic
nanocomposites as adsorbent materials has been investigated dueuoidgoei 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 characterizedhgymost indicated and modern methodsRay
Diffraction, Fourier transform infrared spectroscopy, magnetic propertiegdsbrption
desorption isotherm, Thermal analysis and Scanning Electron Microscopy. The synthetized
materials were applied as adsortsefor the removal of an anionic (Acid Orange 7 (AO7)) and

a cationiglRhodamine 6 GR6G)) dyes.

The MCN materials have a specific surface between-148% nt/g and a saturation
magnetization between 0-474.30 emu/gWith increasing carbon content, thgecific 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 R6Gurther studies were performed using sample
MCN_3 containing magnetite:carbon in a ratio of 1:4.

The effet of the working conditions: solution pH-(22), the amount of adsorberit.Z5 3

g/L), the initialdye concentration (@50 mg/L) and temperatur@A C40A Gind 53\ § on

the dyes removal efficiency was studi€kmoval yields of the investigated dydower 92%

(AO7) and 98% (R6G) were obtained working under normal conditions: solution pH and room
temperature (25AC).

The absorption capacity of thBICN_3 nanocomposite wagurther evaluatedfor the
simultaneous adsorption imvestigatedlyes frombinarysystemsFor 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 systemsthe simultaneous adsorption

of dyes, the removal effiency decreased (74.13% for ACahd 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 inveagyated 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
AO7 and 266.87 for R6GIhe determined values for thermodynamic parameters: Gibbs free
energy (G, enthalpy ¢H°), and entropyd8°) showed that the adsorption is a spontaneous
and endothermiprocess.
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The very good capacity of regeneration and reuse ofMBN_3 nanocompositevere
highlightedby the yields of more than 75% obtained for the remo¥#he investigated dyes,
even after sisimultaneousdsorptiordesorption cycle§Fig. 1).

100 -
I Cycle |

I Cycle Il

I Cycle lll
[ Cycle IV
[_ICycleV
[_IcCycle Vi

n(%)

AO7 R6G

Fig.1.Reusability ofMCN_3 nanocompositén adsorption/desorption cycles

The experimental results obtained, demonstrate that the synthesized nanocompodites ca
successfully used as aabents for the removal of thayes 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 indligteistewater.
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Abstract

Among the current environmental challenges facing humanity is the protection of water in
quantity and qualityThe 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 protectionaénd th

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 agatulaste. In this work

a nanoparticlanodified ultrafiltration membrane was used as atpratment method prior to
ammonium adsorption. As adsorbent for ammonium removal alkaline modified biochar
produced from banana leaves were used. The charatiteriadbiochar 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 percage, 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 perfofin@hdegferent
materials were synthetized by using the grsifting method in alline conditions, through a
modi fied St°ber process. Starting the simpl
surfactant, hexadecyltrimethylammonium bromide (CTAB) and different organically silica
precursors: tetraethyl orthosilicate and vasiowialkoxysilanes with different functional
groups. By properly tuning surface interactions and textural characteristics, the overall
efficiency of hydrogen capture processes could be imprdygdrogenadsorption capacity

was evaluated by using volumetrapparata and the performances obtainedhf®ermethw
functionalized sample can be debited to a different sowsrbent interaction and textural
properties developedn NMR investigation aiming at clarifying the internal arrangement and
diffusion pioperties of hydrogen molecules inside functionalized porous silica materials has
been performed. The NMR spectral analysis and the T1 relaxation[#né®th carried out

under different pressure loadings, indicated two different populations of hydsodeatedue

to the molecules adsorbed in mesopores and in micropores.
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Abstract

In order to be tested for thegas storage propertiesnmesoporous silica particles were
synthegzed by solgel method, starting from tetraethyl orthosilicate silica precursor. Besides
the following precursors have been added in different molar ratios: triethoxyvinylsilan,
diethoxy(methyl)vinylsilaneor methyltriethoxysilane Ammonia was used as e#jst and
hexadecyltrimethyl ammonium bromide as directing ag&ht 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 funcizeagprecursors/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 functionatiegdrialwasbetter from the point

of view of maximum adsorption cagty for Hz, compared to thether materialsThe higher
adsorption capacity of the metkyinctionalized sample can be attributed to a strong serbent
adsorbent interaction, but also to the high specific surface area and big pore ¥olhmméhe
evaluatednaterials, aly thevinyl-triethoxysilanfunctionalised materialsave an appreciable
affinity toward this gas specimen.
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Abstract

The effects of mopogenic C@emission aramongtoday®s most researched topi€ne of the

most promising approach is tonvert the C@into other compounds, which could be further
convertedinto reagents for thehemicalindustry. This approach should let us reach carbon
neutrality. The accumulation of C£n the atmosphere is due to the stability of the molecule,
thus a catalyst is required to activate G@d break its bond#n this projet we demonstrate

the performance of PtCo alloy nanoparticle systdPSo nanoparticles with different Pt:Co
ratios @:1, 1:1, 1:3) were synthesized with similar size and geomd®ye Pt nanoparticles
were also synthesized and were studied as a refemeateeial. The metal content and ratio$

the alloy particlesvere confirmed with IP@MS. The particles were loaded onto an inert
mesoporous silica, MGE7. The catalyts materials were characterizedlda®, XRD, BET

and HAADF (S)TEM Catalytic activity ér reverse wategas 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 wilitu DRIFTS and XPS and
measurementdn situ DIRFTS allowed us to comprehend the mechanism of the ongoing
reaction by identifying the intermediates in the gas phase and adsorbeel surface of the
catalystXPS of the nanoparticles also prouidealuable information about the composition of

the nanoprticles 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



28thInternational Symposium on Analytical and Environmental Problems

ENANTIOSELECTIVE SEPARATIONS OF PROLINE ANALOGS WITH
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Abstract

High-performance liquid chromatography (HPLC) is a widely used technique, which can
be appliedto both preparative and analytical chromatograpbiiral chromatography is a
specific field of chromatographWhile the pharmaceutical indtry 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 chroptatogheere
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 developrhechibal stationary phases
and nowadays there are a lot of ultrakpgtformance columns too.

These columns can be utilized in ultrahiggrformance liquid chromatography (UHPLC)
instruments. UHPLCs can work at higher pressures (up to 1500 bars) conp&tBdCs,
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 rse@@ have shorter retention times and
higher chromatographic performance in most cases.

Macrocyclic glycopeptides were introduced by Armstrong anewarkers 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 rifampi€imey can have multiple groups
(hydroxyl, amino, carboxylic, etc.) that can interact with the samplecules 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 indispeisabttingedge
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 thetowously 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 fram diluted solutionsAn 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 layerdd dpditoxides (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 etite 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 vdatility, high thermal stability and wide ionic and electrochemical conductivity.
[5, 6] In this context, the present paper aims at the synthesis and characterizatigAlairidg
and their functionalization with ILs (methyl trialkyl (@810) ammonium chiade in order to
obtain adsorbent materials with high efficiency in the removal process of PGMs from aqueous
solutions.

Experimental

The studied LDHs wepeesiypitthasi aedmétyhodh eatco
The funct i omaylnitzhaetsiiocsre dofL DiHhevas perf ormed i n
c & y nt Aleohtaned adsorbent materials were subjected to structural and morphological
characterization using-ray diffraction (XRD), N adsorptionrdesorptionanalysis, Fourier
transfom 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 vigydhesis is obtained
an impregnation of the IL between the LDHSs layers, which will bring a higher stability of the
obtained material. Palladiummd s or pti on studies onto the stud
batch mode, per f or mi ntgh eergmoidl yinbarmhecadssrptiomndni eetsi. c
capacity increases with the increasing contact time, increasing temperature and increasing
equilibrium concentration of Pd(ll).
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Conclusions

The presence of ionic liquid significantly improves the efficiency ogMan the recovery
process of Pd(Il) ions from agueous solutions. The adsorption kinetics were better described by
the pseudaecondorder kinetic model compared to the psefidsi-order kinetic model. The
experimental data showed a good fit with the lraog isotherm. The adsorption capacity
increases as follows: Mgl << MgsAl IL -US < MgAl IL -COS.
By correlating the results obtained in the characterization process of adsorbent materials with
the results obtained from kinetic, thermodynamic and equihibbstudies, we can conclude that
in the case of the raw Mgl 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 salep, 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 synthesizedditiximes,amines,
Schiff basessemt and thiosemicarbazossuch agCu(DioxH)2L2], (DioxH2: methylbutyl-
glyoxime, ethylbutyl-glyoxime, methylphenylglyoxime; L: diphenylamine, 2methyt
imidazole, dibutyl-amine, 2-amino4-methylpyridine, imidazole, -aminonaphthaline),
[Cu(octan2-one)AL 7], (A: hydrazine, phenylhydrazin®-phenylenediamine; L: 3-amino
1H-1,2,4triazole, 2-aminopyrimidine, 2-methylimidazolg, [Cu(ketoneSC)], [Cu(ketone
TSC)»], (ketone: propiophenone, butyrophenone; SCsemicarbazone TSC:
thiosemicarbazone by the reaction ofcopper(ll}acetate in suitable solverAfter a short
bibliographical surveyinvolving the classifiation and evolution of copper complexes with
possible applications, we analyzed their physicochemical properties usingRanRNESR,
UV-VIS, powder Xray diffraction (XRD) mass spectrometryhermal analysis (TG, DTG,
DTA) and SEM The importance athis classof compounds liegn biochemistryassome of
them are antibacterial agents and potentiattantiour drugs.

Introduction
Copper is one of the oldest and most widely used metal. Its nagieatesfrom thelLatin
name of Cyprus, Cyprium. Coppesran essential element in the life of plants and anirtads.
asoan industrial metdbearingexcellent electrical and thermal conductiviiydeasy to work
with it, and whens combined with other metals, itsahnical applications armlimited

Among copper coordination compounds, coppeddpmethines (Schiff bases, oximes,
hydrazones, semand thiosemicardzones, porphyrins, etc.) plagry important role in many
biological and biochemical processes. Schiff bases show batd#doand antibaetial
activities In addition, its antfungal, antitumor and antcancer 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 inatixel coupling (polymerization) reactians

Schiff bases are privileged class of ligands in coordinatobvemistry, and found
numerousapplications in different scientific fieldssemicarbazones and thiosemicarbazones
arebiologicaly importantcompoundgue to their potential pharmacological propertssch
as antibacterial, antifungal, antimalarial, anticancer, antineaplasti antiviral activities
Medicinal chemistryghowsa growing interest in the development of metal complexes as drugs
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or diagnosticagents. Owing to their wideangeof coordinationnumbers and geometries, as
well as kinetic properties, metal compounds o¥f@rnousmechanismgor drug action[3]. In

this paper we report the synthesis and characterization of novel copper compldxes wit
glyoximes, Schiff bases, senaind thiosemicarbazones

Experimental

Used materiatsCu(OAcklH20, Me-Bu-DioxH>, Et-Bu-DioxH., Me-Ph-DioxH., diphenyt
amine, 2-methylimidazole, dibutyamine, 2-amino4-methylpyridine, imidazole, -1
aminonaphthaline 3-amino-1H-1,2,4triazole, 2-aminopyrimidine, octaf2-one, hydrazine,
phenylhydrazine, o-phenylenediamine, propiophenone, butyrophenonesemicarbazie,
thiosemicarbazied MeOH, EtOH.

Methods

- Synthesis diCu(DioxH):L2] type complexes

2 mmol DioxH2 (Me-Bu-DioxHz, Et-Bu-DioxHz or Me-Ph-DioxHz) was dissolved in 20 ml
EtOH or MeOH, thenthis solutionwas added to the aqueous solution of 1 mmol (0.2 g)
Cu(OACYIH20 dissolved in10 ml water. Afterward®2 mmol amine diphenytamine or 2
methylimidazole or dibutyhmine or 2-amino4-methylpyridine or imidazole or -1
aminonaphthalinedissolved in 5 ml EtOH or MeOH was add&dhe obtained solution was
heated for2i 3 hourson a water bathAfter cooling te crystalline complexes werfdtered,
washed with M@®Hi water mixture (1:1) A typical reaction as an exampéeshown below

HoC—C———C—(CHy)~ChHs ©\ NH/©

2 O—N N—O H3C—ﬁ3—l— ICI:_ (CHp)3-CHs
\
H O—N N—O
+ H + CU(OOC-CH3)2 H/ *
- 2 CH4-COOH ' AN/

NH “o—w T N—0
2 ©/ @ HsC— (H2C)3—C——C—CH;
Q0
- Synthesis diCu(2-octanonejAL;] type complexes

3 mmol octar2-one (0.5 ml) andl.5 mol diamine (hydrazine or phenylhydrazine @r
phenylenediamine)were disstved in 5 ml MeOH, then refluxed foii 2 hours. The resulting
colored solution was addéalthe aqueous solution 6 mol (0.3 g) Cu(OAg). kD dissdved

in 5 ml water. At lasB mmol amine 8-amino1H-1,2,4triazole or2-aminopyrimidine or2-
methylimidaole) dissolved in 10 ml M@H was added. The obtained mixture was refluxed in
a water bath foriZ3 hours. After cooling the crystalline complexes were filtered off, washe
with MeOHi water mixture (1:1)andfinally driedon air. A typical reactions the bllowing:

ICIZH—(C?H2)4—CH3 + Cu(0OOC-CHs), ICIZH—(CH2)4—CH3

HasC—C N HsC—C N
. +2iN—()) (@)
5 HoC—C—(CHy)sCHy _* CoHsNH-NH, @ | N @ ‘\C/ N
_— u
0 } - 20Hs ;
2H,0 NH 2 CH3-COCOH N \ N
' e el WO

HsC—C ch—ﬁ N

I
CH-(CHyp)4~CHs CH-(CHyp)4-CH3
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- Synthesis diCu(ketoneSC}], [Cu(ketoneTSC}] type complexes

1.5 mmol propiophenone or butirophenone was added to 1.5 mmelsdmbsemicarbazide
dissolved in 5 ml water. In the case of semicarbazifienimol CHCOONa (0.1 g) was added
to release the semicarbazide from the salt. The obtained sokdgrefluxed in a water bath
for 1 hour, then 0.75 mmol (0.2 g) Cu(OAl¢)-O dissolved in 5 ml distilled water was added.
The obtained mixture was reflux@da water bath foriZ3 hours. After cooling the crystalline
complexes were filtered off, wagh&ith MeOH water mixture (1:1), andrfally driedon air.

A typical reactions displayed below

@—ICI:—CHZ—CHg
2 @E—CHZ—CHQ; N_N=(|:_NH2
o @C—CHz—CH3 +Cu(O0C-CHg), | N 0
+ e _Cu
- 2H,0 N-NH- c—NH2 2 CH3-COOH o
2 HZN—NH—(HZ—NHZ H,N—C=N—N

cm—cm—c@
Results and discussion

Microscaic characterization angelds of theprepared complexes are presented in Table 1.
Table 1. Microscopic chacterization, calculated rmeol massesand yields of the
prepared complexes.

NI Compound Calc. mol.| Yield hMiCVOSC_ODiFI

mass (%) characterization
1. Eg%ﬁgﬁﬁ:ﬁiﬁgg )2 716.38 62 Dark brown lamellar crystals
2. Eg_ﬁg?;ﬁg;gé;)z 542.14 17 Brown trianglebased prisms
3. | [Cu(Me-Bu-DioxH)x((n-BulNH);] | 636.42 50 Eﬁ;ﬁgrown trianglebased
4. Eg—l;(n'\fiﬁ(?:—-l\[/)kiigcr)iéine)z] 994.21 69 Eﬁs%gr?nvwvlgrgg;gtlg?gsed
5. | [Cu(EtBu-DioxH)x(imidazole)] 542.14 56 z?gfocryst;’l;"wn iregula
6. Eg.i(ﬁmiﬁﬁﬁ';?fdmeﬂ 634.19 56 Eﬁgﬂfhbrown iangiebased
7| ueeDon: T0a2s | o | deckgetasedpars
o |[Sameonct w212 | 10|, o
o |G | i | a1 | ey
10, |[SuGocyEonirezone) | sgios | 7 | Medeerer s
11| [Suzecamoneteren ssazs | 21 | ek oot
12. | [Cu(propiophenon&Cy] 443.99 24 ;ri(;vr;/]r;, (Sr:]?g:)gr?ggg}ased
13. | [Cu(propiophenond SC)] 476.11 41 Brown trianglebased prisms
14. | [Cu(butirophenonsC)] 472.04 12 ?ggﬁgéfgé{ﬁgf'ebased prists
15. | [Cu(butirophenond SC))] 504.17 43 (Bn'n"’l‘gfotcr'r‘;",;‘gf:)’ased prisms

48



28thInternational Symposium on Analytical and Environmental Problems

Infrared spectroscopic study

The midIR spectra were recorded withBauker Alpha FTIR spectrometer (Platinum single
reflection diamond ATR), at roonemperature, inhe wavenumber nage of 4000 400 cm?,
and the fafiR rangeof 500 50 cnm !, respectively, on Bio Radi FTS 60A, PIKE Gladi ATR
spectrometenyith a resolution of 4 chd. The samples were measured in solid tatpowder
form). Thedata of themostcharacteristic IR bands for the selecemmplexes are presented in
Table 2.

Table 2. IR data of the selected complexes.
mp.
> 1 5 6 7 9 10 11 12 14 15
cm
NN-H | 3191m | 3135m | 3205w | 3180w | 3318 m | 3386w | 3180w | 3192 m | 3169 m| 3318 m
Nc-H | 2929m | 2930s | 2918 m | 2920 w | 2924w | 2924 w | 2923 m | 2968w | 2929 m | 2963 w
Nc=c . - 1579 m| 1579w | 1611 m | 1655s | 1656 m | 1674 vs| 1676 | 1592's
Nc=N 1589s | 1560s | 1545s | 1544 s | 1541vs | 1537w | 1565 vs| 1564 vs| 1568 vs| 1518 vs
dche | 1457s| 1399s | 1441m| 1440s | 1397 e | 1372vs| 1441 vs| 1468 vs| 1456s | 1489s
dchz | 1315m| 1327s | 1325m| 1325m| 1338k | 1347s | 1391vs| 1336s | 1344w | 1343 m
NN- N - - - - - - - 1294 m | 1307 m| 1277s
NN-o | 1218 m| 1259w | 1240s | 1242s - - - -
NN-oH | 1116w | 1185w | 1146s | 1148s - - - -
(b-n 978s | 1085vs| 951vs | 951vs | 1066 m | 1067 w - -
gc-H 741vs | 747vs | 694vs | 694vs | 651 m 665m | 754vs | 694 vs 767 s 697 m
Ncu-N | 505s | 493w | 474s | 474m | 505s | 506m | 478 m | 503m | 541m | 503w
Ncu-o - - - - - - - 460vs | 461vs
Ncu-s - - - - - - - - - 443 m
dn-cu-N - - 380s | 374s | 343w | 343w - -
(Abbreviations vs = very strong, s = strong, m = medium, w = weak)
The most important bands for the characterization of complexesar¢1518 1589
cm' ) and ncen, Ncwro, Ners (443541 cm?). In the far IR regiondn-cen deformation
vibrations appear (34380 cm?) [4].
Mass spectrometry
Mass spectra of the samplesre recordedising electrospray ionization (ESIh the spectra
we could detect the molecular ions and some decomposition fragments.
ESRmeasurements
The measurements were performed with a BrikLEXSYS 500 type devic&y comparing
the experimental and calculated specaired by calculating the characteristic parameters, the

Cui N couplings can be identified. In some cases, a small amount of cluster formation or two

conformations can be obsedve
Thermoanalytical measurements (D3 G-DTA)
Thermal measurements were performed with a 951ah@ 910 DSC calorimeter (TA
Instruments)in Ar or N, at a heating rate of 10 Kmih(sample massf 4i 10 mg).

The thermal stability of complexes is limitedthin the temperature range of 1030
A CIn the case ofCu(DioxH)zL2] type complexes the first decomposition step belongs to
leavingamino(L) groups, until 2400 C, t h yoximetutitdeavg The end of the process
is at 470A C . Subsequentl vy, glyorimedueitcs @acogmpanied by big
exothermic peaks. This behavior can be explained with the presence of oxygen in tudemole
In the case ofCu(octan2-one,AL,] type complexes thdirst step of thedecomposition
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mechanisnis the losof the amino (L) groups betweeniS®0 A C, t B-ectanohalmis
leave Finally the diamine (Aunitis lost between 35@50A CThe end of the process is at 500
A CThe deomposition ofCu(ketoneSC}], [Cu(ketoneTSC)] type complexes beginwith
leaving of the ketone moieties untD@A Cthen the semicarbazone or thiosemicarbazmite
leavesunti 790AC. The gener al mechanism for decompo:
[Cu(DioxH)2L2] - [Cu(DioxH)L] - [Cu(DioxH),] - [Cu(DioxH)] - CuO
[Cu(octan2-onepAL o] - [Cu(octan2-onepAL] - [Cu(octan2-onedA -
- [Cu(octan2-one)A]- [CuA]- CuO
[Cu(ketoneSC)], [Cu(ketoneTSC)] - [Cu(SC)], [Cu(TSC)] - CuO, CuS
UVI VIS spectroscopy
The electranic spectra were recordedith a Jasco W70 Spectrophotometein 10%
EtOH/water solutions containing the substanckdrt mol/dm? concentrationUsing Srensen
buffer solutionsthe electronic spectra were also recorded as a function of pH, and then the
acidity constants were calculated, tod @ obt ai ned val uese6wde betw
Powder Xray diffraction measurements
The crystal structure of the complexes was studied pothider XRD measurements, carried
outonaP ANal yti cal X égydiffractonteterds beifgdoved compounds their
diffractograms can not bieund in the Cambridge database. The majority of the complexes
exhibits crystalline form, except for [Cu(octan2-one)(o-fen)(2-Me-imidazole}] and
[Cu(butirophenond SC)] which are amorphous.
SEM (scanning electron microscopy) and EDX (energy dispeXsisg spectroscopy analysis)
Theimages were taken with a JEOL JSE00LV scanning electron microscop®r allstudy
the beam energy was 20kV in order to obtaineketation of all the elements and secondary
electron detector (SED) were employed forasi@ementThe morphological study of the
sample surface dive significant magnification40000x, 5000x, 1000x, 500x and 10@rre
recorded.

Conclusion

In this work new coppell) complexes were synthesized addaracterized wittphysio-
chemical methasl 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 temperatuabsve 100(°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. Asresult, ceramics are the best placed materials to use in water
processing and treatment environmental technologies.

Research to improve thersmmoechanical properties of ceramitss gained momentum.
Nanoparticles have been attractive in the field of netproperties optimization due to their
uni que pr ope 2 & seAnforgdhemEBSEC nanopéarticlase attracting global
attention due tdheir excellent thermonechanical propertieslowever, agglomeration of SiC
nanoparticles is a majsetback 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 (0.21.8) mm were milled in a planetary mill between (3600) rpm with varyng time
intervals (16) hours. Ball to Powder Weight Ratio and vial volume occupancy ratio were varied
during sample milling. Samples were analysed using XRD,-&BM and DLS.

SEM and XRD result of the fresh SiC showed that SiC particles were mosthaasbaped

and ofi -SiC/ 3GSiC 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 houastitkestrength
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 samplles! i 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, SEMEDX, DLS Silicon Carbide, Therm®lechanical Properties,
Hydrodynamic Diameter and Dispersity.
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Introduction
b-Lactamase protect bacterial carboxy r ans p e pt i dlactm antibibticsoby b
hydr ol y zlactam ring before beachinigs targets 1] . Two s ylactareases o f |

classification have been used; sequence information based systentragiscedoy Ambler

[2], while the more recerdctivity based system wasventedby BushJacobyMedeiros B.
Accordingly, four classesretermed A, B, C, and D recognized by difference in hydrolytic
activity. The active site of classes A, C, andd@nhtains aéSerXaa-XaaLys motif, therefore
theseare a |l | e d-lastaanase. Qlass Bisaheterogeneous group of zinc metalloenzymes
called metalleb-lactamase [5]. The SerXaaXaalys motif employs Ser as nucleophile
hydr ol yaztams doy forming covalent aeghzyme intermediate, while metafe
ladamaseautilize Zn(Il) activated water molecules #se nucleophile for hydrolysiof b-
lactams 4]. As a source of development of bacterial antibiotic resistalass ATEM-1 - b
lactamaseis a frequenttarget of scientific researcilthough TEM-1 -ldctamaseis not a
metalloenzyme, we could purify this protéin chelating taNi(ll) -loaded sepharose colufdh
This suggested that the enzyme can bind metal ions, which may influence its structure and
catalytic activity. Therefore, our aim was to purifetbnzyme and study the effect of metal
ions, potentially present as heavy metal pollutants in the environment.

Experimental

The purity of TEM1 -l&ctamase was determined using1B26 (w/v) sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDBGE) with a mixture of seven unstained proteins

(116, 66.2, 45, 35, 25, 18.4, and 14.4 kDa) as molecular nsgilkezrmo Scientific #26610),

while the concentration of TEM -léctamase was determined by Cary 3500' Ui double

beam, multicell spectrophateeter at 25C controlled temperature (Agilent Technologies) in

the 210300 nm wavelength interval in a quartz cuvette (Hellma) with 1 cm path length. CD
spectra were recorded at room temperature by a JA&@0ICD spectrometer. The parameters

were adjuted as described in the following. Wavelength range:i3D80 nm; path length: 0.2

mm (Hellma quartz cuvette); D.I.T.: 2 sec; bandwidth: 1.0 nm; scanning speed:/&shnm
(continuous scanning moddhtact protein mass measurement anddown protein angsis

was carried out on a Nanomate TriVersa (Advion) dfaped nanoelectrospray ion source
coupled to a linear trap quadrupole Orbitrap Elite mass spectrometer. The protein concentration
was 2.0 €M in each indivi duaequialanspfINE&El Thehi ch c
samples were buffered at pH 7.8 with a solution containing 50 mM ammonium bicarbonate/NH

(aq). TEM1 b-lactamase activity was assessed by UV absorption spectrometry via hydrolysis

of series ampicillim®m30odentarsatsiubdrss r@2 20 (GER
GmbH) in 1 ml 20 mM TrisHCI, pH 7.5.
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Results and discussion

TEM-1 -ldctamasevaspurified by immobilized Ni(ll) ion affinitychromatographyhased on

its metal ion binding sites without denaturation or fusaffinity tags p]. Thereare several
amino acids (His, Glu, Asp, Ser) in the protbehaving apotential binders to NTAi(ll) -
resin Fig. 1). The investigation of the Ni(ll) binding of the purified enzyme byass
spectrometrywe could detect up to tbe bound metal ions in the presence of increasing Ni(ll)
excessHowever, thamain peak in the mass spectra of Ni(ll) TEM -ldctamasevas assigned

to the monometalateenzyme at each applied metalenzyme ratio Protein binding to two
Ni(Il) ions appead at 5:1 ratio and its intensity slightly increased at 10:1 Ni(ll):proteiramol
ratio. Traces of the protein bound to three Ni(ll) walsodetectedTEM-1 -ldctamasamay
coordinate more strongly to the first Ni(ll) through H1611 56 Hi s pair .at ~3.
The rext binding site is weaker and the third site barely bindm#tal ion. Interaction of TEM

1 -l&ctamase with Ni(ll) waalsoproven by the successful purification by chelating to Ni(ll)
loaded sepharose colun@nly aslight change was observed in the CD spectra on increase of
the Ni(ll) content. TEM1 -ldctamasemost 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(ll) caused a more
significant changeni theCD spectrum, but still not a large change in the secondary structure.
Hg(ll) maybind to C75 and C121, whidreclose to the active center of the enzyme. Sulphur
donor groups of soft character from methioningég.(1) close to the active centre malgo
supportbindingof Hg(Il). The specific activity of the enzyme decreabgd50% in presence

of Hg(ll). Future mass spectrometric measurements are planned to reveal the Hg(ll) binding
sites.

Fig. 1 Sequence and structure of thecoli TEM-1 b-lactamase (PDB code: 1zg4) [6]: The
relative positions of the sideghains of the SXXK motif angutativemetal ion binding residues.
B: The cartoon representation of the crystal structure of -IEMdctamase with the putative
metal ion binding siteand the SXXK motif shown by sticks, P286 residues were detected
by the Xray diffraction method.

Conclusion

The metal binding sites of TEMl -l&dtamasecanbe agood candidate to change the chemical
structure ofthe enzymeThe CD spectra of metalize@EM-1 -l&ctamase with Ni(ll) and
Cd(ll) only slightly differed fromthat of thefree protein suggesting that the available binding
sitescan coordinate to Ni(ll) o€d(ll) individually without change in the secondary structure.
Nevertheless, the affinitypwards Ni(ll) 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(ll) caused a more significant change in the spectrum, but still not a large chahge i
secondary structurdt the same time, therpsence of Hg(ll) causesdgnificantinhibition the
efficiency of enzyme in hydrolysis @flactams 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 2022Machiavellianism is the most characteristic philosophy among state
science studentsmilarly to business studentEhe analysis explored that this characteristic is

not uniform; subgroups can be defined. These clusters showrdiffeopinions 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 tadygtuman resource management
strategies to amplify environmentally conscious behavior.

Introduction

Society level and personal approasto environmental and social problems/ééong been

the focus of interest. Considering that decigiogkers are indiduals or a group of individuals,

their value system is expected to be more or less reflected in organizational actions. Exploring
national, localor professiorlevel patterns can contribute to substantive and acceptable CSR
actions. P 81] statetl that CSReid partecllar challenge in formerly socialist
countries since the fulfillment of soci al g
responsibility, and similarly, economic responsibilities were also limited. Although three
decads have passed, traces of the previous system remain in these cultures.

3 | |‘| | ‘l ‘ | | I | 747"47
| I
1

e

Hungary rance Romania Twky ~ Jamaica S. Africa

® Machiavellianism Moral objectivism  mLegalism  mEthical relativism  ® Social Darwinism

Figurel: Business philosophy scores of selected count2ie3, [4]

The Attitudes Towards Business Ethics Questionnaire (ATBEQ) is an instrument oriented
towards attitudes on selatg business ethics situatiory pased on the work of Stever§y.[

Clark et al[7] presenta concise summary of five business philosophies covering the ATBEQ
statements: Machiavellianism, ethical relativism, legalism, social Darwingrd, moral
objectvism. An extensive worldwide database is available among business students that allows
an international comparisorhe results pointed out that Machiavellianism is the most
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prominent in the case of pestcialist countries among business students (Figyrand the

moral objectivism score is lower in this international comparison. Hungariawdslteased on

t h e a datakcallectiss].

According to Clark et al.7], Machiavellianism covers the idea that business firmselife
contained organism8i t h t hei r o wncanda @nt but natibrokera Missing anch a t
Preble 8] highlighted that Machiavellianism is amoral since the outcome justifies the way to
access it.

Machiavellianism can be considered both opportunist and realistic beh8yidr gives a
practical approach to CSR application. According to Christie and Gkis[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 a0j[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 inigstions to public administration. Although the
curriculum and teaching methodse different in the case of state science students and business
students, they act as citizens anganizational decisiemakers. CSR is increasingly integrated

with public alministration bodies, and these are supported or regulated by legal actions. The
government 6s role in the fi el dConseguentlyprm i a l r
emphasis on the field is reasoned. State science master students aikefaplein legal and
administrative positions in the future amational level. The question is whether their attitude

to business ethics is similar to business st
on the analysis of Machiavellian charactics

Experimental

A voluntary online survey was used for data collection among Hungarian higher education
studentsincluding the ATBEQ questions. The research sample of this study focuses on the
responses of the state science (master level) studetite &tidovika 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 fitlde most characteristic philosophy. Machiavellianism
score is calculated as the mean value of 12 related statements, evaluatepoimt acale (1:
strongly disagree; 5: strongly agree):

A The only moral of business is making money.

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

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

A Moral values are irrelevant to the business world.

A ABusiness ethicso is a concept for publi
A George X says of himself, @Al work |l ong,
to me that other people are progressing faster. But | know my efforts will pay off in

the end. 0 Yes, George works hard, but he

A For every decision inbusickes t he only question | ask i ¢
yed | will act accordingly; if not, it is irrelevant and a waste of time.

A I n my grocery store every week | raise t
sale. o0 There is ngthis.hing wrong with doi

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

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

A The business world has its own rules.

A good business person is a successful business person.

57




28th International Symposium on Analytical and Environmental Problems

Results and discussion

The pattern of
1). Results showthat Machiavellianism is the most characteristic philosopfgble 1).

However, the remarkable skewness index suggests funtvestigations. The distribution of
the individual scores (Figurg) confirms a mixing of sampleshe state science studemts
Machiavellian characteristic is not uniformfollow a normaldistribution

t he

state

science

student s

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 0481
objectivism
Legalism 2.87 1.157 0.181 0.243 -0546 0481
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 0481

Table 1: Descriptive statistics tife philosophies (n=99, measured or@ot scale)

Count

Machiavellianism

Figure 2:Distribution of Machiavellianism scores (SPSS output)

The analysis of variance confirmed pmlfew significant differences in the scores by gender,
and any of these by other groping factors like study religiousness, CSR knowledgerlevel
work experience. A cluster analysis was appltedxplorecharacteristic patternblierarchical
clusteringby Wardmethod(results the lowest variance within the grouagkywed 3 clusters

(Figure3).
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The only moral of business is
making money.
5 A person who is doing well
in business does not have to
worry about moral problems.

A good business person isa
successful business person. 45

4

Business decisions involve a

The business world hasits realistic economic attitude

own rules. and nota moral philesophy.
If you want a specific goal. 1
you have got to take the Moral values are irrelevant to

s (02

necessary means to achieve the business world.

it.

—C'3

‘*Business ethics’” is a
concept for public relations

A business person cannot
afford to get hung up on

ideals. only.
In my grocery store every
week I raise the price of a George X says of himself, ‘I
certain product and mark it work long. ...

‘‘onsale.”” There is... L
For every decision in

business the only question I
ask is. ‘“Will it be
profitable?™”...

Figure3: Survey results by clusters

Cluster 1 (n=42 Machiavellianism score=2.Y9ncludes students with the lowest scooes
most questions. Machiavellianmisis the least characteristic among these students. Cluster 3
(n=25 Machiavellianism score=3.8%epresents the highest scores, exéepthe statement

tha being good means being successfiuster 2 (n=32) presents the middle way; the
Machiavellianismscore is 3.35The survey included some statements ali@siR judgment
(Figure4). Clusters show significant differences in three statements:

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

A CSR can only be successful in the caskagfe companies (F=3.909, sig.=0.023)

A CSR implementation is expensive (F=3.474, sig.=0.035)

4.0

38
3.66 359
3.46 3.52
35 336 3.34
3.31 394 328 322
3.12 . 3.04
30 2.93 <
2.73 2.72
2.59
2.5
2.0
L5
1.0
CSR can help to Another tool for These actions CSR can help CSR can only be  CSR implementation
achieve the goals of companies to represent only companies to successful in the case is expensive
sustainable generate profit greenwashing (main coordinate and bring of large companies
development problems are hidden) together

mCluster 1 ®Cluster 2 ™ Cluster 3

Figure4: Evaluation of CSR by clusters

Conclusion

The attitude toward business ethics is similar among state science and business students. Survey
results cafirmed 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 believestRas Gnly 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 scoresast 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 midc
contribution to sustainabiiit 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] thiaé ATBEQ instrumentan beusedto predict CSR
perception. SIncCATBEQ 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 ¢theck the relation with technology adoption propensity that can be
traced back to environmental and social probsaiving.
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Abstract

The efficiency of electrocoagulatidiotation (ECF) treatment was estimated based on the
quantity of pollutants @oper, 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 drhand interelectrode distances of 0.5, 1.0, and 1.5 cm. In the
progress of the ECF treatment, samples were taken at gertaesgimes (1, 5, 10, 20, 40,

and 60 min). Based on the obtainexults, the disadvantages of E@eatment of offset
printing effluents are defined.

Introduction

The ECRreatmentis an electrochemical process that includesittn generation of coagulants

(metal hydroxides and/or polyhydroxides) by electrodissolution of a soluble sacrificial metal
anode immersed in the treatedstewater, 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, flexibilityeitestiveness,

lower amount of sludg[1, 2], environmental compatibility, operational and investment costs

[2], anda practicalmethod 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 x5 cm x 0.1
cm). Each set of electrode combinations was immersed in borosilicate (8&F 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, Germanwhen tle 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 ¢R) was applied. Then, ECF samples (15 )cwere 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 wRerkinElmer Aanalyst 708pectrophotometer. The UV
absorbance of organic substances was detected b80¥ SHIMADZU spectrophotometer

(at awavelength of 326 nrand withal cm quartz cell)Selected pollutantwrbidity, copper,

and organic substances were analyaszbrding to the standard EPA 180.1, EPA 7000B, and
AWWAT APHAT WEF method, respectively [1,.2]

The percentage of ECF removal iency of pollutants (cooper, turbidity, and organic
substances) from investigated printing effluents was calculated as a function of process time by
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the universal equation [3]: Removal efficiency = {({XXt) 100) / X. WhereX, i the initial
values of ontent of copper or turbidity or organic substances in printing effluents and
Xt T values of the mentioned pollutants in effluents after a particular process time (t).

Results and discussion

The results of ECF treatment show that thmoeal efficiencies of pollutants from the waste
developer decrease in turbidity (99%) >| cooper (93%) > organic substanceqd $h3tojhe

case of waste offset fountain solution, the order is cooper > turbidity > organic substances. So
the removal effi@ncy 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 offsetflefents. In addition, combining an iron electrode as an
anode with aluminum improves the removal of organic substances.

The best current densifigr all pollutants in both effluenteras 8 mA cni?. Interelectrode
distances of cooper and turbidity in invgsting 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 orgait substances, the best process time was 60 minutes in both effluents.

Conclusion

The typeof pollutants and offset printing effluents affect the removal order. Also, the
combinations of electrodethie current densityhe interelectrode distan@ndthe 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 pollutarts.

Of course, ECF treatment of offset printing effluents has disadvantages. Optimization i
necessary (for example, with Response SurfagesdyAis) to show the relationship between
operational variables and to determine the optimum process conditipassiation 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 treatthertharacterization of

the sludge and its safe disposal in the envireniis 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 te use the most effective coagulants,
which will prodice higher quality for the findteatedwaters and greater reliability. Alum and
prenydrolyzed aluminium chloride with general forrauhlm(OH)nClanm (PAC) have been
widely applied as coagulants inater treatment technologie$heir hydroxyl aluminium
polymers were recognized as the most ¢iffecomponents in Al coagulants

Using the principles of coagulant preparation and of the electrolysis process, the method of
electrochemicakynthesis of thd?olyaluminium chloride (EPAC) has been proposed and
carriedout extensively in our previous research

In this study e coagulation properties ofeetrochemically obtained PAC {EBAC) on
ammonium ion remeal from water was evaluatedlaboratory scaleral it was compared with
the performance of a commercially available PAC solution and classicaindum sulphate
(alum).

Introduction

Nitrogen is an essential element for life and undergoes many chemical and biochemical
processes in water. It appears miyaas 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, podaibi@ge 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 "nsturals 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 ofnitrogen 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/nitfbg@ns

Here are somaspects 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 coagulafiocculation process with aluminum
sulfate (alum), polyaluminium chloride (PAC) and a new electrochemically prepared
polyaluminium chloride (EPAC).
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Experimental
Coagulants and water samples

For comparison purposes, commercially available PAC (8.8 &sAbasicity 65, density 1.22
kg/dn?) was a a Donau Chemie product (Austria). Alum stock solution was prepared from
liquid aluminium sulphate (approximately 7.5% as@) obtained from a local Bega water
treatment plant.

The synthetic model water consisted of a stock ammonium nitrategdlttjon 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-BAC

The electrochemical reactor (ECRYy E-PAC preparatiorf3,4] 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 plplate electrodes, 3 anodes and 3 cathodes
disposed in a monpolar arangement with 10 mm anodathode 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 electrolyter{R@@ueous solution AIgD.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 fuorprevious
studies, respectively current density of 1.15 A-2nrelectrolysis time of 2 hours, current
intensity of 1.5 A §].

Experimental and analytical methods

Coagulation experiments were carried out at room temperature using jar test gpaddsix

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 dispemgendorf,
Germany) into the workingiN solution under rapid stirring. ThdN 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 TimésW@éaterworks.

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 usif@G Analyzer (TOGV 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 at2fdle to the Natural
Organic Matter/NOM content) waseasured with a SpectrofotometBr-VIS (UV-VIZ T90+,

PG Instruments Ltd, SUA), using a 1 cm path length quartz cuvette.

Results and discussion

Coagulation behaviors of-EAC and conventional coagutaras alum and commercial
product PAC wes compared, usingthesocallkd ar test" procedure, in
treatment standards, to remove the introduced amunmomdn as ammonium nitrate from
deionized water with addition of 1@g/L of ammoniumnitrate (commercial NN powder),
selected for this studyrhe applied coagulant doses wéhne same Ing Al/L, for all three
coagulants compared
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As part of the applied procedures, the level of residual turbidity, the amount of total organic
carbonthe W 254 absorbance and colaere evaluated, in order to assess the efficiency of
the coagulation process in all situationsPA&C and alum as coagulant§able 1demonstrates

the coagulatioperformance oéll threecoagulants.

Table 1.Water quality pameters of raw water and treated water with aluminium sulphate,
PAC and EPAC

PARAMETER,

T T T o s
Turbidity, NTU 0.697 0.540 0.605 0.412
pH 6.51 5.05 5.25 6.13
Temperat ul20 20 20 20
NH4*, mg/L 167 1.57 1.5 1.23
Colour, Aj12 9 10 5
uv-254, mt 0.180 0.155 0.158 0.118
Conducti v|255 29.0 24.3 29.0

Therefore, EPAC proved to be the most efficient coagulanterms of TOCand turbidity
removal(Figure.1) ormmmonum ion from synthetic water.

Figure 1. TOC resultof raw water and treated waidr) with aluminum sulphatg2), PAC (3)
and EPAC (4).

TOC

mg/L

1 2 3 4

Scan Spectrum Curve for domaine 288D nm wavelength have been rendered with254
nm absorbengyas shown in Figure 2.

Figure 2.UV absorbency spectrum curve

P1_NN

P4_E-PAC
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E-PAC seems texhibit better oaguldion performance than PAC and alum, especially in high
coagulant dose (e.g0Ing Al/L). The superiority oE-PAC can be attributed to the higherAl
content, than the respective values of PAC

Conclusion

The results suggest that the electrochemicdiifaioed EPAC 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 nois@ollution protection are one of the curtebopics of environmental law.hHE
acceleated 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 protectithe ikaw 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 segaricf the paper is dedicated to the
legal regilation of the concept of noise, while thimddfourth 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 harmonizationfahe Serbian legal system with the legal system of the European Union.
The paper also contains tEeiropean Union recommendations, which Serbia must follow in
order to harmonize the legal systems.

Introduction
Noise has been identified as one of the ilrg@nvironmental 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 currelegal 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 erptteed t
negative effects of noise that are harmful to human hgHJth 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 thaiBB5 and more than 50
million people are exposed to the levels of noise higher than 65 dBA during 24 hours, these
being | abeled as[2bl ack@ acoustic points
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]. Letegm exposure to noise can lead to a higher rate of
cardiovascular disease due to permanent stimulation of the sympatetizis 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 aepted 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 gaugenarmfulness, which further means that only certain sounds are considered to be noise

[9].

The previous Law on Environment al Protection
above the prescribed | evel I n the environmen
Slovenian legislation (the Law from 1976) defined noise as each sdwatdatfects
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 pedtp[l0Gddés regul ar rest
Todaydés Constitution of the Republic of Serb
to healthy environment and timely and complete informing on its state; that everybody,
especially the Republic of Serbia and an autonomous proviscegsponsible for the
environmental protection, and that every person is obliged to preserve and improve the
environment. The Law on Eionmental Protection [12] was brought in 2004 and it is a
systemic, aGQumbrella |l awd in the area of envi
laws, is to enable exercising a human right to life and development in a healthy environment

and a lalanced 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 belongstothea | | ed dgr e
p a ¢ k laagset @f 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 thd_aevon Environmental Noise
Protection [14], which defines noise and expands the list of naisees) 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 easieraednecise.
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 implertieotagh
general instruments in the area of damage cosgiem or through the institute of
neighbourhood rights, i.e. servidbat regulat@roperty relations, in which cases we talk about
typical property and obligation instruments of protection [1%he potection of the
environment through criminal law &slastresort, but at the same time very efficient and more
than necessary measure. In the Serbian 2005 Criminal Lawtligé were classified, for the
first time, all crimes against the environment. The Criminal Law for the environmental
protection doesot protect typical human rights (these being life and health) like it used to
before, but it protects an individual aséet h e envi ronment, or, to be
right to the preserved environment. Special laws can provide administrativerilamal 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 providegquiive 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 advantagerogeneral norms of the other branches of law, i.e. thdaxile
specialis, derogat legi genera$i applied1].

Environmental noise pollution assessment and management in the EU legislation
The Article 3 of the EU DirectivR@002/49/EC6&defines noise dhution as an unwanted and
environmentally harmful sound in the external environment, resulting from human activity [20]
Directive2008/99/EZ21] on the environmental protection through criminal law prescribes the
measures which member states should iraklee area of criminal law, in comptiae with the
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attitude of the Council of Europe that cri mi
pollution or endangering of the environment
efficiently.

The most important law in the area of @aton against noise pollution is Directi®@02/49/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 whadepted 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 directivis defining a common approach primarily aimed at avoidance,
prevention or reduction of harmful effects of the exposure to environmental noise, including
health disordersaused by noise pollution. The directive is applied to the noise pollution people
areexposed to, particularly in urban areas, public parks or other quiet areas in agglomeration,
quiet areas in nature, next to schools, hospitals and othergerisiive objects and areas.
Based on this directive, member states are obliged to appoint orhpethorities and bodies
responsible for the implementation of the directive at appropriate levels, particularly in order
to to carry out actions for determining the
maps of noi se pormemhetstaesinethads of asgessment, to eollect 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 imember 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 condibned by the fact that the EU has its own legal agaetpiiscommunautairg
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 obigation 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 aiseport
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 andplementation 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 Directi&)02/49/EZ is particularly mentionedn the
explanation offte draft as one of the reasons for the adoption of the new law. In addition to the
law and accompanying Haws, the area of environmental noise protection is also regulated
through special laws that regulate specific forms of noise, such as the Aic Traffi and
technical regulations for motor vehicles and machines. Numeroulwsy for the
implementation of Directive89/629/EEZ, 2002/30/EZ&nd 2006/93/EZhave been adopted,
too. According to the 2016 assessment done by the European Commission, thiec Répub
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 poit&ion 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/EShave been taken into account [23]. In this way, an attempt was made to fully
transfer European norms that refer to trechanisms of reporting and introducing, i.e. applying

t he @ p ol grinciple whicph woyld @ass the responsibility for the creation of strategic
noise pollution maps to the local government and the responsibility for the creation of strategic
maps oftraffic 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 befored EU accession date. The letegm 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
implementatior{21].A preliminary cost assessment, based on unit price and the experience of
memberstates and European Commission experts, can be conducted in the following way:
prices of the creation of strategic noise pollution maps for settlements go between 0125 and
EUR per <capita. The tot al number of i nhabit:
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 af n@ps 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 théhin
so-called green package of laws and which is accompanied by a sefafisyA legislator
started off from international recommendations and standards, particularly taking into
consideration the relevant directives of the EU. This umbrella law thiblpuggulates 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 fer énvironment 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 environmentile 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 Dire@0@2/49/ESeing particularly
importantfor 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 consideratiomttitteatathis

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 fullgpdicg the norms from the
revised Annex Il of the Directive002/49/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 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 isa 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 haveceas ais
source of bioactive producfBhe goal of this work was to determine the phenolic and flavonoid
contents and antioxidant activity of ethanolic extracts of some hawthorn spécagegus
pinnatifida Bge., C. monogyna Jacq., C. e@alli.). The esxraction was performed a4 5 , A C
by using ethanol 50/v% as a solvent (10 g of the fruit in 100 ml solveifar) 50 min The
FolinnCi ocalteuds method was wused for the dete
chloride method wasised for the determitian of flavonoids, and the ferric reduction
antioxidant power (FRAP) method was used to assess the antioxidant activity of ektracts.
identification of phenolic compounds present in extracts was performed usihtPRP. A
positive linear correlation bheeen the antioxidant activity index and total phenolic content of
ethanolic extracts wasbserved. The order of antioxidant activity in species was as follows (C.
crusGalli > C. pinnatifida Bge. > C. monogyna Jacq.) TheHER.C procedure showed that

the most abundant compounds were chlorogenic, ferulic and ellagic acids edté¢¢ehin

while gallic and caffeic acid were not detected. The extracts have significant antioxidant
properties due to the existence of phenolic compounds. It is noteworthy basrgthat for

C. crusGalli species, its extracts have not been studied or referred to, twesheof our
knowledge.

Keywords:
Hawthorn Total phenolic and flavonoid conte®®P-HPLC, Antioxidant Activity
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Abstract

French or dwarf marigoldTagetes patuld..) is a weltknown ornamental plant, but also

utilized in medicine, cosmetics, agriculture and food industry due tbiaiegically active
components @nthophyls, carotenegerperes, flavonoids, benzofuran derivativékspphenes

etc.). Three varieties ofHungarian bredTagetes patulal 6 Cs e mR 6 , O0Robuszt a
0 Or i wem &ransplanted into thpot experiment (5.05.2021) the following conditions and

soil mixtures: in the greenhouse in peased soil; outside the greenhouse in-peaed soll,

outside the greenhouse in a piae soil, and hydroponic system in the greenh@uearersity

of Debrecen, Hungarypt the beginning of June 2024&holepetals were collecteflom each

variety and conditioniThe lyophilised samples weegtracted by ethanol and ultrasonic assisted
methal. Thelutein and zeaxanthinontent of the extracted samples were determined by the
HPLC instrument.

Tagetes patul® Cs e mRO6 was t he r i chda35%95 nygkgbasecondry | ut
matter), followed by Robuszta k®n4289.7Tggkd (@hadl . @Dr-i onod
135.8mg/kg). The highest lutein concentration was measured in thdrpeatoil mixture in

thefield, in each variety. The concentration of lutein and zeaxanthin were depending on the
conditions (greenhouse, field) and the medium ¢pesaed, pedree and hydroponics), but in

the field, the measured lutein and zeaxanthin content was considergisdy than in the
greenhouse in the same type of soil mixture (beaed).

Introduction

Tagetes patuld. (French or dwarf marigold) belongs to tAsteraceadamily, is commonly

known as an ornamental plamgetespecies have been distributed alkothe world and can

be cultivated indifferent soils and weather conditions with low requirements and a long
flowering period. Tagetes patulasimilar to other marigold specietas been utilized in
medicine, agriculture and industf¥, 2]. Leaves and gsjots of Tagetessp. 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 camtrated in the roots ofagetes patulaare used in
agriculture productionjue to its repellencef insects (nematicidal), bactericide, fungicide and
insecticide effects [4]. Petals ofTagetessp. are yellow, orange, rednd a mix of these
colours, cotain carotenoids (especially luteih,but ei n f a t-taspten@)cusetl inand b
ophthalmology as dietary supplement and in the food industry as a natural food colorant
(E161Db) [6, 7]. Xanthophyknd carotenes contentsTdgetespecies depend on the varieties,
parts of plants, climate arsbil conditions etc.d, 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 Deter (Hungary) and in the field outside the
greenhouse, from February to August 2021. THragetes patulddungarian bred varieties
were cultivated: "CsemR’ ( TAG1), '"Robusta k®
NARIC (National Agricultural Research and Innovation Centre, Hungary) and were bred by
ADr. Zol t8&n Kov§8ts, a frdbneedesandtalleagees[10pn or narm
Tagetes patulaseeds were sown on LlFebruary 2021, in perlite (particle size62mm,
Magyar Perlit Kft.,, Hungary), in a germination chamber (humidified 4 times per day /
15 minutes, EasyGreen, USA). After 4 days, seedl were transferred to pdage and peat

based soil mixtures (COMPO, OBI, Hungary) into tedl seedling tray with a yome of
60cn®, and Grodan Rockwool cubes (25x25x40 mm, Playgrowned.com, Hungary). Terra
Aquatica Tripart advanced nutrient solutiofMicro, Grow and Bloom JPart Flora Series,
General Hydroponics EurofpeGHE) 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]réEhvarieties of plantlets were transplanted into the
pots @iameter of 14 cm, 1800 &non 3" May 2021 for pot experiments in the following
conditions and soil mixtures: in the greenhouse in-paaed soil; outside the greenhouse in
peatbased soil, oside the greenhouse in a p&&e soil, and hydroponic system in the
greenhouse.

The first flowers appeared at the beginning of June 20Rdlepetals were collectggrigurel)

and frozen in the freezer befdgmphilisation The samples were storedthe dark at room
temperature before extraction and HPLC measurements.

» e }.» . L!‘ 'ﬂ
L .. : R
AR ‘Y : N 1
> £ s
Figure 1. Flowers oTagetes patul® Cs e mR&é ( TAG1l) , 6 Robuszta k®n

(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 minute. After that 7 mL of absolute ethanol was added to the sample and sonicated

at 30 minutes. Finally, the samples were fil
PVDF membrane filters were used for the filtration of the samples.

Extracts should & analyzed with HPLC as soon as possible, certainly within 24 hr, and must

be stored at 4C. The lutein and zeaxanthin content of the samples was determined with an
ECOM s.r.0. ECS05 gradient analytical HPLC system. This system consisted of an ECP2000
punmp, ECB2004B gradient box with a degasser, ECO2080 column oven, ECDA2800 UV/Vis
PDA detectorandi3 320 aut osampl er made by RI GOL. A 1C
HPLC and eluted with acetonitrile 63.0 %, methanol 8.60 %, water 10.4 % andhetihgte
(18.0 %) on a C18 HPLC column (Phenomenex,
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 petabf Tagetespatula Cs e mR6 ( TAG1l) was the richest s
709.91359.5 mg/kg (based airy matter) depending on the conditions and medium. In the
peatbased medium, the |l utein content of ORODbuUS:S
(321.6 mg/kg) than in the greenhouse (161.4 mg/kg). The highest lutein concentration of
0Or i ono rlety weie3measwat in the pdete soil in the field (135.8 mg/kg) and in

the hydroponic systems (12In6ég / k g ) in the greenhouse. Lut e
(TAG3) wereconsiderablyower than other varieties (Figure 2).

Zeaxanthin cR®OWhtehAGDb) w&ELseanl so t he highest a
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
dif ferent medium, the zeaxanthin content of 0
was almost similar (150 9. 4 mg/ kg) . I n the field, zeaxant
was much lower than other varieties (Figure 2).

1600
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1400 1339.5

2 1200 1114.0
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5 —
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86. A 71 : - 2. 5
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hydroponics peat-based soll peat-based soil peat-free soll
in greenhouse in greenhouse

Figure 2.Lutein and paxanthin contenfmg/kg, based on dry mattesj flowers of Tagetes
patulaHungarian varieties in different medium and conditifipsiversity of Debrecen, 2021)
Abbreviation: TAG1: Tagetes patul®d C s e, mMAGR: Tagetes patuld Robuszta k®ns ¢
TAG3: Tagetes patuld Or i on 6 .

Based on our HPLC measurements and other authors refer2n8e®, [9 confirmed that the
varieties, the types of the medium, the climate conditions and the fields maaffalstothe
lutein and zeaxanthin concentrationT@getes patulflowers. In our experiments, the highest
lutein concentration was measured in the {be=g soil mixture in the field, in each variety. In
case of peabased soil mixtures, the measuredilutnd zeaxanthin content were considerably
higher in the field than in the greenhouse.

Conclusion
Tagetes patuldnas important chemical compounds which are considered for cHesnida
biological activity andthey have a definite useful effect againstrivas diseases. This
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conference paper is the preliminary reports of HPLC measurements of lutein and zeaxanthin
concentration from flowers of Hungarian br&€dgetes patulavarieties. The applied HPLC
method has fast, simple and cheap sample preparation.

We will continue this investigation of thBagetes patulaarieties because the growth of these
plants at reduced use of peat and fertilizers is important for the commercial exploitthieseof
plantproduced 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 aforementiongidenomenon is air pollution. Various air paénts

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 industipsencluding 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 efficiepcconvenience oin-situ application, ecdriendly
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 theutdoor air phytoremediation have found highly beneficial results, but
also challenges in applying the suggested method. Plant tolerance to pollutants, environmental
parameters, plargpecific features, composition of air pollutants, uncertainty in pfacitobe
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 enginbasied
remediation methods, the remedy process must be optimitedupplementary treatments or

the best combination junction with other methods must be found.

Key words:air pollution, phytoremediationsustanaible outdooair pollution remediation
technique

Introduction
Urbanization, industrialization, and tealogical 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 urbafiLhreas

The most essential eteent 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, whsdbwn dust, and forest fires, the majority of pollutiscaused

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,tpasofas, 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 leethe ability to travel great distances and harm species in areas further
downstream. The production of secondary air contaminants during thisotrandary transit

also had an impact on the aerosol size distriby@hnCommon pollutants with anthropage

origins include particulate matter (PM), carbon monoxide (CO), nitrogen oxide$, (tile
R —————
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organic compounds (VOCSs), polycyclic aromatic hydrocarbons (PAHs), potential toxic
elements (PTEs), sulfur dioxide (90and secondary pollutants like ozofi@s). 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 whi c h cwel-beingyy ancréasing i t i z e
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 destannually [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, preveadl, or minimized in accordance with regulations. Following the prevention

of pollutant emissions at the source, sciebased methods are required to treat existing air
pollutants. As a result, the development of technologies to remove/reduce air pdiagion
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 througfious 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, ionizationelectromagnetic precipitation, and wet scrubbers are Bebtlqture

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 tdenéfi
phytoremediation over other conventional remediation technologies include cost effectiveness,
ease ofin-situ use, ecdriendly treatment, and the ability to raise the aesthetic value of the
immediate environmenAdditionally, phytoremediation carelused to longerm remediation

of a wide spectrum of environmental contaminants.

Phytoremediation: sustanaibleair pollution remediation technique

Phytoremediation is a relatively recent approach based on engineered application of plant
species for theelimination of hazardous compounds through processes such as separation,
accumulation, and stabilizatiof#,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 tuatshere) and

shoots or abowvground 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 [8jtdPemediation is a process that
includes seven approaches: phytoextraction, phytovolatilization, phytodegradation,
phytostabilization, rhizodegradation, rhizofiltration, and hydraulic controlTBg surface of

leaves and stems is known to adsorb carsille amounts of contaminants in the case of air
pollution. Phyllosphere microbiomewhich 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 pamlar 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 thg 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 provideGainle 2.

Table 2.Enhancing outdoorimquality with phytoremediation

Location Pollutants Observations/Suggested Measures | References
In 2015, shrubs and trees removed 238.4
O3, SO, air contaminants, and an increase of thé
Tabriz, Iran NOy, CO, elimination up to 814.46 t over tmext 20 [8]
PM2s years is expected if appropriate, feasible
urban forest management is performed
Among vines, shrubs, and coniferous treg
Parthenocissus quiguefolendBetula
North ! LA
. pendulad Youngi i 6 accum
Katowice, PM . [9]
amounts of PMn their wax. The
Poland .
accumulated PM contained carbon, oxygg
silicon, iron, and heavy metals.
Fifteen . o
. The leaf traits were not the specific factor
different ; " g
urbanized determlng the qleposmon capacities of plal
areas in PM Amonginvestigated plantd\. glabra C. [10]
comosum variegatun®. XanadyandS.
Sydney, o
. wallisii entrapped the most amount of PV
Australia
Wedelia trilobataandSyzigium oleirare
grown on the main roads and exposed t
Surabaya L :
heavy metalsWedeia trilobata, having
town, Lead (Pb) . ) [11]
. wider leaves, absorbed more heavy metg
Indonesia . . .
thanSyzigium oleinghowing a smaller leal
surface area.
Compared to broadleaved plant species
Beijing needleleaved coniferous species
Forestry PM accumulged higher amounts of PM. The [12]
University, 25 PM2 s removal capacity of broadleaved
Beijing, China species was correlated to the number o
grooves and trichomes.
Leaves with a lower area, hydrophilic trait
Hanoi and a high abaxial stomatal density
Vietnar'n PM entrapped moreN®, accordingly,Muntingia [13]
calaburashowed the highest PM remova
capacity among 49 screened plant specig
Hebe albicans CockaynkEebe x youngii
Birmingham Metcalf, Buxus sempervirens, andThyms
New Street PM:. PM vulgarisL., which have small leaves,
railway, ;M 2% | revealed the highest PM removal capacit  [14]
United 10 Leaves with adaxial surfaces showed higf
Kingdom PM densities compared to those with abay
surfaces.
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Platanus acerifolislandMagnolia
grandflora showed the highest PM remov
among deciduous and evergreen trees
respectively. PM entrap capacity depends

Kunming City, only on the leaf characteristics, but also ¢
Southwest PM the pollution gradel.oropetalum chinense [15]
China Osmanthus fragranandCinnamomum

japonicumexhbited significant
accumulation of PM in traffic and universit
campus areas, whereas showing moderz
removal efficacy in an industrial area.
Based on APTI, plants showing the lnegpt
APTI, Agave americana@nacardium
occidentaleCassia fistulaCassia
roxburghii, Mangifera indica andSaraca
asoca were suggested for near areas

Air
Trivandrum Pollution

City, Kerala, | Tolerance [16]

India Indices ) . . :
(APTI) presenting heavy vehicular air pollution, a
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, whiclorporates plants and their microbiomes.
Because of its substantial advantages, such as beiAgiertdly, costeffective, and having
publically applicable procedures, phytoremediation is an emerging prospective tool for
improving in-situ air conditions. Bytoremediation 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 & pollution remediation, the following issues have emergddnt tolerance to
pollutants environmental parameter@vind, precipitation, temperature, pH, solar intensity,
water availability), plantspecific features(surface roughness, thickness, ultnasture,
pubescence, wax content, leaf size, and structog)position of air pollutantsincertainty in
plantmicrobe interactionsandplant antagonismThese characteristics provide obstacles in
phytoremediation methods and should be taken into ateglen 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 caatimn junction with other methods is
required to become a complementary or alternative tool for engindemseyl remediation
methods.
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Abstract

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

Stability constants of some binucler mixed ligand Co(ll) and Cu(ll) complexes with
macrocycletpmc = N,N',N",N"-tetrakis(2pyridylmethyl} 1,4,8,11tetraazacyclotetradecane

and different cdigands are compared. The stoichiometric ratio of the compounds was

determined spectrophotometrically at 20 A u
Cu(ll) complexesand o b 6 s me t h o dariatitn ardd Rosd®riago methodor Co(ll)
complexe§l-4. The values of stability constants K a

and compared.
The values log  are in the range d2.761 4.80 obtaineddr Cu(ll) complexes withtpmc,

[Cu(X)tpmc](ClOy)slnH20 with bridging anions %= F, CI', Brf, I' , NO7 [5] and
[Cu2(gly)tpmd(ClO4)sl: 2,6/ CH3CN with glycine/alanine For Co(ll) tpmc mixed ligand
complexes of formulas, [GfL)tpmc](ClOs)2, L = benzoate anion, phthalate dianion,
isophthalate dianion and ttethalate dianionalues log are in the rangé.255.37. t can be
concluded that coppétl) complexeswith halogemus and monocarboxylic ligandse less

stable tharrobalt(Il) complexesvith aromatic dicarboxylic cigandsNe gat i ve G al ues
mean that the formation €fu(ll) and Co(ll)complexes is energetically favourable and that the
reactions proceed spontaneously.
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BIOMASS OF CALCAREOUS CHERNOZEM AND HUMIC SAND Y SOILS

AndreaBal | 8§ n ® CKoBn&ndi§ no&t,BvelinJ uh § s z

Institute of Agricultural Chemistry ancb Science, Faculty of Agricultural and Food
Sciences and Environmental Management, University of Debrecen,
H-4032 Debrecen, B°sz°r m®nyi u. 138.
e-mail: kovacsa@agr.unideb.hu

Abstract

The specific phospholipid fatty acid (PLFA) compositiontled microbial biomass of
calcareous chernozem and humic sandy soils was determined using a gas chromatograph with
flame ionization detector (FID) and MIBhc. complex data analysis software. The total PLFA
extracted from the soil characterizes the mia@bbiomass, 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 tfeeadesample 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 ch®zem soil (Debreceh 8t - Kk ®p ) and humie sand:
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 andy soil was one third lower, 7.23 nmol/g, suggesting a higher living microbial
biomass in chernozem soill.

Bacterial biomass was higher than fungal biomass in both soil types. The biomass of
Gramnegative bacteria slightly exceeded that of Gpasitive lacteria on chernozem and
significantly exceeded that of Grapositive 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 oflcareous 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 Graimegative and Graspositive bacteda were also reduced, but their
proportions were not affected by different water supplies. The fungi/bacteria ratio decreased
slightly in the droughstressed environment. Under drought stress, the ratio of saturated to
monounsaturated PLFA fatty acids, waimican 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 fattyids; 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 silsesquioxanésontaining either the original organitinction (SH)
(silsesquioxane 2, SH_SS), a derivatized onesMHsilsesquioxane 1, A_SS) or completely
chloro derivéive (silsesquioxane 3, Cl|_SS)pere obtained by acid hydrolysis tfe three
organetrialkoxysilane (3aminopropyltriethoxysilane,-Bercaptopropyltrimethoxysilanand
3-cyanopropyltriethoxysilaneYhe hological compatibility wadested for the three composite
films. The values of water vapors sorption capacities increase in the following order: P_Cl_SS
< P_SH_SS<P_A_SS. Depending on s$iilsesquioxane type, an increasing of the dielectric
constant value up to 4.5 as compared with the value for the silicone matrix was ofdtaaed.
bactericidal performance in environmental applicationghefnewly blends with specific
microachitecture controlled porosityand 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 weletermined complex structures containing
silsesquioxanesmoietieswith different functionalitieswere incorporated into a polymeric
matrix based on a polydimethylsiloxane of low molecular weight. Afterincorporation of

the silsesquioxanehe films were inestigated by dynamic vapour sorption (DVS) analysis,
stresgstrain measurements and dielectric spectroscopy. The presence of the siloxane moiety in
thematerialensures good mechanical properties.

Experimental

Antibacterial and fungicidal activities ofilsesquioxanes 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 ahteata) and against both Gramegative (Pseudomonas aeruginosa)
and Grarrpositive (Bacillus polymyxa) bacteria.

Results and discussion

Three new rambrane materials with thresisesquioxanes: original organic function (SH)
(silsesquioxane 2, SH_SS)derivatized one (NHCI) (silsesquioxane 1, A_SS)completely
substituted chloro derivative (silsesquioxane 3, Cl_$®)ymeric matrixconsists inlow
molecular weight polydimethylgikane.After the incorporation of the silsesquioxanes, the
bactericidal prformance in environmental applications of new blends with specific
microarchitecture, controlled porosignd higher hydrophobicity weraeasured by its ability

to maintain the balance between the biological selectivity and membranes functionalization a
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disinfection materialsT'he inhibition ofthe Gramnegative bacteritor theP_SH_SS was more
pronounced than the inhibition f&r Cl|_SS, P_A_SS and P membranes.

Conclusion

Processing of the functionaéd silsesquioxanesed to new materials with high
performance characteristics designed to be used in a membrane system for wastewater
treatmentCharacteristics of materials generated by the structural properties of the polymeric
chairs and the history of the filmsfluence the surface morphologyinaing that the prepared
membranes could be applied as membranes in wastewater tre&itratibn properties of the
conmposite silicone membranes hagdemonstrated the suitability of these to act as selective
barriers, permitting the free transport of watapor through the poresEvaluation 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 enzytmadrolysis 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 reliablacinondestructive 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 20P400 MHz for the detection of the efficiency siudge 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 mattersiiy 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 enablt develop ofline and reatime monitoring methods.

Key words: dielectric constant, biomass, sludge, hydrolysis

Introduction

Dielectricpropertiescanwidely useto quantify and characterize the electric polarization when
the sample is exposed to elechagnetic field. The polarization ability of the system can be
measured by the complex permittivity. The real part of the complex permittivity (i.e. the
dielectricconstaned ) corresponds to the ability of t he
electomagnetic radiation; the imaginary part (dielectric loss faetory r el at es t o t
dissipation of the mediuii].

The dielectric parameters can be determined by resonant cavity metsiodsyfparallel plate
capacitors, free space methods, tnaission line methods and coaxiathniques, respectively
Novel developedmenended coaxial cable probes provide a-loygt and easy implementable
method for the fast determination of dielectric parameéteaswide frequency rangbased on

the measureant of reflection coefficient by impedance analyser or vector network analyser
(VNA) [2]. VNA can be usedhainly for high frequency measurements (kBEz ranges)in
measurements withperrended coaxial probes need a direct contact with sample surfames. Err
and uncertainties of dielectric measurement process with aremgeal coaxial probe can be
arisen mainly from the inhomogeneity of samples, pisdraple contact, and/or prebample
pressure

The dielectric parameters thfe medium influencéhe refection coefficientdivenasGor S11
parameterpf an operended probe that is attached to sample surface. Therefore, for example,
air-gap between the surfaceroéterial under te¢MUT) with high roughness antiedielectric

probe decreases the reliability of the measurementsdbiel parameters carsefor 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 biochemicatactions, as we|B, 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 blz For determination of the dielectric behaviour

of biological tissuesa lower frequency range (17 MHz to 2 GHezan beapplied [6].
Measurements of dielectric properties and behaviour with-epdad coaxial probes have
lower accuracy if the measuring fregpcy is below 200 MHz and tluelectric constant and

loss factorof 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 refleadn of electromagnetic waves [7].

Dielectric measurements have several advantages over the conventional analytical and material
testing methods, such as its rmbestructive, noinvasive characteristicsno need for
chemicals, and easy sample prepard@pnFurthermore, by using reflectidmsednethodsn

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 inmedical diagosticand electromagnetimedical(therapeutiy technologiedor
dosimetry calculations, as well [9].

Dielectric constant at 2450 MHz is suitablgotedct the molecular weight of macromolecules
produced in caprolactone polymerisation, furthermorediblectric parameters measured on

line show good correlation with the progress ofrthg openingof caprolactone monomer [10].

At higher frequencies, the inflection point of dielectric constant and the peak value of dielectric
loss correlates well witthe change of dipolar relaxation time. Asymptotic value of dielectric
constant indicates the end of crdisking process [11].

In solids, water content and water activity determines mainly the dielectric behaviour. Dielectric
constant increases with thecreasing 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 measuremiehave 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 obrm cob residues (COBEXM20) was used. This
fraction has an average particle size of %880 nm, and the cellulose/hemicellulose/lignin
percentage ratio of 47.1/37.3/6.8%.

Cellic CTEC2 (Novozymesgnzyme blendvas usedin a dosage of 120 FPWg for the
enzymatic hydrolysis tests carried aitthet e mper at ure of 50AC and
sugars were measured by DNSA spectrophotometric method.

To increase the organic matters solubility of meat industry wasteslatge alkaline (pH=12)

and microwave prreatment 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 tbayht of the irradiated sample.

The solubility of organic matters was characterized by the ratio of soluble to total chemical
oxygen deman@SCODTCOD). The chemical oxygen demand was measuretblyrimetric
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method (Hanna, COD cuvet testtea 2 hours lhermodigestion at 8 0 , foCsepgration of

soluble fraction of organic matters filtration with 0.4B pore sized syringe filter was used

after centrifugation (10 min, RCF=5500).

Dielectric constantegd ) wa s me a openeadid coaxidlime prabe (SPEAG DAK

3.5), connected to a vector network asal (ZVL-3 VNA, Rhode&Schwarz) at the frequency

range of 202400 MHz. Immersion depth of dielectric probe was 10 mm; the temperature of

the samples was controlled at 25AC during ¢ttt
bath.

Results and discussion

At the first stage of our experiments, theleotric behaviour of meat processing sludge exposed

to different pretreatments was determined. The organic matter solubility (given as
SCOD/TCOD) of the raw sludge was 0gR305 and due to the microwave, alkaline and
combined microwawalkaline pretreatnent it increased to 0.80.08, 0.3¢0.11 and
0.4&0.12, respectively. It is verified, that microwave and alkalinetyf@@&ments are capable

to increase the organic matter solubility of sludge [13]. The dielectric behaviour of sludge has
been changed aftpre-treatments. Compared to the raw sludge (Control) the dielectric constant
of treated sludge decreased in the frequency range ef@IDMHz (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 constameat industry wastewater sludge treated by alkaline (alk),
micrommave ( MW) and with coupled method ( M)

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 smallemolecules. 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 efficieniégrentdi
treatment methods and the change of dielectric constant.

During the enzymatic hydrolysis of ceoob residue (COBEX GM) the reducing sugar yield
increased rygom, 1ANTaY) mdgom G 813 d &y )ng rdgdu4sitidy), 8 mg
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and 1 3 8Ndpm(Rdayn respectively. The frequendgpendinglielectric constant was

also investigated for the enzymatically hydrolyskgnocellulosic biomass samples at the
different hydrolysis stages. The results show that the dielectric constant decrethstte wi
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 constanvf enzymatically hydrolysed lignocellulosic biomass (COBEX)
measured at different hydrolysis ti

The higher difference in dielectriorstant measured at different time of enzymatic hydrolysis
process was found at lower frequencies {2000 MHz). Higher the frequency of dielectric
constant lower the sensitivity of measurement for detection of cellulose degradation. At higher
frequencieq19002400 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 weighbotmds,
produced in enzymatic cellulose degradation proaess,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 pipdiGability 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 susson during enzymatic hydrolysis, and sludge exposed to microwave
and alkaline treatments, an opemded coaxial probe was used. Our results verified, that with
the measurement of dielectric constant at frequencies ofl@00 MHz the cellulose
degradatiordegree 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 thiree clones at the Institute of Viticulture in Sremski Karlovci.

The planting density is 2.8 x 1m, the cultivation form is a-@ameed guillotine with a load of

5.1 meshes/m2, where one arm with eight meshes and a condir with two meshes are left. The
grgpe 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 yieldlime Sk13 is

1.39 kg/m2, SK54 is 1.51 kg/m2, S¥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 5.4¢g/l. The qualitthef 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 clonesiSkand SK54. Given that

climatic conditons 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. Additiondlig, 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 othemttasdjve consumption

of sodium is a major risk factor for cardiovascular diseases, diabetes, kidney disease and also
hypertension. In this research, the effects of mushrddeufotus ostreatysgpowder addition

and salt reduction on some quality charastiers 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 witharious 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; 5M¥iSnushroom powder and 1.25% NacCl.

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*, a*, b* and internal sdaceb*, a* values of the samplep¥0,05), however

internal surfaceL* 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 resiliendhile OMH samples had the highest. Mushroom powder
addition did not cause any difference on the salt contents of the sapw0e85 and the salt
content results were consistent with the NaCl added to the sausage formulations. According to
these resultsmushroom 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, sdteurotus 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
concettration on the morphsatructural characteristics of ZIS were investigated.

Introduction

Purifying wastewaters of hazardous chemicals through various alternative methods, such as
heterogeneous photocatalysis or adsorption, is of a real interest [1¢o@dm@des occupy a
prominent place in the study of nanomaterials \&jtplications in photocatalysis [2].

Experimental

ZIS was synthetized usingicrowave (MW) and oil bath (OBprecipitationat 160C and
18C°C with different Zn:In ratio. The crystal phgptical property, chemical composition and
morphology of ZIS were determined by XRD, RLY-Vis, ICP-OES, SEM, and BET.

Results and discussion

Morphology and porosity of ZIS influences the adsorption ability. @Bi@es consist of
globular aggregates hich changes tmancpetals 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 adsorptiomesorption equilibrium, the MO adsorption vary between 35.5%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

Cyc | ode x tliinked cydic oligosdccharides with a thrdenensional shape like a
truncated c one iaactiveimolgculesswithithe asnpléte of pantial ibclusion

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 agets to improve the solubility, stability and bioavailability of the bioactive
molecules [3]. In addition, many bioactive compousdsh as saliciare astringent or present

an unpleasant flavour and encapsulation in cyclodextrins could effectively redsigepoess
these deficienciesSalicin is a white bittetasting 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 andahasnilar action in the human body

[4].

I n this papyed . odeaxltird-oycodditrh inslusibni coniplexesoin a molar
ratio of 1:1 were prepared by wet trituratiand characterized by Fourier transform infrared
spectroscopy (FIR), Raman spectroscopyscanning electron microscopy (SEM);rXy
diffraction (XRD),andUV-Vis-NIR spectroscopyThe obtained results were compared with
those corrgsonding to the host componefitsa n ecycldextrin), the guegsalicin) and their
physical mixure in order to demonstratige formation of the inclusion complex
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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 aim$ assesghe corrosionregstanceof chromium - nickel as
compared to chromium manganese commercially availaldehodontic wires in artificial
saliva. The two investigated wirearmples have beenstudied by means of various
electrochemical techniquetke cyclic voltammetry (CV) electrochemical impedance
spectroscopy (ElS)inear polarization (LV), a well as by employinghronoelectrochemical
studies (chronoamperometryCA and chronopotentiometry CP). Theafore mentioned
procedurehave been successfullppliedin the invesigation of various corrosion processes
involving dental alloysWe used Fusayama artificial saliva solutiascorrosive electrolyte
during the electrochemical tes®hile the solutiorpH varied in discrete steps betweeh &nd
7.5, the temperature wadso modified between 27 and @7@r each pH value, to most closely
simulate realife conditions of metaklectrolyte contact. Sampleaysisby scanning electron
microscopy (SEM) before and afteachcorrosion teshas been performed in order to iasp
potential modifications of the surface morphologiédlergen and nickel free GK¥In
biomaterialsexhibited good corrosion resistanoepresenting a good alternativetihe widely
used C#Ni alloy based orthodontic wires

Keywords: Cr-Ni, Cr-Mn orthadontic wires corrosion resistangeelectrochemical
behaviour biomaterials.
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In drinking water treatment, chlorination processesseld on the HOCI or CIO
addition, are usedfor disinfection. The combination of chlorination with appropriate UV
radiation is an effective radical generation procResently, the UWhlorine process has been
investigated as an alternative to U4 for watertreatment [1,2]To ensure the applicability
of UV-based processes, it is essential to opt for radiation sourcesréhaffective and
affordable. With the growing availability of liglgmitting diodes (LED) and their favorable
features, the applation of LEDs for water treatment is proposé&tie use of LED lights in
UV/CIO2 processes permits the selectionaivelengths close to the absorption maximum of
ClO2 (359 nm, 1230 M cml), which can iitiate its decomposition inteeactive radicalssud
as oxygen and chlorine radicals. The radical oxygen leads to hydroxyl ra@igalférmation
in aqueous media, and the UV/GI@rocess can degrade organic compounds using reactive
oxygen species (ROS) and chlorine radicals:

6 B 0Y 6 al) GA
608 0Y 6& OA OA
60k oY 6 A OA

In this work LED light sources were used, which emit 367 nm UV light; the emission
wavelength is close to the absorption maxima of.@2p Aqueous solutions of tvmedicinal
substances trimethoprim (TRIM) andflGorouracil (5FU) were treated with th&ED-
UV/CIO2 method Trimethoprim has been used in varioustbaal diseases, andamy studies
repored its hard biodegradability and presence wastewatersurfacewater, andeven in
drinking water[3]. 5-FU is one of the most frequignused chemotherapeutic agedetected
in hospital wastewater at a concentration 6fl10 0 "&4j. L

During the experiments, theffect of light intensity, Cl@ dosage, and pH was
investigated. e biologically purified domestic wastewateas usedas a matrix to test the
effectiveness of the method under real conditidihe effect of HCQ™ wasalsostudied After
treatment, the AOX and TOC content of the samples were determinedmpdred to study
the mineralization efficiency and the role a
substances.
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Abstract

The purpose of thipaperis to determine the concentration of soessentiaiacro and micro
elements, from tropical fruitand the role that these minerals play in hed#nefits.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 methdtheobtainedresultsshowthat the distribution of the essential
mineral elemets in the analyzed fruits presentauniformity, depending on thieuit species

and the nature of the analyzed elem&he best represented among the analyzed elements are
Ca and Mg (59858 mg/kgCa, respectively 9287 mg/kgMg). Fe, Zn, Cu and Mn were
determined in much lower concentrations (13126 mg/kg, 0.78..53 mg/kg, 0.48..21 mg/kg
respectively 0.34.12 mg/kg), but sufficientonsideringthe requirement of these essential
microelements irthe human bodyHowever, 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, originatig 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 fohwihey are
recommended for curative purposes, being considered as medicindl fRpdFruits have a
significant contribution in human health and nutrition being a natural sduttef precious
nutritional constituentslhey contain vitamins, fatty ats, dietary fiber and essentials minerals
available in various quantities and qualiti€ke beneficial effects of these fruits are due to the
main constituents, which includbe mineral substances in the form of essal macro and

micro elements [SAmong the most important minerals available in fruits asécium,
potassium, iron, phosphorus, magnesiamc. Due tothe curative effects in a range of acute

and dironic diseases, the exotic fraltet is used in modern medicine. It is recommended,
prophyhkctic and curative, as an adjuvant, when the body accumulates significant amounts of
acids; which has repercussions such as diabetes, aging, gout, and g¢. @onsumption of

the fruitwith pulp is prescribed in the treatment and prevention of carsliolar diseases, liver
diseases, etc., that provides a high percentage of vitamins and minerals in the d§dl}. tlose
South Africa, the banana is the main food, basic for about 50% of the population and the most
popular fuit in industrialized countre [6]. Pineapple is a perennial herbaceous plant of the
Bromeliaceadamily with the botanical nam&nanasSativusr Bromeliapineapplepriginates

in the tropical regins of America and the Far East [3].

98



28thInternational Symposium on Analytical and Environmental Problems

The specialized literaturencludes numerous refarees 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 psoduct

Experimental

The paper presents data related to trstridution of some mineral elements in different
importedtropicalfruits, also known as exotic fruitk order to achieve the proposed objective,
exoticfruit werepurchasedrom differentlocalmarketsinT i mi 'Ho ar a drdpafruesna f r u
kiwi, lemons, mandarins, oranggsneapples and pomeloTo perform the experimentiree

fruit samples were prepared for analysis, corresponding to each variety of fruit under study

The determination of the mineralements in the ralyzed fruits required twcsteps:
mineralization, by calcination, followed by the solubilization of the inorganic mat@biiv

HNOs and the spectrophotometric determination of the absorbancesessthigtiablements.

The deice usedfor this purpose wast@mic absorption spectrophotometer in air flame
acetylene, brand Varian AA 240 FS, a laboratory water bath and a thermal regulation electric
stove. Also, the ReagentsusedareNé@rici d Mer c k, 6 H8bprépprethentric 39 g/
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 DarmsEsdtnany, 1.006/ml;

For each analysed eshent were prepared six sets of standard solutions to cover the
concentration range of each element analysed; distilled Waterworking parameters of the
apparatug wave length, air and acetylene pressure, burner heighti etere selected in
accordace 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 experimentakesults obtained in the analysis of the essential mineral elenaeetaige
values, are presented in tables 1.

Table 1. The concentration (mean values) of some esseng@ment fromexotic fruits

Fruits Bioelement, mg/k

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 92 291 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 elementshowshat the distribution ahe essential mineral elemts in the analyzed
fruits presents neaniformity. This dependsn the fruit species and the nature of the analyzed
elemeniThe best represented elements are the meaeroents, calcium and magnesium which
has the highest concentration values betwseh358 mg/kgCa respectively92-287 mg/kg
Mg. Among microelements, the best repreésdnbioelement was irorl (123.26 mg/kgFe)
followed - in slightly lower concentrations by M&n and Cu : (0.27.12mg/kgMn),

Zn ( 0.751.53mg/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 achie@alcium (C&"), important
R —————
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macroelement in formatioand stability of cell wallsin maintenance of membrane structure
and permeability, activates some enzymes was determined in the higheshtcation
betweerb9.1ppm- in bananas and 358 ppnin kiwi. Higher Ca contents were determined in
kiwi, pomelo and orangeblagnesium(Mn?*), an essential macroelement, was determined in
much lower concentrations than calcium, but much higher than hiac, manganese and
copper.Increased magnesium contentésorded in pineapples, banamaasl kiwis.Iron (Fe**,
Fe?"), an essential microelement in plant growth and developritengs determined in the
highest concentration of all the analyzed mitoeentsfrom all the fruits studiedbetween
1.12in bananas ar®.26ppm in pomeloZinc (Zr?*), essential microelement for plants, this,
participating in the formation of chlorophyll, activates some enzyimgp, to maintain the
health of theeproductve and immune system&mong the analyzed fruits, the richest in Zn
are bananas 1.53 ppm, orange 1.46, lemori 1.26 and kiwii 1.14 ppm Cooper(Cu’, Clt**)

is an essential microelement for plants which participates in redox processes, photosynthesis
was determined irolv concentrations (between 0.43.21), but close, with the exception of
pineapple, where it watetected in an amount of 1.10ppm and for banana 1.21ppm.

Conclusion

Theobtainedesultsshow that the distribution of the essential enal elemats in the analyzed

fruits samples presentsntuniformity, depending on th&uit speciesand the nature of the
analyzed elementhe best represented among the analyzed elements are Ca and Mgp&9.1
mg/kgCa, respectively 9287 mg/kgMg). Fe, Zn, Cu and Mn were determined in much lower
concentrations (1.33.26 mg/kg, 0.78..53 mg/kg, 0.48..21 mg/kg respectively 0.3412
mg/kg), but sufficientconsideringthe requirement of these essential microelements in the
human bodyHowever, it can & 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 Mrhis category of fruits is important, as an additional supply

of micro andmacro 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 thésual and nutritional characteristics of carrdiacus carotd..). 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 environmen
the longterm 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 imdicahat 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 carotd..) is consumed wodwide in significant amount@&eser 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 cdiovascular diseasdXia 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 tiheeatsscof

the product. The color change can indicate underlying disadvantageous physiochemical
processes causing decreased nutritional vakiéisef, 2003 Therefore, color is a significant
quality indicator for fresh and processed carrots (Simon, 1888)its observation provide
useful information about the ideal storage technology for consumers.

Experimental

For the experiment, bulk and packaged carrots originating rayanic and conventional
production were purchased from supermarkets. All iteere prewashed. Foufour 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 Mar2B22. For modeling typical household storage
practices, two temperature$ A C, ) fbrobdtiCbulk and sealable plastic bag storage were
employed. The temperature | packaging I cul
distinct storage technologie§able 1). The duration of the storage experiment was set to four
weeks.
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Temperature 4 AC 12AC
Storage type€ Bulk Packaged Bulk Packaged

Storage type
CB4 OB4 CP4 OP4 | CBl12 |0OB12| CP12 | OP12

code

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

On a weekly basis, threfree carrots were chosen from each storage groups and separated for
instrumental measurements. End parts were removed, &ad hedmogenization 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 hué)(talues 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 thecutivation 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
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.|
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40

1 2 3 4 5
Storage time (weeks)

CB12 CB4 CP12 CP4 OB12 OB4 OP12 OP4

Figure 1.L* value changes of carrot saneglduring 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 OB&dhe 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 sargs, 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 thehtl 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 temperatres 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 geatest 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 cualtiigpe.
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Figure 4. Hue (Y 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 (LE*ah°) 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.
Anaerobicfermentation is an effective solution for the treatméntan lower the organic
content of the sludge while a renewable energy sdubtegasi is produced at the same time.

Our research is focused on the applicability of rheological and dielectricireesnts to study

if these measurements can monitor the proccess of anaerobic digestion. Moreover, microwave
pretreatment was used on the wastewater sludge to examine its effect on anaerobic digestion.
Our experimental results represent that the microwsagiation 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 rheoldgal measurements are capable of monitoring the anaerobic digestion
because there is a correlation among dielectric parameters, biogas yiel$alnteaviscosity

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 problemswvadayss the large amount of wastéhich isa

result of industrialization and growing populati®astewaters fromrarious origin also form

a group of wastes and tpeoper treatmeraf 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 possitdereduce the use of natural energy sources, such as
petroleum, coal or natural gas which are being depleted. Biologically produced alternatives
such as biofuelsoffer an opportunity to solve this, as the use of biomass means significantly
smaller ectogical footprint. [1]

The most essential purpasef thermal treatmeméchniques are to reduce the moisture content

of the sludge, minimize its microbial risk and improve their fermentabfgyan alternative of
tradicional heat transfer methods, theamination of microwave irradiation has become more
and more common in recent decadls to its fast, selective and efficient heating mechanism
that can enhance several biotechnological and environmental procegses. [2

Anaerobic digestion is a promisiagd effective method in wastewater sludge treatyraenit

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 nthane (4665%), carbordioxide (3055%) and other gaseous compounds-(0,3
1%).[3] Theproduction can be dividedto threedifferent stages ahicrobiologicalactivity,

which are built on each other and can not be separated under natural coliéigjoresl). [4]

In the stage of hydrolysis, complex carbohydrates, lipids and proteins are transformed into
sugars, fatty acids, and amino acids with thelp lof polymerdecomposing bacteria. In the

next acidification phase the previous various compounds &k lus acetogenic bacteria to
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produce organic acids and alcohols, then these
are almost completeiyodifiedinto acetic acid.
In the last stage, the walled methanogenesis,
the main component of the biogathe methane
gasi is produced by methanogeniadteria. b]
Several key factors affect the successful
completion of biogas fermentation, for example
- - Time the C:NPratio 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 biochemicatransformation[6] [7].

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

Logarithmic cell count

0 .
(0]

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 Eefolarization however does not

occur instantaneously in these materials; therefbee dlectric displacemenD) 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:

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

b refers to the dielectric constant which i
given material, whildb & thé dielectric loss factor. The latter contains theadied 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). Thestidie
properties greatly depend on the physicochemical structure of a given material, and can
significantly change when this structure undergoes any form of transforndtorexample,

during a fermentation proceddeasuring the dielectric propertiebwastewater sludge is non
destructive, quickand chemicafree methodTaking the change of dielectric properties as a
basis, then changes taking place during the fermentation process can be monitored. Another
potential method to anay the efficiencyof anaerobic digestion is to measure changes in
dynamicviscosity. 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 wsastewatesludge originated from a local

meat processing plant as raw mateiriah volume of 90 crwith 10 cn? of inoculum seed

sludge added to guarantee the proper microbiological environdeagerobic fermentation

was carried out under thermostatic conditi ol
incubated in 250 cfy continuously stirred laboratory glass reactors, sealed by PTFE septum
Measurementsvere takenevery second dayon top of the reactoraNTW 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 constdntJd@ndl thedielectric loss factof Ua DAK 3.5 (Speag,
Switzerland) dielectric probe connected t@\4 -3 (Rhode&Schwarz, Germany)NA was
used, which enables testing in the range of 200 to 2400. Nibizderermine the absolute
viscosity of the fermentation liquidRP1 rotary viscosimeter at a speed of 200 rpm was used,
which provides examination in the range of 23y10° mPas.

Microwave treatment was carried out in a Labotronl&ab6ratory batch microwave equipment,
which generates electromagnetic waveshat frequency of2.45 GHz The treatments were
carried out at the power level of 250W and the radiation ®h7€0 seconds and 3D seconds
on/off cycle to achieve better temperature homogenity.

Results and discussio

Firstly, we studied the applicabiligf viscosity measurement to both control and microwave
irradiated samplesnd investigated how the microwave irradiation affects the biogas production

dynamics.
250 160
- I I : 140 -
7 200 — ! z 120 —]
sso |1 ! T
E; 100 I I I Control g 80 | | | —— control
& L ! —w | B0 : —
2 50 i N |
: : : 20 e .
0 i .-, 0 (. 1
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Anaerobic digestion [days] Anaerobic digestion [days]
Figure 2.Biogas productian during the Figure 3. Changes in absolute viscosity

anaerobic digestion

during anaerobic digestion

Our results showFigure 2 and 3}hat the biogas production dynamic follows the stages
represat in Figure 1 in terms of control and microwave irradiated samples, and at around day
12 the stationary phase sdts.case of viscosity, it declines gradually in both control and the
microwavetreated samples, as the biochemical environment changed) sléces intense
similarities in tendency with the curves of the biogas yiele microwave irradiation resulted

overall higher biogas yield during the whole fermentation process and the maximum achievable
volume was approximately 230 érmompared to theontrol sample, where the maximum
volume was 200 cfilt can also been seen that microwave irradiation shortened the lag and the
log phase by -P days, so microorganisms could adapt to the fermentation environment more
easily. When the stationary phasess#tie 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 rheologroglerties the
microwave iradiation 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 focalmt of our research. It can be clearly seen that the values of
the dielectric constant gradually decreases infleguency both of control and treated samples
during the whole digestion, until the W2lay of the fermentatioriThe frequeny which

t he
t he

to
t hat

correld e s
Af ter

maxi mum U6
di

fferences

i n '€ dagd thefermeintationb o t h
of the frequency

ranges (120@400 MHz) the dielectric constant of the'™@&ay mediabecomes the lowest.
Because of reaching the stationary phase the biochemical environment becomestateady

and no significant changes occur, so the differences in the dielectric constant cease as well. In
case of the microwave irradiated samples theegsmof the maximum dielectric constant are a

bit higher, and the differences are a bit masservablen the lower frequency range (2600

MHz). The reason is the structural changes causes by the microwave irradiation. Mierowave
treated and notreatedsamples show similarities, the maximum points of the dielectric
constant shift towards higher frequencies during the whole fermentation, until"treag?2

when the stationary phase sets.
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Figure 6. Trends of the dielectric loss factol
of the nontreated samples

Figure 7. Trends of the dielectricloss
factor of the microwave irratiated samples

Our results show that the control sample has the highest dielessitactor during the entire
frequency range in netmeated 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 fast®or become lower in every measurement
point, until the 1¥ 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 thalielectric loss factor are starting to increase intensively at adeéiied
frequency, but this point varies with the day of the fermentation. In case of micrirwated

sampl es the

v al

ues of

t h-reat8dsanmplese espelly m the r

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 notreated samples. It can be also exptd 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 techniquedielectric and rheological measurements

T to discover ifthey are capable of identifying and tracking the various stages of the anaerobic
digestion of the sludge originated from meat industnyasverified that the biogas production
follows the stages of the anaerobic digestion in emdeand the standalonmicrowave
irradiation could intensify the maximum biogas yield by 15%. Absolute viscosity
measurements share strong similarities with dynamics of the biogas volume, so these
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rheological measuremenareable to identify and follow the different stagedhod fermentation

in terms of nortreated and prreated samples too. Because of the disintegration of the sludge,
which was caused by the microwave-fneatment the measured viscosity was lower than in
case of the notreated samples. The suitability thie measurement of the dielectric constant
(U6) and dielectric loss factor (U06) for mon
proven both in the case of noreated and prreated samples. As the fermentation moves
forward dielectric progrties become lower and lower, until thé"Xfay 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, untll dag b

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 andde 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 ecologipaitential 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 dtifitiafal
LEAFPACS melhod. 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 lcale toatc

the Cer boundary channel represents an optimal habitat for the development of aquatic
vegetation and thus other hydrobigngs well as for the development of other rare and
endangered types of macrophytes. Results confirm the fact that dniviatéxr 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 ecosystemEl]. However, data on flora, spesi composition, distribution and the
numbers of species are rarely published for artificial and modified water Hafidsjuatic
macrophytes are an important indicator during monitoring of fresh water ecosystems, whereas
macrophyte vegetation represeabhats 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 ¢4¢

Basd on the EU Water Framework Directi®FD) [5], as well ashie national Rulebook on

the parameters of ecological and chemical status of surface waters and parameters of chemical
and quantitative status of underground wat@s macrophytes represent a significant
biological indicator of quality during grading dfe 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 usgd]. Biological criteria are based on the presence of species
categorised according to thHgCN Red list[8], or according to the national categorisation of
endangered or protected spedi®sliO].

Considering everything aforementioned the aim of this paper is to detehairexent 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 waterrse on the territory of the town of

G bag 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 toGradh aith a total
length of5 kmupstreanfrom the estuaryFigurel).

Data on the macrophyte vegetation was gathered at approxim@@ymaccording to the
standardUKTAG LEAFPACS mehod [11]. The mentioned method is based on choosing a
sector along the shoreline approximatelyl00 mlength At every20 m within the sector
vegetation records df- 9 n¥ area are taken at depths0o25, 0.5, 0.7%nd below0.75 m.At

the middle of each sector vegetational records are taken in transect a0 &verpf depth
increase, beginning with m upto he depth at which the aquatic vegetation spréhtls At

five sectors(K1 i K5) a total of100 vegetation records were made based on the described
methodology(Figurel).

Vegetational data was summarizedUisBAFPACS setors, and then the species relativ@ver
(SRC), species richneséSR). 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 fighgéafter which the relative cover of
protected and strictly protected species was calcul&ieannonWeaver in@x of diversity
(SW)was calculated i€anoDrawsoftwarever. 4.5 [13].

Figure 1i Reseachedart of Cer paramee channel on the territorjheftown ofG bac
with locations ofLEFPACS setor (K17 K5)

In this paper the conservatory value is shown based on the presence and relative cover of strictly
protected and protected species (RCR3)9]. The calculated macrophyte indices ARINSP

give an insight into the conservation value of elEAFPACS setor.

The ecological potential is determined based on the macrophyte indieesl SR/, according

to the Rulebook on parameters of ecological and chemical status of surface waters and
parametersfachemical and quantitative status of underground wgsgrs

All aforementioned macrophyte indic€3R, 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 LEAFPACSsectors a total of 13 macrophyte species were detétadtd 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 thisis atificial

water bodies can represent centres of floral divefs#t}; 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 t¢1$2In this research the species with the
highest relative covewere Lemna minorL., Sparganium erectuni., Ceratophyllum
demersuni. i Nuphar lutea(L.) Sm.The beforementioned species, especidlgmna minor

and Ceratophyllum demersunepresent very comon findings in eutrophic slow waters, i.e.
water ecosystems with high concentrations of nutrients in E(itof&]. Such species findings

were recorded in natural water bodies of similar hydromorphological characteristics on the
territory of Eastern an@entral Europ§l5]. 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 Bleagmites australi§Cav.)Trin. ExandTypha latifolia

L. [1], as is the case in this researslamely, 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
betweenLEAFPACS setors, as well as that those are partbénnels that dried ou@n the
territory of Serbia, the plant communitiegth domindion of Typha latifoliaand Phragmites
australisrepresent a transition between aquatic and terrestrial vegetation, they are tolerant to a
long period of drying, increadesalinity and water pollutiofi16].

Among those identified, three species have conservasilue.Nuphar luteahas the status of

a strictly protected species and is also one of the species with the higlagise cover
(12.15%), while Iris pseudacorud.. and Potamogeton nodosuBoiret. have the status of
protected species on the territory of Serfih At least one protected or strictly protected
species was recorded in each sector, which indicates the conservation importance of the
investigated sectio 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 importadcel 7]. The relative cover of protéad and

strictly protected species at the sector level waangebetwea 5.26and33.37% while at the

level of the entire investigated section it vi#s22%.

The number of species per sector vabetveen7 i 9 which indicates a moderate ecological
potential (1) of each LEAFPACS sectoSEW was within the limits of 1.60 1.83, which
indicates a good and better (Il) ecological potential based on the national Rulebgdabe

2). At the level of the entire investigated section, the ecological patefitthe Cer boundary
channekan be rated as good or beft.

112



28thInternational Symposium on Analytical and Environmental Problems

Tableli Relative cover of species (%) and quantitative indices of macrophyte flora at the scale
of individual LEAFPACS sectors (KK5) and at the scale of the entire investigated@ec

Species KI K2 K3 K& K5 Entire
section
Ceratophyllum demersum 26.31 16.67 31.91 15.9
Potamogeton nodosiiret. PS 6.38 1.4
Sparganium erectum. 18.42 20.37 17.15 6.38 225 16.8
Nuphar luteaL.) Sm. SPS 2.63 24.11 30 12.15
Sagitaria sgitifolia L. 10.52 1.87
Lemna minolL. 26.31 11.43 38.31 15 17.76
Iris pseudacorug.. PS 263 9.26 857 212 4.67
Botomus umbellatuls. 2.63 286 212 25 1.87
Phragmites australi¢Cav.)Trin. Ex. 7.89 34.29 6.38 8.41
Hydrocharis morsusanae L. 2.63 16.67 4.67
Typha latifolial. 9.27 17.15 6.38 15 9.35
Typha angustifolid.. 3.51 8.57 7.5 3.74
Glyceria maximgHartm.) Holmb. 7.5 1.41
SR 9 7 7 8 7 13
SW 183 183 174 160 1.75 2.26
NPS 2 2 1 2 1 3
RCPS (%) 5.26 33.37 857 85 30 18.22

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

Talde 27 The ecological potential of the Ceoundarychannebased on the Rulebook on the
parameters of the ecological andeohical status of surface waters and the parameters of the
chemical and quantitative status of underground wikérs

Entire

K1 K2 K3 K4 K5 :
section

SR Il Il Il Il Il Il
SW 11 11 I I 1 Il
Ecological potential 1 1 1 1 1} Il

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 mderspégies. Also, results
confirm the fact that artificial water bodies can have a significant role in biodiversity
conservation especially in urban ecosystenige results of thistudy could be usediuring
designing and work carried out on the mainteeasfchechanneland flow regulatn.
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Abstract

Soils contaminationwith heavy metals ioone of the biggesenvironmental threatand
environmental problemin the worldand may representhe healthhazardfor surrounding

populatons of plants, animals and humansitiropogenic activitiesre the main source of
contaminatiorsuch as mining and metal processingustry, transportthe use of fertilizers

sewage sludg@nd manyother industrial processgk,2]. The aim of thisstudy wasto review

the most common heavy metafs nonagricultular soilsof the Municipalities of Northern
Serbia(Province of Vojvodina)For the purposes of data analysis, publicly available databases

were used3]. The most common heavyetalswhose concatrationsexceed the limit values

according the National Regulati¢d] were cadmium(Cd), cobalt(Co), copper(Cu), nickel

(Ni) and mercuryHg). In all samples in 2021, concentration of cobalt exceeded limit value. At

the Municipali t gentatfon d@lmajt ex¢eededdimit vlue. cContentration
ofarsenif As) exceeded | imit value onl y andhead he s a
(Pb) only in the sample fromunicipality of Sombor. @mples fromthéMuni ci pal i ty o
contairs very high concentratiorof copper(179.46 mg/kgland nickel(109.46 mg/kg)that

exceed remediation valueoncentration of nickel (231.72 mg/kg) in sample from
Municipality of Beolin exceeding remediation
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Liquid crystals represent a fascinating state of matter which combines order and mobility at a
molecular and supermolecular levelthvimportant applications in modern technology. Their
mesomorphic properties depend on the molecular shape, rigidity and polarity of the molecular
fragments [13]. Introduction of lateral dipole moments by grafting polar groups to the rigid
core gives tikkd 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 aromatiorstr

[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 presenhe design, synthesis and characterization of six novel potential mesogens
carrying biphenybenzothienehiophene or fluorenone rigid cores with two or more peripheral
flexible alkoxy side chains of different lengths. The purity and structural charatteriaathe
intermediates and target compounds were carried out using 1D aRMBspectroscopy and
elemental analysis, while the mesomorphic properties were investigated by differential
scanning calorimetry (DSC), polarizing optical microscopy (POM) XnAdhy scattering
(XRD). The synthetized compounds carrying biphdmhzothienehiophene rigid core were
shown to support cubic phase formation depending on the length of the flexible side chains,
while fluorenonebased compounds displayed smectic phapeniding on the number of side
chains.
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Abstract

The paper investigates the corrosion inhibition property of Bear Branch(Heracleum
sphondylium)extract forcopperin acid HNOs solution Potentiodynamic polarizatioand
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 curggnas well as the corrosion ratéor

a bettersimulationof the adsorptioproces®f the extract on the metal surfae@equivalent
circuit (EEC) has been modelled by using the data provided from the electrochemical
impedance spectroscopyeasurementd he posible interactions between tbeganic natural
compoundsnolecules present in the extracttdéracleum sphondyliunhave beenevaluated

by means ofuantum chemical calculatioasdmolecular modelling.

Introduction

As environmental protection laws begim 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 efficienfly.

Lately, natural extracts have received a lot of attentionhisrgurpose 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 arof@ticity

In the case of copper corrosion in nitric acid eoniment,previously publishedtudiesthat

have been carried oassessethe electrochemical behawuioof some organic compounds like
Triazine derivativeg3], computational and experimental studieshmterocyclic imidazole
derivatives [4], respectiveltheoretical and experimental studies of some amino acids such as
L-methionine, kmethionine sulfoxide and-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 extrachefokeeose Rosa Laevigatg5], anattempt

to test the inhibitory effect of the Bear Branch extiacthe corrosion in acid media has not
been already performed
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Abstract

The application otlielectric measurement techniques is becoming increasingly widespread in
several fields of science and industry, daets simple, quick and accurate usability. The
dielectric behavior of almost all materials largely depend$ among other factors their

physical structure and chemical composition, and when these properties change even to just a
relatively small extet, 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 1T monitoring methods is becoming increasingly important rieuee 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 tome aspecially 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 @i®magnetic fieldE), the applied frequency{. If an
electromagnetic field with a strengthBaffects a material, it will cause its charge distribution
to change, and this change equals to the electric displac@n&he connection between the
displacement and the applied electromagnetic field is represented by the absolute permittivity
of the media as follows:
O
( - o . —
O 20 o (1)
In practice, the permittivity is often represented by a dimensionless quantity called relative
per mi tJwhiicthy i(sU the ratio of the)Asbpaesédiot e anc
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 wheriettedby 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 treatesda complex function of frequency of the
applied field:
-0 %] @

w h e f denotds the complex permittivity.
SinceU is a complex function, the real and imaginary part can be separated as follows:

-7 -1 "Qaglee ©)
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INEg.3,06 denotes the real p a rction anfl oftenhcalledctte mp | e x
dielectric constant, Uuéo i1 s the imaginary p

"Q W p. In the secalled lossymaterials (in whick-1 p), the total dielectric loss usually

occurs to two different mechasms: 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:

- 113 , -&% 4
This indicates that those materials that contain either charged particles (free ions) or dipolar
mol ecules (or both) in high concentrations t

extent of this loss can drastically change if the dbalmand / or physical structure of the
material undergoes a given kind of transformation. Therefore, measuring either the storing
capability € ), or the lossyness-@af 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 dielectrisuneents.

At the normal pH of milk (6.7), the surface charge of the casein micelles is negative. During
acidtype coagulation, the added inoculum bacterial culture begins to metabolize the lactose
content of milk, producing nascent lactic acid. The acdatimg lactic acid progressively
decreases the pH of the milk, and when its value reaches tbé4rerval, the surface charge

of the casein micelles becomes neutral; this is the isoelectric point of these micelles. When they
lose their surface charga,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, freé*dans 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 miliignificantly 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 batdished.

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 tanid, which is call
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 temmentation,

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 constdiitoth 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 tlat 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 diure (FD-DVS, YC-X11, Yo-Flex, Lactobacillus delbrueckisubsp.
bulgaricusandStreptococcus thermophilusioculum bacterial culture was added to the system

in a concentration of 3g/100ml. The mil k wa:
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measuement of apparent viscosity, &&D S\-10 vibratory viscometer was used, and the
dielectric properties were measured witBREAG DAK 3.%lielectric sensor connected to a
Rhode&Schwarz Z\/B vector network analyzer by an opended 5@ coaxial cableThe
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
progressedthe 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, ndtitesable that

the rate of the initial rising stages decreases to a slight extent with time.

The most observable differences occurred in theffequency range, around 400 MHz. The
rate of decrease of the dielectric constant was highest up to 95 miwnittethe 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-98 min, as supported by the rheological date(later).

g'=f(®)
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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 temse in the dielectric loss was present, especially in the time interval
of 3595 minutes. This strongly correlates with the tendencies experienced during the
investigation of the dielectric constant, i.e. when the formation of casein aggregates leegun, th
dielectric behavior of the material matrix went through a significant change (Figure 2).

The sudden drop of thg écén be explained by the destabilization of casein micelles, which
altered the average micelle concentration of the medium. High micaltectvation, 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 concentratiodeorease, 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 thefflegquency region, weplotted the
rheological curve repsenting the clot formation and the relationship between the two dielectric
parameters separately at 400 Matzwell (Figure 3a and 3b).
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Figure 2. The change in dielectrioss factolin the function of frequency at different times of the coagulation
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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 cteaseedhat solidaggregatestarts to form at around

90 minutes, fier 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 dielectiut camsbe
explained by the fact that tlencentration of lactosavhich is basically easily polarizable,
gradually decreased over thé&0 min interval due to bacteridecompositioncausing a steep
decrease in thgalues ofdielectric constant. Durinthis period, the lactic acid, which was
continuouslyaccumulatingn the system, gradually reduced the pH to the isoelectric point of
the casein micelles, thus initiating the destabilisation phas®Q5@in). At this stage, the
physiceachemical structureof the material matrixhad 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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proteinpolymer retwork by growing into larger aggregatés. 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 logactor showed a saturatiecurvelike slope over the-90 min
interval, which could be explained, on the onechdy the fact that the positivethargel Ca?*
ionswere beinggradually released from the amino acids during the proaaggspecially at

this frequencythisincreased theanductionloss from ionic conduction, anchahe other hand,

by the slight mcrease in the free water contéamthe 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 micelleearrangementas so large that it could not be compensated by
free C&" ions, so that the loss factor, similar to the dielectric constant, started to decrease
sharply in the last stage of sgp¢l 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 visobsihe milk when it
undergoes the coagulation process.
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Abstract

The increasing presence of pesticides and heavy metals in the environment amegttere
impact on human, animal, and plant health, demand greercdstyand simple methods for
their monitoring. Due to photoluminescence (PL) in the visible part of the spectrum,
biocompatibility, and ecological acceptability, graphene quantun(@Qbs) are at the center

of attention in the field of optical sensing. GQDs show great potential as PL sensors for Pd(ll)
ions and insecticide carbofuran. In this work, FTIR spectroscopy and Density Functional
Theory (DFT) calculation were used to resdive 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
humanhealth, ecosystems, food, as well as drinkable WaleFor a long time, the insecticide
carbofurar(CF)was the most frequently used in crop protection against insects to improve their
yield and quality[2]. The United States Environment Protection AgedS EPA) has
completely banned its application in any foli@h. Apart from agriculture, the pharmaceutical,

and metal industry also contribute to global pollutiBalladium was found as an excellent
catalytic agent in organic chemistry and drug production. Residues of this element in final
products reach the environment causing danibjge

One of the latest discovered members of carbon nanomaterials, graphetencaats (GQDs)

found an important place in many scientific fields such as energy storage and conj#érsion
bioimaging, photodynamic therapy, as well as antioxidative aggjtsThey are 0D
nanoparticle less than 100 nm, with an’gpraphene corevheredifferent oxygercontained
moieties are bounded?2]. Their remarkable properties such as water solubility,
biocompatibility, nortoxicity, PL in the visible part of the spectrum, as well as photostability
make thenapromisingcandidate for application in the optical detectiopesticides and heavy
metals[1].

In this paper, GQDs were produced in the-Bendly singlestep topdown electrocheral
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,
thesedotswere tested as PL probes thedetection of P@I) and CF[1, 2]. Now, we resolved

the mechanism of the Pd(ll) and @fluced fluorescence change of GQDs using infrared
spectroscopy with Fourier transformation (FTIR) and Density Functional Theory (DFT)
calculations.
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Experimental

GQDs were fabricated by thgreviously described methd€]. For gamma irradiation, water
dispersion ofzQDs in the concentration of 1 mg hlwasmixed 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 sourt¥@was used. Irradiated dots were

|l abel ed as 2GQDs.

The morphol ogy of 2G6QDs was analyzed wusing
Structur al ¢ h ar anag perfoimedaakTilRospectraneter 9Tke@id Nicolet

iIS20, Waltham, Massachusetts, MA, USA) PL s p e c t atdiffeerit exoit&i@QD s
wavelengthsn the range of 30400 nmwere recordeddi ORI BA Jobin Yvonds F
4 spectrometer (Horiba, Kyoto, Japad)/-Vis spectra wereecoded using LLGuniSPEC 2
Spectrophotometer (Lab Logistic Group, Meckenheim, Germdy) FTIR spectroscopy,

PdCb 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 progranihe
Cs0010N3H25 cluster with 19 hexagonal &£rings, was employed as a model system for the DFT
calculations to examine the electronic structure and adsorption propertiegopipld GQD.
Thegrounest at e geometry optimization of bare GQD
were carried ouin the aqueous phase, includithgge SMD solvent mod€]8] using the B3LYP

hybrid functional[9, 10] The LANL2DZ smalicore ECP (effective core potential) basis set

[11] was used for &I) 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 valeneg double
polarized 631G(d,p) basis s¢12] was chosen for the light atoms. The fregcy 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, &W@ &blor schemes were obtained by the
GaussView softwargl 3], while the total density of state diagram (TDOS) was derived from

the GaussSum prograit4].

Results and discussion

Characterization of GQDs

Il n Fig. 1la, a 3D AFM i mage of o GQHhRispersed pr es
nanoparticles. Their heights vary from &%m which correspond to-3 graphendayers. In

the FTIR spectrum of the sample (Fig. 1b), bands in the region®&EDcm! @e assigned to

stretching vibration of €4 and NH bonds in hydroxyl and amino groups, respectively.

3x10°
c)
a7

Intensity (a.u.)

) 700
\\ ] lh1 m)

Fig. 1. a) 3D AFM image, b) FTIR spectrum with the schen@gsentation of the structure,
and c¢c) PL spectra of o2GQDs #A@omrded at exci't

The weak band around 1700 ¢ris attributed to stretching < vibrations in carboxyl
moieties, while bands in regi@8702970 confirmed the presemof GH bonds in-CH, and-
CH: functional groups. Band at 1570 €nwerified the presence of graphene structilite
band detected at 1460 dris attributed to the @I 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

groups.
dots emit light in a blue part of the spectrum, antlibit excitationdepended PL. With the
increase of the excitation wavelength, the center of the emission peak was shifted from 437 to

form of

465 nm.

ami de

Mechanismof Pd?* and CF detection
In previous investigations, we examine GQDs with amine and amide groupspastes for

PdIl) and CH1, 2]. We found a linear decrease of GQDs PL intensity in the presence of Pd(Il)
in the concentration range®. 5
On the contrary, CF led to a linear enhancement of PL intensity rariige of 151 0 0

Lwhere

and

ami

elmo It h

no

La |

investigated using FTIR spectroscopy and DFT analysis.
sPa(k) systenu isnpresetedt The barnd GIBB2O and at
1700 are slightly reduced and moved to 3422 and 1712due to complexation between
hydroxyl and carboxyl functional groups at GQDs surface and Pd(ll) ions. The shift of band at
1570 attributed to strehing vibrations of EC

I n Fi g. 2a

FTI R

mi t

functi onal

of

e mo |

L OD wa 32]. 5Thé meeharisin behind Pdind CF detection was

b o n dcenjugated domains, to 1635 ém

I ndi

cates

spectr a

of

t h e -etectrans t® tinéilled doibital& @ PEKII) i0fi3]. In UV-Vis

u200k@ydRagt 2b,dlack Q€ absorption bands at 200, and 250

nm

ar e

at t rri btutaends?idtnmimshand +n*

n

det €.t i on

L

C

(

stpr a n s=if tumcwonal i

groups. After the addition of Pd(ll) ions (Fig. 2b, red culiwethe system, bands at 200 and
250 nm, are becoming more pronounced and shifted to 239 and 279 nm, due to cation
interactions and complex formation, respectiv§ly.

Fig. 2. a) FTIR and b) UW i s
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h e
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wi t h

FTI R

spectr a

CF.

0 GQPSCIF ®stemG QD s
also some changes can be noticed (Fig. 2andBarround 1700 ctrbecame more pronounced
due to bending vibration of4Honds formed between carboxyl group on GQDs surface and CF.

To investigate the mechanism of the Pd(Iluoed fluorescence quenching ofG Q Pvge
employed DFT calculations to elucidate the interactions betwegdh Bds with different parts
of the GQD molecule at the atomistic level. On the other side, we estimated the energy of
hydrogen bonding between rbafuran 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 (FMOSs), the
optimized stucture 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)

approxi mated

wi t

h

HOMO/ LUMO

orbitals

of t

eV, respectively (Fig3a). These values determine the HONOMO gap of 2.55 eV, which
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is comparable v 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; Bm). It can be noticed that thedloms ofOH
and-CONH. groups are positively charged, while the oxygen atoraSO0OH,-CONH, -OH,

and epoxy groups are negative or slightly negatively charged.

a)

Energy (eV)
v

Electrostatic potential map

DOS diagram

Fig. 3.a) Total density of state diagram (TDOS) ofddped GQDs, b) the optimized structure

of GQD6s <cluster (two views), andculateg atel ect
B3LYP/6-31G(d,p) level of theory.

To estimate the adsorption of (RYl ions at the GQD surface, we selected four sites of the
GQDsmol ecul e. The rel ative Gibbs freg)wamnergy
calculated as the difference between Pd/GQD adsorbed system and iso(#)emidplus
free GQD molecule, based on frequency analysis upon the structure optinsizatienefore,

a negat i v edindicatesitieat tloefadsapi@ion process is energetically favorable. The
strongest binding was calculated for the conformation in which t{i§ Ruh is coordinated to

the deprotonatedC OOE g r ewrpl.7Z el vhile the weakest binding refers to the
geometry where Kd) is located above one of the-€ i n g si={0.§0&V). Surprisingly,

high adsorption energy was calculated for the geometry with Radiiljoordinated to the C=C
double bond (Fig4a). The NBOcharges of adsorbed Pd ions follow the order of Gibbs free

energy changes: the higher positidivaResarnar ge
stronger adsorption (Figb).

(2
.
oo 9b

Fig.4. a) The four optimized GQD structures in which Pd(ll) ions asedrtd to the molecule's

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

The geometry optimization of the GQDLLLCF s
hydrogenbond with respectiveCOOLINLHi st ances of 2.%30Thand 2.
c al c ul savaleeds-0.4%32V (2.76 kcal/mol), which is within the typical range ofidnd
strengths. On the other hand, the ESC map of this adduct reveals that a highly negative region
is associated withC O O L AN4Lirteracting fragmentsf GQD and CF molecules, respectively
(Fig. 5b).
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AGg=-0.12 eV

018

Fig.5.a) The optimized GQD LLL CF structure wif
electrostatic potential map (ESC) as calculated at B3L8R®B(d,p) level of theory.

Conclusion

In summary, we successfulhesolved Pd(ll) and Gkhduced mechanism of PL change of
irradiated amino/amide doped GQDs and Pd(Il) using FTIR spectroscopy and DFT analysis.
DFT analysis represents a promisirfgst and efficient method in the investigation of
intermolecular interdmons without additional consumption of chemicals.
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Abstract

Solil pollution with heavy metals not only degrades soil fertility, but also negatively affects the
human health and welleing through the food chain. In order to protect the soil, as well as other
parts of the environnme, special attention should be paid to the remediation techniques of soll
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 cosfffective biological remediation techniques is a more
acceptable approach for the remediation of contaminatedRgitoremediation isn ece
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 masportant results about of usiptant
stinging nettle Urtica dioica) for removal of heavynetals from polluted soil.

Keywords: polluted soil, heavy metalphytoremediationUrtica dioica

Introduction

Heavy urbanization and industrialization, intensive mining and smelting activities, and the
overuse of pesticides and other chemical adehtivm the agricultural sector have had a huge
input into the degradation of vast areas by heavy roetahmination [1]. Heavy metals are the
most studied among soil pollutants due to their persistence in the soil ecosystem [2]. Heavy
metals are nodegracble by any biological or physical processes and remain in the soil for a
long time, which poses a lorigrm 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 dhe 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 amical 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% tfeir weight [7].Plantcultivation and harvesting areexpensive
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 pollutionsmildohysicechemical properties [9]. The
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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 tahe 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 veryimportan
factor that determines the distribution of metals in diffepgamt tissues [12]. Several factors,
including biochemical, anatomical, and physiological ones [13] determine the level of
accumulation and distribution of heavy metals in the upper vegetadits of plant.

Todate, around 450 heavy metal hyperaccumulating species belonging to 45 families have been
identified [14] and one such reported hyperaccumulating plant is stinging betiba dioica).

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

The stinging nettlelrtica dioica) belongs to th&rticaceaefamily and represents a perennial
plantThe word fAnettled refers to the stinging
which when rubbed against the skin cause a burning sensation and temporary rash. 1t is
widespread throughout Europe, America and Asia in different areas from temperate to tropical
and it is easily adapted to many climatenditions [15]. The main benefit ofishplant 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 grasslates sEtinging 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 et al. [11] was investigated the trarshtion and bioaccumulation of heavy

metals such as Pb, Ni, Cd, Cu, and FeJitica dionica and soil samples from two sites
(uncontaminated and contaminatdd)the contaminated site, the mean level of all the metals

in soil and different parts (root, $taand leaf) of the plant were found to be significantly
(p<0.01) higher than the uncontaminated sitee results revealed thairtica dionica
translocated high amounts of metals to its organs, especially to leaves, so that translocation
factors were mut higher than one (>1). On the basis of this study it can be concluded that the
uptake of heavy metals from the solil to different parts of plant can be a very good biomonitoring
tool for the heavy metal contamination or determination of species with bayimalation

factor [11].

Shams et al. [17] examined the possibility of using the plaritsa dioica, Brassica napuand

Zea maydor the phytoremediation of sites contaminated with chromium and concluded that
among the examined plant speclgdjca dioicawas 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 capty. Urtica dioicawith 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 dftica dioica and Sedum spectabileollected 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 ldadi@a dioica and Sedum
spectabilevere about 100 or more times higher than those ofaceomulator plantso these

plants showed a natural hypgrcumulator and hypéolerant properties, because they have
accumulated large amounts of lead without any additioohelating compounds (EDTA,
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HEDTA), to increase the uptake of lead fromthesohe resul ts of the stu
et al.[19] alsohave shown that nettle has a tendency to accumulate lead.

According to Balabanova et al. [2Q)rtica 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 simulatechdfill soil using nettle. The researchers collected nettle seeds from

the Tonekabon landfill, planted them in pots and after reachingltésd 6tage, the plants were
exposed to three concentrations of four heavy metals (Pb, Cd, As and Ni) duringvihng gro
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 wecemulated 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 Gfrica dioica which were cultivated in pots with

two types of contaminated soil: first type was collected from the dumpsite of dellong
polychlorinated biphenyls (PCBYontaminated soil in Lhenice (Czechia) and second type was
obtained from mining ore at Prdam (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 N 0.2%, for cadmium 5.3 NO. 4%
undetectable inettles 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 8&%ldoinated
biphenyls (congeners 139), up to 12% of tetrachlorinated biphenyls (congener§#0and

other chlorinated biphenyls were hardly removed at all [7]. Even though their overall
remediation is not very high, the remediation that they do peri® 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 treaitto the environment and
human health. In order to pratethe soil, as well as other parts of the environment, special
attention should be paid to phytoremediation, as anfremadly approach that using native
plants for remediation of heavy metal polluted soil in a-effsictive 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 arsidered weeds due to

their rapid growth and soil coveradértica dioicais 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. Repesgarch has shown thdttica 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. Q¥keberry 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 reusédiyngx

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%) esidze (50%) were used

as solvents for extracting antioxidants, total anthocyanins, and total phenolic compounds at
room temperature and 60 AC at the duration o
sound and at room stand were used to hold dnepke 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 tem@eure can also be ideal. A combinaton@mh anol at 60 A
min and holding the sample on shakes baen foundappropriate foranthocyanins. The
combination of extraction with acetone af@dor 120 minutes and holding for 15 minutes on

a shaker &s been identified to be optimal TPC and antioxidant capacity extraction.

Introduction

Chokeberry Aronia melanocarpgMichx)) fruits have grown popularity in the food industry

due to its abundance of phenolic compoulitisAronia fruits are used in juice processing,
which produces a large amount of Aronia pomBteAronia pomace has been reported rich in
anthocyanins which is responsible for colours in fruits, makirani pomace a potential food
colourant sourc&. Aronia pomace has also been reported rich in other polyphenols which can
be used to preserve fob However, some compounds are sensitive to different environmental
conditions, and may degraHé Therefore, for aignificant 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 fruit$'’l. However, the 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
condi ti on s°C)aRaGhfediffeaentdengéh®f 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/digtdied and
methanol/distilled in 1:1 viand acidified with 1% formic acid.

Extraction was carried out by adding 30 mL o
mixed. Some samples were extracted at room temperatli@ Y20 and some at 60 /
water bath set atl (584 & acetdne (50bop Both rome terhperatare

(2°C) and 60AC samples were |left to react for
time, samples were held for 15 minutes on the shaker, ultrasonic sound and on the bench (on
stand) for 15 mins. Ais 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 antho@nin concentration was assessed using the pH differential nfetiibe total

phenolic contentwere analyzed using the Fol@iocalteu methdd. The antioxidant capacity

was evaluated following the Ferric Reducing Ability of plasma (FRAP) d58ay

Data analysis

The results obtained were statistically analyzét IBM SPSS statistics software, version 27
The mean differences betwefattors vereanalyzed usinghe oneway analysis of variance
(ANOVA) Posthoc test( T ur k dlyedsighificant difference between factovgere
determined at the interval level of P<0.05.

Results and discussion

The effect of time on the leveltdactivecompounds

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 temper&@re (20
and 60C was evaluated at different extraction length in tiate80Q, 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. Howeaesignificant (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 indicat¢hat 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) andmethanol (M20) at room temperature (Figure 1B). Similar to Figure 1A, a gradual
increase on antioxidant capacity on samples extracted with acetorf€at&D min, 60 min

and 120 min has been observed with atl8i gni f i
minutes from 30 minutes. Met hanol extraction
antioxidant capacity on samples extracted at 30, 60 and 120 minutes, however the extraction of
methanol at 6%C is more effective comparing to methanot@m temperature. Studies that

have looked at different durations of extractibnave also found similar results, where better
yield of FRAP was obtained as the extractduration increases.

Anthocyanins. In Figure 1C, 60 minutes of extraction has indicated better recovery of
anthocyanins comparing to 30 and 120 minutes, on samples extracted withdiotie and
ethanol. In general, ndhocyanins has poor stability, ctars like heat, pH and other
environmental factors can affect the content of anthocyhiA 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 minut ensi n(ultOe3s2 N(179899)N 1t305 )1.2 0T hi s c o u
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 methaol (M20) to have better recovery of anthocyanins comparing to

extraction at 64 , B
HA20 mA60 mM20 =1 M60 N BA20 mA60 mM20 = M60
16000 € 45000
14000 B o 40000 A .
12000 Q35000 T
o AB B =
E 10000 i l i 30000 & & ATB 1,
=) 25000 T
£ 8000 AB l < 20000 J‘
9 6000 A A I AL A <
o I @ 15000
4000 " 10000
2000 5000
0 0
30 min 60 min 120 min 30 min 60 min 120 min
Extraction time Extraction time
C
®A20 mA60 =M20 =M60 Figure 1. Total phenolic content, Antioxidant
2000 A capacity (FRAP) and Total anthocyanins concentrations
A ABA (A, B, C respectively) between samples extracted with
~ 1500 I I acetone 420 and A60) and methanol (M20 and M60)
> at different reaction times (30, 60 & 120 minutes). A20
E 1000 = Acetone at room temperature;
5500 M20 and M60 = methanol and
respectively. Different letters are for significantly
0 difference between factors. Error bars = Standard

30 min 60 min 120 min deviation.
Extraction time

The effect o& Shaker and Ultrasonic bathn 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 moreféective 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 #@iCp@vith significantly higher recovery of
11012N263 mg/ mL compared to 8113N896 mg/ mL o
Antioxidant capacity: The results also indicate the extraction &X%fbr both acetone (A60)

and methanol (M60) to be more effective on antioxidant recovery compared tdiemteic

room temperature (A20 and M20) (Fig. 2B). The shaker has indicated better recovery of
ant hocyani nsOg(/3mML3)8 0B 7®dmpl es extracted witl
(p<0.005) compared to room stands apaRitgy@9 2 N2 4 &
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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C Figure 2: Total phenolic contents (TPC), antioxidant
mA20 =A60 =M20 =M60 capacity and anthocyanins content (A, C,
respectively) between samples extracted with acetone
(I: A A (A20 and A60) and methanol (M20 and M60) with
I A different extraction methods (Room stan8haker and

B A
A
1500 B Al
A L A A I ultrasonic bath). A20 = Acetone ebom temperaturg
I II I AGO = Acetoned6 0 AC; M20 amadatM60 = n
N SH usS

2000

TA (mg/L)
[y
o
o
o

room temperaturand 60 AC respectivel
letters are for significantly difference between factors.

Error bars = Standard deviation. N= Room stands, SH=

Shaker, and US= Ultrasonic sound

a
o
o

o

Extraction method Anthocyanins: better anthocyanin recovery
was obsrved on samples extracted with

acetone (1674N93) and methanol (1584N193) a
stands ( N), as wel |l samples extracted with |
met hanol (M20) with ul thoughsirothis case metharol at6D 6 0 7 N1
(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 \seccai
room temper at W°C at diffet &x@gctioralendth i6 thine 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 irefitmowever, it is suitable for
anthocyanins. The optimal combination to yield high TPC and antioxidant capacity extraction
would be extraction with acetone at°60for 120 minutes and holding for 15 minutes on a
shaker. Anthocyanins optimal conditions waibille extraction with methanol at €D 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 acoustiave 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-lioentmetallic
electrodes, aligned face to facesdélcalled 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 generatéento t
second electrode by inverse piezoelectric effect, an electric clfzagean 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 geomettiieofnterdigital 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 phenomengmoduced on that surfac€hanges irffrequency,amplitude,
phase, or time&lelay between the input and outfidT areused toguantifythe presence of the
physicalphenomenonDue to their high sensitivity, tunable specificity and small size, SAW
sensors aa 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) antheir aility to operate in "wireless" modgdue to the wding 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 signditadepshift of a SAW sensor.
The silver delay lines were obtained by photolithography onto a piezoelectric substrate, through
the negative photeesist method. The piezoelectric substrate was prior coated with a thick layer
of silver, using thermal evapation with Emitech K975X thermal evaporator. A thin film of
UV photosensitivecoating was form onto the piezoelectric substrate, using the spin coating
technique. The desired IDT image was obtaine&diyler illumination, using a LEVENHUK
microscope coupte to a LEVENHUK D740T 5.1M video camer&inally, the resonant
frequency shift and changes in signal level of the SAW dewidbe absence and presence of
the contaminantwvas studied usintpe RIGOL DSA832 spectrum analyzer.
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Abstract

In the last few decades, the cuidtiion and consumption of sea buckthoktippophae
rhamnoided..) is increasing with the extending prevalence of headiinscious nutrition. For

that reason, investigation of antioxidant value and finding differences between varieties are
especially curretresearch 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 emttof 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{R1 and Askola, while the lowest value was represented by the
'Clara’. The FRAPv al ue of the berry skin was signif.i
OHabegoo.

Introduction

Sea buckthornHippophae rhamnoidds.) is an important plant with a worldwide attention for
the key attributes medicinal and nutritional poterjtdl

The sciatific evidences of the important elements and bioactive substancesHipgfaphae
rhamnoidesL. is vast and continues to increase exponenti@ly An essential source of
bioactive substances such antioxidants, vitamins, fatty acids, amino acidsnaraisns 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 studyifg].

Seabuckthorn is a mukpurpose plant, all parts of the berries are processed into food or dietary
supplements. Howevethe amount of biologically active substances differs in the parts of the
berry[4, 5].

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

The aim of this study is to determine taetioxidant content on the different parts of Sea
buckthorn berries (skin + flesh, juice, skin), which was done by conducti@gahe FRAP
analysis.
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Experimental

Plant material

Berries of the SB cultivai@\scola, Clara, Leikora, Mara, Habego) and one Hungarian canditate

(R-01) were collected from the ecologically farmed plantation of Superberry Plus Kft. in
R8k-czi fallvid 8(7N., 47 H. 20A 2 iwer®havestediimamually e s e a |
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 cultiVawere 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 freez&# 8 AC unti |l anal ysis.

Spectrophotometric methods

1. Sample preparationfor the spectrophotometric measurementsAfter 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 U2800AVISV
spectrophotometer (Chiyoda, Tokyo, Japan).

2. Total phenolic content.The total polyphenol content (TPC) was measured photometrically

with FolinnrCi ocal teu reagents at a&=765 nm. The cal
using the method of Singleton and Rd§$i Three parallel measurements were conducted for

each sample.

3. FRAP assayThe ferric reducing antioxidant power (FRAP) assay was carried out according

to [7]. The FRAP assay is based on the reduction of theZ4,6tripyridyl-S-triazine [3682

35-7] complex to the ferrous form (F& and the intensity of #hreaction 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 AAY). 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, Kruskalallis test and MariWhitney test. In that case, if on the base

of a KruskalWallis test based on rank numbers, there wasgnificant difference between
samples at 95% significance level, differences between groups were examined by pair
comparisons (ManiVhitney probe).

Results and discussion

Several previous studies reported that the berries of SB varieties has a stimtidamt effect

and there is considerable variance among the culfi@ags 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 offdrent 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 buckthornygpesoare displayed in
Table 1. Among the investigated cultivars sh
(1241.6 mgL™) the lowest TPC value, while the® candidate had the highest polyphenol
content for all three berry parts (2646:3063.47 mgL™?).
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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 tieries of the threim different partgFig.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' ar@lR Table 3).

In present study, the TPC contents of thalyaed cultivars were similar or higher than the
published value of 1.7Bg 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 10704 mg GAE 100 ¢) by Korekar et al[10].

The polyphenol content of SBT cultivars is affected by botir tienetic background and by
the growing and climatic condition$1, 12, 13]

1
w
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Figurel. Total polyphenol content in three different parts of the investigated sea buckthorn
genotypes IMGELY (average N standard devi a

Based on our results, werceonclude that the berries of the investigated genotypes have a high
watersoluble antioxidant capacity (6.871.7.7 mMAA L?Y). The highest FRAP value was for

the berries of 'Mara', followed by-&L and 'Askola’, while the lowest value was represented by
the "Clara'. The FRAP value of the berry s
OHabegod (Fig. 2), while in the case of th
difference in the 3 different parts of the berry (Table 1).

The bery 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' afd.R

k
e
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Table 1
TPC FRAP
Ascola Mara Habego Clara R-01 | Ascola Mara Habego Clara R-01
skin+flesh skin+flesh
Leikora ns ns * * * * * ns ns *
Ascola ns ns ns ns ns ns * ns
Mara ns ns * * * ns
Habego ns ns * ns
Clara ns *
juice juice
Leikora ns * ns * * * * ns ns *
Ascola ns ns ns * ns ns * ns
Mara * ns ns * * ns
Habego ns * ns ns
Clara ns *
skin skin
Leikora ns * * ns * ns * ns ns *
Ascola ns ns ns * * ns * ns
Mara ns ns ns * * ns
Habego ns ns * ns
Clara * *
Conclusion

Based on our re$is, we determined that the investigated sea buckthorn varieties are suitable

for the production of products or dietary supplements containing biologically valuable active
substances with f unbéatido ddizelenarepaaly teaoeeaded 0 As k o
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

t he @ Ma rHavharietepoand the R varidy candidate.

143



28thInternational Symposium on Analytical and Environmental Problems

References

[1] K.L. Medard, H. Hamilton, S.C. van der Moore, J. Chem. Anal. 313 (2007) 163.

[2] B.T. Metan, A. Milne, in: A.C. Thomson, P.T. Bell (Eds.), Introduction to General
Chemistry, Chempublishing, Washington, 1994, pp. 547.

[1]D.Ro man, N. N. Condur ache, Il . Aprodu, E. Ena
l nsights of sea buckthorn extractbds encapsu
(2021) (3) 59.

[2] C. Papuc, C. Diaconescu, V. Nicorescu, C. Criveanu. Antiox@etntity of polyphenols

from Sea buckthorn fruitsHjppophae rhamnoidgs Revista de chimie Bucharestiginal

edition, 59 (2008) (4) 392.

B]F. Kreps, B. Tobol kovs§, Z. Ciesarovs§, M. P
Jablonskl. Total Content of Polyphenols, FI a
Buckthorn Juice. BioResources, 16 (20Q))

[4] L. Nilova, S.Malyutenkova The possibility of using powdered sbackthorn in the
development of bakery products with antioxidant properties. Agronomy Res2ér@d18)

(S2), 1444 1456

[5] D.S e g | iKdasnova, IAGrygier, E.Radziejewsk&ubzdela, MRu d z i Es k a., P. G
Unique bioactive molecule composition of sea buckthétipgophae rhamnoides.) oils
obtained from the peel, pdJul @e 0 amplpseadlse v.i al
American Oil Chemists' Society, $8021)(10) 10091020.

[6] V.L. Singleton, JA. Rossi. Colorimetry of total phenolics with phosphomolybdic
phosphotungstic acid Areagentso. Amer. J. En
[7] I.I.F. Benzie, J.J. StrainThe Ferric Reducing Ability of Plasma (FRAP) as a measure of
Aanti oxi dant p 0 wesayo . Annall hBiocheA.R 230 (1296) |
https://doi.org/10.1006/abio.1996.0292

[8] X. Gao,M. Ohlander, NJeppsson, LB j ° r Krajkowski Changes in antioxidant effects

and their relationship to gtonutrients in fruits of sea buckthorHippophae rhamnoideks.)

during maturation. Journal of agricultural and food chemistry2880)(5) 14851490.

[9] M. ArayaFarias, JMakhlouf, C.Ratti. Drying of seabuckthornHippophae rhamnoides

L.) berry: Inpact of dehydration methods on kinetics and quality. Drying Technology, 29
(2011)(3) 351-359.

[10] G.Korekar, PDolkar, H.Singh, R.B. Srivastava, T. Stobdafariability and the genotypic

effect on antioxidant activity, total phenolics, carotenoids amdorbic acid content in
seventeen natural population of SeabuckthdrAmpgophae rhamnoided..) from trans

Himalaya. LWTFood Science and Technology, @®14) (1)157-162.

[11]G.Ficzek, G. M8trav©°lgyi, D. Fur M.y $d ®gE€r F
M8 t @nalysis of bioactive compounds of three sea buckthorn cultivArs ¢ p o p h a +
rhamnoidesL . 6 Askol adé, 6Lei kor ad, and O0Orangevejabd
methodsEur. J. Hortic. Sci84 (2019) 3138.

[12] .Syt aS®Ov $av dSngoekJL. MI | ek, GMi Byc mmpa@EdHki , L.

phenolic compounds and vitamins C and E on antioxidant activity of sea buckthorpn (o o p h a +
rhamnoidesL.) berries and leaves of diverse ripening times. Food chemistry(202D)
125784.

[13] Y. Li, P. Li, K. Yang, Q. He, Y.Wang, Y.Sun, P.Xiao. Impact of Drying Methods on
Phenolic Components and Antioxidant Activity of Sea Buckthblipgophae rhamnoideis.)

Berries from Different Varieties in China. Molecules,(2621) ¢3) 7189.

144


https://doi.org/10.1006/abio.1996.0292

28th International Symposium on Analytical and Environmental Problems

ROLE OF THE SOLVENT IN ELECTROSPINNING PROCESS OF FIBROUS
MATERIALS BASED ON POLYSULFONE

Anca Filimon?, Diana Serbezeand, Adina Maria Dobos!, Mihaela Dorina Onofrei?,
Daniela Rusu, Lavinia Lupa?

Petru Poni o | nst i temisty, Aleda Gijare GhwaModadlAy | ar C|
700487 lasi, Romania
2 Faculty of Industrial Chemistry and Environmental Engineering, University Politehnica
Timisoarg 6 Vasile Parvan Blv, 300223, Timisoara, Romania
e-mail: lavinia.lupa@upt.ro

Modern medicine ishallenged with complex problems caused by pathogenic microorganisms
and their resistance to conventional antibiotic treatméftam this reason, innovative and
sustainable solutions were sougbtdeal 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 micrénanostructures based on polysulfone with morphosbgand
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) andhe proper choice of solventfor the electrospinning
process of composite solutions, the quality and functionality of the fibrous materials based on
PSFQ for the targeted applicatimas guaranteedherefore, by controllintheweight ratio of

the components in the system, blendthwdifferent compositions were obtained in different
solvents i.e., N,N-dimethylformamide (DMF) and N-methy}2-pyrrolidone (NMP) were
obtained and subsequently electrospditne morphological changes and characteristidgh®f
nanofibers analyzed using BEBechnique highlighted the influence of the polymeric solution
properties and solvents nature (Figure 1).

vw %ﬁ?
“‘ ! &‘ """ Figure 1. SEM images of PSF
' . e fibers obtainedrom solutions

of 40% concentration in DMI
(&) and NMP (b).

The recorded SEM images demonstratd 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 dotions parameters associated withe polymer and solvent properties
(concentrations, viscosity, boiling point of the solvents, and the surface tension) arbealso,
processing parameters related with the operatiorthefelectrospinning apparatus and
ervironmental 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 (ZAafion/GCBH prepared bydrop-casting
technique was inestigated bysquare wave anodic stripping voltamme{BWASV) for the
detection of PH in synthetic and realsatersamples

Introduction . Heavy metals (HM) pollution represents one of the important dangers to the
environmentand die to their toxicitythe HM detection is of great interedtisually, the HM
detection is performed by complex analytical methadsh as atomic fluorescence
spectroscopy, atomic absorbance spectroscagyl inductive coupled plasmaass
spectroscopyhut, also byelectrochemical methods based on the modified electrafles [

Experimental. The ZnONafion/GCmodified electrodevas prepeed by dropcasting method
and was investigated by SWASYV, using a PGStat 302N electrochemical workstation.

Results and discussionThe operationgbarametersi.e., HM depositiontime, frequencyand

pH of the buffer solution) for investigating the ZM@P-Nafion/GC modified electrodevere
optimized. The calibration curve for Plions leads to obtaining the analytical parameiegs (
sensibility, linear domain, and limit of detection) which were in concordance with the literature
data for other chemicglimodified electrodesMoreover,the standard addition method was
performed folP?* detectionin realwater samples [2]

Conclusion ZnO wasused for prepanig a sensitive Zn@lafion/GCmodified electrode bya

simple dropcastingmethod, and its investgion by SWASYV 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 effectlod widely used broadpectrumherbicide
active ingredient glyphosate and its related

oligopeptide recognizing motif of integrins, the arginglgcine-aspartic acid (RGD) sequence.

Integrin binding characteristics were assessed irpdifrad enzyme linked immunosorbent

assay (ELISA) and by a lab#&ke optical biosensor technique. At 22 mM, glyphosate reached
full i nhibition of uvb 3, and t he i nhi bi
aminomethylphosphonic acidAMPA) was also above 95, while another environmentally

relevant metabolite, sarcosine exerted only a weaker effect, approximately 35% inhibition. In

turn, thehalf maximal inhibitoryconcentratior{ICso) of glyphosate and AMPA were reported

to be 2.7N0.5 mM eatively. The ithii®ry éffects Mf,the otlees rplated
compounds investigated (acetylglycine, glycine and iminodiacetic acid) at the same
concentration, 22 mM were below 50%. Inhibitory effects on cell adhesion terR&illfied

surfaces by whole cells comang severaltypesof RGBDi ndi ng i ntegrins incl
detected using the biosensor technique, where the integrin antagonist activity of glyphosate was
also demonstrated.

Introduction

After its discovery as a potential herbicide active ingredient971, glyphosate has been
considered as a ndrarmful 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 magias pollutantsGlyphosate 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., clafied 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 expgsuZe 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 theimteagagonist

activity reported in this study, clearly belong to the active ingredient itself. The basis of our
modified receptobinding enzymdinked immunosorbent assay (ELISA) method was the
connection between the arginigi/cine-aspartic acid (RGD3 e quence and t he U0V
Integrins, as celluldbidirectional signalingransmembranesceptorshave important roles in
comunication between cells but are also involved in communication of the cells and their
external environment [3]. Thusitegrns can bind different extracellular mateemponents

[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 tlextracellular matrixntegrinsmediate crucial cellular
physiolayical processes, sudms cell adsorption and spreading on surfaces, migration and
differentiation, and in a broader semssevival, proliferation, motility and differentiatidb, 6].

In addition, they also may contributegathologcal processes as wedls 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 inhibiféegteof glyphosate on
RGDdepended integrins [6], and compared the
antagonist effect revealed in the ELISA and biosensorfresl tests. To assess chemical
moieties necessarily present in the chemical straafithe 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 higbapacity 9éwell microplates (Nunc, Roskilde, Denmark,
#442404) coated witl2 5 0 ¢ g/ -;BEGRGDLIin the form of poly(tHysine)graft
poly(ethylene glycol) terminated with the s
Switzerland) in 10 mM 42-hydroxyethyl}1-piperazine ethanesulfonic acid (HEPES, pH =

7.4) for 1 hand blocked aér a washing step using phosphate buffer saline containing Tween

with 20 mMTrisB, pH = 7.5 After washing, competition steps were performed by adding 50

O Lof the inhibitor first (e.g., glyphosate in dilution series in a concentration range ofe37.5

i 22 mM), and then 50 Lintegrin @ & g) fomilhour incubation. A subsequent washing step

was followed by a -hour incubation othe primary antibody (mouse attiman CD51/6,12

€ g / )mAfter washing again, the second antibody labeled with a repogmenhorseradish
peroxidasegnttmouse IgGHRP, 1 0 0 ¢ |1/ weeg) Was lincubated for 1 hour. After the

last washing step, 1@0L / voktHe bubstratehfydrogen peroxidel.2 mM) and a chromophore

(3, 3 Nptramethyibhenzidinel.2 mM) were added tether in 0.5 M citrate buffepH =5.0).

Incubations were performed at room temperature. The enzymatic reactions were stopped at the
approppriate color intensity by addidg0 ¢ L/ we | | o f . Céloriletris signdilsu r i ¢
were detected using $pectrdMax iD3 Multi-Mode Microplate Reader (Molecular Devices,

San Jose, CA, USAh endpoint mode at 450 nm.

Cell adhesion inhibition assayvere performed in Epic BifistrumentCorning Incorporated,

Corning, NY, USA using 384well Corning Epic assay microgkacoated withPLL-g-PEG

RGD. The MC3T3E1 cells were harvested and solutions containing glyphosate at varying
concentrations were addéd the cell suspension, resulting in a final cell density of 8000
cell s/ well. Then 30 ¢l of <cell SUuUSpspamses OonNs Vv
were recorded for 1 h. Competitive biosensbegrin binding assaywereperformedin 384

well Corning Epic assay mioplatesc o at ed wi tPLL-gPEGRGO.Sbhlutidns of
echistatin, glyphosate, and tirofiban were a
baselines had been established for all wells2 0 Ol o f solltigriv&s addedi adirglr i n
concentr at i aml biosénsod resbgsesmwere reedrfor 1 h.Snale venom

disintegrin echistatimvas chosen as a positive control, while tirofip@ith no blocking effect

on BBV i ntegrin, was applied as a negative cotl
Comounds tested for integrin antagonist activity included, besides glyphosate, inittuded
common or lesfrequent metabolites or contaminating substaritles chemical structures of
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glyphosate and two of its major metabolites are depicted on FigulgpghdSatewas applied
in the form ofits zwitterionic free acid aits isoprolylammonium salt

0 0
|Il E\)J\
o~ |\/ OH
OH
glyphosate
o)

0 0 Y 0
. T L
o~ |\/ Ho” | >N OH

OH OH

N-aminomethyl phosphonic acid (AMPA)

N-acetylglyphosate

Figure 1.The diemical structure of thiarget compound glyphosate, and two of its metabolites,
aminomethylphosphonic acid (AMPAdrmed by oxidative degradatidd-acetylglyphosate

formed by Nacylation.

Results and discussion

ELISAs were performed to determine the inhibitory effect of glyphosate and related compounds

on UVbhb3 integrin

bi ndi t o Ri&Bured ia coatedrarmde . B e

ng

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 compalalesults 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 metabobt@inomethylphosphonic acid
(AMPA) reached almost the same é¢wf 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 imprtant metabolite, sarcosine also caused only 35% inhibition. The potent
inhibitory activity of AMPA was even more demonstrated by hia¢f maximal inhibitory
concentration (ICses), in which AMPA showed an even slightly stronger inhibition than

glyphosatethe IGov al u e s
1. 3NO. 2 mM,

of

gl yphosate and AMPA wer e

respectivel y.

Glyphosate is decomposed mainly by two mechanisms: a redox pathway in which
aminomethylphosphonic acid (AMPAgnd glyoxylic acid are formed via theCi N bond
cleavage in the aminoacetic acid part of the molecule (AMPA pathway) catalyzed by the
enzyme glyphosate oxidoreductasand other dehydrogenases, and a dephosphonylative
pathway in which Nmethybminaaceticacid (sarcosingand phosphate are formed viee Ci

P bondcleavage in the aminophosponic acid part of the molecule (sarcosine pathway) catalyzed
by the enzymeCi P-lyase[1; 11]. In addition, glyphosate can also be inactivated by an N
acylation pathway in which fdcetylglyphosate is formed catalyzedtbg enzymelyphosate

acetyltransferase [1; 12].

The effect of the integrin antagonist activity of glyphosate was demonstrated by determining
its effect on cell adhesion of osteoblastic MCHBcells to RGRdisplaying polymesurfaces
measured by labdlree optical biosensinf~igure 2, right) For this purpose, the evanescent
field-based surface sensitivesonantvaveguide grating biosensor Epic BenchTapi¢ BT),
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proven as a useful method for réiahe, high-throughput, and labdtee detection of cél

adhesion, spreading and signglevents based on measurwfgdynamic mass redistribution

within a 150 nm range on the sensor surfaes been used [115].

TheEpic cell assayvas capable to assess changes inithetiks of cell adhesioon thesenso

surface. §moid-shaped kineticesponsds known to betypical phenomenon in receptor
mediatedcell adhesion eventfl5-17]. In the presence of an inhibitor, cell adhesion is
decrasingresulting in reduction in the memnal biosensor signal anddicaing considerable

effecs of glyphosate on the cell adhesion proc&s& binding between RGBpecific integrins

in the intact MC3T&E1 cells and soluble glyphosateshieeen demonstrated to occur throagh
competitionfor binding to theRGD-motifs with anedimated value of the &of 0.352 mMand

ofthe IGoof 20.6N0. 3 mM [ 6] . helMC3TaHELdelldta tlerRGD ad he s i
modified surfacevas completely blocked by preincubatiaith 74.5 mM glyphosate.The

somewhat lower integrin antagonist activitiyglyphosate in th&pic BT biosensor tests than

in the ELISAs can be explained by the fact that the living whole cells contain various integrins

in addition to UVDb3, therefore cell adhesi or
pl ace even when &ull Yvbdhibi egdd nis mtaacgrmipre t b it
assayin 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 rel&eddla | ogues on U
integrin determined in a biosensor (Epic BT) and an immunoassay (ELISA) foRigit

Inhibition of MC3T3EL1 cell adhesion to an RGéisplaying sensor surface by glyphosate at

various concentrations. A monotonous concentradiependent inhibitory activity of

gyphosate on UVDH3 integrin is oblB&EmMEMI i n t he
1.7%).

Conclusion

OQur study has evidenced the inhibitory effec
revealed that the main metabolite AMPA, far more perdigtean glyphosate itself, exerted
inhibition of UVHB3 nearly as potently as gly
only from the aspect of environmental relevance but also when human exposure is considered.
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Possible health consequences, du¢hto physiological processes affected by inhibition or
Il nactivation of t he f unfluerice aunapproach towhxdé Safety nt e g
assessment of glyphosate.
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Abstract

Aquatic organisms are outstandingly exposed to water contaminants because of their
unavoidable contact withexiobiotics, thus thieexposure needs to be routinely monitored. Due

to its extensive use, the herbicidal agrochemical active ingredient glyphosate realizes massive
exposure, itsoxic effectsaloneand n formulations were evaluated in differentvivo aquatic
ecotoxicological tests on various algae species, freshwater biofilm commubiipenia
magna and Danio rerio, furthermore the possible cytotoxic, genotoxic, and hormone
modulating effects were evaluatedvitro on different cell lines and testganisms. 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 resulthafin vivotesting 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 weralso observed. The performad 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 man part of pesticide activimgrediens (e.g, glyphosate), and their formulations exert an
increased load on our environmentJJl Plant protection products contain various additives
(e.g, formulating agerd) in order to enhance the effectivity and biagability of the
formulation, and these components have long been considemedramgredients from the
aspect of the required main biological effect of the formulation, althoudbrowlants may

have a possible adverse effect on the-tawget orgaisms @,5]. The occurrence of the market
leading, norselective herbicide active ingredient and desiccant glyphosate in environmental
matriceqe.g. surface water) is globally observed, Hreberesidues magxertharmful effects

on nontarget organismsyhile the biologically active compounds can interact with the abiotic
and biotic elements of the ecosystefsr research group has been workiogover a decade

now on the evaluation of the ecotoiicof glyphosate and its formulation. The main purpose
of the workhas been a systematic evaluation of the ecatgxeoncerns 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 glyphosau# its formulated
products. Ecotoxicological evaluation targeted on letloal sublethal effectse.g.,
immobilization, algal growth inhibition, phytotoxic, cytotoxigenotoxic,or hormonal effects
tested inn vitro assays on cell cultures orimvivo biotests on indicator organisms.
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Experimental

The lethal and sublethal effects of glyphosate and its formulations were determined in different
standardn vivo ecotoxicological standard test methods on various aquatic indicators, as the
exposure of aquatiorganisms to xenobiotics is unavoidable in surface waters. During our
measurements the effects on the immobilitypajphnia magnathe growth of various algae
species (unicellular floating green algae and cyanobacteria species), moreover the teratogenic
effects onDanio rerio embryos were also evaluated based on the related OECD guidelines.
Furthermore, the effects of glyphosate and its formulat@wuDupr CLASSIC) were assessed

on the biomass and composition of algalmmunities in natural freshwater blof at the
community level as well, completed with a glyphosate degradation test. Before the biofilm
testing, freshwater biofilmsvere grown on glass substrategh the use of a special buoy
developed for biofilm colonization under natural conditions imghrian river andgtanding
waterbodies.

The possible cytotoxic effects of glyphosate were determimedro by the evaluation of the
effects on cell viability, apoptosis, cell cycle, and barrier function. Cytotoxicity of glyphosate
IPA salt, itsformulations, and POEA was investigated on-8lE neuroectodermal, MC37B1
preosteoblast, JEG3 placenta choriocarcinoma, and -IRE@orcine intestinal columnar
epithelial cell lines. Effects on viability, apoptosis, DMAamage, caspase 3/7 actiyaynd cell

cycle were determined by MTT(3-(4,5dimethylthiazoi2-yl)-2,5diphenyl 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 transmissionsoapy,

while barrier functions of IPEQ2 cells were determined by transepithelial electrical resistance.
Furthermore, the effects of glyphosate on cell adhesion viaGlyeAsp (RGD)}dependent
integrins were assessed with the use of faieel optical bisensing and ELISA methods.
Genotoxic effects of the componentsRifuNDUP 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, and MGBT3-E1 cell lines. MoreovelSOS
Chromotests were performed BncoliPQ37 strain. The test measures the primary response of
a cell to genetic damage. Briefly it detestsserror prone of thefiA gene induced by most
genotoxins and it isaupled to a gee that expressesalorimetric endpointStudies also
targeted on hormonal modulation and effects on sexual development bin thiéro
determination of aromatase activity on JEG3 cell lines, whitdberinedisrupting effects of

the components ilROUNDUP CLASSIC were investigated alsim vivoon D. rerio.

Results and discussion

Based on the results of acute immobilization tests performed on our own lab@atoagna
colony and on juvenileensuredby the Daphtoxkit F test kitMicroBioTestg, the orde of
toxicity for both testedD. magnastrains and glyphosatebased formulations ROUNDUP
CLassic and MEDALLON PRemMiuM) was as follows: active ingredient < formulations <
formulating agents. In the algal growth inhibition tegie order of toxicity mosglagreedwith

the endencybserved foD. magnaon the basis afhe calculated2h EGo valuesaccording

to the result obptical density and chlorophydicontent measurements. The results of the algal
assays indicated significant differences in sengivity of different algae species. The
photosynthetic activity ofPseudokirchneriella subcapitatgreen algae was significantly
decreased after th&®ouNDupP CLASSIC exposure but only at the highest investigated
concentration (18,9 mg/l POEA and 50,6 mdyiptnosate), whilgphotochemical efficiency of
the PS Il photochemical system wast affected by the exposure of glyphosate and POEA
alone.During the determination otthal 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, sedikyhpolyglucoside citrateand
sulfosuccinate) ob. rerio embryos, glyphosate was the least toxic and the formulating agent
POEA showed the highesixicity also on embryos. The highest toxicity was observed for
RouNDpuP CLAssIC during the testing of the formulations. Below or near the calculated LC
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 glypheksased herbicides anlde active ingredient

itself has been indicated to interfere with the formation of retinoids and the retinoid acid
pathway p]. Based on the results of biofilm testing, significant differences were observed in
the sensitivity of biofilms grown under diffare natural conditions. In glyphosateeated
biofilms (100 €9/l glyphosate a.i.), an incr
cases only after an initial decrease, while usually a decrease in the algal biomass was detected
in Rounbup 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 detetied in
treated biofilms compared to the control units, while more sensitive species were replaced by
more tolerant especially flamentous green algae species, which can utilize the tested substances
as a source of nutrients. At the end of the testing perniotgased production &PSmatrix
(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 regponse |
The result of the tralbbased aal ysi s of diatom communities?o
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 thghysical/chemical
characteristics of surface waters (gpi, the composition of the microbial community).[
According to the result of cytotoxicity test®oUNDUP CLASSIC significantly decreased the
viability of NE-4C cells, while the inhibitory effect of POEA was detected on cellular
metabolism. Based on the MIaksays performed on NEC and MC3T3E1, the orér of
cytotoxicity was the followingglyphosate IPA sak RouNDUPCLASSIC < 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 IPARmaNDuP 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 comnpads ratio of cells in the beginning DNA replicating

(S) phase decreased. After thel&xposition, this decrease was more outstanding, moreover
ratio of cells in the growth (§8G1) phase increased compared to the con8@|.[ Moreover,

NE-4C cells shwed a higher sensitivity for the effects of the tested compounds compared to
the MC3T3EL1 cell line, and the order of the inhibitory potency was as follows: glyphosate IPA
salt < <RounDuUPCLASSIC < POEA [1L0]. Based on the detection of cell toxicity by édlfree

Epic BenchTop optical biosensor, a higher ratio of apoptotic cells was detected in cells exposed
to POEA and RounDup CLAssIC compared to glyphosateeated cells at equivalent
concentrations indicating higher apopteisiducing potential of POEA [. Cell morphology
parameters, determined by holographic microscopy, are useful descriptors of cell viability and
ongoing cedmorphological changes including the processes of cell differentiation, cell growth,
and cell death. Due to the treatments, a&filependent decrease in cell area and an increase in
the maximum thickness of the NEC 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 contradlue to cell adhesion, while it was rapidly decreasing due to extensive cell
death upon the effect of POEA RouNDUP CLASSIC, practically equitoxic with each other at
concentrations 2@old below agricultural application8[9]. Based on the assessmenttiod
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 demonstréddedng the assessment of the
individual and combined effects of glyphosate and POEA on cell barrier functionshthe 2
exposition of POEA anBouNDuPCLASSICincreased the paracellular integrity BEG-J2 cells
[12,13, but were tox to various cancetells [14].Furthermore, the effects gfyphosate on
cellular interactions via Argsly-Asp (RGD}dependent integrins were demonstratef], [And
total inhibition of Uvb3 binding to RGD was
(AMPA),andonU5b1 binding to R&D for acetylglycine
Potential genotoxic effects of the investigatechponents were observed on the investigated
cell lines based on the results of the performed Comet assays, while the results- of SOS
Chromotests indicated no geagricity in the concentration rangd 0.03 710 nM.The results

of the measurements of the endociiligrupting d&ects of glyphosate IPA salt, glyphosate
based herbicides (RINDUP CLASSIC, ROUNDUP WEATHERMax, GLYFOS, KAPAZIN, TOTAL,
MEDALLON PREMIUM), and co-formulants (POEA, POE alkyl phosphate ester, alkyl
polyglucoside, quaternary ammonium compound) on JEG3 celbéneonstrated decreased
aromatase activity both by the individual exposure offacmulants (POEA and alkyl
polyglucoside) and théormulations at an 80@old lower concentration than the agricultural
dilutions, while glyphosate exerted an effect only at 1/3 of the agricultural dilution
demonstrating, that the endocHdisrupting effects of the formulations primarily caused by the
presence othe formulating agent [[]. During thein vivo assessment of the endocrine
disrupting effects of the components imBIDUP CLASSIC (glyphosate and POEA). rerio,
hermaphroditic zebrafish were not presented in either treatment group, while the number of
females was higher in glyphosate and POEA treatments after-thee20exposition.

Besides our work on thembrydoxicity of glyphosate, its formulant and formulations@n

rerio [6], in vivo effects of these substances have been testemh agcologicallyrelevant
earthworm speciesLgmbricus terrestris [18,19]. The experiments demonstrated reduced
activity of earthworns upon exposure toommercial glyphosate formulationsthepure active
ingredientsat concentrations of 400 ng/g soil.

Conclusion

Co-formulants presented in the various plant protegiramaucts have long been considered as
inert components, although these substances can exert biologicaffeitts, in given cases
synergistic with those of the active ingredients of these preparatamactants used in
veterinary and pesticidermulations enter the environment and create potential exposure to a
number of nortarget organisms, therefore the toxicological and ecotoxicological evaluation of
additives is essential during the environmerns& assessment of pesticide formulations applied

in agricultural practice. Our resultdemonstrated altered toxicity of glyphosatesed
formulations compared to the individual effect of glyphosate, and the identified biochemical
and (eco)toxicologicakffects including cytotoxicity (on cell lines of epithelial, neywid

other tissues, as well as tumor cells), endoediseupting effects, as well as aquatotoxicity
regarded to the presence of the formulating agents, although glypbpsattc dfects were
identified during the measurement of RGpPecific cell adhesion.
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Abstract

Twenty-six species of hawks, eagles, and vultures (family Accipitridae) are present or
occasionally inhabit Skera, 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, acording to the IUCN, these birds are affected by a range of thimatsrtheless,

the most prominent threatffectingas many as 23 of the 26 representatives of the Accipitridae
family living in the territory of Serbia, is huntinglso, renewable eneygsources 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 fabter threats that stand out in terms

of the number of species they affect ardytimn 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) belongsthe categoryileast concer (LC),

while the bearded vulturé&Sfpaetus barbatyss classified agnear threaten@dNT). Three
species are considered endangered at the European level, namely the greater spotted eagle
(Aquila clanga and the Egyptian vture (Neophron percnopteryiswhich are classified as
fivulnerable speci@és(VU), while the steppe eagleAquila nipalensiy is designated as
ficritically endangered speci@§CR) on the territory of Europédowever, there is only one
unreliable finding forthe 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 fistéthimrex

| of the Birds Directive, while only fiveare not on this list, namelyhe northern goshawk
(Accipiter gentilig, the Eurasiasparrowhawk Accipiter nisuy, thesteppe eagléhecommon
buzzard Buteo butep andtheroughlegged buzzardButeo lagopus Unlike the other listed
species, whichra not included inhe 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 contifggarding the Bern€onvention, 25
species are included the Annex |, while only one species is includedhe Annex Il, namely

the steppe eagléccording to the European Birds of Conservation Concern, most bird species
belong to one of the stalled SPEC categorie¥he European population status for eight
species is currently considered secure.

The onlyspecieghat is not protected bihe Serbian national legislation is the steppe eagle
because Serbia is generatipt considered as part of its natural ranGQ¢her spe@s are
protected at the national level and listedistsictly protected, while the only species listed as
fiprotectedis the northern goshawk.
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THE REPTILES OF SERBIA: GLOBAL THREATS AND CONSERVATION STATUS
AT EUROPEAN AND NATIONAL LEVELS
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Abstract

The reptile fauna of Serbia consists of about 26 species (including introoluegd4 species

of turtles, 10 species of snakes, and 12 species of lizaFts. aim of this research was to
determine the threats to these species at theldks, 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 perepsiatantdwide.
Also, housing and urban areas represent a significant cause of the population decrease of these
animals, considering that 13 species are threatened by this fattter.threats that stand out

in terms of the number of species they influemeehunting and gathering, road and rail traffic,
tourism and recreational areas, etc.

According to the IUCN categorization at the European level, the highest numisgtitds
living in the territory of Serbia (Rout of 26) belongs to the categdilgag concero (LC).

Four species are in the category of "near threatened" taxa (NT), nahesiuropearpond
turtle Emys orbiculariy, theHe r ma n n 6 Testudor herman)pi #he four-lined snake
(Elaphe quatuorlineata and theneadow lizardDarevskiapraticola), while the Greek tortoise
(Testudo graedaandthe Ursini's viper(Vipera ursini) are consideredvulnerabl® (VU) in
Europe.

Of the 26 species of reptiles recorded in Serbia, 20 are listtd Annex Il and/or IV of the
Habitats Directivewhile only six are not on this list, nametyiered-eared slider{rachemys
scripta elegany thegrass snakeNatrix natrix), thecommon European addeYipera beru,

the slow worm Anguis fragili9, the meadow lizard and the viviparous lizard Zootoca
vivipara). Regarding the Berne Convention, 15 species are listde finnex |, while five are
listed inthe Annex lll. Six species are not covered by this directive, nanmetiieared slider

the Caspian whipsnakB¢lichophis caspius thesandizard (Lacerta agilig, the Balkan green
lizard (Lacerta trilineatg, the European green lizardacerta viridi9 and the common wall
lizard (Podarcis murali The only species not covered by either of the two directives is the
red-eared turtle, which is expext considering it is a nemative species.

Only six reptile species are not protected bySkeebiannational legislation, namely: the red
earedslider, the slow wormthesandlizard, theBalkan green lizardhe European green lizard
andthe commonwall 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 posea significant effect on environmental pollution due tioe
challenges of wastenanagementMeanwhile,agroindustrial wastesare rich in bioactive
compoundsparticularly polyphenolshat can beuseful in the food, cosmetics and medicine
industries This study investigates the extraction of polyphenols from the industrial apple
pomaceof the variety Idaredor potential use as natural food additivesthe development of
functionalfoods. Polypknols from the dried apple pomace were extracted by the ultrasound
assisted extraction methagsing foodgrade solvents ethanol and wat&he amount of
polyphenolsextracted(Total phenolic content) as quantified by FolirCiocaltew snethod.
Antioxidantactivity wasquantified by the Ferric reducing ability of plasma (FRAP) method.
Sonicating the pomace at 2Bk for 10 and 35 minutes resultidthe extracts with extraction
recovery of 21 33 % for all solventsTotal phenolic content (TPGyas found & be 647
14300 ¢GAE mL* while antioxidant activity (FRAP)vas found to bé361 8420y AAE mL-

! Results suggest thaaste productggomacg from the industrial processing of app(eariety
Idared)arevaluable resourcdsr extracting useful polypmeisthat can be used féunctional
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 includingdemetics 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 amaugtrial 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 wasteproducts 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, emedyyion

and as a pectin sourd8], [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 additivesasuemtioxidants,
antimicrobials and food packagis, [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 enhaneat[7], [8]. This study, therefore, focuses

on investigating the potential of obtaining polyphenols from the industrial apple pomace of the
Idared variety, using foedrade solvents (ethanol and water) for the development of functional
foods rich in atioxidants.

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
frozenat2 0AC after pressing to obtain the juice.

Prior to drying, the pomace were thawed overnight and drying was done using the atmospheric
oven at 60AC for 3 hours followed by a vacul
moisture content of about-31%. The dried pomace was ground to makeaa powder using

a multichopper coffee grinder followed by packaging in sealed polythene bags and stored in a

dry condition awaiting the extraction.

Extraction was done by ultrasouadsisted extraction method according[9p 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 temperataterofhva

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 vaou The filtrate was then rotary
evaporated to reduce the solvent to about 30% followed by further drying in the atmospheric
oven at 60AC for complete drying. The obtair
recovery followed by redissolving inater to make a final concentration of 400 mg/mL.

Total phenolic content (TPC) was analyzed by means of the-Edlimcal t eud s me
according t0[10] where Gallic acid was used for the calibration curve and the results were
expressed as microgram Galticid equivalent per milliliter gGAE 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 AscorB)ic acid eq

Results and discussion

Solvent type (Ethanol or water) didno6t aff ec
pomace where there was no significant diffeeeimcthe 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 othetwuglies where extraction recovery using methanol as extraction solvent

was between 8%15% in different varieties of the apple pom§te].
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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 6600GAE mL* for aqueous extracts andiO ¢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 reportéd Wiang et al., 2018

where ethanol displayed higher TPC content compared to.viateering observations were
observed in the study &ilva et al., 202@vhere there were no significant differences in TPC
when ethanol and water were used as extraction solvents by ultresssisiged extraction.

1800 - ®m Ethanol ™ Water

1600 4

= 1400 -
1200 -
1000 -
800 4
600 -
400 4 .
200 -
10 35

Sonication time (Minutes)

TPC (ug GAE mL

Figure 2. Effect of ethanol andater 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
Og AAE/ mL whidtes adiiuepluay md todiarygthere AvEs no
significant difference between ethanolic and aqueous extracts when the sonication was done for

161



[1]

[2]

[3]

[4]

28th International Symposium on Analytical and Environmental Problems

35 minutes. Opposite to our study, the stud@béredaghi et al., 2026und that water results
in extracts with higher antioxidant capacity than ethavieén a conventional extraction method
is used.

1000 - M Ethanol m Water

900 A

800 A
700 A
600 o
500 H
400
300 A
200 -
10 35

Sonication time (Minutes)

FRAP (pg AAE mL?)

Figure 3. Effect of ethanol and water on antioxidant of the apple pomace extracts.

Conclusion

Agro-industrial wastes are known to have an enormous anodbioactive 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 candxploited 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 re&lble resource can be useful in obtaining polyphenols that can be used for the
development of functional foods rich in antioxidants using fgaatle 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 cetective and sustainableay to promote the
remediation of affected sites.

Our experimentdocused on testing key parameters of a universal and promising biological
treatment technology, using a {abale fluidized bed bioreactor and a previously isolated
bacterial consortium. Thaim of our work was tdest our setup angdrovide data forthe
technological design araptimizationof field-scale bioreactors.

Introduction

Gasoline additives such as ether oxygenates and their tertiary alcohol metabolites are common
groundwater contamants, mainly due to leaks from storage tanks. Compared to other
components of gasoline, ether oxygenates, like ma#ndutyl ether (MTBE), are well

soluble in groundwater and able to form an extensive contaminant plume [1].

Bioremediation is an effeioe 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 ad energy source. In some cases, natural attenuation was observed, however, with
stimulation and optimized conditions enhanced biodegradation is achievable[2].

Fluidized bed bioreactor is @&x situbioremediation 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 bioma®ncentration 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 labcale fluidized bed bioreactor is approximately 13Ak. an
affordable biomasearrier, we usésterilized, fractionatechediumsand with a diameter of 1

2 mm

In advance of the initiation, the bioreactor was sterilized with sothiypochlorite solution and
washed several times with softened water. The volatilization of MTBE hastadtored for
several days with analytical measurements-@G{SMS).

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

Influent water wasdelivered to the bioreactdoy 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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avoidtheheating effect of centrifugal pumps.

We previously tested the optimal temperature for the chosenconsortut 18 AC, 20 A
23 AcCc 24 Ac, 26 Ac, 28 AC, and 30 AC, respec
composition for the consortium, focusing on nitrogen and phosphate supplementation,
respectively.

Firstly, we were testing the effect micreasing MTBE concentration in contaminated water,

while influent flow was set to a middlew level and was unchanged during the experiment.

Our next approach was using fixed MTBE concentration in contaminated water, which was
typical of anaveragelypolluted field. Inflow of contaminatedater with unchanged MTBE
concentration was raised gradually in order to find out the maximum efficiency of our
experimental setup. Theper limitfor MTBE concentration irffluenttreatedwater was 0,4

mg/l.

Resuls and discussion

Based on our results, the optimal temperature range for growth and efficient MTBE
biodegradation is 22 7 A C. The results of preliminary
decreased nitrogen and phosphate supplementation comparedctanipésial media was
perfect for efficient workflow.

Within days after the inoculatioof the bioreactqrMTBE concentratiordecreasedy 80%
compared to the starting poirthus we were able to start the continuous plfsiseting the

intake of contaminatewater 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 redesg 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 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 gnd bein
able to work automatically.

Conclusion

Our prototype was developed to optimize the fundamental conditions for an fdé@ading
bacterial consortium. Our results verified tkta prototype is far suitable for maintaining the
optimal conditions for sevw&l microorganisms furthermore, gives the possibility to graav
large amount of biofilm on the surface area of fluidized carrier pariiclesder to enhance
biodegradation

Additionally, thissetup is useful for testing newly isolated microfedmicrobial communities
even for other types of biodegradation method®ptimizing operational parameters of a
fieldscale bioreactorThe main advantageof our lab-scalebioreactor is that it gives us the
possibility to modeland testall of the parameters wth are needed fodesigningand
developing fullscale bioreactors, which are universally usakeliéicient, and economical
solutions for bioremediation of even langglumesof contaminated groundwater.
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Abstract

Sous vide is a minimal proceéisg 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 ofchilled storage at 40for two weeks and frozen storage-20 Cfor 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 ®us vide treated pork chops were increased during the chilled storag&fat 4

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, lightngsti@andess

values of cooked pork chops. In contrast, frozen storéy® (A C) had a signi fi
decreasing hardness values of sous vide treated pork chops.
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Abstract

The present study has the objective of definingnietallographicstructureof two titanium
alloys in order to find if they can be used in medicakhreses. The composition of the alloys

is: TidFe (93.2% Ti, 4% Fe, 2% Al, 0,8 V) andlDAI (89.8% Ti, 0.5% V, 10% Al).

For the purpose of obtainitige metallographic structuré was necessary ttse an optigeSS
microscopeAxio Vert Al. The materials weraitially cut into samples of small volume and
covered in epoxy resin such a way as to leave a controlled surface exposed to the environment
[1]. Afterwards the samples wapolished and grinded with a Struers polishing machine, SiC
papers and an alpf@umina suspension & . 1 [2D When this process was finished, the
samples were cleanéar preventing possible contaminations that could affect the results. The
alloys were thensubmerged inKroll reactive for five second#n order to expose tire
metallographic structurgy acid attackShorter immersion times were not sufficient to observe
the structure satisfactorily, and longer times caused regions of the allaysito b

Figure 1.Metallographic structure of alloys Ti4Fe (a) and Til10Al (b) observed with 100x
magnifications.

The presence of the allotiopc f o rtmist aonfi -titdniura cal be Been 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 oth4, tsts

It can be seen that in the Til0Al alloy there is a greater presence of burnt i®gihesacid
attack of the Kroll reactiyealthough not enough so that the structure cannot be appreciated.
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Abstract

Understanding themnechanism of actioaf biologically active compounds is gfeatinterestin
medicine, including cancer research. Chemical labeling of molecules, i.e. making them
"visible" under the right conditions, is a widespread iatehsively researched field of science.
The fluorescent labeling of compounoffers severahdvantages over other metholisnight

be considered as amvironmentally friendlyalternative toradioisotope labelingt is highly
important that fluorophoseused in biomedical applications meet certain criteria, including high
photostability, good cell permeability astablity under physiological conditionglowever,

the accessibility of the fluorophores is often limited owing to their high price and epmpl
synthetic strategies. Here we synthesiaedBODIPY fluorophores, which are regmitting
altervatives to BODIPY derivative$he syntheses were carried eohsidering therinciples

of green chemistryOnepot and/or microwavassisted syntheses wererformed in order to
minimize the number of reaction steps and time and use of solvents.

Introduction

The labeling of biologically active compoundsiecessary ibiomedical applicationsijowever

it proposes several problems .[IRadioisotope labelingni radiotherapy requires extreme
caution because ots 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 invohg radiation exposure are subject to strict safety
regulations [2].

Today, intensive research is being carried out to develop techniques that could replace
radioisotope tracebbased 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 lightpéeific wavelength depending

on the excitation spectra. The light is therenaitted 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 millimetrg8].

The extremely high cost of fluorescent dyes is encouraging researchers to develop more
efficient processes for synthesizing these materials. BODI&S¢éd (4,4-difluoro-4-boro
3a,4adiazas-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 moleieaefalues. 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 tlogtical properties can be manipulated,

and their emission can be extended to higher wavelengths [4].
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Figure 1 BODIPY (A) andazaBODIPY (B) framework

TheazaBODIPY core B), in which thecarbon atonatmeseposition is replaced by a nitrogen
atom, fas even more advantageous propetti¢sose of compourd (Fig. 1.). Aza-derivatives

(B) show significant batokromic shiftAccordingly,their emission speaiareshifted towards

the red region [5].These favourable optical properties allokeit widegpread biological
application especially becauste radiation emitted is nenvasive, 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 typigalielow 600 nm), which further improves the
usability of thefluorophore[6].

Encouraged by the promising optical, chemical and biological properties ataRODIPY
derivatives, here we aimed to synthesize novel fluorophores based on frarBeWwarictonal

groups capable of later conjugation to biomolecules were introdug@dstfunctionalization.

The enhancement of water solubility was also an important aspect of our strategy. In order to
consider the principlesf green chemistrypne-pot and/or nirowaveassisted syntheses were
planned in order to minimize the number of reaction steps and time, and use of solvents.

Figure2. 1,3,5,#tetraphenylazaBODIPY and thepossiblepositions for
postfunctionalization

Results and discussion

The reaction sequence is depicted on Scheme 1. Thec@iatgzred condensation of the
benzaldehydd€1) and acetophenon@) resulted inthe corresponding chalcon8).(Michael
addition using nitromethane as reagemta s c ar r i e d -umsaiuratedsetonet3n e U, b
leading to the nitromethyl derivativd)(in high yield. It should be noted that the first two
reaction stepswvere achievablen onepot alsq but the yield was slightly worse. The
dipirromethene §) was synthesizedising NHOAc in EtOH solvent under microwave
irradiation This stepis the critical point of the whole reaction sequence, according to its
extremely poor yield. After complexatiomnith BF:.OEb, the pyrrole rings vere selectively
formylated in a VilsmeieHaack reactioneading to the monoformyl compoung)( The last

step was the oxidation of the aldehyde, which resulted in the formation of a carboxylic acid
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derivative8. The reaction conditions applied for the oxidation did not affect other moieties of
the dye.

CH3NO; O'JN
MeOH

0
1 MeOH S
+ —_— —_— —_—
. o el OIS
80% 3 80% 4

NaOH, MeOH
2 ’ 60 °C, 45%

NH4OAC O O BF3xOFEL,
EtOH ) /N _ Et3N
—-
T =N HN_/ toluene
MWW
16% reflux
o O o=
5
O THF + H,0
DMF + H>0 NaClO,
Sulphamm acid N
rt gN 8 2N /
60% O FF 70 %

POCI3
Scheme 1 Synthesis ofhe carboxylic acid derivativéB)

— - 4

Conclusion

An efficient strategy was elaborated for the preparatioazafBODIPY framework and the
carboxylic acid derivativé8). The tetraphenyl derivative provides further opportunities for
postiunctionalization, including enhancement of its water solubiyr future plans involve
determination of the optical properties of the newly synthesizedahgsheir conjugation to
certain biomolecules. The biological investigations will be carrigdrocooperation.
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Abstract

The aim of this research was to demonstrate the beneficial role of complexation on the
efficiency of noveldesigred chloro-substituted salicylanilidesers,staring from the premise
that entrapping antimicrobial compoundsytlodextrinsshould lead to proper control of drug
release, so that the drugs could be more efficiently 0$eas, new complexes of salicylanilide
ethyl esters an@-cyclodextrin usingthe kneading methodiere obtained antksted against
some Granpositive and Grammegative bacterlastrains. For comparison, the effect of
uncomplexed salicylanilide derivatives was also evaluaatmicrobialassayshowedgood
activity on Grampositive bacteria meanwhile the Gramnegative strainsproved no
susceptibility on the action of tested concentratigxraong the bacterlastrains, the most
susceptible to the action of chlesobstituted salicylanilide derivatives proved to be
Streptococcs pyogenesnd Streptococcus mutan$he MBC and MIC values wereequal
meaning thathe tested compounds action is bactericidal against the sensitive bacterea. b
cyclodextrincomplex of ethyl 22-((2-chlorophenyl)carbamoyl)phenoxy)acetate preserved th
same activity of thester itself even if the amount of thesterin the complex was 4 times
smaller. Thisbehaviorcan bedue to the facthat complexation may disturb the cell membrane
potential of bacteria and improve the membrane permeability afrtige
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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 overlookBuae am 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 patt@amsonflicts can

be conducted in different wayso 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 navi@sring all the aforementioned tgp

of warfare, environmental damage, habitat disturbance, noise generation, contamination, and
direct mortality of living beings occunn addition to these general effects, each of the
mentioned types of war conflicts can also have many specific Gnasd 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 teftarspecificity of the
influence of military aviation is the kof a direct collision between military aircraft and birds,
which leads to their deatfihe 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 sas based on echolocatiofhe use of nuclear weapons is very harmful to biodiversity
because nuclear explosions have thermal, kinetic, and radioactive éffemrsial and kinetic

effects often have an immediate impact on living beings, causing lethaubbethsal
consequence®©n the other hand, the radioactive effect is usually-temgn and can affect

future generationslhe use of chemical weapons during the war primarily harms humans but
can also affect other organismAthough it can be thought thatar 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 plastioten found in
numerous consumer products such as food packaging, cosmetics, adhesives and toys. Since
DBP bonds noftovalently to final products, leaching and evaporation may occur. DBP
released in the environment can thus be deposited or taken up byamndops 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 nemminase (AST), alanine transaminase (ALT) and
alkaline phosphatase (ALP) in female Wistar rats. Twémily 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, thataresponded to 6.69, 33.73 and 344d§kg BW/day Activities of

ALT, AST and ALP in plasma were determined by Diakaltolyser. Statistical analysis of
obtained data was performed usiB8FATISTICAE version 13.0 (StatSoft, Incpata from

control and treted rats were compared using @may analysis of variance (ANOVA) for
multiple comparisons, followed by Tukey pdgic tests.Statistical analysis revealed no
significant difference between control and DBPated rats. Our results indicate that DBP
subchonic 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 pagpa 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
Gabac and t he aratedion that octasiomaThe resultyg 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 hossebtali

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 anttavasnot 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 hotelsardstand fast

food restaurants in the area of Gabac. The |
gastronomy offer and estimation of the amount of waste generated. The catering sector is a
significant producer of food waste, but there is a sigaifidack 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 pakes in the offer of restaurants, as much as
43%, in fast foodestaurantd1%, 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 theategory 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 restawysiends

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 theay of thinking and raise awareness through education about the

177


mailto:dilicudovicic@vmpts.edu.rs
mailto:aleksandra.vasic@vmpts.edu.rs
mailto:jdjuricic@yahoo.com
mailto:jevticj.vts@gmail.com
mailto:jevtic.tasa.98@gmail.com

28thInternational Symposium on Analytical and Environmental Problems

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 meatgastronomyrestaurants.
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Abstract

The development and management of human resources are important aspects of building an
environmental culture in the organization. The result of adequate applich@RM (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 conceptlosely 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 wading of employees, and thus of the organization

as a whole Sustainability ensures that the organization has-femg solutions that will
improve economic welbeing in the future. Employees of the organization play a key role in

the sustainability process. There are great opportunities for human resource meanage
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 avd@cement [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 fsom 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 pitreggmvhen 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 increasemployee satisfaction and motivation for work. Green reward
systems should be designed to reflect management's commitment to environmental
performance while reinforcing and motivating employees'gmaronmental behavior [13].

The employee reward system 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 armtrinsic 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
compensabns include monetary and nomonetary 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 gamtage 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 parof 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. Nemonetary prizes include e.g. health insurance, annual vacations or
various services for employees. Most experts call thesemumetary revards 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 compiensatrategy 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 frameworkst is important that the compensation system changes in
accordance with the increasingly frequent changes in legal tieqsl5].

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 qudlifi®rkers 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 plac® 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 dign 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 successafdimpany 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 theneehproblems, 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 condititht 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 ar@ade 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 the¢aching 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 timegration 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 cae tonsidered as an appropriate framework for practical
policies.

Sustainability means ensuring a recreasing 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 ghd ofirrent supply, our

use of natural resources is unsustainable. Environmentalists claim that natural resources and
acquired capital are not good substitutes in production. The deomsikers face the demand

for moderate development and preservatiothefenvironment, 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 incentivessipaoiity programs
and salary increases for achigyienvironmental goals, while nenonetary 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 cempany
wide excellence, giving empyees 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 itetomgerformance, that
is, reward systems should be developed to produce desirable behaviors in environmental
management. An effective green reward system should be based on:

1 Rewardingthe employee for achieving environmental performance and environmental knowledge and
values.
Design special monetary and nrotonetary rewards for employees who achieve environmental goals.
Design special organizational, team and individual rewards fologews.
Design rewards for innovative employee environmental initiatives.
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 HRaficy 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 stp: Preparation and development of activity plans, indicators and measures of success

[9].

=4 =4 —a 2

181



28thInternational Symposium on Analytical and Environmental Problems

Conclusion

The national sustainable development strategy is one of the most important elements that lead
to raising environmental awareness. Sustainable develdapmenented 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 scidlefficiency 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
developmenset as an imperative of modern business influences trenpimnmental 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 shouldredakgh 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.

References

[ 1] B. -Bbbikelil Menadgment | judskih resurs
djelatnost Ekonomskog fakulteta, 2008.

[2] D. Torrington, L. Hall L, S. Taylor S. Human Resource Management, 2005.

[3] M. Festing, A.D. Engle, P. J. Dowling, I. Sahakiati&M activities: pay and rewards. U

C. Brewster, & W. Mayrhofer (Eds.), Handbook od Research on Comparative Human Resource
Management, Cheltenham: Edward Elgar Publising Limited, (2012), ppa39

4 G. Dessl er. Osnovi m egraa: D gtanStatus, 2007. j uds ki h r
[5] G.T. Milkovich, J.M. Newman. Compensations. Boston: IrMoGraw-Hill, 1999.

[6(]N. Berber, M. norlevil. MenadgmentGkaloakov
biznisa,2, (2011), pp. 749.

[7] J. Martocchio. Strateg compemsation: A Human Resource Management Approach.
Pearson Education International, 2017.

[8] J. Martocchio. Strategic compensation: A Human Resource Management Approach.
Pearson Education International, 2009, pp. 129.

[9] J. neroll ¢ wiviibir,i jGvibda F. nokovii. Odrgivost
resursa. ECOLOGICA, Vol. 24. No 88, (2017), pgb.1

[10] M. Armstrong. Armstrong's Handbook of Reward Management Practice, 3rd Edition.
London: Kogan Page, (2010), pp. 3323.

[11] M. Bhobki | . ZMé tearipp,Jumkeije, tinstitucionalni aspekti i korporativno
upravljanje. Banja Luka,: Ekonomski fakultet. 2008. )
[12] N. Arsil, J. Matijagevil, N. Berber. Kriz

[ ekol o@rlawe. (201),% t |

[13] N. Berber, M. Aleksic. Green human resource management: Organizational readiness for
sustainability. Innternational Scientific Conference the Priority Directions of National
Economy Devel opment , Facul t2014pd. 272820 n o mi c s , U
[14] N . Berber. Odr gi vi razvo,j s a aspekt a
ekonomijeGk ol a B, {2@08)) 1822 ,

[15] R. Sharma, N, Gupta. Green HRM: An innovative approach to environmental
sustainability. InProceeding of the Twelit AIMS International Conference on Management,

2015, pp. 5.

[16] S. Koral . Str at e giibezbbednoseakdonengijg.Zbereiknradovene n a d
Digitalizacija medija i ekonomija postindustrijskog doba. DOI 10.7251/BLCMES1801276K
276-292.

182



28th International Symposium on Analytical and Environmental Problems

[177 G.Gu6Gnj ar, B. L e-basediphy.in htnemn fesoruces devel®pment.
Strategic Management, (2009), 14(3).

183



28thInternational Symposium on Analytical and Environmental Problems

INFLUENCE OF SILICON ADDITION ON THE PROPERTIES OF NEW
TITANIUM ALLOYS

Cr i st i naMakish®anretzi ago J o sl@uliBClaudiadViradoscd, a
Madalina Simona Baltatu?, Petrica Vizurean?

Mechanical Engineering Department, Las Palmas de Gran Canaria University, 35017

Tafira, Spain
’Department of Technologies and Equipments for Materials Processing, Faculty of Materials
ScienceanEngi neering, Gheorghe Asachi Technical

51, 700050 lasiRomania
e-mail: julia.mirza@ulpgc.es

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. Arding to electrochemical tests in body simulation fluid, the samples’
corrosion resistance increases with decreasing silicon content since-sdi@aming samples
corrode more quickly. Electrochemical Impedance Spectroscopy measurements were
performedat various potentials, and the acquired spectra show-artveaconstant system, due

to the presence of a doullieyer passive film on the samples. The thpeat bending test for

both samples demonstrated that the values of modulus of elasticity aee tltam 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 mediepentst

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 betd@eand 30 Gpéli 3].

About 7680% of implants are made of metallic biomater[dls with Ti and its alloys being

the most widely used, as they can modifgit 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 stg3ijiy7]. The Ti6AI4V

alloy is the most commonly udealloy 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 TiMo4xSalloy by means of metallographic, electrochemical,
scanning electron microscopy, thigeint bending and microhardness tests.

Experimental

The study offour new alloys with Ti, Mo, Zr varying the composition o$i, TiMoZr,
TiMoZrSi0.5, TiMoZrSi0.75, ad TiMoZrSi], 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 &ontrolled 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 tyirsdenples for
cutting and their subsequent polishing in two stages: polishing with SiC abrasive papers of
progressive grain size from 400 1@00 grit and final polishing with 0.1 micrometer alpha
alumina suspensioithe samples are then submerged inltnasonic machine for 5 minutes to
remove all traces of dirt, and then immerse&in o Irehgérdfor 15 secondsAfter chemical
etching, the metallographic testas performedoy taking images with the metallographic
microscope,of the surface of the saies at different magnifications to characterize their
microstructure. Moreoverelectrochemical test congstin inserting a specimen into an
electrochemical cell together with Saturated Calomel Electrode (SCE) as reference and Pt
electrode as counteregitrode Corrosion potential (&r), corrosion rate @érr) weredetermined,

and Electrochemical Impedance Spectroscopy (Eifs) Pitting Potentialvere applied[9].
Threepoint bending tesivere 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 werand 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 increasédreover, in the corrosion tests,

the samplesvereimmersed in Ringer Grifols solution which simulates the physiological fluid

of the human body the results obtained were processed bZthalisoftwae. 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 coE&les.
measurements wengerformed on each speciman different potentials to obtain the Bode
Impedance plotswherethe corrosion resistance increases the more positive the applied
potential and the higher the impedance and phase angle \Asigesabtaining the polarization
curves and performing the Tffit, it could be shown that the corrosion rate increases the
higher the addition of silicorin addition,no sample was corroded by the pitting technidue

the threepoint bending test the value obtained for the modulus of elasticity of all sam[desis

than commercial alloyd-urthermore, 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 incréesksver the percentage of silicon.

Conclusion

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

After the analysis of the results, it was confirmed, in the metallographic tebiptiesicand
dendritic structureOn the other hand, in the electrochemical tests, both samples tended to
passivateapart from TiMoZrSi0.75and 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 aRoyly,

Vickers hardessvaluesincreases the lower the percentage of silmad 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 improvedamanical 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 spectromgi€@B-MS) with the aim of improving the
efficiency and capabilities of single particle KBS measurements. The system consists of a
high efficiency pneumatic nebulizer, and a low memory effect, high transport efficency
axisspray chamber whiclre curently undemanufactuing utilizing a high resolutionmultijet
(MJP) 3D printer.Both part underwent sever#lid 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
(spICRMS) is a powerful tool for the characterization of nanoparticle (NP) or cell dispersions.
This technique can provide information regarding elementalsotope composition of
individual particles, as well as the size distribution and particle number concentration (PNC) of
their dispersions with great statistical relevance. However, the standarifiSC&ample
introduction systerii which usually consists @ concentric nebulizer and a Setgpe double

path spray chambérhardly exceeds 5% transpafficiency and shows significant memory
effects whichmakes its sample consumption suboptimally high for efficient single particle or
single cell analysi$l1,2]. 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 efficiehthye spICPMS technique can be
further enhanced. The higher sensitivity, lower limit of detections, and decreased sample
consumption these accessories provide, come in handy considering tirecezasi

for determining the above mentioned characteristics of cell or NP dispersons lower
sample volumes and concentratioBgl].

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 higtspatial 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 ICPRMS (Agilent Technologies, Santa Clara, CA, USA) instrum@éihe 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). Th@qguction 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 chamlmos@s 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 IERS instrument. (2) Their@pmetry 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, thegfficiency 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 dedggif and the production technology allowed. As for the
spray chamber, an eaxis 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 clmaber 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 undisiurbe
application of the two chosen designs together was already reported in the literature a few times,
they showed reasonably highpre than once near 100% transport efficiencies [2,6].
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Figurel. The final designs of the a) @axis spray chamber b) concentric 3
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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. 9.2008l1 and

OL respectively. Il n the design process, seve
COMSOL Multiphysics software. Firstly, the pressure conditions were assessed inside of the
two components. In case of both designs, we concludeth#atre 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 irde the simulated components a few iterations per design
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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 optinal 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

Figure2. Simulation results showing the lateral gas velocity profiles a) on the
whole model b) near the nozzle, whileshows the lateral pressure distribution at
the tip of the nozzle. All plotted in the makpth plane of the model.

Conclusion

An alternative, 3D printed sample introduction system containing a concentric pneumatic
nebulizer, and a low volume @axisspray chamber equipped with sheath gas flow forN3

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 simulationsvhich 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 secondargtdiapl
distribution, and its effect on the efficiency of spHUIS 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 ntexothe predominant
contaminant in the environment. Phthalates are known endatisingting chemicals that can
directly target the ovary, potentially causing defects in ovulation and fertility.

The aim of our sty was to determine whether DBfeatmentaffects sex hormorsdevels 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, 10008, 5000 mg DBP/kg diet, that correspond169, 33.73 and 344.49
mg/kg BW/day. At necroscogytasma was collectad vacutainer tube for clinical biochemical

tests Biochemical analysis are performed in the Biochemical laboratory. Statistical analysis
was performed using STATISTICAE version 13.
treated rats were compared using @y analysis of variance (ANOVA) for multiple
comparisons, followed by Tukey pesbc tests.

Statistical analysis revksl that treatmeni doses of 100 and 5@0g DBP/kg diet significantly
decrease@strogerievels while in the group exposed t®@ mg DBP/kg diet no differences

in estrogen levelvasdetected when compared with contri@esults also showedsgnificant
decreasén progesterone levels in all treated groups compared to the control group.

Taken together, our results indicated that subchronically exposure to DBP induced reduction of
progesteronkevels while decreased estrogen level depends of dbtlkeaRtes exposure dou
possibly be an important environmental etiological factofeofiale sex hormone synthesis
disorders
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Alumina is typically refined from bauxite ore via the Bayer process, whclally
generates more than 2.7 billion tons of red fbadxite residugvorldwide, and this quantity is
still growing by 120 million tonsper annunjl]. Currently, almost all bauxite residue is stored
indefinitely in landbased redanud disposal areaseamg potential environmental risks
associated primarily with its alkalinitytherefore, the decreiag the causticity by means of
neutralizations crucialfor sustainabl@luminaproduction

Sodalite(SOD, Nas[Al 6SisO24]1 2NaX, where X can be OHCI', NO3', | CO? ! or
| SO is thedominant phasefall by-products forming during the Bayer process, beside
hematitg2]. Although sodalite can contain many different anions (depending on the medium),
the isomorph containin@H' is especially impoant concerning the alkalinity. Hence, this
study focuses on the preparation of hydroxysodalite (REBAIeSisO24(OH).) under wel
controlled conditions and the neutralization of this aluminosilicate by hydrochloric acid.

Overall, we found a synthesis metth that yields hydroxysodalite with unique cubic
morphology. Moreoverpur findings shed light on theéme duration and mechanism of
neutralizatiorof this sodalite.
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Abstract

The circular economy, as the antithedighe 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. Ithe modern world, there is an increasing use of the circular economy, in
which recycling is the leading instrumer@onsidering that the topic of our work is the
importance of the circular economy in the management of packaging waste, it is packaging
wastethat 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 produdtiotumicipal waste, in

which packaging wasteepresents a significant shafEhe 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 princigiesustainable developmenn

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 responsitylis supported by seven operators of the packaging
waste management systelfackaging 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% antbr 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 thef tveaxte
utilization and strive to increase the number of operators.

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

Modern agriculture is characterizéyy the intensive use of agricultural mechanization. Its
impact on animals can be viewed from two aspeptsitive and negative. The positive aspect

is reflected in better solutions for microclimatic conditions and nutrition on large farms, as well
as inthe 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 tie#th of animaldn 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) andsbirdose 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, peswtion, impact, animals, environment

Introduction

The connection between agricultural machinery and animals is compkgriculture by
definition involves the use of various tools (many of which must be mobile or portable) and the
application of directé 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 agrecosystem 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 environmemistraogts

[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 dld@ad area in the year 2000 [4].

The use of modern machines and devices in agricultural wdilksge, harvesting, mowing,
application of pesticides, etc., affects hunting game (rabbits, pheasants, lanad), birds as well as
grazing animals. Mostly, mech@al 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 ransmission routesAt the same time, many mechanical equipment (used in the
production chains of large livestock farms) can: improve the management of the livestock
industry, improve labor productivity, increase the efficiency of agriculture, improwgitigy

of livestock products, and reduce the burden on the environment [5].
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Experimental

Modern agriculture is characterized by frequent exposure to cultivated areas, more than ten
times a year. Heavy machinery is used for this, which leaves a footptird soil that can be
compared to the footprint of a dinosaur, it happens in a few seconds, and the elimination of the
consequences takes decades. Land loses its ecological, hydrological and agricultural function
[6]. All this is accompanied by a negagiimpact on the animals that live on the cultivated land

or its surroundings.

Because of the different plant species, the meadows are habitats for a large number of animals
such as birds, reptiles, insects, but also various game where the young arst thiedaingered

and are of exceptional value for biological diversity. Mowing contributes to the preservation of
flora biodiversity, but reduces fauna biodiversity.

1. The impact of agricultural mechanization on wild game
Agricultural machinery causes diteand indirect damage to game. Direct damage is caused by
the destruction of pheasant nests in alfalfa fields during mowing, as a result of which eggs,
young and adult females are killed. Taking into account that crop mowing is done at the time
of the mosintensive reproduction of feathered game (late spring and early summer), damages
can be significant. Rabbits suffer the most from agricultural mechanization, not only during
harvest, but also during early spring ys@ving work. In this period, the lossalso have the
greatest consequences for the rabbit population, because the female cubs from the spring birth
are potential females that should give birth to at least one litter by the end of autumn.
Indirect damage is caused by disturbing and dispersingegas a result of which the animals
migrate to quieter parts of the hunting grounds. This can lead to an increase in the number of
wild game on new terrains in a shorter period of time, and this results in increased damage from
wild game to forest and agultural crops. In addition, after cutting and harvesting crops,
significant areas are left completely bare, leaving animals without food and shelter. An
additional problem is the burning of stubble and corn fields, when game is directly threatened
by fire and smoke, and indirectly due to the complete mineralization of organic matter and the
destruction of natural food [7].
There are a large number of modern mowe€igure 1) and harvesters on agricultural land,
which are so massive and fast that ganfeoint of them has little chance of survival. A special
problem arises when a large number of harvesters work on large areas and game is found in the
environment. Then there is increased suffering because the game cannot avoid the danger. Some
modern combia harvesters and tractors have builsafety systems, which are activated when
a fawn or other game is found in front of the sharp scythe in wheat and grass [8

Figurel. Mowing with modern mechanization of a large work scope [8]

Experts recommend thavhen mowing the meadow, move from the middle to the outer parts.
By mowing directed towards the center of the meadow, game is forced into a trap where it is
very likely to die Figure2). For those who have meadows on a particularly long area, especially
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along the road, it is advised to mow from one side to the other, so that the game has the
possibility of sheltering on the neighboring plot, but not on the road. Large areas should be
divided into several smaller ones where mowing from the center outisaald® applied.

Fd

a

(a) (b)

Figure 2. An example of incorrect (a) and correct (b) mowing of a meadow [8]

Cultivation of monocultures on large areas, with the use of heavy and fast mechanization, as
well as the application of artificial fertilizers @mplant protection agents, have brought certain
species of game as well as some protected species of animals in nature to the brink of survival.
A special problem is the use of pesticides. Harms to wildlife from pesticides can occur directly
by ingestion 6contaminated food or water, by inhalation and/or through the skin [8].

2. The impact of agricultural mechanization on domestic animals
In modern conditions of agricultural production, efficient and economical harvesting and
preparation of fodder crop®if livestock feeding is unthinkable without the use of suitable
highly productive machines, which differ in construction, capacity and quality of work. For
corn ensiling on family and commercial farms, g@ibpelled harvesters of domestic and
foreign mantacturers are used [9].
In this way, larger and better quantities of food for animals are provided, which is one of the
indirect positive effects of agricultural mechanization on domestic animals.
The robotic husband is becoming more and more common braBéamily farms and solves
the problem of finding workers to work on the farm. The milking robot enables a reduction of
the tdal working time on the farm by 3®0% because milking is performed without human
intervention, except for occasional supervisiohich causes less disturbance to the animals.
The robot gives freedom, so the cows can be organized in triple or quadruple milking. It is a
relief for the cows because they do not have to candQligers of milk in their udders, but are
allowed to eter the robot for 8 hours. There is no dry milk, so the robot stops milking when
the milk flow stops, which is very good for the health of the udder. This can be adjusted by the
stage of lactation, or by milk production, or by both criteria.
In the begiming, it is best that the cows come to be milked as often as possible. The economic
profitability is that it should be 10 liters per husband. Before milking, the cow's udder is washed
with lukewarm water, the camera, the milking kit are also washed, aimdedtion is carried
out so that everything is sterile for the next milking. It is necessary that the number of milkers
corresponds to the cow, which stays in the robot for about 6 minutes, with everything going in
and out, and the milking itself lastsat 3.5- 4 minutes per milker.
In the robotic system, it is also an advantage to balance nutrition, literally to the gram, in order
to know with certainty that the cow has eaten exactly what it needs. Based on certain indicators
in the milk, it is possild to regulate what the cow needs to eat. There is a certain difference,
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because not all cows consume the same amount of food, and this certainly affects the quality of
the milk [10].

3. The impact of agricultural mechanization on birds
During soil cultivdion, as a result of the action of agricultural mechanization, a large number
of birds and young birds are killed, most often by destroying their nests on the ground or in low
vegetation, on or near cultivated areas. Nests suffer the most from mowees\axldrs, and
many of these birds can be used as protection (biological control) of organic orchards and
vineyards.

Results and discussion

The paper covers only the segment of negative impacts of agricultural mechanization on
animals- hunting game androundnesting birds.

One of the ways to prevent the suffering of wild game from agricultural machinery is the use
of modern equipped mowers with biiit infrared game detectors that react to their heat and
automatically stop the operation of the machM&rowave sensors are also used, which send
microwave rays towards the ground, and they are reflected from objects with a high water
content (an animal's body contains@Dpercent water).

In developed countries, there is also the practice of using sinvitle infrared cameras that
detect the presence of any living creature in the field and thus warn the farmer to react [11].
The use of mechanical scarecrows made of chains hanging from a steel structure placed in front
of the rotary mower is also effecéivin the Republic of Serbia, according to the Law on Game
and Hunting, Article 22, it is stated that it is forbidden to harvest and mow with agricultural
machines that do not have bdittdevices for driving away or scaring game [12].

Research conducteéa the Czech Republic indicates that the problem of destroying the nests of
groundnesting birds can be alleviated by marking the nests with long bamboo poles whose tip
is marked in red or orange. The experiment was performed on 52 pairs of bird neststhat

on the ground one marked and one unmarked (reference), lasted three years and showed
positive effects of protection against the effects of agricultural mechanization [13].

Conclusion

The results of research into the impact of agricultural mech@mizon animals unequivocally
indicate that this impact is significant. Special attention should be paid to the negative
consequences and the way of their prevention and elimination. In eliminating those
consequences, the application of new technologassdon the use of drones equipped with
thermal imaging cameras plays a significant role. The positive effects are mainly related to the
feeding of domestic animals on large farms, the use of robotic systems for milking cows, as
well as the important role the prevention and control of zoonoses.
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Abstract

Hierarchical cluster analys{BiCA), as a chemometric pattern recognition method, was applied

on chromatographic data of triazine derivatives. The triazine derivatives (8 compounds) with
cyclic and acyclic substituents were analyzed applying revguisase ultra high performance

liquid chromatography (RBHPLC). The chromatographic analysis was carried out on C18
and phenyl columns with binary and ternary mobile phases (methanol/water, acetonitrile/water
and methanol/acetonitrile/water) with variations in fractions of the modifierthémel and
acetonitrile) in the mobile phag#&-3]. The retention behavior was described by]dogko, Co
andSparameters. Prior to HCA, the retention data were normalizetifeynaxnormalization
method. The HCA was carried out by using Python prodrased on Euclidean distances and
War doés algorithm. Based on the obtained den:
separation of the triazine derivatives based on the presence of acyclic and cyclic substituents in
their structure. This indicatesatistically significant retention behavior of these two groups of
triazine derivatives in the applied chromatographic systems.
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Abstract

In the framework of the research, ase@ssment of the future amount of waste sludge that would

be generated after the construction of the planned 200 waste water treatment plants (WWTPSs)
that should be built on the territory AutonomousProvince ofVojvodina in the Republic of

Serbia was caied out.It is estimated that the annual production of waste sludge will be slightly
more than 81 thousand tons (diydge) per yeaiThe methods of sustainable use (circular
economy of sludge) and the method of safe disposal of sludge resulting fraewatas
treatment were alsanalyzedStarting from the possible use imAerobicDigestionprocesses

for recharging biogas, the residual sludge fromaérobicDigestionis excellent for use in
agriculture. Welwatered sludge can also be used in the cepredluction industry, or if the
sludge is burned (to reduce the final amount of waste), the ash can be used in the construction
industry for the production of bricks or concrete/mortar, and finally sludge has potential for
possible use for recharging bid, bioplastic etcFinally, there is a real potential for the use

of waste sludge in AP Vojvodina

Introduction

Due to Serbia's need to reach the EU water treatment and protection standard and Water
framework Directive goals, the construction of ab@® WWTPs on the territory of
AutonomousProvincei AP Vojvodina is planned. Wastewater contains a large number of
different compounds, such as solid matter (2200 mg/l), dissolved matter (HPK 23000

mg/l), microorganisms, nutrients, heavy metals amdro-pollutants [1]. As a result of
wastewater treatment, on the one hand, water that is safe for discharge to the water recipient is
obtained, and on the other hand, waste sludge remains, which represents a mixture of water (in
different ratios of 2805%), living and dead microorganisms, organic matter , organic and
inorganic chemical compounds [2]. This recharged sludge must be transferred so that it can be
disposed of safely or it can be used for recharging energy, biofuel, bioplastics, as a fertilizer
agriculture, etc.

Waste sludge created at WWTP can be divided according to the type of technological process
in which it was created into primary, secondary (or biological) and chemical. Raw sludge is
sludge that has not yet undergone biological or ate&ntreatment to remove or reduce the
concentration of solid and organic matter or pathogens. When sludge treatment is carried out,
the soecalled treated sludge (eng. biosolid) which can be classified by treatment, such as: ()
Aerobically digested; (IPAnaerobic digestion AD); (lll) Alkaline stabilized; (IV) Composted;

(V) Thermally dried.
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Amount of sludge produced

Determining the amount of sludge that will be generated at the WWTP is very important for
the design of the system for the reception, treatrand disposal of sludge and for the treatment

of waste water [3].

The best approach for estimating the amount of sludge generated is to base it on data from
similar plants (size, technological process, wastewater characteristics) and the expectéd amoun
of wastewater for treatment. The specific weight of the sludge can also be calculated using the
following formula (formula I wehere SS is: suspended solids) [4]:

Y Qo RQUB D a6 QR 5 (1)

8

Incorporation of solid materials is also known as solids capture. It is usually expressed in
percentages to show the effectiveness of incorporation of solid materials in thevbaxy,

will then be treated in the following stages of the transformation. Solid matter loading
[kgSS/day] can be represented by expressions 2 and 3 [4]:

0" QQY GYH LR & 6 QO & IR 0 0 1004 YEEXN® & 6 Q°QQ @)

YW E I G0 QRO YR YE a AN 0 6 1'AR QU SYBEEXDR & 6 QQQ (3)

Table 1- Characteristics and quantities of mud produced by different procejgges

Technological 0Cess | Karakteristike proizvedenog mulja iz otpadnih voda
9 P Sludge mass Sludge Volume

WWTPs SS content (%) (gDS/ ESAd ay (L/PERay)
Activated Sludge

1 Primary Sludge 27 6 357 45 0.671 2.2
1 Secondary Sludge 0.67 1 2571 35 2.57 6.0
q{ Total 172 607 80 3.11 8.2

Activated sIudg_e with 087 1.2 407 45 337 5.6
extended aeration

Aerated lagoon 61 10 81 13 0.08i 0.22

Production of primary sludge

The amount of sludge generated during the primary treatment depends primatilg on
efficiency of the removal of suspended solids (SS) in the primary settling tanks. The typical
efficiency in removing od SS in primary flocculation machines is 60 to 65%. the trace of SM
removal can be related to the time of hydraulic retention orutiace overflow of the primary
clarifier (engl. primary clarifier).

Production of activated sludge

In the activated sludge process, important variables in the quantification of the produced sludge
are: the amount of removed substrate (COD or BOD), the mhassroorganisms in the system

and nonrbiodegradable inert SS. The calculation of the net growth of biomass and the amount
of waste activated sludge (WAS) is carried out using expressions 4 and 5 [5]

0 &Y Y Q& ()

wdYO O O (5)
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Px-net growth of biomass expressed as volatile solid substances (VSS, kggdds¥ vyield
coefficient (kg/kg); - Influent substrateGOD or BOD kg/d) ;S- Effluert  substrate

(COD or BOD kg/d);ks- Coefficient of endogenous decompositionl{dX-Biomass at the
aeration pool (MLVSS, kg)

Solids Retention Time (SRT), also known as sludge age, is a very important parameter in the
process of biological purification withctivated sludge. SRT represents the average retention
time of sludge in the system and is represented by taxes.

Results and discussion

Quantity of sludge rechargeed from WWTPs in AP Vojvodina

Management of sludge produced at WWTPs represents one ob#tdlifficult problems to

be solved. Sludge produced at WWTP represents only a few percent of the volume of processed
waste water (after dewatering and condensation), but its treatment and disposal make up to 50%
of total operational cost3.0 calculate th (theoretical) amount of sludge that will be produced

as a result of wastewater treatment, we will use the data from table 1

Tabe 17 WWTPs capasity in EP Populationequivalentoy regions in AP Vojvodingb]

Region Total capacity [EP]
West Bal ka 388.200
North Bal ka 280.000

North Banat 237.620
South Bal ka 879.500

Middle Banats 214.300

South Banatska 394.000

Srem 403.900

Total 2.797.520

Tabe 27 The amount of sludge produced from WWIiR AP Vojvodina byregions
Sludge production i WWTPs [tons dry sludge]

Oblast Total capacity [ES] daily annually
South 879.500 70 25.550
South Banat 394.000 32 11.680
Nort h 280.000 22 8.030
North Banat 237.620 19 6.935
Middle Banat 214.300 17 6.205
Srem 403.900 32 11.680
WestB a | k 388.200 31 11.315
Total 2.797.520 223 81.395

The value of waste sludge in the context of the circular economy

Increasing the amount of sludge from wastewater treatment is a global problem in the context
of population growth and adequate sanitaitgction. Although sludge is considered waste, it

can be used as a source of energy or resource, thus replacing an equivalent amount of material
and/or energy that should otherwise be provided fromranawable sources. The treatment

and disposal of slge is very important for the protection of the environment, because of
possible organic pollutants, heavy (and toxic) metals and pathogens that can linger in the sludge,
which can cause health problems.
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The circular economy represents the antithesis eftievious linear model of the economy,
which implies the uncontrolled exploitation of natural resources and the flow of materials from
the factory through the user to the landfill.

According to the Ellen MacArthur Foundation (EMF), the circular econ@mieconstructive

and regenerative by design and aims to make products, components and materials maximally
useful and valuable at every moment [7]. Because of the legislation that limits the disposal of
sludgeat thelandfills, as a method of sludge rembuaany researchers have tried to find
ecologically sustainable ways to reuse sludge. The European Commission considers that "as
waste becomes a resource that returns to the economy as raw material, then much greater
priority must be given to reuse and yeling" [8]. The reuse of sludge as a raw material in
various industries represents an excellent way of managing waste, having in mind the concept
of circular economy. Taking into account the fact that the organic components of the sludge are
a significantresource in terms of energy and nutrients that are waiting to be used, a study carried
out in 2015 by the International Solid Waste Association (ISWA) [9] shows that in the context
of the circular economy, the benefit of energy and fuel recharged frote sabat they can
replace other energy resources and limit the associate@@iSsions.

Nutrientsreuse

Considerable amounts of nutrients (approximatelyi @B% phosphorus and 2%.0%
nitrogen) are found in sludge, in the form of proteinaceous mistéhat can be used for
fertilizer production. The return and recycling of phosphorus is considered a possible pilot, i.e.
case where it can be "proven that circular principles function in practice" [7]. Crystallization is

a process that is used to recoposphorus from WWTP in the form of struvite (NHgPQy).

In the research [10], referring to municipal waste water, TSS fro1802K6g/EP/year. and
tangential fraction from the appropriate fermentation of celluloid mud, it is estimated that 0.07

i 0.15 kg/BJ/year can be produced. struvita, which corresponds to income froni 0.03

U /Phear.

Construction material

Complexes of organic carbon and inorganic composites from mud represent the source of
valuable materials that can be transformed into produsth ss artificial lightweight
aggregates, clay, bricks and glass by means of thermal processing. For the production of bricks
and cement, mud can be used directly without burning. Supplying sludge in its raw form to
cement production can be an alternativexisting methods, eliminating some expensive and
energyintensive phases of sludge treatment/disposal. Even more important is that
environmentally harmful waste can be turned into a safe and stable product.

Biogas

The primary source of energy at the WW/iE biogas produced by AD reactors, with a content

of methane (5070%) and carbon dioxide (BB0%), as well as some trace nitrogen, hydrogen,
hydrogen sulfide and water vapor. AD is one of the most used technologies for the production
of biogas at WWTPsTaking into account that biogas can be used to recharge electricity and
heat energy, water vapor and other purposes, its production and maximum utilization are of
essential importance.

Conclusion

When it comes to wastewater treatmemiVojvodina, thesituation is very bad. About 20%

of total wastewater (municipal + industrial) is treated, and waste sludge is deposited in landfills.
Since there is no legal regulation related to the treatment and disposal of sludge, there is no way
to use it efficientlyand safely, especially in agriculture.

Because of the EU accessiosks Serbia must make great efforts in water management, and
waste water treatment plays perhaps the most significant role.
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As part of the effort to improve the current situation, thelgt'Investigation and development

of the AP Vojvodina waste water collection and treatment model" [6] was conducted, which
considered the settlements behind which the WWTP will be built, as well as the required size,
treatment technology, et¢he constration of 200 WWTPs for the territory of Vojvodina is
planned.As shown in table 2, the planned WWTP should be sufficient for the treatment of 2.8
million PE which is considered sufficient considering the growth of population and industry in
the next 30 pso years. Based on these parameters and the data from table 3, it is estimated that
the annual production of waste sludge will be slightly more than 81 thousand toski(dy)

per year.

When it comes to the EU, data on the useaxte sludgand theechnologies used vary widely.

It is estimated that in 2008, more than 10 million tons of dry sludge was produced in 26 EU
countries, of which 36% was used in agriculture. However, 5 out of 26 countries (Germany,
England, France, Italy and Spain) contrdaitas much as 75% of the total amount of sludge
production [11].

It canbe concludel that there is a real potential for the use of waste sludég® Mojvodina.
Starting from the possible use in AD processes for recharging biogas, the residual sludge from
AD is excellent for use in agriculture. Wellatered sludge can also be used in the cement
production industry, or if the sludge is burned (to reduce the final amount of waste), the ash can
be used in the construction industry for the production of backencrete/mortaiand finally

sludge has potential f@ossible use for recharging biofuel, {ptastic etc.

Of course, not all applications are equally economically profitable in the cése Bepublic

of Serbialeven regionally), so a detailed LCAalysis is necessary to select the most profitable
use, and this is beyond the scope of this advice.
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Abstract

Rosehip Rosa caninajs a modest plant in terms of the requirements and conditions of growth
and cultivation, so it has a very wide distribution area and belongs to the Rosaceae family.
However, rose hips are a real treasure trove of vitamin C, where certain selections can contain
up to 5 g of vitamin C per 100 g of fruit. Rosehip is extremely nck,icarotenoids lycopene

and B carotene, invert sugar and sucrose, pectins and tannins, and the oil and phospholipids
found in rosehip oil. It is mostly collected from natural populations, and there are very few
plantations under sipura, although there @ood conditions for it. Many rosehip clones have
been selected in the world, both from the Japanese Rasa (fugospand from the dog rose
(Rosa canina During 2022, the level of vitamin C was measuredtha genotypes at the
Sombor locality and thevariations were from 237.4 to 1752 g of vitamin C. The clones are
largefruited, very robust, with few or no spines, especially on the part of the shoot where the
fruits are placed, so harvesting is much easier. Several such clones originating frontthe Cze
Republic are propagated and grown in Serbia on rather modest areas. The reason for this is the
lack of information on the part of producers, the lack of planting material and the lack of interest
from buyers. In the last few years, however, there has begrowing interest in rose hips as
organic food. Rosehip can be grown as a subculture with walnut or as an intercrop with apricot
or peach. Harvesting of rose hips for processing is done at full technological maturity, i.e. when
the fruit is completelyed. Rosehip ripens at the end of August and the beginning of September.
Harvesting is done by hand in auxiliary vessels, and then it is delivered to shallow open vats in
which it is delivered to the market. Exceptionally, rose hips can be packed irastid pbhgs

with a volume of €10 kilograms. Considering that one wkHipt bush can produce &
kilograms or more, that is, the yield per hectare can be around 10 tons or more. The exploitation
period of -2ggyeggsur ka i s 20
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Abstract

The process of radon magion from the Earth's crust is a complex process and depends on
several parameters, such as: soil permeability, radium and uranium concentrations in soil,
presence of cracks, variation of temperature and pressure, and other environmental parameters.
Radonpriority areas are common defined in two ways, the first is by direct measurement of the
radon indoor concentrations, and the other by indirect testing of radon in the soil and geological
parameters, all to find a dominant transport of radon to theant&frbuildings. In this study a

new method for estimation geogenic radon potential was developed. Based on the percentage
weight of fine fraction in soil samples and measured radon concentrations in soil, the geogenic
radon potential was estimated. Thegwsed method was applied in two distinguished regions

of Serbia with different geological substrate and the obtained results were discussed and
compared in this study. Soil gas radon concentrations vary between 5 and 83 ikBpating
variability in radium and uranium content and soil granulation related to different parent soil
lithologies.

Introduction

Radon maps that aim to labels ragwone areas in Europe are most often defined through

radon in soil measurements and geological paramdig2sJ. Geogenic radon potential GRP

could be estimated using the soil granulometric composition which affects soil permeability for
radon and the presence of radon in the 3bié methodology oGRPdetermination proposed

in [4] which is based on radon indexaccording to the weight percentage of fine fraction in

soi l (particles smaller than 65 Om) and rad
Soils with the weight percentage of the fine fraction below 15% are classified as high
permeable, in theange 1565% as mediurpermeable, and in the case of the fine fraction above

65% as low permeable.

Table 1. Assessment of radon index (risk) [4]

Rado.n mdex Soil gas radon concentration C [kBd[m
classification
Low C<30 C<20 C<10
Medium 300C<10 200C<70 100C<3(
High CO100 CO70 C030
Low permeability pel\r/lgggjl;rillity High permeability
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A method that includes soil permeability estimates and radon in soil concentration
measurements was used to assess radon potential for the firsh toue negion, mainly in
Vojvodina region the Northern Province of Serbidojvodina region (Northern Province of
Serbia) isadistinctlyflattened lowland with altitudes of 68 to 120 m that belongs to the southern
parts of the Pannonian Basin.was mogly formed at the beginning of the Miocene by
deposition of marine sediments: conglomeraszg)dstones, marls, and clayduring the
Pliocene, the Pannonian Sea has been transformed into the Pannonjan &dakstem of lakes

that are more like ponds @swamps. At this stage, in Vojvodina part of the Pannonian Basin
deposited a large amount of sediment (paludal lesemnsl, sandy siltstones, siltstonasd clay)

[5]. And finally, in the Pleistocene (Quaternary eth® aeolian process during the irggacial

formed light sediments loesshe most important parent substrate in Vojvodina, on which the
agricultural land was creat¢@l .

To examine the effect dithological types toGRP, study was continued on three locations
(Sokolica, Grabovac and Raiet) near the town Kosovska Mitrovica on the south wwhic
belongs to Vardar's zone withleanic rocks irthegeological substrateThis isahilly terrain
with an elevation from 520 to 720 m a.s. |. c
and mining complexes of Europe, included 40 mines, several flotation tailings, smelters and
few factories. The local geology is characterized by numerous rocks like schists, sandstones,
phyllites and quartzites formed in the Paleozoic era and magmatic rook3fiassic (diabase,
basalts and serpentinites). Quaternary fluvial and alluvial deposits overlap the terrain along the
River lbar valley[7]. However, vulcanite from Miocene (dacites, andesites and latites)
dominate in the study area with sedimentacksoof the Jurassic age such as marls, sandstones,
shales and argillites. Hence, in the geotectonicsaiginic termgxamined are& characterized

by different vertical movements forming a network of seismogenic fthdixlassifiedit as a
moderate gemic ared8, 9].

Experimental

On 17 locations covering several geological units, the soil gas radon concentrations were
accompanied by gamma spectrometry analysis of soil, indoor radon measurements (active and
passive testing), and particle size dmition of soil sampledndoor radon concentrations in

selected houses were determined by several methods: passive by charcoal canisters or CR39
track detectors or active with the RALDurridge Company Incradon monitorRadon in soll
concentrations we measured by RADA&ctive devicaisingsniff mode andyrab protocol. The

stainless soil gas probe was inserted to the depth of 80 cm from which 3.5 | of soil gas was
extracted during the pumping (the airflow rate was about 0.7 /i80i) samples were kan

from the given location, as well as stone, which was probably used in the construction of the
house for gamma spectrometric analysis of radionuclide content. These samples were dried to
constanmass crushegsievedandpacked in plastiboxes ofcylindricalgeometrywhich were
hermetically sealed and left for 40 days to establish a secular radioactive equilBaomma
spectrometric measurements were performed with HPGe detector GMX type, with a resolution

of 1.9 keV and a nominal efficiency of 32%he passive protection around the detector is made

of 12 cm thick lead. Gamma spectra were collected and analyzed using Canberra Genie 2000
software Gamma lines of first daught&¥Th were used to determine the activity concentration

of uranium 2%U. A particle size distribution analysis was conducted using a Malvern
Mastersizer 2000 Particle Size Analyzer <capse
2000 Om. Based on particle size analysis the
5002000 Om), med5 @WOn Gma)nd fi2vd Dan) d6 As652 .tEm) 3. % n
clay (<3.9 Om).
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Results and discussion

Based on the obtained values of the percentage weight of fine fraction in soil samples and
measured radon concentrations in sbi, geogenic radon potential was estimated according to
the criteria given in Table 1, and the results for the tested sites are shown in Table 2. GRP
estimations are compared to maximal indoor radon concentrations measured in the neighboring
houses and aefity concentrations of radium, thorium and uranium detected in soil.

Table 2. Maximal indoor radon concentrations and radon in soil concentrations with radium,
thorium and uranium concentrations in soil samples collected from the surrounding areas of
houses with a percentage of fine fractions and GRP estimations

. fine
22 22
Location in(?zgr [;26/%&] [;32;|'kh] [BZ 3}: l 2EorillIn (frictGiog GRP
[Bg/m?] a/Kg a/kg a/kg [kBq/m?] "
Sremska .
Mitrovical 135(49) | 29.8(1.4)| 44(3) <40 32.2(2.8) 4193 Medium
Sremska .
Mitrovica 2 380(6) 33(5) 47.2(2.9)| 31(12) | 25.1(25) 4561 Medium
Sremska .
Mitrovica 3 133(49) | 39.4(1.9)| 46(10) <70 35(3) 4599 Medium
Bal ki )
Petrovac 334(11) 37(6) 53(3) 25(11) 46(3) 59.49 Medium
Kulpin 144(6) 30.0(2.5)| 41.3(2.1)| 24(8) 12.8(1.7) 4535 Low
Petrovaradin 173(10) | 28.8(1.9)| 35(6) 34(7) 10.5(1.7) 42.06 Low
Gaj kg 26(4) 33(3) 34(6) 51(13) 5.0(1.2) 5114 Low
Begkgdg 79(6) 24.2(1.4) 34(8) 26(21) 9.0(1.5) 40.28 Low
Novi Sad 1 110(7) 23.0(2.2)| 28.8(2.6)| 15(8) 21.7(2.3) 29.48 Medium
Novi Sad 2 90(6) 23.8(1.8)| 24.8(21 <12 5.9(1.2) 4281 Low
Kikinda 54(6) 17.6(1.4)| 27.4(2.0) <16 8.8(1.5) 35.27 Low
Novi B 238(63) | 26.3(1.7)| 31.5(2.0)| 37(5) 8.8(1.5) 3844 Low
Lonop 262(9) 33.8(20) | 32(10) 28(9) 12.6(1.7) 66.25 Medium
Sombor 384(78) 38(4) 45(10) 34(8) 1.1(0.6) 64.62 Low
Sokolica 36278) 61.5(1.7) 88(3) 1558) 81(5) 26.68 High
Grabovac | 926(199 | 67.9(0.9) 83(3) 134(7) 28.7(2.7) 28.78 Medium
Rudare 2843217 | 50.3(1.0) | 79.4(2.8) 106(6) 7.5(1.3) 3237 Low

The activity concentrations of natural radionuclides in three soil samples from Kosovo and
Metohija are above the usual values for agricultural land in Vojvoftinavhichthere is a rich
system of measurementl]]. Also, the particle size distributions for these three soil samples
areshiftedtowards a larger fraction (Figueé) andbased orthathigher soil permeability and
higherGRPcould be expecteddowever on Gralovac and Rudare locations moderate and low
radon concentrations in soil were detect@B. N Z kBq /m® and 7.5 N3 kBg/n?,
respectively)whichimplies the moderate and low radon risk indearge variations imndoor

radon concentratiom the house in Rdarecan be explained by the existence of a deep fault
zone and a seismotectonic zone in the vicinity of Kosovska Mitrovica that allows the transport
of radon through craclduring the mining or other seismic activitiéslike thesoil in Kosovo

and Metdija, the land of Vojvodina has granulation shifted to a finer fraction and thus the
assessment of the radon potential to moderate and low.
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Figure 1. Particle size distribution of soil sample from Grabovac near Kosovska Mitrovica

Conclusion

The estimatedeogenic radon potential of the sites shows the previously stated claims that the
indoor radon concentration is not closely related to the estimation of &&erding to
obtained measurements and soil type comparison it was point out that in soilsteddimnm

the oldest (volcanic) rocks the particle size distributions are removed towards a larger.fraction
unlike to youngest lithological types of soils (alluvium and loess) which particle size
distributions are shifted to the fine fraction. The pagtisize distribution is one more factor
which can be used in radon potential estimatidh& need for further radon investigations in

the mining area of Rudare is emphasized according to the obtained high radon levels in houses.
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Abstract
Aquatic ecosystems are strongly exposed to various micropollutants from agricultural origin.
The harmful effect can be expressed directly on aquatic organisms and indirectly through the
food chain. The use of ecotokicassays mainly in aquatenvironments, and corresponding
water quality assessment are undoubtedly important. Project Aquafluosense was designed to
develop instrument prototypes of a fluorescebased setup fan situ measurement of algal
biomass and for application of flurescenin ecotoxity assays. Fluorescenbased
determination of algal density was validated by conventional methods and signals obtained by
the fluorometer correlated well with the conventional methods for algal density determination.
The applicability of tle fluorometer developed was demonstrated in ecotoxicity assays using
the herbicide active ingredient isoxaflutole in neat and formulated forms.

Introduction

The ompostion and quantity of the algal biomass are essential indicators of quality and
ecologi@al status of natural water bodies and aquatic ecosystems. Micropollutants of
agricultural orgin, including pesticide active ingredients,-foomulants, mycotoxins and
fertilizers, can enter the surface water system by leaching and runoff, and can dindctly
indirectly trigger adverse effect on aquatic organisms and human health via contamination of
thedrinking water base [1].

Algal biomass, as an indicator of water quality and ecotoxicological efteside measured

by several techniques. The most ecoamly applied methods include the determination of algal
cell numbers by microscopy and optical density (OD) by spectrohotometer, measurement of
dry mass and the main photosynthetic pigment content of algal cells [2]. The primary source of
endogenous fluescence in algae is theduced fluorescence signal by chlorophylls
responsible for photosynthesis [3]. Thus, efficiency of phutibesis can also be charactedz

by fluorescence induction kinetics describing changes in the photosynthetic process and the
physiological state of algal cultures [4]. Monoculture of various microalgal species (e.qg.
Raphidochelis subcapitatare often used as test organisms in ecoityxassays to determine

side effects of agricultural pollutants.

Isoxaflutole (5cyclopropylisoxazot4-yl-2-mesyt4-trifluoromethylphenyl ketone) is an active
ingredient in several commercially available herbicidal formulations for preemergence control
of weeds. The mode of action of isoxaflutole is tobit the enzymed-hydroxyphenylpyruvate
dioxygenase. As pigment inhibitor, itblocksthe biosynthesis of carotenoid pigments, which
protect chlorophyll from decomposition by sunlight. Thalslorophyll pigments are photo
oxidized chloroplasts break dowand as a result tlentireplantnecroizes andeventually dies
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[5,6]. Isoxaflutole was first registered for use on corn in 1999jtamalsalsoregistered in 2020

for use on geneticallynodified (GM), herbicideresistant soybean. The US Environmental
Prottection Agency is presently considerian application to register isoxaflutole use on
herbicideresistantGM cotton [5,7]. With introduction o6GM crops in agricultural praices,

the application rate anthe amount ofthe correspondingctive ingredienincreases, as the
word-wide application of glyphosat®n glyphosateesistantcM cropsshowed [8].Due to its
increasing useisoxaflutole has been detecte@s emerging pollutantsn surface waters
together withits metabolites of diketonitrile and benzoic acid, [@hdit has been classifieas

a persistent water pollutastibstancgs].

The aim of this study was to determine the ecotoxic effect of isoxaflutole herbicide active
ingredient by the conventionally applied guideline for growth inhibition angsmgthe newly
developed instrumerior investigatng the biomass and the efficacy of the PSII photocemical
system of microalgae. The instruments were developed in the frapnejeftAquafluosense
(NVKP_16-1-20160049) The project strateggpplied induced fluorescence assignalto be
detected, and utilize it for a range of purposes in water quality anflgsikl]. One of the
purposes is ecotoxicity assessment of plant protection products (PPPs). PPPs contain, i
addition to the active ingredients, variowsdditives,co-formulants which are considered to

be inert from the point of view of the main biological effetthe PPP. Nonethelesaimerous
studies have confirmed higher toxicity BPPformulations thanof the active ingredients
themselves, suggesting additive or synergistiects betweethe active ingredients anthe
additives in different formulations [12]n the present work we report the use of our novel
fluorometer prototype detecting algal density in water for the assessment of algal toxicity of
agrochemicals.

Experimental

The model green alga speci&s, subcapitataKorshikov (NIVA-CHL1) was obtained from
public collections. Monocultuseof test species were maimid and diluted in Z8 medium
[13]. Ecotoxic effect of isoxaflutole (Figure 1) and its formulat&Ps (Merlin Flexx and
Merlin 750 WG) were determined by the OECD 201 guideline [14] and by the newly developed
fluorescencébased instrument. The active ingredient content for Merlin Flexx and Merlin 750
WG are 20.3% and 75%, respectively. Beside the aatigeedient, bothPPPscontain ce
formulant agents at different concentrations (Table 1).

Table 1. Ceformulant agents in isoxaflutoleased plant protection products (Merlin Flexx and
Merlin 75 WG) investigated in this study.

Plant protection product

Merlin Flexx Merlin WG
co-formulant concentration (%) co-formulant concentration (%)
cyprosulfamide 20.3 kaolin 57 15
benzisothiazal . other ingredient; .
3(2H)one 0.005i 0.05 (nonhazardous)  tg 107 20
100%
alkyl polyglycoside 1-5

The response ohe guideline applied is the reduction of growth in a series of algal cultures
exposed to different concentrations of test substances. Growth and growth inhibition are
guantified from measurements of the algal biomass with determination of optical dedsity a
chlorophylta-content by spamophotometerV/VIS Camspec single beam M330, Camspec,
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Crawley,United Kingdon). For he quantification of chlorophyd o nt ent tfdineulaFe |l f © |
was applied [15].

CF3

Figure 1. Chemical structure tife herbicide activengredientisoxaflutole.

For the determination of adverse effect of test substances on PSllhgiocal system and

vitality index, the newly developed, fltmscencérased instrument, FluoroMeter Module
(FMM) was applied. The FMM [16] was also equippatth an instrument capable of
accommodating standard size-®@6Il microplates (Figure 1b). The FMM instrument allows

the recording of conventional Kautsky induction kinetic curves, which were simultaneously
detected at two maxima of CGhlfluorescence. Ehinstrument was equipped with laser diode

(10 mW) as excitation source providing excitation wavelergit 635 nm. Detection was
perfomed at 690 nm (s = 10) and 7 3l mcroplagegpa = 1
holder was developed that allows p&ehldetermination of samples. The photochemical
efficiency of the algae photosynthetic system PSIl (Fv/Fp, where Fv refers tarinble
fluorescence, while Fp refers to the peak of the fluorescence) and changes in the fluorescence
decrease ratio (Rfd= Fg/Fs, where Fs is the observed st&tdyfluorescence and Fq is the
fluorescence quenching capaaiculated as Fps) charaarized the photosynthetic activity

and vitality index, respectively [17].

Validation of fluorescenebased method was performed by comparison with other methods
and correlation coefficients fRralue) were determined. A thréeld dilution series of six
concentrations of greerR. subcapitatawere used for quantitative measurements. OD,
chl orophyl | cont ent and cell concentration
concentration, together with the determination of the fluorescence signal intensitgeshes

FMM. ODs were measured at 750 nm with a GAldec.M33 UV visible spectrophotometer.
Chlorophyll was extracted and measured following the method of Wetzel et al. [18]. Samples
were placed in a B¢grker chamber malmbophotel | nu
microscope at 20x and 40x magnifications.

Results and discussion

Ecotoxidaty assag wereperformed to determine the effects of isoxaflutole and its formulated
products on the growth &. subcapitatdoy measurement of OD and chloropkgltorient in

the algal growth medium. The same trend in toxicity determined for both parametehst

are recommended by the OECD 201 guideline. Isoxaflutole was determined as the most toxic
component (E€OD = 0.034 mg/L). Cdormulants in Merlin Flexx (cymsulfamide and 1;2
benzisothiazeB(2H)one) decreased the toxic effect of the active ingredient by nearly over
200-fold (EGs00OD = 33.7 mg/L), as the isoxaflutedzuivalent EGo value was 6.84 mg/L. An
ECs00D value of 0.20 mg/L was determined for -b@visothiazol3(2H)}one, while
cyprosulfamide, used as a herbicide safener for isoxaflutole, did not exert algal toxicity below
its OECD limit test value (100 mg/L). For Merlin 750 WG ansgaD of 0.64 mg/L was
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determined indicating a somewhat weaker (oreoof magnitude) decreasing effect on the
toxicity of isoxaflutole by the additives (e.g. kaolin) present.

Determination of two photochemical parameters (FWHotochemical efficiency of PSII
photochemical system and Rfdvitality index) were determied by the newly developed
fluorescencébased instrument. Both parameters characterize the functioning of the PSII
photochemical system in green plants. The Fv/Fp parameter was not found to be good in
ecotoxicity studies. However, B&£values of the Rfd pameter EG were determined to be
0.015 mg/L, 27 mg/L and 0.6 mg/L for isoxaflutole, Merlin Flexx and Merlin 750 WG.

For validation, results showed strong correlation among different methods applied for
determination of algal biomass. The correlation stits obtained with FMM correlated with

OD det er mi n-ehamber cell coBngng &nd €hlorophglcontent by ethanol at the

R? values of 0.98, 0.98 and 0.99, respectively.

Conclusion

Project Aquafluosense provided a fluorescelbased instrument @popriate for
ecotoxicological assays on algae test species. Fluoresobased determination of algal density
and application of Rfd (vitality index) as endpoint in ecotiyxi@assay was validated by
conventional met hods ( Bigaldensitymeabueemeéntechlorapkyll I c o
extraction with ethanol), and signals obtained by the fluorometer correlated well with the
conventional methods for algal density. Isoxaflutole herbicide active ingredient and its
formulatedPPPgMerlin Flexx and Metih 75 WG) exerted harmful effect on algal growth. The
most toxic effect was determined for neat isoxaflutoles¢©0=0.034 mg/L). Cdormulants

in formulated products increased the effect of the active ingredient, howeveothbaresda
significant diffeence between the products. The difference in amount and typdahaalants
resulted in difference in ecotoxic effect.
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Abstract

This paper starts from the ideatainsforming CQfrom various sources into methane
through the reaction with hydrogen obtained through the electrolysis of water in which energy
from renewable sources such as wind or solar energy is used.

The paper dezslops an ecological application of the use of methanizers, namely the
reduction of carbon dioxide from flue gases. Flue gases with.ac@tent, depending on the
nature of the fuel, will be introduced into a methanizer, as through the combinationwfttO
Ho>, it will lead to the formation of CH The new composition of the combustion gases, with
CHs instead of CQ is even more polluting for the environment, but in certain situations their
combustion can be used, producing useful energy, the overddl mngsulting from two
combustion processes in series.

Experimental study of the methanation process at the laboratory level can be done with
a facility that aims to determine the optimal operation and find suitable conditions for the carbon
dioxide methaation catalysts. The Methanation Test Facility was designed and commissioned
to investigate the catalytic methanation of carbon dioxide and hydrogen.

The paper presents a work flow, with the notification of the total energy efficiency and
the assessment tife final CQ pollution, which is much less compared to the classic case of
the direct evacuation of combustion gases into the atmosphere.
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Abstract

In recent years, vineyards with this variety have been growing more intensively in Vojvodina.

The variety belongs to the midte era of ripening, the yield of grapes varies i@mdes from

6000 to 10000 kg/harhis white wine variety suit moderately fertile, loose, calcareous and

warm soils It has a good affinity with the rootstocks Kobber 5BB, Teleki 8B, SO4. The sugar
content ranges from 20 to 24%, and the total acid cofrtamt6 to 8 g/l. 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. Research was carried out during 2022 in the locations of
Banogtor, Suboti oamganad VYrhegad,r ukydkiag doksal, a nSdu bVo
vineyards. At t he -Bearold\gneyard pldnteccoa the tgpe of sailof a 1 .
arable land, a yield of 8.1 t/ha was measured, where we determined the content of total acids at

6.2 g/l and he content of total sugars at 20.7%. At the location of Subotica, inyad@Id

vineyard, which was planted on a sandy solil type, a yield of 8.8 t/ha was measured, where we
determined the content of total acids 6.5 g/l and the content of total sugads@3 At t he V
location, in a 26yearold vineyard planted on sandy loam soil, a yield of 8.4 t/ha was measured,
where we determined the content of total acids at 6.8 g/l and the content of total sugars at 22.2%.
The poor distribution of rainfall for ticulture indicates that younger vineyards achieved lower

or similar yields, of lower quality compared to older plantations that were planted on more
permeable and poor soil types.
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Abstract

The aim of this work was to examine the presence of Fusarium toxins in feed for milking cows

in summer and winter. Food sampl®r milking cows were sampled from a cow farm in the
vicinity of Nikgil, Mont enegr o, i n winter ar
examined mycotoxins in the food samples for feeding milking cows were lower than the
maximum allowed concentiians prescribed by the Regular Acts of Monteneghe obtained

results indicate that there was no significant difference in the concentrations of the tested
mycotoxins in the food for feeding milking cows during the summer and winter periods, which
suggests that with good production and storage practices, food can be protected from
mycotoxicological contamination, and cow's milk and meat

Introduction

Mycotoxins are toxic, secondary metabolites of tgxiaducing species of mold]. So far,

several huned mycotoxins have been discovered, which are produced mainly by molds from
the genera Aspergillus, Penicillium, Fusarium and Altern&jiadvailable scientific literature
indicates that during recent years the occurrence of climate changes has bekdrechich

has shown a great impact on the appearance of mycotjxins|

Fusarium toxins represent the most dominant group of mycotoxins, the most important
representatives of this group in our countryleexynivaleno(DON) and Zearalenon&EA)

[3].

Mycotoxins in humans and animals can cause alimentary diseases accompanied by mutagenic,
carcinogenic, teratogenic, estrogenic, dermatoxic, immunosuppressive and neurological
effects, and can also lead to defh The presence of mycotoxins in foodn cause great
economic losse].

When it comes to animal feed, a special problem is storage, because during inadequate storage,
the development of toxic mold species and the production of mycotoxins carfi5pctur
Republic of Montenegrathere is a ldc of tests of this type, so the aim of this work was to
examine the presence of Fusarium toxins in food for milking cows in both summer and winter.

Experimental

The determination of the DON content in feed for milking cows was performed on a liquid
chromdograph with a Shimadzu RF 10 Axl fluorescent detector, analytical column Kinetex
EVO C 18 150X 4.6 MM was used for chromatographic separation. A liquid chromatograph
with a Quatro Micro APl mass spectrometer was used for ZEA analysis. For the prepdration
samples for ZEANdADON analysis, sample purification was used on an SPE column (C18 and
aluminum oxide in a 3:1 ratio). Which was prepared by filling a polypropylene syringe with a
capacity of 6 ml with 0.2 g of silica gel C18 and 0.6 g of neutral ialum oxide.
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Deionized water was used to prepare all solutions.

15 food samples were sampled in the winter and in the summer period in 2019. The following
food for milking cows was tested: universal mixture for feeding animals, wheat feed flour, corn
mixedfeed flour, corn noodles, corn grits, mercantile corn.

Results and discussion

The presence of DON was determined in nine samples, corn feed and wheat cattle meal were
contaminated, as well as a mixture for feeding milking cows, the DON concentrationgdbta

were in the range of 0.2 to 1.8 mg/kg, but according to current legal regulations, no sample was
contaminated with this toxin more than MDK. In the winter period, the DON content obtained
indicated the same high percentage of positive samples, n&®@fy DON concentrations
ranged from 0.2 to,3 mg/kg, but no sample exceeded the permitted concentration.

Table number 1. Result of testing the concentration of DON in feed the summer

Number sample Sample type Content DON (mg/kg)
1 universal mixture fofeeding| 0,3 0,07
animals

2 wheat feed flour 1,0:0,21

3 corn mixed feed flour 1,50.26

4 corn noodles 0.2-0,003

5 corn grits 1,80,33

6 mercantile corn 0,7-0,14

Table number 2. Result of testing the concentration of DON in feed the winter

Number ample Sample type Content DON (mg/kg)
1 universal mixture for feedin( 0,3- 0,04
animals
2 wheat feed flour 1,00,21
3 corn mixed feed flour 1,50.26
4 corn noodles 5,30,42
5 corn grits 1,80,35
6 mercantile corn 0,2-0,03

The presence of ZEA wasteemined in corn and cofipased products, the concentrations of
this toxin were in the range of 0.02 to 0.3 mg/kg, in the summer period, while the concentrations
during the winter were from 0.02 to 0.11 mg/kg, the maximum concentration of ZEA allowed
by the Rulebook of Montenegro is 2 mg/kg in cereals except corn, while in corn and corn
products the MDK is 3 mg/kg.
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Table number 3. Result of testing the concentration of ZEA in feed the summer

Number sample Sample type Content ZEA (mg/kg)
1 universal mixure for feeding 0,076 0,015
animals

2 wheat feed flour 0,2800,028

3 corn mixed feed flour 0.30060.060

4 corn noodles 0.020,004

5 corn grits 0,0330,005

6 mercantile corn 0,02060,004

Table number 4. Result of testing the concentration of ZEA@ed during the winter

Number sample Sample type Content ZEA (mg/kg)
1 universal mixture for feedin( 0,02 0,003
animals
2 wheat feed flour 0,060,011
3 corn mixed feed flour 0.03-0.005
4 corn noodles 0.020,004
5 corn grits 0,020,003
6 mercantile orn 0,11-0,024
Conclusion

The obtained results show that there was no great difference in mycotoxin concentrations in
winter and summer, also these results show that good production and storage practices can
protect animal feed from mycotoxins. The enyales of the farm from which the food samples

were taken paid special attention to the storage of animal feedgdnezll grains were stored,

the warehouse was frequently ventilated, as well as temperature control.

Records were also kept on the order ofdf@onsumption, after the consumption of one batch

of food, the warehouse was disinfected, and special attention was paid to the education of the
staff employed on the farm on how to store and store food for milking cows.
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Abstract

Researchers are making everyday efforts to develop new drugs or improve present ones in order
to enhance therapies of various diseases, espes@llyus ones like cancer. Drug delivery
systems (DDS) are one of the solutions for safer and more efficient therapy. Hydrogels based
on poly(methacrylic acid) (PMAA) are extensively investigated as DDS due to their non
toxicity, biocompatibility and pH sesitivity. Many chemotherapeutics are poorly water
soluble, so it is quite challenging to encapsulate them into highly hydrophilic PMAA. In our
previous study we overcome this limitation by modifying PMAA vathphiphilic caseimnd
demonstrated that poonlyatersoluble model drug caffeine can be successfully encapsulated

and released in control manner from these samples (H hydrogels). In present study we go step
forward and investigated how the change in the amount of encapsulated caffeine affect the
medanism of caffeine release from the H hydrogels in medium with pH of 6.8 (which simulates
the environment in human intestines). Commonly used models for the analysis of kinetics of
drug release from hydrogeRitgerPeppas, Higuchi and Kopcha mode¢ enployed for the
analysis of the mechanism of caffeine release. Presented results indicate that it is possible to
adjust the manner and mechanism of drug release by changing the amount of encapsulated drug,
due to which the H hydrogels can adapt to the wniggquirements of the therapy.

Introduction

Everyday struggle of humanity with various problems such as global warming and huge number
of diseases urge researches to develop new innovative solutions, which are safe and effective
and in the accordance withe principles of green chemistry. One of the promising tools for the
therapies of various diseases are drug delivery systems. These systems are able to deliver drug
to the site of action in human body and release it in control manner. Drug bioavasilzdoilit

be improved, side effects reduced, the number of therapeutic doses can be decreased and
therefore, overall therapy would be enhanced. Hydrogels are polymer materials which are
recognized as promising systems for drug delivery due to the large nahtbeir tremendous
propertieq1, 2]. Their 3D network can absorb and retain large amount of water and/or other
physiologicalfluids due to which they have soft structure similar to the living tissue. One
interesing group of hydrogels are those based on poly(methacrylic acid) (PNBAAYMAA
hydrogels are netoxic, biocompatible, highly hydrophilic and pH sensitive because of which
they are extensively investigated for drug delivery. Namely, PMAA hydrogels are able to swell

in the environments with pH higher than pKa of PMAA and therefore release encapsulated drug
in the procesd4]. In order to overcome their poor mechanical properties andleenab
encapsulation of poorly watspluble drugs (like large number of chemotherapeutics) in our
previous research we modified PMAA with amphiphilic casein (H hydrogbls)it was
investigated how the change of various synthesis parameteis és crosslinker amount,
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neutralization degree, pH of external medium, the amount of encapsulated active substance etc.)
affect the release rate of poorly wasaluble model drug caffein@]. The obtained results

showed that encapsulation and controlled release of poorly-satdyle active substance was
successful and its release rate can be-tfined only by changing one of the synthesis
parameterf6]. In present study we further deepened our research and employed several models
(RitgerPeppas[7], Higuchi [8] and Kopcha mode[9]) to analyze how the change of
encapsulated amount of caffeine affected the mechanism of its release fromythredels in
phosphate buffer with pH of 6.8 at 37 C (PB

Experimental

The H hydrogelswere synthetized by freeadical polymerizationn aqueous solutioand all
sampleshad 4 nh. of MAA, 4 g of casein0.4 mol%of crosslinker- methylenebisacrylarde
(MBA) (with respect to the amount of methacrylic a@dy0.9 ml of 1wt% aqueous solution

of initiator (2 , -&z0bis[2-(2-imidazolin-2-yl)propane] dihydrochloride)1.859 g of NaOH

was added to the reaction mixture of the samples with total neuticizegree of methacrylic
acid. 1 g or 2 g of caffeine was encapsulated in both groups of the samples: wigutratized

and neutralized MAAThe synthesis, the list of used chemicals and the feed composition are
presented in our previous reseaf6h Theprepared samplesere denoted ad/xN-y, where

XN represented the neutralization degree of MI@N T 0% of neutralization degree of MAA

or 100NT 100% of neutralization degree of MAAnd y showed the mass of encapsulated
caffeine 1 gor2g

In order to better understand the mechanism of caffeine release from the H hydrogels and how
the change of caffeine amount affects it, taéfeine elease profilesvere analysed with three
models- RitgerPeppagEq. (1)) Higuchi(Eg. (2))and Kopcha mod€Eg. (3)):

— 1)
— Qo (2)
— Qo o (3).

In all equations the— represents the fractional release of active substance and t is the time of
b

the process of active substance release (mniEg (1) the parameter k shows the speed of
active substanceleasdmin™) and parameter n represents the type of the mechanisotie
substanceelease (diffusion and/or relaxationmfo | y me r 0 Is Eqc(B)the knparameter
representshe speed foactive substancdiffusion from the carriemin™). In Eq. (3) thek:
parameter showthe speed oéictive substanceelease governed by diffusigmin™), whereas
the k parameter represent the speed of active substance rgl@ammedby relaxation of
pol ymer gnéinY)chai ns

The equatlons Eqg. (1) and Eq. (2) were used in following fokms— 1 T® and—

Qo M, respectively. The form of Eq. (3) was added mto@hglnPro 8.5program and then it
was applied on the caffeine release déta 0). The symbol adopted f
b

applicabilityo a@fapplied models was

Results and discussion

The curves of caffeine release in PB were fitteRitgerPeppagR-P), Higuchi and Kpcha
modeland are presented in Fig. 1., Fig. 2. and Fig. 3., respectielgrmined values of
kinetics parameters of chosen models and their fields of applicability are presented in Table 1.
The kinetics of caffeine release from HAANand H/100NL were analyzed in our previous
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researcH4], and only the obtained values of kinetics parameter are presented in Table 1. in
order to facilitate the analysis of the resultsagied in present study.
R-P model showed that diffusion governed caffeine release fromd/@i¢-1 sample (r0.5),
whereas polymer chains relaxatioras the main mechanism of caffeine release from the
H/100N-1 sample (r1). Both mechanisms (diffusion anelaxation of polymer chains) were
involved into the process of caffeine release from the FHZOMdH/100N-2 samples. The
values of R were between 0.95@.999 which means that fitting of the®Rmodel to the data

of caffeine release from the H samples \waed. The field of applicability of # model was
relatively high (the values @pU  wbetween 50.7 % and 85.7 %) taking into account that this
model can be applied to the first 60% of the drug release data. Both meBedsidRKopcha
model predicted #it caffeine was released by diffusion fré#fON-1 and that relaxation of
polymer chains was the main mechanism of caffeine release from the HI1€)Nple.

[ = H/ON-1 | L
0.0+ R-P - R-P model
.‘,- Aa=85.74% 04 =
P
l 10,
i - -_. < Aa=T9.71%
s d
| |

T . T -
1.0 o €11
s » s »
\E ] ~ n
= * In(Mt/Mx)=-3.17775+0.50203In(t) | = v In(Mt/M::)=-4.07557+0.70231In(t)

1.5 o n=0.50 B 4 n=0.70

u k=4.17*10"2min"! 4 k=1.7010"3min”!
R%=099868 2 R%=0.9746
-2.04 . Aa=85.74% . Ae=T79.77%
é é T é T ; 8 T T T T T T T T
3 4 5 7 8
In(t) Int)
0.5
m  H/100N-1 ‘ U5 ®  H/100N-2
-0.5 !.I':Au:f)l.ﬂ% 05- VA i
101 .!! _g- «80=50.68%
_ 1.0 -

u - 8 n
s.20 o 297 4
3 o/ . £.20-
254 In(MM)=.5 9087541 13621Int) In(MUM--)=-5.32842+0.94767In(t)

301 n= Ny 2.5 p n=0.95

k=2.7210"2min k=4.85*10 min"!
3.5 R%=0.95423 ey R%=0.97866
oG Aa=61.52% a5] " Aa=50.68%
| ——— | T T oy

T T T T
2 3 45 67

8

2 3

T T
4 In(t) 5 6 7

i

Figure 1.Fitting of the profiles of caffeine release from the H carriers in PB 6.8 wiRimedel

It was possible to appliguchi model onlya the curves of caffeine release from the
H/ON-1 sample R?>~0.999 andpU w a s ). Gbfainetl #alue of Higuchi parameterkas
similar to the value of the IR parameter knd Kopcha parameten,kwhich means that

predictions of these three models that caffeine was released by diffusion from th& H/ON
sample, were good.

The best fitting to the caffeine release data showed Kopcha model (the valdesoé R
between 0.978.998). The field of applicability of Kopcha model was between 50.7 % and
56.8%.
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Figure 2. Fitting of the profiles of caffeine release from theairiers in PB 6.8 with Higuchi

Figure 3. Fitting of the profiles of caffeine release from the H carriers in PB 6.8 with Kopcha

model
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Table 1.Obtained kinetics parameters of chosen models for each H carrier

Model Sample H/ON-1 H/ON-2 H/100N-1 H/100N-2
R-P n 0.50 0.70 1.14 0.95
k*10% (min?) 417 170 0.272 0.485
@ G 0 85.7 798 615 50.7
R 0.999 0.975 0.954 0.979
Higuchi kn*10? 4.22 - - -
@ G 0 85.7 ; ; ;
R2 0.999 - i ;
Kopcha k1*10? 4.18 2.27 0 5.80
ko*10° 0 287 5.81 3.46
@ 56.8 60.6 56,1 50.7
R? 0.998 0.975 0.993 0.991
Conclusion

In our previous research we demonstrated that only by changing the amount of encapsulated
caffeine it is possible to fine tune the manner of the H hydrogels swelling and caffeine release.

In order to determine the type of mechanism of caffeine release from these hydrogels in PB 6.8,

in present study we employed several modilgerPeppas, Higuchi and Kopchd was
demonstrated that the Kopcha model showed the best fitting to the caffease releves and

both mechanism (diffusionande | axati on of polymerdés chains)
from the H hydrogels.
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Abstract

Dibutyl phthalatgDBP) is an environmentébxic substance. It is a plasticizer present in many
industrial and cosmetic productduring processes oproduction and useDBP enters the
environmentand it is found iratmosphere, soil and water. Bearing in mind that toxic DPB is
widespread in thereironment, and that human population in exposed to it in everyday life, the
aim of our study was to examine whether DBP treatment affects microstructure dreorate
Wistare rats, 40 days old at the beginning of the experiment were exposed to D8Roatide
diet in concentrations: 0, 100, 500, 5000 mg DBP/kg diet, that corresp@&biBto41.34 and
447.33 mg/kg BW/dayFormalinfixed paraffire mbedded ti ssue of aorta
thin sections and stained wittematoxylin and eosin (HE) stainimgethod. Morphometric
evaluation of aortic sections was performed with Métiages Plus morphometric software.
The aortic wall thickness, crosectional area (CSA) and lumen diameter was determined.
Lumen diameter and CSA showelbsedependent incremerit all DBP-treated groups
compared to the control. However, statistical analysis revealed that only C{aA gnoup
treated with highest DBP dose000 mg DBP/kg diet) was significantly different. There was
no significant difference in wall thickness be®n control and DBfreated ratsObtained
results indicate that high dose of DBP, by increasing aortic -sexgsonal areaexerts a
potentially adverse effect on the aorta.
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Abstract

The scope of this study was to investigate the heavy metal content in the industrial soils of Novi
Sad, Serbia. A total of twenty topsoil samplesl(®cm depth) were collected. Theedhical
properties of soil as well as the particle size distribution of soil (<2 mm fraction) were
determined. Pseudotal concentrations of cadmium, copper, lead, and zinc were measured
using the ICPOES device. Total mercury content in the samples walysad using a Direct
Mercury Analyzer (DMA) 80 MilestoneThe results shoed that the concentrationsof Cu

and Znwere found to belevatedat two locationsThe concentration of Cd was very high at

the same locationdResults revealedhat no elevatedvalues were detectedfor Pb at any
location all values were at the level of those in naturapaliutedsoils.

KEY WORDS: pollution, heavy metals, industrial soils

Introduction

Soil pollution by heavy metals is a widespread problem, posing a signifisk to human

health or the environment. Rapid industrial growth and urbanisation of society have, in addition
to numerous advantages, also resulted in the intensification of pollution of the environment
When compared to rural areas, urban areas haighar population density, which resuiits

more intense traffic, and arcated closer to industrial plants and other sources of
anthropogenic pollution [1]. As a result, the soil in urban areas is more susceptible to the
negative effects of these facto Industrial activities have great effects on heavy metal
pollution, ecological risks, and health risks [Reavy metals that have contaminated the soil

are responsible for the disruption of natural geochemical cyRlesto the fact that they are

not biodegradable and have complex activity in the soil as well as long biologicéiviealbf
elimination from the body, heavy metals are classified as dangerous pollutants. The aim of the
study was to determine the concentration of Cd, Cu, Pb, Zn, amdddd near industrial plants

in Novi Sad, Serbia.

Of the five examined metals, copper and zinc are essential for organisms. However, if they are
found in the soil in high concentrations, they can be toxic. The remaining three metals,
cadmium, lead, and mzury, do not have a natural metabolic role in living organisms, but even

in small concentrations they can have negative metabolic effects. Therefore, we can call these
metals potentially toxic elements (PTE)[8).recent decades, there has been a getreral

toward an increase in environmental pollution caused by cadmium (Cd). This is a result of its
increased use in industry as well as the use of phospfetiisers[4]. Cadmium is quite
mobile in soil and therefore more available to plants thaerdtxic metals including Pb and
Cu.Cadmium is an element of high toxicity, several times greater than arsenic.

All three naturally occurring forms of mercury (Hg) (methyl mercury (MeHgy, &giHg?")

have a negative impact on the environment and reptesglobal risk to human healtfhe

main anthropogenic sources of mercury are ore processing and cement production, especially
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coal and oil burning and gold producti@ecause atmospheric deposition is the primary source

of mercury soil pollution thalhas a cumulative effect, it is of the utmost importance to know
the background concentrations of mercury in the soil and to establish soil quality monitoring.
Because of the high sensitivity of the equipment used for direct mercury determination in this
study, the total mercury content (THg) was able to be determined for all of the soil samples.
Mercury is a neurotoxin, making it a particularly hazardous substance for living things to be
exposed to.

Copper (Cu) is found in the soil associated with orgaratten, iron and manganese oxides,

soil silicates, clay and other minerals. A characteristic feature of copper is that it is most often
specifically adsorbed or "fixed" in the soil and has very low mobility®jpper found in high
concentrations in the pprmost layers of the soil is evidence that it was introduced by human
activity (metal smelters, application of mineral fertilizers, waste sludge, fungicides and
bactericides, organic fertilizers, etc.).

Lead (Pb) is one of the most common pollutants lbaarareas. In addition to pollution due to

the longterm use of leaded gasoline in the past decades, significant anthropogenic sources of
lead are also lead mines and smelters, coal burning, various industrial processes (production of
lead batteries), pradtion of some types of rubber and plastic, and others [6].

Zinc (Zn) is an essential trace element for plant and animal organisms as it is a participant in
numerous enzymatic reactions. Conversely, excess zinc in the soil is phytotoxic [7]. The content
of Zn in the soil is determined by a number of factors, one of which is certainly the parent
substrate from which the soil was formed. As a rule, soils with agfiagmed mechanical
composition contain more zinc than coagsained soils.

The criteria pregdged in 2005 based on the average values of a large number of data for the
concentration of potentially toxic elements in the soils of the Mediterranean, Central Europe,
and Eurasia are shown in Table 1. In the Republic of Serbia, the criteria fagrcuitural

land are in force according to the Regulation on the programme of systematic monitoring of
soil quality, indicators for assessing the risk of soil degradation and the methodology for
developing remediation programmes [8]. This regulation definedimit values (GV) and
remediation values (RV) of certain dangerous and harmful substances-agricattural land

(Table 3).

Table 1. The content of metals in the soils of Europe (The European Soil Databasee, version
V2.0, EUR 19945 EN) [9]

Element Background - _ Slightly Contamination Hig_h _
mg/kg Natural Values Higher Values Contamination
Cu < 36 3671 100 1007 500 > 500
Zn <140 14071 500 50071 3000 > 3000
Cd <0,8 0,81 5,0 51 20 > 20
Pb <85 8571 150 15071 600 > 600

Experimental
All laboratory analyses were performed at the Laboratory for Soil and Agroecology of the
Institute of Field and Vegetable Crops, Novi Sad, accredited according to the standard ISO/IEC
17025 (2005). The surface soil samples from 10 cm depth were collected in indusgbfo

the city of Novi Sad, according to the methodology of the reference sample (circle method).
One sample represents the average value of several individual soil samples, which were taken
in concentric circles around one central point. The soil sampke airdried at room
temperature and milled to a particle size of < 2 mm. Particle size distribution was determined
by the internationally recognised pipette methbde size fractions were defined as follows:
R —————
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coarse sand (20.2 mm), fine sand (0.20.02 mm), silt (0.02 0.002 mm) and clay (< 0.002
mm). Chemical properties were obtained following standard procedures. The pH value ina 1:5
(V/V) suspension of soil in 1 mol/L KCI| was determined using a glass electrode according to
ISO 10390 (2010). Thizee CaCQ content was determined according to ISO 10693 (1995) by
the volumetric methodOxidation using the sulphochromic oxidation method specified in ISO
14235 was used to determine the amadfiorganic matter present

The samples were analysed feepdetotal contents of Cd, Cu, Pb, and Zn after digesting the

soil in concentrated HNQand HO. (5 HNGs:1 H.O2, and a 1:12 solid:solution ratio) by
stepwise heating up to 180 AC wusing a Milest
metals was etermined by ICROES (Vista PreAxial, Varian) in accordance with US EPA

method 200.7:200T'he samples were analysed for total mercury content using the Direct
Mercury Analyzer DMA 80 Milestone, which combines techniques of thermal decomposition,
catalyic conversion, amalgamation, and atomic ab
in solid soil samplesThe detection limits for the metals studied were: 1.5 mg/kg (Cd), 5
mg/kg (Cu), 5 mg/kg (Pb), 5 mg/kg (Zn), and 0.0033 mg/kg for total Hg content.

Results and discussion

Table 2 shows the results of grain size analysis and basic chemical properties of the soil in
industrial zones of the city of Novi Sad. The largest part of the examined soil samples
corresponds to the mechanical composition af 8and, 43.5%, while 13.7% of the examined
soils have a clayey mechanical compositibime organic matter (OM) content in the soils varies
from 0.22% to 4.70%, and the pH in KCI ranges from 7.07 to 8.46. The pH value and OM
content have a significant infmce on the accessibility of harmful and dangerous substances
in the soil. The content of free Cagid the soil of the investigated localities is in a relatively
wide range of classes, from weakly carbonated to highly carbonated soil.

Table 2.Physicaland chemical properties t¢iiesoil in industrial zones of the city of Novi

Sad,(n=20)
Coarse sant® | Finesand% | Silt% | Clay % | pH-KCI | CaCOz% | OM %
Mean 2218 4350 20.64 13.69 7.60 10.21 2.33
Median 1395 40.39 17.70 13.02 7.59 9.97 247
Min 1.90 25.34 1.80 148 7.07 0.59 0.22
Max 7110 68.68 35.80 27.20 8.46 28.85 4.70
SD 2179 12.79 1001 8.79 0.38 6.95 1.02

14%
22%
Coarse sand %
Fine sand %
Silt %

Clay %

21%

43%

Figure 2. Patrticle size distribution in the solil of industrial zones in the city of Novi Sad
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Statistical descriptions of metabncentrations (mg/kg) in the industrial soils of Novi Sad are
shown in Table 3. Cadmium was detected at two locations in this research. Elevated
concentrations of cadmium content were found in these samples, with concentrations of 4.54
mg/kg and 17.6 mgfk respectively. According to the criteria listed in Table 1, the soil from
this locality belongs to contaminated soils.

Table 3. Metal concentrations (nikp) in industrialsoils
of Novi Sad(n = 20)

Cu Pb Zn Hg
Number of samples 20 20 20 20
Mean 59.12 1941 | 111.26 0.086
Median 29.20 14.65 75.35 0.052
Min 5.50 3.20 24.80 0.009
Max 36860 51.00 | 41370 0.664
SD 88.62 12.22 | 102.60 0.141
Limited value 36.00 85.00 | 14000 0.30
Remediation value 19000 | 53000 | 72000 10.00

The obtained values of total mercury content (THg) vary in a wide range from 0.009 to 0.664
mg/kg, which is comparable to the Hg concentrations {Q0.61g/kg) of unpolluted soils. One
sample exceeded the prescribed limit value for mercury contientraf 0.3 mg/kgThe
prescribed limit value for copper, which is 36 mg/kg, is exceeded by the values of copper
content in soil samples from five locations. Soil from two locations belongs to soils with slightly
elevated values (44.0 and 43.6 mg/kg), antiree locations belongs to contaminated soils with
concentrations of 368.6 mg/kg, 221.2 mg/kg, and 144 mg/kg, based on the criteria given in
Table 1. It was found that samples with high levels of copper also had high levels of cadmium.
In all investig&ed locations, the lead content was at the level of background concentrations in
the soil (Table 2), with the highest measured concentration being 51.0 mg/kg. In previous
research [10], significantly elevated values (about 300 mg/kg) of total lead wectedeah the

vicinity of the traffic crossroads of Novi Sad as a result of the-teng use of leaded gasoline.

As already stated, four of the soil samples in this research exceed the prescribed limit value for
zinc (140 mg/kg). These concentrations dighfly higher in comparison to soils in Europe
(Table 1). The two samples represent soils that are already contaminated with high levels of
cadmium and copper, as previously described. In these two samples, the concentrations of zinc
were 368.6 and 413mg/kg, respectively.

Conclusion

Based on the investigations carried out in 20 locations within the industrial zones of the city of
Novi Sad, the following conclusions were made:

- The largest part of the examined soil samples (about 43%) has a mecbampakition of

fine sand and the smallest part (14%) of clay.

- The largest parts of the investigated soils are weakly to moderately fortified with organic
matter. The samples that were tested had a lot of ga&@ most of them belonged to the
slightly dkaline soil class based on their pH values.

- According to the content of investigated metals in relation to the criteria from the Regulation
for nonagricultural soil, Cd exceeds the threshold value in two locations, Cu in five locations,
Zn in four teted samples, and Hg in one locatiémone of the investigated sites, the cadmium
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concentration is higher than the remediation value, while copper concentrations are higher at
two of the sites.

- In this research, extremely high concentrations of cadmanuirhigh concentrations of copper

and zinc were detected at two locatiofsese two relatively small areas under the lawn have

a higher propdion of sand and are porous,nge the leaching of cadmium through the soll
profile over a longer period of timean potentially pollute a larger arééhis can take place

over a longer period of time.

- The removal and proper disposal of contaminated soil in this area should be the focus of
additional research on these locations, and it should be done with thef §oding a long

term solution to the problem.
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Abstract

Human activity affects all elements of tRarth's environment and the system of relationships
between them. Chlorobenzenes created during chemicalization are capable of modulating the
adaptation potential of biological organisms and because of their high frequency of occurrence
in the food chainthey can be used as expositors in environmental exposure models. It is
necessary to develop a biological model system suitable for the investigagiovirohmental
pollutant chemical agents, which indicates changes quickly and easily.

Introduction

Human society is the highest known complexity in terms of earthly conditions, in which the
actors are able to transform the environment according to the needs of their existence through
their cooperation. As a result, human activity affects all elements ddfth's environment

and the system of relationships between them [1]. Human activity (e.g. chemicalization) and its
consequences which initially served shotterm needs of the society effectively, however,
highly chemically stable, substances as xerafscsynthesized during chemicalization, have
already changed the accommodation patterns of biological organisms, which is why such
models are necessary with which even discrete changes can be easily tracked. The chemicals
burdening the environment are aldbenzenes (CIBs) with massive chemical stability, which

are deposited in the lipophilic phases of living organisms (e.g. brain and endocrine tissues) [2].
They induce a doséependent toxic effect in the cells of the affected tissues. Due to their high
frequency of occurrence in the food chain [3], these agents can be used as expositors in
environmental exposure models.

Fibrocytes are mesenchymal progenitor cells that originate from bone marrow cells, and it can
also be known that they carry the mixed rpfwlogical and molecular characteristics of
hematopoietic stem cells, monocytes and fibroblasts [4, 5]. They are probably precursor
intermediate cells of the monocyte differentiation lineage. They show characteristics related to
the mesenchymal stromalllssfound in the bone marrow, they are multipotent progenitor cells
that can produce different mature cell types during their differentiatiom[@ifro experiments

have proven that peripheral blood mononuclear cells or CD14+ monocytes are ablédmirans

into fibrocytes during their differentiation. There are many factors that promote or inhibit
fibrocyte differentiation, including cytokines, growth factors, immunoglobulins, and
environmental artificial chemicals. Fibrocytes also play a key role imaidiealing and tissue

repair processes. They are unique cells that mediate the proinflammatory properties of
macrophages and the tisswenodelling properties of fibroblasts, so their model study can be
very interesting in relation to environmental fast{®, 7].
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Aim

The aim of this study was to monitor the effects of different doses of chlorobenzenes (CIB)
treatments on the changes in the proliferative activity (e.g. protein production) fibrocytes, in
order to develop a biological model system suitite¢esting artificial homeostatic disruptor
agents.

Methods

In vivo protocol

Male Wistar rats (Charles River, Isaszeg, Hungary, medically certified) from different litters
(weighing 126250 g, aged-6 weeks at the beginning of the research) were useeH culture

model systems. The animal care and research protocols were in full accordance with the
guidelines of University of Szeged, Hungary. During the research period, rats were kept under
controlled relative air humidity of 565% and 2RP3C ambient temperature. Experimental
animals lived under automated diurnal conditions (12 h dark and 12 h light system) in groups
of 10 animals for the end of the research period. Standard pellgi@&td /N, Charles River,

Ma g y a r oandstap Svgtgr wer availablead libitum. Male Wistar rats were treated with
combined CIB (1:1 mixture of 1,2 4richlorobenzene /CAS number: CAS Number: 2729

6, Sigma Aldrich, USA, St. Louis) and hexachlorobenzeb&$ number: 939524-8, Sigma
Aldrich, USA, St. Loui$, in 1 mL of 0.015% ethanol in distilled water was administered daily)
in a dose of 0.1, 1.0 and 10.0 Og/b.w. kg vi
30 (n=10), 60 (n=10) and 90 (n=10) days. Control groups were set up: stress control (n=5,
gastrostomy tube insertion group), absolute control (AC) (n=5, untreated group), positive
control group (n=5, receives CIB solvent, 0.015% ethanol solution via gastric tube) and
negative control group (n=5, receives water via gastric tube). At the etglpbihe experiment

(30, 60 and 90 days), after pentobarbital anaesthesia (4bwmkg, Nembutal, Abbott, USA)

the animalsvere used for study

In vitro protocol

After anesthesia with pentobarbital (4.5 mg/kg, Nembutal, Abott, Ufgé)) the treatecnd

untreated experimental animals skin sample was taken.

For fibrocyte cell cultures (FC), subcutaneous connective tssuplesvere enzymatically
treated(trypsin: 0.2 % Higma Aldrich, USA, St. Louisfor 30 minutes; collagenas8igma

Aldrich, USA, S. Louid : 30 ¢€g/ ml f o r Sigin@ Aldmch nUSA, Stslouisd i s pas
50 eg/ ml for 40 minuAls,t phpesphtatree bud3 7TRC/ /\
the solutions) and dissociated mechanically digested (using a-blyitax filter with a pore

diamet er of 83 and 48welm) , pt dteea, pWhicek was af i6
MEM-U medium supplemented with 10% FSd@gna 1.0
Aldrich, USA, St. Loui$ and 1% ITSG supplement solution (Thermo Fisher Scientific. inc
Rockford, USA: bovine insulin, transferrin and sodium selenite). The plates containing
fibrocytes were i ng andahecealtdre madiunBwad ¢hanged everyC O
2-3days( sterile PBS+1. 0 ¢g/ mslgmaPAdnch, BA, BtiloishSt r ept
[8].

The induction of cell proliferation was performed on separate reference systems treated with 1
mg/mL benz[c]acridine (BcA) (Sigma Aldrich, USA, St. Louis) for 168 h, because we can
compare the quantitative and qualitative appearance of the lores induced by it with

effect of chlorobenzenén vivo CIB pretreated FC were treated with acute exposure of CIB

(0. 1; 1. 0; 10.0 e€g/mL) for 168 h. The resul't
content of the samples was determined using a modified Lowry method [9] and Pierce BCA
Protein Assay KitThermo Fisher Scientific Inc., Rockford, USA).
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Statistical analysis

To compare the means of different treatment doses (0.1, 1.000b . w. kg) to th
during 30, 60 ad 90 days long treatments (n#beach groupf time and dogetwo-way

ANOVA wasrun. Dase and timavere used @ithe two factors for analysis.

Results and discussion

According to environmental aspects, if a process originating from an impact factor causes a
change in the studied environmental factor or its g&ate cell activity proliferative activity)

in this casealteration inprotein productiormay betriggered aglirect effect. The results are
presented to the absolute control group.

Number of tumor clones as a result of CIB treatments

Fibrocyte
AC 0
BcA| 47 . 3*N4

Table 1 The number of tumor clones in response to the reference absolute control (AC) and
benzjctacr i dine (BcA) treatment (number of

From the data in Table 1, it is clear that BcA significantly induced tumor clones in the model
systen.

Fibrocyte tumor clones after treatment
CIB treatment 30 days 60 days 90 days
CIlB 10.0 0 1.3PX7J 1. 704K0
clB 1.0 § o© 0 1. 1080 .
clB 0.1 4§ o0 0 0. 3PINO

Table 2 The number of tumor clones in fibrocyte (FC) cell fatmns as a result of each CIB
treat ment (number of cell sNS. E. M.,

When examining the results of protein production, it can be established that a significant

i ncrease (p<0.001) in protein produoftCiBon was
treatments. The model is functional, because the results correlate with the increase of the
numbers of tumor clones induced by ben#gjidine and also with increased protein

production (FC: 28.11 N2.99 mg (fFrCat &i. r5/6fNl0a t2¢
protein/plate).
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Figure 1The effect of different CIB exposures on proteinduction in FC cell cultures (a:
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In the case of FC, compared to the g@up, CIB treatments significantly increased protein

production in all experimental endpoints. The highest protein production was observed after 90

days of
1.0

protein/plate).

treat ment

Oggbwose: 3.

for al
96 NO. 38

t hree
mg

treat ment

CIB can be classified asenobiotics,which can generate changes in many physiological
processes. Living systems are affected by complex environmental exposuxeshowever,

if these exposures are very low (subtoxic concentrations), they can exert their effects in a latent
manner for a long time. As a result, it is necessary to develop a model that is suitable for

evaluating and detecting the effects of subtaxiavo exposures in a complex manner.
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The peripheral system elements, such as mesenclugraéd fibrocytegould be suitable for
examining the effects of CIBs. Such molecules (CHs)able to generate changes in the central
axis[10] and in the peripheralementd11].

Therefore we should call these agents (e.g-$}IBomestatic disruptor compoundsh& CIB-

mix exposures resulted in a dedependent increase in cell proliferation.

Conclusion

According to our morphological observations, CIB treatmémtiuced tumor clone formation

in the first generations of primary cell cultures in a tiraed dosedependent manner. As a
result of treatment with a higher dose of §lBumor clone formation generated in FC cell
cultures were detected after only 60 slayhe fibrocyte cell cultures responded with a more
sensitive reaction to the chemical agents included in the experiment. This means that the CIBs
included in the model studgxertan effectof both initiation and promotion. Thus, it can be
established tht CIBs exert a general effect on these model cells.
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Introduction

The American @ncer Society estimates that each year, more people die of lung cancer than of
colon, breast, and prostate cancers combined. It is evaluated that 87% lung cancers are non
small cell cases, out of which 52% are adenocarcinoma. During their lifetime, nenlill

be affected by lung cancer and the risk for the smokers is higher.

Experimental

In this research 28 male patients (BP years old) with inoperable 1lIB and IV stadium of
adenocarcinoma, diagnosed in the Institute for Pulmonary Diseases ofiviajySerbia were
enrolled. The patients were asked to fulfil questionnaire regarding their exposure to chemicals
during lifetime and their smoking habits. The presence of cadmium (Cd) was determined by
ICP-MS in their morning urine samples.

Results anddiscussion

More than one third of the included patients, 35.71% (10/28) had been exposed to various
chemicals during their education or in their free time, while 32.14% (9/28) have been exposed
to chemicals professionally. The list of chemicals includesi@ania, mineral acids, pesticides,
petroleum products, paints, varnishes, glues and organic solvents. Only 2 of them have not been
smoking during their lifetime, while 92.86% (26/28) reported that have been or had been heavy
cigarette smokers who had starte smoke on average at the age of 19.6 years.-Amekers

were registered 57.14% (16/28) patients who had been smoking on average for 38 years 25.83
cigarettes a day. Active smokers who were included in this study 35.71% (10/28), smoke on
average 29.1Tigarettes daily. Cd was detected in 53.57% (15/28) of total urine samples,
62.50% (10/16) of esmokers versus 40.00% (4/10) active smokers.

Conclusion
In this study for the first time, the exposure to chemicals and smoking habits among lung
adenocarcioma male patients in Western Balkan Region are reported.
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Abstract

The modern way of raisgnpoultry is significantly different from poultry farming as it used to

be. The development of poultry production and increased profitability was contributed, first of
all, by the development of science, which found a number of solutions for the rapiasean

the number of poultry and its productivity. The development and application of mechanization
and automation contributed to the industrial character of produtfiotgiern poultry farms are
equipped with machinery that, in addition to the welfar@ailtry farming, contributes to
increasing labor productivity, saving labor and improving the general state of the environment
on farms. When designing new and expanding existing poultry farms, guidelines for the
application of clean technologies are iragigly being used, which aim to reduce negative
impacts on the environmerithe equipment is characterized by a high degree of automation,
and there is an increasing application of information technologies in poultry farming. A big
problem on traditionalpoultry farms is low energy efficiency and increased energy
consumption, which can be overcome by using smart control systems, which is also an
advantage from an environmental point of view.

Introduction

Agriculture plays an important role in the econoofiynany countries. Research indicates that
there is a correlation between agricultural growth and economic prosperity. In this context,
investment in new technologies in the field of agricultural mechanization is significant in the
field of poultry farming The emphasis is on the use of information technologies in poultry
farming, which would include: 3D printers, drones, sensors for individual monitoring, artificial
intelligence, virtual reality, robots, Internet of Things (IoT) [1].

Poultry farming is thgrocess of raising domestic birds such as chickens, ducks, turkeys and
geese for the purpose of obtaining meat or eggs for food. In the past, poultry farming, starting
with eggs for planting, and ending with the final produatseat and eggs for consunupt,

took place as a single process and in different farming systems [2, 3, 4]. Conventional poultry
farming on farms, due to inefficient methods and equipment, can lead to financial losses [5].
When using new technologies on poultry farms, it is neceseacgntrol all environmental
parameters that affect the growth of chickens, such as temperature, humidity, ammonia [6].
Some of the leading manufacturers of mechanization and equipment in the poultry industry,
such as Big Dutchman AG, have developed aatethsystems of high technical performance.

Experimental
In the paper, two cases of application of new technologies were obserfain with modern
automated equipment and a SMART poultry farm.

1. Modern automated equipment on poultry farms
Machines ancequipment on modern poultry farms include feeders, waterers, ventilation and
heating systems, lighting, equipment and fertilizing machines. The equipment is automated,
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with minimal use of human labor. The paper analyzes the equipment manufactured by Big
Dutchman AG.

An example of an automated feeding system is shown in Figure 1. It is the AUGERMATIC
system- tubular floor conveyor.

Figure 1. Feeding system AUGERMAT(C]

Its innovation is reflected in the fact that the upper part of the feeding basketh(br without
extension (2) is easily separated from the lower part of the food basket (3). In this way, the
entire system can be lifted up to the ceiling every time. This makes it possible to reach the
maximum height under the feeder during fertilgzii\ strong drive unit (4) and a strong spiral

allow a transport length of up to 150 m. At the same time all the feeders are filled with food,
the sensor (5) and the control feeder (6) automatically turn off the unit.

The choice of a poultry watering systalepends on the type of poultry, the areasH, the
conditions in the rearing area and the special requirements of the user. One of the solutions are
nipple-drinkers, as a reliable and hygienic solution for supplying drinking Wgter (picture 2).

Picture 2. Nipple of the drinking bottle [8]

Van - the ventilation system is an intelligent climate regulation system on the farm. Two
different ventilation systems (side and tunnel ventilation) are combined in one facility to ensure
stable climate managemaearid optimal ambient conditions for poultry. The application of this
solution is recommended in regions where the climate is characterized by large temperature
fluctuations (Figure 3).

240



28th International Symposium on Analytical and Environmental Problems

(@) (b)

Figure 3. Combi ventilation system-yantilation in side rade, b ventilation in tunnel mode)

[9]

For heating on poultry farms, it is possible to apply different heating systems that can be gas,
oil or hot water. The choice depends on the size of the farm and the climate of the area where
the farm is located. Ehgoal is to achieve maximum energy efficiency. Big Dutchman offers:
JetMaster heaters, devices with flue gas exhaust, gas heaters, recirculation fans for improved
hot air distribution, hot water convection heaters, finned tube heaters and infrared[ti®hters

LED lighting is taking precedence on modern farms. There are different types of LED lighting
such as: flexible tube lamps (FlexLED, FlexLED HO, FlexLED eco), professional LED ceiling
lamps (ZeusLED)

Figure 4. Use of LED lighting (&lexLED, bZeusLED) [11]

Such heating and lighting solutions on farms are more favorable from an ecological point of
view and in accordance with the principles of sustainable development

1. SMART poultry farm

A smart poultry farm is characterized by featsuch as automated feed and water supply, egg
collection and maintenance of precise poultry environmental parameters. The techniques used
are data storage via 10T, GSMGlobal System for Mobile Communication, the use of
applications on mobile phones tremable the protection of the farm in real time by notifying

the farmer via SMS about any alarming situation [12 143,
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Figure 5. An example of a SMART poultry farm [11]

Results and discussion

Modern poultry farms are characterized by the use afemomechanization and equipment,
which enables higher productivity, better conditions for poultry and easier work for farmers.
Processes are automated with the increasing implementation of information technologies.
Energy and ecological heatirmgnd lighthg systems are usebh the world, SMART poultry

farms with the implementation of 10T, artificial intelligence systems, drones and robots are
extensively used in the segments where it is applicable. Apart from procuring the appropriate
software and hardwar components, farmers must be trained in the proper use of the
applications.

Conclusion

The progress of science, technical inventions andrmdtion technologies affects changes in

all segments of modern agriculture, including mechanization on poultry farms. These changes
bring greater productivity and economic profit, but attention should also be paid to better
environmental protection in ordey reach the fundamental goals of sustainable development.
This paper presents only some innovative and environmentally justified solutions related to the
application of modern mechanizationew technologies on poultry farms.
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Introduction

Lung cancer is the second most common cancer (after breast cancer) in women and by far the
leading cause of oaer death. According to the American Cancer Society there is chance of 1

in 17 women to be affected by lung cancer in their lifetime, with higher risk for the smokers.

Experimental

In this study 21 women (443 years old) with inoperable IlIB and IV staoh of lung
carcinoma, diagnosed in the Institute for Pulmonary Diseases of Vojvodina, Serbia were
enrolled. All the women were asked to fulfil a questionnaire regarding their smoking habits.
Their morning urine samples were collected and analysed BMIERor the presence of
cadmium (Cd) in the urine samples.

Results and discussion

More than half of the patients, 52.38% (11/21) enrolled in this study were diagnosed with
adenocarcinoma, 23.81% (5/21) had squamous lung carcinoma while 14.28% (3/21) were
discovered to have neuroendocrine lung carcinoma and 9.52% (2/21) were identified with small
cell lung carcinoma. All of them were or still are heavy smokers who had or have been smoking
cigarettes actively on daily basis. They had started to smoke cagavat the age of 20 years

(the youngest at the age of 12), and have been smoking for almost 41 year on avebége (15
years of smoking experience). Out of nine who have reported that had stopped smoking, only
three had quitted smoking for 1 year or longdost of them 85.71% (18/21) origin from a
family with smokers. On average, they had or have been smoking approximately a pack of
cigarettes (18.8 cigarettes a day). In this study Cd was detected in 80.95% (17/21) of samples.
All women with neuroendocrineng carcinoma and small cell lung carcinoma had Cd in their
morning urine samples.

Conclusion

To the best of authors knowledge such study has not been performed in Western Balkan Region.
The obtained results confirmed that Cd is omnipresent in uriwemien with lung cancer and

that exposure to Cd is associated with smoking.
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Abstract

Soy hull, a byproduct of soybean processing, was investigated as a sopegioffiber. Pectic
fiber was obtained with yield of 5.72 g/10@vg Soy hull pectic fiber demonstrated good
solubility (83.49%) and high molecular weight with Mw of dominant fraction 3192.6 kDa
These favorableharacteristicsould indicate a great paritial for application ifiood industry

Introduction

Pectins are group ofcomplex structurahetergolysaccharidesiith U-(1i 4)-D-galacturonic
acidas the main chain [1Pectin iswidely used in food industry as stabilizing, thickening and
gelling agat, and it keeps gaining more interest in applications such as functional foods,
prebiotics, edible packaging, active substance carrief2¢t€ommercial pectin is commonly
extracted fromcitrus peelsapple pomacend sugar bedB] but as the demanfbr pectin
continually growsjt is necessary to identify and utilize new pectin soufdgsSoy hullis a
by-product of the soybean industatyn d avaitatilesn large quantitie¥his raw materiatould

be an alternative source of pectin rich fidamthermore soy hull can be easityansportegand
stored, simplifying ithandling while avoiding deterioration of the matefigl The objective

of this research was to evaluate soy hull as a potential source of pectin richtfdsolubility

of obtaned fiber was determined as well as its molecular weight.

Experimental

Soy hull was a ki nd g(Befbia) Pécticofiber ae pxérartedoim e i n
conventional hetcid extraction, precipitated with ethanol and fregzed [3]. Solubility of

extracted pectin fiber was determined according to Bouaziz et aM{Bcular weight was
determined by HPSEC on Waters HPLC system (1515 isocratic pump and 2414 RI detector)
and a PL AquageDH mixed M column (Agilent Technologies) accordingMo | ogevi | et

[6].

Results and discussion
Pectic fiber was extracted fromeyshull and its yield igivenin Table 1. The obtained yield
was 5.72 g from 100 g of soy hull dry weight.

Soy hull pectic fiber showed good solubility in water; 83.49% of pectin was dissolved as
presented in Table 1.

Table 1. Soy pectic fiber extractiyield and solubility
Pectic fiber yield §/100 gw) Solubility (%)
7.72 N 0.07 83.49 N 1.97
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Figure 1 shows HPSEC profile of soy hull pectic fiber and in Table 2, molecular weights,
surface areas and polydispersity indices of different molecular wiggtttons of soy hull
pectic fiber are given. Soy hull pectic fiber had two distinct peaks (fractions 2 asdh@&Jl as

one smallepeak(fraction 1)corresponding to high molecular weight aggregates. Molecular

weight of the dominant fraction was 319R[Ba.

JE—
=1

=
1 L L

Refractometric response (MV)

Time (min)
Figure 1.HPSEC profileof soy hull pecic fiber

Table 2.Molecular weights, fraction surface areas and polydispersity indicas/dfull pectic

fiber

Fraction| Fraction area (%| Mp (kDa) | Mw (kDa) | M (kDa) | PDI
1 3.5 12885.2 - - -
2 61.5 20297 3192.6 | 2266.6 | 1.4
3 35.0 665.6 543.6 32.6 1.7

Mp - molecular weight of the highest peak;yN weight average molecular weight;,Ni
number average molecular weight; PDI %/Mn T polydispersity index.

Conclusion

Highly valuable pectic fiber was obtaid from soy hull, a byproduct of soybean industry. This
fiber has exhibitedood solubility and high molecular weigfiterefore, pectic fiber from soy
hull with these favorable characteristics could be suitable for application in diffiexasht

products
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Abstract

Waste pollution from agricultural production increasingly large proportions every year. Wild
dumps are most often on public areas and itekgaurses, and the dominant type of waste is
that which originates from agriculture. The paper will determine the most common types of
waste originating from agriculture, the problems of their disposal and potential solutions for
their disposal.

Introduc tion

Waste pllution from agricultural production is getting bigger and bigger every wWéd

landfills are most often on public lands and in watercourses, and the dominant type of waste is
that left by farmersThe soil is filled with chemicals, andartje number of compounds remain
unchanged and reach the human body through food, where they show different &fies.

of the chemicals are extremely toxic, and a large number have been proven to accumulate in
the human body and can cause various negabwsequencgg], [2], [3].

Today, the use of agricultural land can hardly be imagined without the use of pesticides,
herbicides and fungicide¥he use of plastics in agriculture represents ab&otd the over

265 million tons of plastics produceérpannum worldwide. This use ggobally growing due

to an ever more diffusion of intensive and semiintenagrecultural practicefl], [3], [4], [5].

There are almost no alternatives to replacing pesticides in widespread practice and it should be
expectd that they will be used in the futuf@esticides that are used today are usually of low
persistence and their decomposition takes place relatively quickly in the soil. But the mass of
their application, with excessive doses, often cause drastic chantpesquality and fertility

of the soil.

Also, the irrigation system is a very important item when planning and planting any fruit or any
other crop. An irrigation system often requires a lot of money, so people in order to save money
resort to seeminglyheaper variants of drip irrigation such as irrigation tapes or hoses with
internal drippers. Although these variants are initially cheaper, many manufacturers have
convinced themselves over the years that it is better to allocate more money at the dpeginnin
for hoses that will last for several years, than to buy cheaper and then buy again every year
Besides being much more cadtective in the long runanother reason why it's better and
smarter to us hoses that can last for years is thahis way wewill produce less wastd his
abstract aims to highlight the importance of agricultural waste management problems in Serbia
with recommendations for solving them.

Experimental

The cadastre of wild landfills, which served as a guide for identifying theraéntioned
problem, showed that they are most often on public areas and in watercourses, and the dominant
type of waste is that which originates from agriculf@ie

All agricultural waste can be divided into two types:
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1. Hazardous waste: packaging fromam protection products and mineral fertilizers,
pharmaceutical waste from animal protection products, waste oils and cooling agents
from machinery and waste batteries;

2. Non-hazardous waste: plastic films, watering hoses for greenhouse fittings, protective
nets, tires from machinery, harvest residues, biodegradable material.

By reviewing the relevant available literature, the results show that the biggest problem is
primarily harvest residues, different types of packaging, worn watering hoses, drip sgsigms,

of course foils. Over time, that waste did not decrease, but on the contrargreased and

took an eveincreasing share of the total waste. Although years ago both the local self
government and the republic allocated funds for the removal gélllandfills, unfortunately,

they always returned to their old place. It can be seen that most of the emphasis is on plastic
originating from agricultural waste.

The established subjects of waste management in Serbia are:

Republic of Serbia, local seffovernment;

Environmental Protection Agency, professional organizations;

Citizens' associations;

Manufacturers and sellers of polluting products;

Waste owners;

. Waste operators.

Operators do not have a developed waste collecgtwork. The local selfjoverrment does

not have an adequate network of operators for this type of waste. Agricultural pharmacies are
generally aware of the problems and are ready to cooperate.

The local seHgovernment has complete competence in the management -bfanardous
waste.There are a large number of small farms and they treat agricultural waste as if it were
household waste. They have and use the possibility to leave all the waste on their field or in the
yard and do not bear any economic costs, but occupy their plot$) wldlso not good.

As an example of a good practigiagricultural wasteecyclin on theerritory of Serbiais a
companyRKS Kompozitithat deal withrecycling industrial polymer waste (PP, PE, PVC).
Their mission is to give plastic waste second chamekto provide postonsuming life to it.
Company goal is to provide simple, quick and economical recycling of industrial plastic waste.
Recycling process this companys divided in several stages: separation, washing, mixing,
grinding, agglomeration anhregranulationThey obtain products with controlled physical,
chemical and mechanical properties. Regranulated product properties can be adjusted according
to clientdés specification and for such pro
manufactumg production lines where they use their regranulation products such as PP tape and
PP twine. Production capacity in this factory is more than 20 tons per day. Plastic waste used
in manufacturing and recycling processes is provided from domestic indndtfyoen foreign
suppliers, with whom they have loitgrm contracts. Their products are available for domestic
and foreign markets [7]JAn example of collection, scalding and primary shredding of
agricultural waste ilRKS komozitiis shown in Figure 1.

ogahwnE
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B &7 7\ B\ / RS
Figure 1. @llection, scalding and primary shredding of agricultural

[7]

By interviewingthe director ofthis company, it wasleterminedthat the agricultural waste
collection network, especially the drip irrigation system in Vojwadiis a big problem. The
company has a contract with some local companies that produce agricultural waste and
successfully solve this problem by recycling waste in their plants and making granulate for new
use.

The most dangerous solution for agricultymadducers is to set fire to production waste, thereby
directly endangering their health and the health of people in the area, because plastic materials
come from oil derivatives arttleyare very toxic. When burning plastic, highly toxic substances
are réeased into the air.

The result of pollution is environmental disturbance of local flora and fauna that we do not have
to notice immediately, but the effect can last for a very long time, even years in the case of
some substances. Proper sorting, collectiod reuse (recycling) reduces the amount of waste
and saves raw materials and energy.

By noting the present problem and its consequebtzdbe environment in Serbia, which
concern the underdevelopathnagemensystem for agricultural waste, the papel wrther

present recommendans for its potential solutiobased on the example given in the pdfgr

oy

WK kompoziti

Results and discussion
Considering that operatois Serbiado not have a developed network fggriculturewaste
collection, as well as the locatélsgovernment that does not have an adequate network of
operators for this type of waste, it is recommended to implement the following actions:

1. Research initiatives for the management of agricultural waste:
Through research initiatives for the managemeintagricultural waste it is necessary to
determine ways for developing the collection, sampling, and labeling procedures and the
methodologies to valorize agricultural waste streams by facilitating their route towards the best
waste management alternative.

2. Determine the best practices in the field of agricultural waste mapping:
One of the most significant agricultural waste management parameters is the analysis and
planning of the collection and disposal of the waste through the implementation of detailed
mapping and quantitative characterization of agricultural waste generation (Picuno et al., 2012).
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3. Analyze aspects of mechanical recycling of agricultural waste, with an emphasis
on plastic agriculture waste, as well as the infrastructure employed:
Mechanicarecycling is the procesof utilizing plastic waste tproduce new plastic products
[ 9] . Thi s typical cequgesnénss inchale homogegerelatively high purity, and
time constancy in the production of the waste fla@]. [3] established @ycling specifications
for the agriculture plastic wast&he mechanical recycling process for plastic waste is
schematically presented in Figure 2.

AAAAA
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{ o~
t shreddin
of plas Final Drying Extrusion
Wwaste step Process
Step1 ) S ) Step3 Step 4 Step 6
Pre-Treatment Washing Final Products
Separation Drying from recycled

process plastic waste

AAAAAAAAA
,,,,,,,,,,,,,

>, &
<<<<<<<<<<<<<<<<<<<

Figure 2. Stages of mechanical recycling process for plastic Wakte

By implementing the previous & $eps, it is necessary to defitie following

1. Define agricultural waste supply chain:
For the definition of the agricultural waste supply chain, the agricultural vgesteration
sourcesnust bemapped.

2. Define design of agricultural waste collectionystem:
Thecltoi ce of t he cdesighacartds greansigrsfigande sinin®tsansportation
of the wastdrom the generation sites dramatically affectsdkerall energy, environmental,
and ultimately the financial casbf the process [11Thi s anal ysi sdé stomai n
conclude to the most energfficient and avironmentaifriendly scenariowith relation to the
transportation of the agricultural wastem the location ofthe sources to the recycling
facilities.

Conclusion

Regardlss of the existing legislation in the field of handling waste materials, as well as appeals
related to proper disposal and the possibility of recycling many waste materials, the proper
disposal of agricultural waste Serbighas ot taken rootThe soluton can be to stimulate local
operators in order to expand the network and reward those who hand over such waste. An
adequate reward and an adequate punishment can lead to the goal the fastest.
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Abstract

The largest sewerage system in Belgrade is Belgrade Central Sewerage System, which covers
the area of about 85% of the sewerage network, with dh250,000 inhabitants connected to

the sewage infrastructur@he interaction ofemission limit valuesenvironmental quality
standards wastewater, effluent and recipient characteristic flows and qualities from the
standpoint of environmental impact irethnfavorable environmental conditions was modelled

to define thelevel of wastewater treatment aitture Belgrade Central Sewerage System
wastewater treatment plant.

Introduction

The largest sewerage system in Belgrade is Belgrade Central Sewerage(B&$&)) which

covers the area of about 85% of the sewerage network, with about 1,250,000 inhabitants
connected to the sewage infrastructure [1].
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Figure 1. BCS®atchment area with sutatchments, Interceptor and WWTP Veliko S&€lp |

All wastewater iglischarged without treatment into the Sava and DanubeRiMae level of
wastewater treatment that should be reachéatate BCSS WWTP was determined based on
legislation requirements and the resultsnaoimericalmodeling of MZ downstream of the
effluent discharge point.
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Legislation of the Republic of Serbia and the EU Water Framework Directive rely on-the so
called combined approach in determining emission limit va(i#d/) and environmental
quality standards (EQS). Effluent discharge must comjitly the more stringent of these two
criteria. In this situation, a mixing zone is introduced in the water sector legislation tdallow
local relaxation in achieving water quality standards near the point of discharge.

The size of the mixing zone (MZhsuld be small enough not to interfere with the use and use

of water and appropriate ecosystem uses (recreation, water supply, and fish habitats). Mixing
zones are environmentally acceptable because the concentrations and effects of most pollutants
declinerapidly after discharge, due to dilution in the MZ. MZs are a widely accepted technical
concept introduced into the water legislative framework to ensure flexibility in meeting water
quality standards. Within the MZ, the water quality limits may be exakdalit at its edge, the
concentrations of pollutants must meet the standards.

Method

The Law on Waters (AOfficial Gazette of the
and 95/2018 anth. law)stipulaes that wastewater, prior to its discharge ihi® recipient,

must be treated to a level that corresponds to emission limit values of pollutants in waters
defined within the Regulation on Emission Limit Values of Pollutants in Waters and Deadlines
for their Achi evement g7/800%, 48/201%and (1/20L&E), ootba t h e
|l evel that wonodt | e odpfiaed diihintee Reduldtiorooh Limith/alues e c i p
of Pollutants in Surface and Ground Waters and Sediment and Deadlines for their Achievement
(AOfficial Ga 5@2012)x whizHeverRsSmore stiihgemhe concept of the

mixing zone was introduced for the first tinmethe Regulation on limitauesfor priority and

priority hazardous polluting substances in surface waters and deadlines for their achievement
("Official Gazette of RS", No. 24/2014Article 2 (paragraph 4) defines the mixing zone as a

part of the recipient in the immediate wiity of the location where certain priority substances

are disposed of from point sources; in the mixing zone, initial mixing with ambient water takes
place, and the concentration of priority substances may exceed the EQSAltetd. 6
stipulaesthat he EQS is allowed to be exceeded within the mixing zone, if not iaifetie
compliance of the rest of the water body with the standards and defined limit values. A mixing
zone should be established for a specific emission point/discharge lpeetibhe spread of

the mixing zone should be proportional to the concentration of priority substances included in
the water permits issued in relation to the regulations on integral prevention and control of
environmental pollution and the Water Lawhe border bthe mixing zone idefinedat a

distance from the source of pollution where 95% mixing is achieved.

Although the concept of the MZ is defined and adopted, there is yet no regulation at the national
level to clearly define its dimensions. It should pdafollowing basic information:
- Specifications of numerically expressed dimensions of the mixing zone in accordance
with the type of watercourse and its biological characteristics,
- The width of the mixing zone (WMZ), should be limited to a part of theprece nt 6 s
crosssection width (CSW), e.g. WMZ =@SW, in order to allow unimpeded passage
of river fauna (fish) through the greater part of the eszsgion, and/or the mixing zone
is limited in the longitudinal direction, e.g. LMZ sG8W, to limit the lgel of pollution
along large sections of the river bank. Facteed m, which usually take valugsom
0.1 to 0.5 for pand from 1 to 5 forin
- The specification of the dimensions of the mixing zone can Heoedafter previous
environmental asses&nts and forecasts, the wastewater emitter can request certain
dimensions of the mixing zone with guarantees of compliance with the principle of
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integral water protection. Based on an impartial assessment, the authorities can accept
such a request, or ptdrth additional requirements and restrictions.

Thebasicconcept of development of BCSS is the constructiomigrceptor central collector

and a wastewater treatment plant at the Veliko Selo site (WWTP "Veliko $dtajure 1 [1].

The recipient ofuture WWTP effluents the Danube River.

Based on previous experiences for wide riverbeds with a large B/H ratio (about 125 at the
WWTP "Veliko selo" site), the use of planar hydrodynamic models in the horizontal plane,
based on hydrodynamic equations &nadsport equations averaged over depth, is justified. The
mixing of untreated wastewater or effluent and river water, i.e. impact of the untreated
wastewater on the Danube and Sava rivers, and of effluent on the Danube River quality
indicators was simulatl by the RMA2/RMA4 models tandem. The RMA2 model is a
hydrodynamic model based on flat flow equations in the shallow domain {degthged
NavierStokes equations). It solves the Reynolds form of the N&tmkes turbulent flow
equations on a finite aleent mesh. Friction is calculated according to Manning's or Shezi's
formula, and turbulence is described by turbulent viscosity coefficients. Steady and unsteady
flows can be analyzed with the model. The model assumes a hydrostatic distribution of
pressurs in the vertical direction and as such is suitable for simulating mixing in zones at a
greater and intermediate distance from the initial dilution zone. The RMA4 model is a transport
model, which calculates transport equations based on the flow solution.

Three models were used, one for the simulation of flow and transport in the Sava River and
Danube upstream from the confluence, comprising all the wastewater outlets, second for the
Danube downstream of the confluence along the urban area also congdtigiegvastewater
outlets, and the third is the model of the Danube River downstream from Belgrade for the
simulation of the influence of WWTP effluent discharge. The downstream boundary conditions
are a fixedwater levelsat 5 percentile river stage $#69.92 m a.s.l., }=69.86 m a.s.l. and
Hos=69.80 m a.s.l. respectively) at the most downstream arrays of @odeés. Danube river

flow downstream of confluence was set as 5 percentile fleg=&149 my/s). Wastewater flow

at each outlet was set equal the average discharge, and the effluent flow at the WWTP
discharge was set as the sum of all outlet discharges. The representative quality parameter was
BODs, concentrationvasset to the average value at the wastewater outlet, ELV for the effluent
discharge (Table 1)and average values for the river inflow in the model.

Table 1. The upper limit values of the key parameters of quality of WWTP effluent as stipulated
in the legislation

Parameters Unit Limit value Lowest % of reduction
CcoD mg/| 125 75

BODs mg/I 25 70-90

SS mg/l 35 90

Ntot mg/l 10 80

Ptot mg/l 1 80

Results and discussion

The | evel of wastewater treat ment Fiduatd) shoul
was determined on the basis of legislation requirements and the resulipploéd
RMA2/RMA4 models for simulation of the effects of current untreated wastewater MZ
downstream of the effluent discharge point.

The influence of wastewater treatment on the natural recipients is twdfedaw wastewater

discharge at all outletgints is discontinued, and effluent discharge downstream from Belgrade

is introduced. The marked positive effects of the cessation of the detrimental influence of raw
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wastewater discharge can be easily inferred from the Figures 2 and 3, and the sinaitaryeou
limited negative effects of the WWTP effluent discharge are illustrated by Figure 4. Having in
mind synergy of the listed effects, it is clear that the discharge of effluent of stipulated quality
(Table 1) would not jeopardize quality indicatorstioé recipient even for the Danube low
waters but rather improve therntherefore, conditions both from Regulation on Emission Limit
Values and Regulation on Limit Values of Pollutants are met when effluent quality complies
with the ELV from the Regulatioon Emission Limit Values of Pollutants in Waters and
Deadlines for their Achieveme(ds presented in Tablg.1

Figure 2. Wastewater discharges from BCSS (current state) into the Sava and Danube Rivers
upstream from the confluence (average wastewater, fow waters, dry period), BO)1]

Figure 3. Wastewater discharges from BCSS (current state) into the Danube River
downstream from the confluence (average wastewater flow, low waters, dry period), BOD

The elimination of the negative impact of waséter outlets on Sava River, that are clearly
observed on thEigure 2 is perhaps the most significant positivéeet ofthe Interceptor and
WWTP on the environmerasthe Sava River is, due to the much lower discharge, markedly
more sensitive than theaDube River.
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