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Abstract 

Strontium titanate (STO) photocatalysts were synthesized using a modified Pechini solïgel 

method. These photocatalysts were then subjected to rapid calcination at various temperatures 

with short exposure times. The samples were characterized using a range of techniques, 

including X-ray diffractometry, scanning electron microscopy, diffuse reflectance 

spectroscopy, infrared spectroscopy, nitrogen adsorptionïdesorption measurements, and X-ray 

photoelectron spectroscopy. The photocatalytic activity of the samples was evaluated by testing 

their ability to oxidize phenol, oxalic acid, chlorophenol, glucose, and propanol under UV light 

irradiation. Notably, all the prepared samples exhibited higher photocatalytic activity compared 

to the commercial STO reference. Increasing the calcination temperature resulted in improved 

crystallinity and larger primary crystallite sizes, but it also led to reduced band gaps and specific 

surface areas. The enhanced photocatalytic activity observed in the most efficient samples was 

attributed to the presence of SrCO3 on the surface of the catalyst. Importantly, the STO 

photocatalysts exhibited high stability, maintaining their crystalline composition even after 

exposure to chemicals with different functional groups. Reusability experiments showed that 

the photocatalytic activity increased over successive reuse cycles, for which further 

investigations will be carried out to identify the possible causes. 

 

Introduction  

Strontium titanate (SrTiO3) is a perovskite-type photocatalyst featuring a 3.2 eV band gap, 

making it a favorable contender for applications in both water splitting [1, 2], and the 

photodegradation of organic contaminants [1-4]. The catalyst offers several benefits, including 

affordability, robust photocatalytic performance, resistance to photo corrosion, and non-toxic 

nature. However, the primary drawback of SrTiO3 lies in its limited ability to harness solar 

energy, absorbing only a narrow portion (about 5%) due to its wide band gap. This wide band 

gap confines its utility for photocatalytic degradation when exposed to UV light [1-5]. Hence, 

the majority of research endeavors have centered on enhancing SrTiO3 through methods like 

anion doping [6-8], introducing metal dopants [9, 10], creating oxygen deficiencies [11], 

depositing noble metals [12], crafting composites [13], or employing dye sensitization [14].  

Various methods are employed for SrTiO3 synthesis, including reverse microemulsion, carbon-

free combustion, hydrothermal, polymeric precursor, and sol-gel techniques [15, 16]. Among 

these methods, the sol-gel approach has garnered research interest due to its simplicity and 

adaptability [16, 17]. The Pechini method, a sol-gel technique, is widely utilized to obtain 

highly pure oxides [18, 19]. However, perovskite preparation through sol-gel methods 
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necessitates a costly high-temperature calcination step [20]. The calcination temperature 

significantly impacts the physicochemical properties of photocatalysts, as demonstrated by Jia 

et al., who observed its strong influence on the stability and photocatalytic activity of doped 

SrTiO3 photocatalysts [5]. Despite extensive research on sol-gel synthesis of SrTiO3, some 

aspects, such as the influence of calcination parameters on photoactivity, remain unclear. 

Calcination, while offering an effective and controllable means to crystallize amorphous 

materials, is often underexplored [17, 21, 22]. Employing unmodified, optimally calcined 

SrTiO3 could yield more cost-effective catalysts while maintaining their relatively high 

photoactivity [17]. While research typically focuses on achieving maximum photocatalytic 

activity, it is equally important to develop stable photocatalysts for practical applications [23-

26]. Notably, the stability of SrTiO3 against pollutants with various functional groups has not 

been investigated to date. 

In this study, unaltered SrTiO3 photocatalysts were synthesized using a distinctive rapid heat 

treatment process at varying temperatures. The influence of this calcination technique on the 

characteristics of the specimens was thoroughly examined. We explored their photocatalytic 

efficiency in degrading phenol, chlorophenol, and oxalic acid under UV exposure and assessed 

their resilience against a range of compounds with different functional groups. 

 

Experimental 

This study employed a modified Pechini solïgel method, based on the previous research by 

Chen et al. [27] and Lu et al. [28]. This method involved dissolving Sr(NO3)2 and citric acid in 

deionized water, adding titanium(IV) butoxide and ethylene glycol, and subjecting the solution 

to 4 hours of heating at 100 ÁC. The resulting amorphous product was collected and dried to 

obtain the xerogel. Calcination was carried out using a controlled air supply in a tube furnace, 

with materials labeled as "STO_RHSE_X" (strontium titanate; rapid heating, short exposure; 

and "X" corresponds to the different calcination temperatures). 

 

Characterization of the catalysts involved various analytical techniques. X-ray diffraction 

(XRD) was used to measure crystallite sizes. Scanning electron microscopy (SEM) was used to 

obtain morphological insights, while nitrogen adsorption and the BrunauerïEmmettïTeller 

model were used to calculate specific surface areas. Optical properties were studied through 

diffuse reflectance (DR) spectroscopy, determining band gap energies from first-order 

derivative spectra. Thermal gravimetric (TG) analysis was carried out to determine the 

minimum calcination temperature. Fourier-transform infrared (IR) spectroscopy and X-ray 

photoelectron spectroscopy (XPS) were used to study the surface of the samples. 

 

To evaluate photooxidation performance, the study used three pollutants (phenol, chlorophenol, 

and oxalic acid) under UV light in a temperature-controlled vessel. High-performance liquid 

chromatography (HPLC) quantified changes in pollutant concentrations. The study also 

examined the stability of RHSE samples against different functional groups by repeating XRD, 

IR, and SEM measurements after photocatalytic activity tests, expanding the evaluation to 

include propanol and glucose. 

Following the characterization of material structure and the evaluation of photocatalytic activity 

and stability, we investigated the reusability of the STO_RHSE samples. Three consecutive 

phenol degradation measurements were carried out for each sample, and the reusability 

measurement was repeated two additional times for the best-performing samples to investigate 

how further the photocatalytic activity can be increased and over how many cycles.  
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Results and discussion 

Following the synthesis, a pale yellow xerogel was obtained, and TG measurements indicated 

no mass loss beyond 600 ÁC. Consequently, calcination temperatures ranging from 600ï1000 

ÁC were used to prepare the RHSE STO samples. XRD patterns revealed characteristic 

reflections for SrTiO3 and SrCO3. The primary crystallite sizes exhibited an increase, ranging 

from 14.7 to 39.2 nm, with the temperature rising from 600 to 1000 ÁC. Simultaneously, specific 

surface areas decreased from 54.5 to 2.1 m2 gï1. As a matter of fact, the calculated primary 

crystallite sizes increased in line with the calcination temperature, and specific surface areas 

decreased with higher temperatures. SEM micrographs revealed polycrystalline samples with 

various shapes and sizes, forming aggregated structures. DRS results showed that the band gap 

values varied only within a narrow range (3.20ï3.25 eV), with slight redshifts resulting from 

the higher calcination temperatures. 

The XPS results could not reveal the reason for the superior activity of the best-performing 

sample (i.e., STO_RHSE_700). However, IR spectra indicated the presence of SrCO3, which 

was successfully related to the observed high photoactivity. Stability tests against various 

functional groups showed that RHSE samples were generally stable, with some changes 

observed after exposure to oxalic acid. 

Photocatalytic activity assessments for phenol, chlorophenol, and oxalic acid indicated that our 

RHSE samples outperformed the commercial STO reference. RHSE STO samples displayed 

varying photocatalytic activity related to calcination temperature, with STO_RHSE_700 being 

the most efficient. The significant photocatalytic performance of STO_RHSE_700 can be 

rationalized by the existence of SrCO3, which is recognized for its role as a co-catalyst in 

SrTiO3/SrCO3 configurations. SrCO3 enhances the separation of charges by capturing 

photogenerated electrons found in the conduction band of SrTiO3. This capture process 

diminishes recombination rates, resulting in an overall enhancement of photoactivity [26, 29]. 

STO_RHSE_700 and STO_RHSE_800 photocatalysts, identified as the most efficient ones, 

were selected to evaluate the maximum number of cycles for which their activity in phenol 

degradation tests continues to increase. It was observed that the photoactivity gain of the 

catalysts decreased after the third cycle, suggesting that the catalysts are approaching their 

maximum activity levels for phenol degradation under the given experimental conditions. After 

the third cycle, the active sites on the surface of the catalysts may have become saturated with 

phenol or other intermediates, which can limit their ability to further degrade phenol. Based on 

XRD and SEM results, the crystalline composition and morphology of STO_RHSE_700 and 

STO_RHSE_800 did not change even after five cycles of exposure to phenol solution. 

 

Conclusion 

The impact of RHSE treatment on STO photocatalysts was explored. As the temperature 

increased from 600 to 1000 ÁC, there was a noticeable growth in the primary crystallite sizes, 

spanning a range of 14.7 to 39.2 nm. At the same time, the specific surface areas experienced a 

decline, decreasing from 54.5 to 2.1 mĮ per gram. The morphology and band gap values 

remained largely unaffected, except for a slight redshift in the band gaps. The photocatalysts 

demonstrated high stability by retaining their crystalline composition even after exposure to 

compounds with various functional groups. Notably, the photocatalytic activities 

predominantly improved with lower calcination temperatures. The most effective sample, 

displaying enhanced performance against phenol, chlorophenol, and oxalic acid, was the one 

prepared at 700 ÁC calcination temperature. The superior photocatalytic activity was primarily 

attributed to the presence of SrCO3. The photocatalysts remained stable against compounds 

containing phenolic ïOH, alcoholic ïOH, ïCl, and ïCHO functional groups, although minor 

changes were observed in their crystalline composition following exposure to relatively 
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concentrated oxalic acid (ïCOOH). Photoactivity enhancement was observed over the 

reusability cycles, which is most likely due to a surface-related phenomenon. 
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Abstract 

Life cycle assessment is a standardised method for assessment of products and processes that 

consists of the following phases: goal and scope definition, inventory analysis, life cycle impact 

assessment and interpretation of results. Within the second and third life cycle assessment 

phases it is necessary to obtain complex data about the material and energy flows and the 

calculations of various environmental impacts. For this task, the use of life cycle inventory 

databases is recommended in order to tackle the background processes which are difficult to 

model manually and time consuming. On the other side, environmental product declarations 

are standardised type III environmental labels based on life cycle assessment that provide a 

detailed information on products impact on the environment through its life cycle stages. The 

information from environmental product declarations can be used as an alternative source of 

data to build the life cycle inventory and to obtain the corresponding impacts on the 

environment for several impact categories. In this research, the environmental product 

declaration data is used to perform the life cycle assessment of building constructions, namely 

three types of wall constructions. While three types of wall constructions were already analysed 

with common life cycle assessment approach in previous research [1], this research has 

alternative approach that uses the environmental product declaration data. The data for the life 

cycle assessment was built from various environmental product declaration owners in order to 

cover several construction materials such as: bricks, aerated concrete blocks, expanded 

polystyrene board, gyps boards, mineral wool, mortar, oriented strand board, wooden frame, 

polyvinyl chloride foil, and decorative finish render. The results show the differences, 

advantages and disadvantages between the common and alternative approaches in data 

gathering for life cycle assessment. Finally, it can be concluded that performing life cycle 

assessment based on environmental product declaration is a feasible approach that can be used 

in situations where the life cycle inventory databases are unavailable.  

 

Key words: environmental product declarations, life cycle assessment, construction materials 
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Abstract 

I hereby present the recent experimental findings and the key concepts of our laboratory's 

research on photocatalytic degradation. Bi2WO6 with a flower-like structure was successfully 

synthesized by two different surfactants e.i. hexadecyltrimethylammonium bromide (CTAB) 

and polyvinylpyrrolidone (PVP), via hydrothermal method to control various properties of the 

resulting material (particle size, morphology, crystallinity, surface area, band gap, etc.). 

Subsequently, our investigation focused on the creation of a ZnO/Bi2WO6 heterojunction 

photocatalyst designed for efficient photodegradation of pollutants. To analyze the material's 

characteristics, we employed techniques including X-ray diffraction (XRD), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), X-ray photoelectron 

spectroscopy (XPS), and diffuse reflectance UV-vis spectroscopy (UV-DRS). However, the 

ZnO/Bi2WO6 heterojunction exhibited tunable properties and demonstrated highly efficient 

phenol degradation with a remarkable degradation rate compared to the as-synthesized Bi2WO6.   
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Abstract 

Research on the social aspects of sustainability problems uses a quite limited toolset. Q-

methodology can be suggested as an additional survey method to explore definitive opinions in 

the field. The paper shows a methodological experiment by ranking the importance of the 17 

Sustainable Development Goals. The case study is presented based on 20 responses from 

business students. The case shows the applicability of the Q-methodology for exploring opinion 

patterns. The results suggest that the majority of the respondents keep planet-related goals as 

the most important ones. 

 

Introduction  

Sustainability is a complex phenomenon derived from the increasingly urgent need to solve 

environmental problems [1]. Since social aspects must be considered, and even society can be 

marked as the source of the problem, the competing interests became challenging to overview. 

Excellent examples are the endeavors of the United Nationsô conferences [2], where numerous 

principles and action plans were elaborated to cover the different needs of stakeholders and 

territories. Each case, action, or strategy can be assessed from various viewpoints; I believe 

there is no ultimate way. At the same time, the expanding knowledge base in the field provides 

background to make satisfactory decisions. Any contribution to this knowledge base is 

valuable, including local and general investigations, as well as engineering, social, managerial, 

and other results. The paper shows a methodological experiment using the Q-methodology [3] 

to explore sustainability issues. A pilot sample was selected from business and management 

students at one university to present the opportunities of the method. The results focus on the 

pattern of the majority opinion. 

The objective of the study is the 17 Sustainable Development Goals (SDGs) by the United 

Nations [4] [5]. The goals and the 5 pillars model (people, planet, prosperity, peace, partnership) 

suggest building a comprehensive, transparent, and easy-to-use framework for strategy making 

and evaluation. Still, the number of goals, especially the related 169 targets, is spreading. The 

research question is how to define the importance of the SDGs. 

Several methods can be used for the evaluation, but each has some limitations: 

Å Scale evaluation methods like the Likert scale or else [6] must consider distortions due to 

social expectations and usually lead to a left-skewed distribution of the responses, and the 

results can be meaningless. However, statistical tools are widely available, and great 

charts can be drawn, but the practical usability of the results is limited. Moreover, the 

relative importance often remains hidden. 

Å A direct ranking seems purposeful, but an increasing number of survey items makes the 

evaluation extremely difficult. 

Å Pairwise comparison methods can fix some problems mentioned above, but the related 

survey is long, collecting responses is time-consuming, and the ratio of responses with a 

clear preference order may be limited. Guilfordôs method [7] based on pairwise 
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comparison is not outdated, especially among experts, but the technique does not allow 

comparison between samples, which limits the generalization of the results. 

 

An old, but nowadays again popular approach is the Q-methodology, which helps to rank a 

large number of statements and explore typical patterns of opinions. It was developed by a 

physicist and psychologist, William Stephenson, in the 1930s [3]. Qualitative and quantitative 

aspects are combined, and the design of the method considers the limitations of human thinking. 

The respondents express their views by sorting a set of statements from most agree to most 

disagree, and patterns of beliefs can be drawn. Beyond understanding individual attitudes, it 

can be used to explore group-level opinion patterns. The Q-methodology is based on the 

correlation matrix and groups the respondents [8]. 

The data collection method makes the relative opinion of a respondent about every statement 

concerning all other statements explicit, presenting a holistic order with integrated trade-offs 

[9]. Data recording can be managed manually by pre-printed cards of the statements and a blank 

pattern for organizing them, or software solutions can automate it. The steps of analysis can be 

summarized as follows based on the literature: 

Å preparing the initial data matrix of the evaluations, 

Å calculating correlations, 

Å selecting the number of factors based on the eigenvalues and the scree plot, 

Å calculating rotated factors loadings, 

Å determining factor weights and scores, 

Å analysis of distinguishing statements, 

Å presenting patterns of opinions by the final factors. 

 

Experimental 

The respondents were asked to organize the SDGs by the question, which is held more or less 

important compared to the others. The survey for the evaluation used a ready-made Q-sample, 

including a description of the goals. Normal distribution of the evaluations is assured by the 

forced sort pattern for the participants [10]. 

The results in this paper are based on a voluntary online questionnaire following the structure 

of Easy-htmlq version 2.0.3, and data processing was performed with the free Ken-Q Analysis 

Desktop Edition (KADE) software. A sample of 20 business and administration students was 

randomly selected from the database collected in the 2022/2023 academic year. 

The factors were defined by principal component analysis with Varimax rotation for 

maximizing the sum of the variances of the squared correlations between variables and factors. 

 

Results and discussion 

The factor analysis shows 7 acceptable factors. The scree plot of the analysis suggests using 2 

or 3 of them (Figure 1). 

According to the 3-factor solution, the reliability of the questionnaire is good, the percentage 

of explained variance is 61%, and the correlation between the factors is low, meaning that 

different opinions are represented in them (Table 1). 18 of 20 respondents have a significant 

contribution to the patterns. 
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Figure 1. Scree plot of the analysis (KADE output) 

 

Table 1. Factor characteristics (KADE output) 
 Factor 1 Factor 2 Factor 3 

No. of Defining Variables 9 4 5 

Avg. Rel. Coef. 0.8 0.8 0.8 

Composite Reliability 0.973 0.941 0.952 

S.E. of Factor Z-scores 0.164 0.243 0.219 

 Correlations 

Factor 1 - 0.1717 0.2499 

Factor 2 0.1717 - 0.1055 

Factor 3 0.2499 0.1055 - 

 

Factor scores and ranking are summarized in Table 2. The dataset presents the weight score and 

the rank order of the items by factors, ordered by the level of consensus. The first row shows 

the item with the highest agreement among the respondents, regardless of its position in the 

ranking. óQuality educationô, óPeace, justice and strong institutionsô, and óClean water and 

sanitationô were marked as significant consensus statements.  

 

Table 2. Z-scores and ranking orders by factors (based on KADE output) 

Statement 5P 
Factor 1 

Z-score (rank) 

Factor 2 

Z-score 

(rank) 

Factor 3 

Z-score 

(rank)  

Quality education People 0.08 (9) -0.14 (10) -0.25 (10) 

Peace, justice and strong 

institutions 

Peace -0.79 (14) -0.06 (8) -0.29 (11) 

Clean water and sanitation Planet 1.35 (2) 0.59 (6) 0.93 (4) 

Decent work and economic 

growth 

Prosperity -0.21 (12) -0.56 (12) 0.26 (8) 

Partnership for the global Partnership -1.33 (15) -0.42 (11) -0.94 (15) 

Climate action Planet 1.97 (1) 1.04 (4) 1.26 (3) 

Responsible consumption and 

production 

Planet 0.46 (6) 0.56 (7) -0.48 (12) 

Life on land Planet 0.8 (4) -0.09 (9) -0.67 (13) 

Life below water Planet 0.38 (7) -1.01 (16) 0.63 (6) 

Zero hunger People -0.1106 (10) 1.46 (1) 1.37 (2) 
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Statement 5P 
Factor 1 

Z-score (rank) 

Factor 2 

Z-score 

(rank) 

Factor 3 

Z-score 

(rank)  

Industry, innovation and 

infrastructure 

Prosperity -0.2 (11) -0.96 (14) -2.07 (17) 

No poverty People -0.61 (13) 1.4 (2) 0.41 (7) 

Affordable and clean energy Prosperity 0.13 (8) -1.94 (17) -0.03 (9) 

Good health and well-being People 0.57 (5) -0.95 (13) 1.38 (1) 

Gender equality People -1.84 (17) -0.98 (15) 0.7 (5) 

Reduced inequalities Prosperity -1.42 (16) 1.07 (3) -0.79 (14) 

Sustainable cities and 

communities 

Prosperity 0.83 (3) 0.98 (5) -1.42 (16) 

 

The majority opinion factor includes 9 respondents. In their view (Figure 2), óClimate actionô, 

óNo Povertyô, and óReduced inequalitiesô are considered the most important SDGs, while 

óAffordable Energyô, óGender equalityô, and óLife below waterô are at the bottom of the 

relative ranking. 

 

 
Figure 2. The q-sort pattern of the majority opinion factor 

Translation of the results of the majority opinion pattern to the 5Ps is shown in Figure 3. The 

results suggest an emphasis on traditional environmental issues while people and prosperity 

show a scattered picture. Partnership and the need for peace are at the bottom of the list. It is to 

be noted that the óless importantô ranking does not mean the objection of the goal; it is just a 

relative order. Probably, a Likert-scale evaluation could show slight differences from other 

items. Factor 2 and Factor 3 give more emphasis to people-related issues than the majority 

opinion. However, partnership and peace are not among the highest positions in any case. 

Learning the opinions of the respondents by Q-sort ranking valuable information can be gained 

about the shared values. From the viewpoint of management and leadership studies, the under-

evaluation of partnership asks for further research since the discipline strongly emphasizes the 

role of collaboration. 
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Figure 3: Q-sort pattern by the 5Ps 

 

Conclusion 

The results show that the majority opinion still keeps environmental (óPlanetô) issues as the 

most important ingredient of sustainability. At the same time, the limited sample selection does 

not allow this to be generally stated. The study aimed to show the methodological opportunities 

of the Q-sort ranking. This method provides an easy way to explore the preferences about an 

objective, in this case, the SDGs. Although several barriers to statistical analysis can be 

managed, this method also has serious limitations in presenting the results. I can suggest the 

application as a preparatory research element that allows further investigations with targeted 

questions. A practical implication of the study is that knowing the orientation of the 

respondentôs thinking, especially the majority opinion, the strategic actions can be purposeful, 

highlighting the preferred values. The interrelations between the SDGs are obvious, and the 

same target may be available in different ways. A higher level of acceptance can be expected 

using common values in formulating the actions. 
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Abstract 

Among different type of surfactants, anionic surfactants are generally applied compounds to 

reduce interfacial tension (IFT) in various fields of industry. Polymeric solutions often possess 

high viscosity, these materials are commonly used for viscosity control [1]. Presence of divalent 

metal ions, especially alkaline earth cations in brine water is an important factor during different 

processes, because these cations considerably affect on both surfactant and polymer solutions. 

By binding to the surfactantôs anionic head group, these cations may cause precipitation from 

surfactant solutions. Divalent cations are able to interact also with the polymer chains, 

decreasing the polymerôs viscosity, enhancing the negative charge of the polymer chains; these 

phenomena may cause precipitation also in polymeric solutions [2, 3]. The present study is 

concerned with the experimental description of the interactions between magnesium ions and 

sodium dodecyl benzenesulfonate (SDBS)īFlopaam AN125SH mixtures and the complexation 

of magnesium with sodium citrate. The mixtures contained the polymer in 1.0 g/L concentration 

and the surfactant in 5.0 g/L concentration. The solventôs magnesium ion content was increased 

between 0.03ī1.5 g/L, and sodium citrate was added to the magnesium ion containing samples 

in 2.0 and 3.0 molar equivalent relative to the magnesium ion concentration. The samples were 

characterized by using turbidimetry and rheology measurements (determining consistency 

index, yield stress, flow number and zero shear viscosity). The infrared spectra of the solid 

precipitates were also recorded.  

The results indicated that sodium citrate is an effective agent to inhibit the magnesium ions 

caused precipitation up to 1.2 g/L metal ion concentration. Addition of sodium citrate 

considerably decreased the viscosity of the samples (the consistency index of the 

SDBSīpolymer mixtures decreased from 47.5 mPas to 7.53 mPas), moreover, addition of 

magnesium ions even in high amounts did not cause the precipitation of the polymer. 

Nevertheless, the presence of sodium citrate decreased the polymerôs viscosity, but according 

to the rheological parameters all samples were described to possess pseudoplastic flow 

behavior.  
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In recent decades, design and synthesis of new materials with photocatalytic properties draw 

attention in scientific research. Water pollution caused by the presence of non-biodegradable 

dyes, widely used in the textile and paper industry, has expanded with the increase of 

industrialization and population [1].  

Here, we report the investigation of photocatalytic properties of cadmium(II) and copper(II) 

coordination polymers: 1Ð[Cd3L(CH3COO)4]ĿH2O (CP1), 1
Ð[Cd2L(NO3)2]ĿCHCl3 (CP2) 

1
Ð[Cd5L2(CH3COO)6] (CP3), 1

Ð[Cu3L2(NO3)](NO3)Ŀ2MeOHĿ2H2O (CP4), 
1
Ð[Cu3L2(N3)](CH3COO) (CP5) and 1Ð[Cu3L2(H2O)](ClO4)2 (6) based on the Schiff base H2L 

(N,Nô-bis[(2-hydroxybenzilideneamino)propyl]piperazine) [2] for degradation of industrial 

dyes. Congo Red (CR), Acid Orange 7 (AO7), Methyl Orange (MO), and Direct Green 6 (DG6) 

dyes were selected as potential colored pollutants. Photocatalytic experiments were carried out 

under visible irradiation at 546 nm, and room temperature using 1 g/L compound (CP1 õ CP6). 

 
Figure 1. Degradation efficiency of investigated dyes using (a) CdII -CP and (b) CuII -CP  

 

Under irradiation with visible light, catalytic efficiency for the degradation of investigated dyes 

increased in order: CP1 < CP3 < CP2 using CdII -CP and CP4 < CP6 < CP5 for CuII -CP. The 

highest photocatalytic activities were obtained using CP2: 87.98% for CR, and 82.79% for MO, 

and CP5: 92.39% for AO7, 40.98% for MO, and 77.38% for DG6. 

The kinetic of dyes photodegradation was investigated using the Langmuir-Hinshelwood model 

and the obtained results showed that the degradation process followed a pseudo-first-order 

kinetic. 
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The WHO defined safe drinking water as "water that does not represent any significant risk 

to health over a lifetime of consumption, including different sensitivities that may occur 

between life stagesò. The production of adequate quality drinking water is a universal problem 

today, partly due to the biologically active and persistent organic pollutants that cannot be 

removed by conventional water treatment processes. Among pharmaceuticals, antibiotics have 

a high ecological, and health risk, because of the development of antibiotic-resistant bacterial 

strains.  Over 30,000 deaths are caused annually by the infections of these strains of bacteria. 

Consequently, the elimination of antibiotics requires additional or quaternary water treatment 

processes, such as UV/chlorine method. 

For the UV/FAC (FAC: freely available chlorine, i.e. the sum 

of HOCl and OCl-) process, considering the UV-Vis absorption 

spectrum of HOCl and OCl-, the LEDs emitting at 265 and 275 

nm are a good alternative to traditional low-pressure mercury 

vapor lamps emitting 254 nm photons. In this study, two types of 

LEDs (with emission maxima at 265 nm and 275 nm) were used 

for the photolysis of HOCl/OClï solutions. The ratio of protonated 

and deprotonated forms (pKa = 7.4) determines the absorption properties of the treated solution 

and the steady-state concentration of the formed radicals, such as ¶OH, Cl¶, Cl2¶
ï and ClO¶.  

The UV photolysis of HOCl and OClï, the role of the various reactive species in 

trimethoprim (a widely used antibiotic) transformation were studied under different conditions. 

The quantum yield of the HOCl photolysis was determined and found to be 0.74 and 0.94 at 

265 and 275 nm, respectively. These values for OClï photolysis were 0.64 and 0.58. HOCl 

reacts fast with trimethoprim, while there is no reaction with OClï. Thus, the pH affects strongly 

the relative contribution of radical-initiated reactions to the trimethoprim transformation. The 

trimethoprim reacts fast with ¶OH and Cl-containing radicals (Cl¶, ClO¶, Cl2¶
ï) so the 

transformation rate increased with increasing oxidant concentration, even at high pH. The 

contribution of ¶OH-based reaction depends on pH; at acidic and neutral pH the ¶OH originated 

from the HOCl photolysis and has a significant role ([¶OH]ssº4.5Ĭ10
-13 M), while at basic pH 

the importance of ¶OH is moderated ([¶OH]ssº3.2Ĭ10
-14 M), mainly chlorine-containing 

radicals (Cl¶, ClO¶, ClO2
¶) are formed and responsible for the transformation. 

Special attention was paid to the chlorinated products and matrix effect, using biologically 

treated wastewater as a matrix. The transformation rate of trimethoprim was only slightly 

affected by this matrix, while the formation of chlorinated compounds was suppressed, due to 

the reaction of Cl¶ and HCO3
ï. 
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Abstract 

In the past few decades, there has been significant interest from both academia and 

industry in multicomponent organic crystals constructed from acid-base complexes [1]. Organic 

salts have been the subject of much research in fields such as corrosion control, medicines, 

agrochemicals, energetic materials, and protonic conductors. Most well-known organic 

inhibitors have heteroatoms with polar functional groups, benzene rings, or lone pair electrons 

(N, O, or S), that act as active sites for adsorption on metal surfaces [2]. According to 

developments in this field, the inhibitor's structural feature, the corrosive medium's 

characteristics, and the metal surface's characteristics affect how well corrosion is inhibited.  

The present study focuses on the obtaining, structural analysis, and investigation of the anti-

corrosive properties of ethylethanolammonium 4-nitrobenzoate (EEA4NB) for iron in 3% NaCl 

solution, taking into account the trend in the last period towards the development of 

environmentally friendly corrosion inhibitors [3, 4]. The benzene ring connected to the 

carboxylate group (COO-) enhances the inhibitor's efficacy and is a crucial functional 

component that causes adsorption on the metal surface. Additionally, alkanolamines, which 

combine the chemical and physical properties of amines and alcohols in a single molecule, can 

form strong and directed hydrogen bonds with benzoic acids [5]. Despite the fact that 

alkanolamines and substituted benzoic acids are environmentally benign, there aren't many 

investigations on their application as metallic corrosion inhibitors in HClO4 and chloride 

solutions in the literature [3, 6]. In this study, a novel environmentally friendly corrosive 

inhibitor (EEA4NB) was synthesized, purified and structurally characterized by single crystal 

X-ray diffraction analysis and Fourier transform infrared spectroscopy (FT-IR). All structural 

data revealed the formation of organic salt with proton transfer from 4-nitrobenzoic acid to 

nitrogen atom of alkanolamine molecule. Electrochemical assays were used to investigate the 

inhibitory effect of EEA4NB on iron corrosion in NaCl solution. The values of current density 

(Jcorr) demonstrate that the EEA4NB layer generated has the ability to inhibit and block the 

iron surface corrosion sites. The inhibition efficiency (IE), which is calculated from the Jcorr 

value, exhibits a high percentage of iron surface inhibition above 92% for all concentrations of 

EEA4NB in solution. At 5 mM, the maximum concentration of EEA4NB, this effect increased 

to 99.9%. The corrosion resistance (Rcorr) for iron in solution containing 5 mM EEA4NB is 

60 times lower than the Rcorr for iron in saline solution alone. The ZEISS STEMI 508 

microscope's images show that EEA4NB adsorption has formed a protective coating on the 

electrode's surface. The image taken on the iron surface at the border between the corroded and 

exposed areas to saline solution containing 5 mM EEA4NB saline solution is shown in Figure 

1. 
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Figure 1. Optical microscope image for surface image with the boundary between exposed area 

of surface cover with a film formed during exposure to 5 mM EEA4NB and exposed only to 

saline attack 

 

The results demonstrate the formation of a stable organic layer on the iron surface with 

anticorrosive properties in the presence of 5 mM EEA4NB [7]. 
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Abstract 

 In the present work, iron-doped zinc oxide nanocomposites (ZnO-FeOx) were 

synthesized by two different routes i.e. hydrothermal and wet impregnation for the 

photocatalytic CO2 reduction under both visible-light irradiation (VLI) and UV-light irradiation 

(UVI). The results indicated that the ZnO-FeOx samples exhibited defects as a result of doping 

in the hydrothermal method, while heterosystem was observed in the case of wet impregnation 

route. The wet impregnation nanocomposites showed remarkable results and produced CO with 

a yield of 2.418 ɛmol/gcat (VLI) and 1.725 ɛmol/gcat under (UVI). In contrast, the 

hydrothermal method yielded 0.477 ɛmol/gcat and 0.36 ɛmol/gcat of CO under (UVI) and 

(VLI). These outcomes represent approximately tenfold (wet impregnation) and sevenfold 

(hydrothermal) improvements compared to bare ZnO. Various factors were thoroughly 

examined which contributed to the enhanced performances of (ZnO-FeOx) as compared to 

pristine ZnO. Theoretical investigations using density functional theory (DFT) unveiled the 

presence of novel impurity energy states in ZnO caued by iron. Furthermore, diffuse reflectance 

infrared fourier transform spectroscopy (DRIFTS) identified the critical intermediates. 

Additionally, the study elucidated a charge transfer mechanism involved in photocatalytic CO2 

reduction. 

Keywords: Photocatalysis, CO2 reduction, RWGS, UV/Visible light irradiation 
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Abstract 

Metal nanoparticles, such as Pt were applied in catalysis on various support materials, and have 

been employed widely in the CO2 activation reaction. The utilization of this greenhouse gas is 

a burning question. During catalyst design, it is important to know the behavior of metal 

nanoparticles and the support alone. The distinct catalytic activity of Pt without any interaction 

with the support material is unknown experimentally as the support always plays a role in the 

catalytic reaction [1]. As a chemically inert material, hexagonal boron nitride (h-BN) can be a 

candidate for this purpose [2]. Therefore, h-BN fibers were synthesized and characterized. The 

as-prepared fibers show no catalytic activity towards CO2 hydrogenation. After, controlled-size 

(4.7 Ñ 0.6 nm) Pt nanoparticles were impregnated onto the fibers the catalytic activity was 377 

nmol/gs at 400ÁC with almost 100% CO selectivity. DRIFTS measurements supported that the 

reaction mechanism observed fits the RWGS reaction mechanism. Various surface science 

techniques proved that the measured activity is attributed to the Pt nanoparticles alone. For the 

noticed low catalytic activity of Pt nanoparticles the development of new sites is responsible 

proved by CO vibration spectroscopy studies [3]. Thus, the synthesized h-BN fibers can be 

employed in catalytic investigations as reference material with the proposed metal and reaction 

or possibly under different conditions.  
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Abstract 

This article presents an investigation on the behavior of a chemically modified glassy carbon 

electrode as a sensing platform for the detection of Diclofenac Sodium. The study also explores 

the potential application of this electrode in analyzing real samples, including blood, urine, and 

wastewater. In addition, the synthesis of Titanium Nanoparticles and filaments used in the 

electrode modification was carried out using a novel method developed by our research group. 

This unique combination of materials has significantly enhanced the novelty of the technology, 

as no previous studies have reported such a combination. 

 

Introduction  

Considering the significance of dissolved solids (DS) in groundwater and its relevance to 

European Union legislation, various methodologies have been utilized to ascertain DS levels. 

These techniques encompass chromatography, specifically gas chromatography-mass 

spectrometry [1], as well as liquid chromatography [2]. The current study elucidates the 

alteration of a glassy carbon electrode (GCE) through the integration of micro flagellar 

nanotubes and titanium dioxide nanoparticles (TiO2np) to serve as a substrate for the detection 

of diclofenac sodium (DS) in wastewater samples. 

 

Experimental 

The GC electrodes were modified using the drop-casting method. Initially, two solutions were 

prepared. In the initial experiment, a solution was prepared by combining chitosan (1 mg) with 

5 mL of Acetic Acid (1%) and TiO2 nanoparticles. In the second experiment, chitosan (1 mg) 

was utilized in a 5 mL solution of Acetic Acid (1%), along with TiO2 nanoparticles and 

nanotubes of filaments. These components were prepared for the purpose of detecting 

diclofenac sodium (DS). Next, a volume of 3 ɛM of each solution was applied onto the GC 

electrode and subsequently dried to facilitate solvent evaporation at ambient temperature. The 

procedure was replicated on three separate occasions. Furthermore, the determination of the DS 

was conducted through the utilization of cyclovoltammetry (CV) technique, employing a 

computer-controlled AutoLab potentiostat (PGSTAT302N, and PGSTAT 12, EcoChemie, 

Utrecht, Netherlands) operated by GPES 4.7 software. 

 

Results and discussion 

The cyclovoltagrams (see Figure 1) show the behavior of the prepared modified sensors in the 

presence of DS. It can be observed at -0.6 V an oxidation peak appears because of the oxidation 

of the diclofenac. Also, there is no reverse peak appearing, which shows the irresistibility of 

the process in which the DS is oxidized, and the reduction reaction does not occur. Furthermore, 



29th International Symposium on Analytical and Environmental Problems 

 
25 

 

the anodic intensity peak was greatest when the TiO2-4HIS-Chit/GCE was evaluated. The Ip 

was equal to 9.14ɛA which was 10 times greater than the peak reported by the TiO2-Chit/GC 

electrode. Which probes the efficiency of the prepared filaments in the recognition of the DS. 
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Figure 1. CV of GCE-4HIS-TiO2Np (a) Chit-TiO2Np/GCE, (b) in 10-3 M diclofenac. 

Experimental conditions: 0.1 M PBS (pH 4); scan rate, 50 mVĿs-1, starting potential, -1 V vs. 

Ag/AgCl, KClsat. 

 

 

Conclusion 

The findings presented in this study demonstrate the efficacy of filament sensing and the 

enhancement of electrical properties in TiO2 nanoparticles. In conclusion, it can be stated that 

the sensors developed in this study have demonstrated efficacy in detecting DS in wastewater 

samples. Furthermore, the robustness of this technology suggests its potential for application in 

online monitoring systems. 
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Abstract 

Diesel engine emissions are under scrutiny in various fields. Due to its complex air quality and 

climate relevancies, the parallel measurement of size distribution and the spectral responses of 

thermally pretreated diesel particulate matter (DPM) provides a powerful opportunity to better 

understand its environmental impact and serve as a novel method for emission-based fuel 

development. In this study, we demonstrate the experimental results of number concentration, 

size distribution, and absorption spectra measurements of DPM as function of the operational 

conditions of diesel engines using different fuel types by 4-PAS and SMPS. The number-

concentration and the population statistics including TNC, TVC and GMD values as well as the 

absorption responses including OAC and AAE data at different operational wavelengths were 

measured at each operational mode of the engine using pure petroleum based B0 and FAME 

mixed diesel fuels at three different TD temperatures. The thermal evolution of the investigated 

emission was also investigated at all measurement conditions. The results demonstrate the 

applicability of multi-wavelength PA spectroscopy for the qualitative investigation of diesel 

emissions and thermal evolution using a multi wavelength PA instrument - thermodenuder unit 

combination. 

 

Introduction  

In present days due to their climate and adverse health impact the investigation of diesel 

particulate matter (DPM) has been in gradually increased scientific interest. The diesel emitted 

particle is one of the dominant sources of light absorbing carbonaceous particulate matter 

(LAC), which is the second most important climate relevant atmospheric constituent too [1,2]. 

Diesel engines equipped with a modern, sophisticated after-treatment system also meet the new 

emission standards. However, further restriction of emissions in this way is limited by durability 

and maintenance. Emission-based fuel development is one of the most promising alternatives 

not only for reducing emissions but also for more environmentally friendly fuel development. 

The controlled parameter for soot emitted by a diesel engine is the number and mass 

concentration that has a limited ability to describe the air quality and climate implications of 

the DPM assembly. The size distribution, volatile classification and spectral responses of diesel 

carbon are critical parameters both in climatic and in health relevancies. A recently introduced 

in-situ measurement method for volatile classification of DPM is based on measuring the size 

distribution of a temperature-treated and denuded aerosol assembly [3]. The use of a 

thermodenuder (TD) for the pretreatment of depleted DPM not only allows the classification of 

volatiles, but also provides an indirect opportunity to study the state of the particles in relation 

to a given exhaust gas temperature under steady-state measurement conditions. Measuring 

aerosol light absorption is also a key, climate-relevant quantity. Moreover, the absorption 

spectrum of the LAC, which is quantified by its wavelength dependence (AAE) is the only 

physical quantity that can be measured in real-time, and which serves composition and air 

quality relevant informationôs [4,5]. 
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Experimental 

For the measurement, a four-cylinder EURO 4 PC diesel engine with a 2-liter turbocharged 

common rail injection system was used to generate diesel exhaust emissions. The rear exhaust 

gas concentration was further reduced 10-fold with ejector diluter (Palas GmbH VKL 10). In 

any given operating condition of the engine, the exhaust particles were treated thermally before 

measurement. In our experiments the measurements were performed with two different fuel 

compositions (B0 and B7) under three different engine loads (defined on fig. 1 as wp#1, wp#2, 

and wp#3) at three different denuding temperatures (40ÁC, 150ÁC, 300ÁC). B7 For reference 

petroleum based B0 (bio free) fuel was used. For the investigation of biofuel effect B0 was 

blended with 7% FAME (Fatty Acid Methyl Ester) (B7). For reference measurements the 

heating unit of TD was set to 40ÁC. While, for volatility measurement the TD was heated to 

150ÁC and 300ÁC respectively.  

 

Results and discussion 

The results of number concentration and size distribution measurements using B0 and B7 fuels 

at three distinct operational conditions of engine and temperatures are shown in Fig. 2. From 

the fitted data, we derived the characteristic parameters of the identified modes, including the 

median count (CMD), the geometric standard deviation (GSD), and the total number 

concentration (TNC). Total volume concentration (TVC) was also inferred using a simple 

spherical approach in the calculations. Independently of the fuel used, a bimodal size 

distribution was identified at a reference temperature (40ÁC) of 820 rpm at 0 Nm. In general, 

regardless of fuel type, engine operating condition, and sample temperature, B7 fuel provides 

similar emission characteristics (i.e., GMD and GSD values) as B0, but with a total number 

concentration (TNC) approximately 10-20% lower for all case.  

 

 

 
Figure 2. Size distribution and its characteristic parameters using B0 and B7 fuels at three 

different operatory parameters of the test engine.  

 

The AAE value deduced from the measured absorption at the operational wavelengths 

of the multi-wavelength photoacoustic instrument using B0 and B7 fuels at different working 

points of the engine are drawn in Fig. 3. Based on that the AAE value around 1 means the 

elemental or black carbon fraction dominancy, while the higher value of that indicates presence 

of organic or in spectral terminology brown carbon fractions. The AAE value of B7 is higher 

than that of B0. This indicates the presence of organic carbon soot with high absorption ability 

towards the shorter wavelengths. This tendency means that the volatile organic compounds 

evaporate from the surface of the particles at higher temperatures.  
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Figure 3. AAE of diesel emission in the function of working points of engine using different 

type of fuels and sampling temperature. 

 

Summary and conclusion 

The number-concentration and the population statistics including TNC, TVC and GMD values 

as well as the absorption responses including OAC and AAE values were measured at three 

different engine operating points using pure petroleum based B0 and B0 blended with 7% 

FAME content (B7) fuels. The absorption spectra quantified by its wavelength dependency 

(AAE) were deduced from the measured data at any operating condition of engine and fuel 

types. We have demonstrated experimentally that the size distribution of the wp#1 has bimodal 

distribution. We also demonstrated in this work that biofuel content cause higher absorption 

responses towards the shorter wavelengths and that the TNC values shows increased dynamics 

than that of AAE values with the increased number of wpôs. We also experimentally 

demonstrated the applicability of the multi-wavelength PA spectroscopy for the emission-based 

fuel development purposes. Finally, we also demonstrated a novel methodology for particle 

evolution measurement using the combination of PA instrument and a thermodenuder unit.  
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Abstract 

In our present study, we wanted to investigate the applicability of dielectric properties 

measurement to monitor the progress of three distinct but connected subprocesses of 

lignocellulosic biomass utilization. These involved the enzymatic saccharification of corn-cob 

residues, followed by the bioethanol fermentation of the hydrolysates, and lastly, the anaerobic 

biogas co-digestion of industrial wastewater sludge and solid residues from the alcohol 

fermentation part. Our results revealed that a strong and established correlation can be found 

between the process indicators and the dielectric constant of the different fermentation media - 

namely, the absolute sugar concentration during the enzymatic hydrolysis, the ethanol 

concentration during the alcohol fermentation, and the biogas yield during the anaerobic co-

digestion. The relationship between these parameters can be described via linear functions, and 

the coefficient of correlation r varied between 0.97-0.99, while the R2-value between 0.96-0.99.    

 

Introduction  

The growing importance of sustainable growth and the need to lessen reliance on finite 

resources have increased attention on the use of biomass and the integration of eco-friendly 

technologies. Serving as a fundamental component in the circular economy framework, 

biomass utilization strives to eradicate waste and perpetually recycle resources within a self-

sustaining system. Lignocellulosic biomass (LCB) stands as the planet's most plentiful 

biological raw material, accounting for an estimated 80% (or 450 gigatons of carbon) of all 

different kinds of biomass. Over the past several years, extensive research has been conducted 

on harnessing LCB for bioenergy generation, positioning it as a viable and eco-friendly 

substitute for finite energy resources [1]. There are numerous procedures that can be utilized 

for biomass processing, among which bioethanol production and biogas fermentation are the 

most commonly used ones. From an environmental and energetic perspective, combining these 

utilization methods is the most favorable solution, since it can ñcloseò the whole lifecycle of a 

phytomass of any kind, and can be perfectly integrated into the circular economy concept [2]. 

The separated hydrolysis and fermentation process (SHF) is one of most frequently employed 

technologies for biomass saccharification and ethanol fermentation ï the first two of the cycle 

-, since it grants usually great yields and efficiency, and can be precisely controlled. Although 

the feedstock loses a significant part of its organic matter during these processes, it still contains 

a significant number of utilizable compounds, making it a great secondary raw material for 

anaerobic biogas co-digestion [3]. However, the biochemical pathways and reactions that occur 

during these subprocesses are especially complicated, and the standard analytic methods for 

controlling are either time consuming, and/or expensive. Therefore, an alternative method for 

monitoring these utilization methods should be sought out. The applicability of dielectric 

behavior assessment has been widely investigated, and its reliable use in several fields of 

science and engineering - for example foresting, soil engineering or food science ï has been 

proved [4]. The underlying principles governing dielectric behavior are established in 
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electrodynamic characteristics. Specifically, the presence of an electromagnetic field of any 

strength, denoted as E, induces what is known as a dielectric displacement, or D, in real 

materials. This can be interpreted as a form of phase shift, represented by ŭ. Consequently, the 

dielectric permittivity (Ů), which describes how different materials react to the electromagnetic 

field, is considered a complex function dependent on the angular frequency ɤ of the field being 

applied: 

 

ὈὩ ‐ᶻὪὉ  (1) 

 

In the equation above, Ů* denotes the complex relative permittivity, ɤ is the (angular) frequency 

and i = Ѝ ρ. In case E is not excessively high, the proportionality between E and D remains, 

and as the frequency increases the emerging ŭ phase difference becomes more prominent. The 

frequency at which the phase shift becomes prominent depends on the temperature, and the 

biological, chemical, and physical characteristics of the material, and can be defined as: 
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Equation 3 is the separated form of the complex relative permittivity, where Ůô ï the dielectric 

constant ï denotes the real part, and Ůôô ï the loss factor ï the imaginary part. The dielectric 

constant quantifies the electric (or electromagnetic) absorbing and storing capabilities of a given 

material, while the loss factor shows how much of the absorbed energy is converted into other 

types of energy. As can be seen from the equation, both the dielectric constant and loss factor 

are frequency dependent, and the distinct frequency where the dielectric constant reaches its 

maximum (i.e. the inflexion point of the dielectric spectra) is called the relaxation frequency. 

For systems containing high amounts of water, this relaxation frequency occurs around 700-

1000 MHz. These dielectric properties highly depend on the chemical ï physical structure of a 

system as well ï meaning, that a change in either the chemical or physical structure is reflected 

in the change of dielectric behavior as well. This makes the measurement of dielectric behavior 

a promising alternative in the controlling and monitoring of biotechnological processes, such 

as biomass utilization [5].  

 

Experimental 

Corn-cob residues served as raw material for the enzymatic saccharification; of which 10 m/m% 

aqueous suspensions were made by the addition of purified water. A mixture of different ɓ-1,4-

glucanase enzymes was added to the suspensions, and during the 6-days-long hydrolysis, the 

temperature was kept at 45Ñ1ÁC, whilst the pH at 5.5Ñ0.4. The sugar end-product of the 

hydrolysis was measured with dinitrosalicylic-acid based spectrophotometric method every 24 

hours. Along with the sugar concentrations, the dielectric properties of the hydrolysates were 

also measured with a DAK-3.5 open-ended dielectric probe connected to a ZVL-3 vector 

network analyzer (bandwidth: 30 kHz ï 3 GHz). The subsequent ethanol fermentation took 

place in automatic anaerobic fermenters, and standard Saccharomyces cerevisiae strains were 

used for the bioconversion of glucose to ethanol. The temperature was kept at 30ÁC, and the pH 

at 5.5. The ethanol concentration was measured with distillation, and the dielectric properties 

of the fermentation media were also measured with the aforementioned dielectric system.  The 

solid residues after the fermentation were transferred to laboratory-grade glass fermenters, 

where they were mixed with 100 cm3 of industrial wastewater sludge for mesophilic co-

digestion. The optimal temperature condition (T=38ÁC) was achieved in a thermostatic cabinet. 
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The biogas yield was calculated based upon the absolute pressure inside the reactors, and along 

with it, the dielectric behavior of the fermentation media was also measured with the dielectric 

assessment kit.  

 

Results and discussion 

In order to evaluate the correlation between the nascent sugar concentration during the 

enzymatic hydrolysis and the dielectric properties of the medium, we plotted the values of the 

900 MHz dielectric constant (i.e., the variable which is affected by the biochemical changes in 

the material) as a function of the corresponding sugar concentration (i.e., the variable which 

ultimately leads to the change in dielectric behavior). This can be observed in Figure 1.  

 
Figure 1. The relationship between the sugar concentration and the 900MHz dielectric constant 

during the enzymatic saccharification 

 

The results obtained suggest that as the hydrolysis converges, the concentration of sugar shows 

saturation characteristics (i.e. the product concentration eventually reaches its maximum and 

does not go any further), which is a typical tendency of enzymatic reactions. The maximum 

value of sugar turned out to be around 18 g/dm3, which means an approximately 76% 

bioconversion efficiency. In terms of the dielectric constant, it can be clearly stated that there 

is a strong and linear correlation between it and the sugar concentration (r = 0.989). It can also 

be seen that as the sugar concentration increases, the dielectric constant gradually decreases. 

This might be explained by the fact that the degradation of lignocellulose evidently produces 

smaller mono-, di- and oligosaccharides, the vast majority of which are soluble. This eventually 

leads to the reduction of free water molecules, which also implies a decrease in the dielectric 

constant. This strong relationship suggests that evaluating certain dielectric characteristics (in 

this case, the dielectric constant) can be a promising, fast, and accurate method for monitoring 

enzymatic processes.  

During the second part of the SHF process, the hydrolysates underwent anaerobic alcohol 

fermentation, where the ethanol concentration was regularly measured every 24 hours, along 

with the dielectric characteristics. Figure 2 shows the results obtained for the fermentation 

process. 
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Figure 2. The dielectric constant as the function of ethanol concentration during the fermentation 

process 

 

Like in the case of enzymatic hydrolysis, the ethanol concentration also showed a saturation 

tendency during the fermentation, which is related to both the concentration of free sugars 

available and the alcohol tolerance of the microbes. Since the maximum v/v% achieved was 

around 0.35%, the conversion efficiency did not exceed 40%. A possible explanation for this is 

that during the degradation of lignocellulose, a huge variety of compounds can be generated 

(especially from the lignin) that can limit the microbial metabolism. Although the ethanol 

conversion efficiency was relatively low, the change in dielectric behavior showed strong linear 

correlation (r = 0.989) with the ethanol concentration as well. Since ethanol has a lower 

dielectric constant than water, even a small amount of it can influence the dielectric behavior 

of the medium, which can be observed in Figure 2.  

 

During the anaerobic co-digestion, the solid residues from the alcohol fermentation (after 

drying) were mixed with 100 cm3 of industrial sludge. The produced gas volume was measured 

on every seventh day of the process, along with the dielectric constant of the fermentation 

media. Figure 3 shows the results obtained.  

 
Figure 3. The connection between the dielectric constant and bigos yield during the anaerobic co-

digestion process 
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It can be seen from the results that the digestion process reached the steady-state (or 

ñstagnatingò) phase around the 28th day, after which no detectable difference was experienced 

in the biogas volume. During this stage the biochemical reactions slow down and eventually no 

recognizable chemical / physical structural change occurs. This is in great alignment with the 

dielectric characteristics, namely that the decreasing tendency stops after the 28th day. Like the 

previous processes, the dielectric constant shows a strong linear correlation with the actual 

phase of the fermentation media (r = 0.986), meaning that it might be used as a fast and accurate 

monitoring tool for anaerobic biogas fermentation processes tool.  

 

Conclusion 

In the present study, we investigated whether certain biomass utilization processes, namely 

enzymatic hydrolysis of lignocellulose, alcoholic fermentation of the hydrolysates and the 

biogas co-digestion of fermentation residues, can be monitored by measuring dielectric 

parameters. Our results revealed that a strong a linear correlation could be established between 

the dielectric constant, and the indicator parameters of these biomass utilization processes, 

namely the sugar, ethanol and biogas yield or concentration (r = 0.989, 0.989 and 0.986, 

respectively). This suggests that ï after proper optimization ï dielectric measurement can be 

utilized as a fast, reliable, and relatively cheap technique in monitoring and controlling of these, 

or similar biomass processing technologies.   
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Abstract 

The study was aimed on the investigation of strontium titanate photocatalysts (SrTiO3) and soil 

extract interaction. Both commercial and synthesized SrTiO3 photocatalysts were studied in the 

present work. The latter was obtained via a solvothermal crystallization method (applying 

different synthesis parameters: treatment time, NaOH source and precursor ratio). The result of 

the soil solution (extracted from solonetz/basic soils) - catalyst interaction was studied via the 

photocatalytic activity towards phenol degradation under UV-light. The SrTiO3 nanoparticles 

were characterized by X-ray diffractometry (XRD), infrared spectroscopy (IR), diffuse 

reflectance spectroscopy (DRS) and scanning electron microscopy (SEM). The phenol 

degradation experiments revealed that synthesized SrTiO3 showed higher photocatalytic 

activity than commercial SrTiO3. The XRD patterns revealed that crystalline structure of each 

sample was preserved, while the primary crystallite size values obtained decreased following 

immersion in the basic soil extracts. The IR results showed that the surface properties of both 

commercial and synthesized SrTiO3 photocatalysts were modified. Based on DRS 

investigations, all samples immersed in basic soil solutions changed their color. However, no 

changes were observed in the band gap for commercial SrTiO3 while for the synthesized SrTiO3 

smaller changes were observed. The SEM micrographs showed only signs of particle 

aggregation. 
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Abstract 

Green nanoparticle (NP) synthesis is a novel area of nanotechnology that succeeds in terms of 

biocompatibility, scalability, cost-effectiveness, and environmental friendliness. Due to the 

widespread of metal nanoparticles in industrial scale applications, green and efficient process 

that are required free toxic solvent is being emphasized. Plants have lately been used to produce 

metal nanoparticles as an alternative approach that apply extracts made from as reducing and 

capping agent. Due to their excellent properties, silver nanoparticles have been widely used for 

several applications, including as antibacterial agents, in industrial, household, and healthcare-

related products, in consumer products, medical device coatings, optical sensors, and cosmetics. 

Regarding this, the purpose of our research firstly was to find out whether the green martials 

Turkish coffee (TC) and Virginia Creeper (VC) extracted and used for synthesis of silver 

nanoparticles (Ag NPs) could be recycled for further NP synthesis. Another objective was to 

compare Ag NPs morphology synthesized by biological reagent to chemical reagents as sodium 

borohydride (NaBH4) as reductant, and sodium citrate and Polyvinyl-Pyrrolidone (PVP) 55k as 

the stabilizing agents by conventional method. The characteristics of the Ag NPs was confirmed 

by transmission electron microscopy (TEM), U.V spectroscopy and dynamic light scattering 

(DLS) measurements. 

 

Introduction  

Nowadays, nanotechnology plays a crucial role in various industries, including electronics, 

chemicals, biotechnology, bioanalytics, and others. (1). Scientists formed a novel area known 

as "green nanotechnology" via linking the concept of sustainability with nanotechnology. Green 

improvement took birth out of the repeated thought method and act plans of researchers. Plants 

and its counterparts are comprehensively used in synthesis of nanoparticles (2). Additional 

when technology advanced the green route of synthesis was selected for replacing non-

ecofriendly by yields with eco-friendly ones. This greener route employs biotic entities of the 

environment as its incredible ingredient by altering the traditional ingredients in physical and 

chemical methods of synthesis (3). Metal nanoparticles have been used extensively in current 

research, between the diverse metal nanoparticles, Ag NPs further have been paid attention 

throughout the past few years because of their prospective. The modern studies for the 

preparation of silver nanoparticles with a controlled size will be valuable in numerous 

approaches such as: chemical reduction of silver ions commonly in the presence of stabilizing 

agents (4). It is noteworthy that this method and the most of the chemical methods have possible 

hazards to health and environment. Nonetheless by reduction potential of plant extract, we 

could be able to reduce the metal ions. Therefore, the potential of plants as biological materials 

for the synthesis of nanoparticles still should be explored like the mechanism of reduction which 

is not well described in the articles, their process conditions and concentration of both reducing 

agent and main precursors.  Green synthesis of NPs by means of plants extract has numerous 

rewards above chemical synthesis, such as easiness, cost effectiveness as well as compatibility 
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for biomedical and pharmaceutical applications (5). Thus, the present study focused on the 

green materials (TC and VC) extracted and used for the synthesis of nanoparticles, the major 

key was through the multi-round recycling for further NP synthesis. This study aims to compare 

the chemical properties of green Ag NPs with those synthesized using chemical reagents, 

providing a explore a clean, sustainable, direct alternative to chemical approach for Ag NPs 

synthesis.  

 

Experimental 

Preparation of plant extracts in multiple rounds. The selected plant extracts were prepared 

according to earlier described procedures (6,7) with some modifications. Virginia Creeper (VC) 

leaves were collected locally (Szeged, Hungary) in September 2023. The leaves washed by 

deionized water to remove any surface dust and dried at room temperature until achieving 

constant weight. Afterward, the VC leaves were cut to small pieces. For the duration of first-

round extraction, the extracts were prepared by using 5 g of VC small pieces leaves in 100 mL 

of deionized water set up temperature to 70 ÁC for 30 min, and then the extracts were paper- 

and vacuum-filtered to remove residual plant particles. The extracts were stored at fridge for 

somedays before used for NPs synthesis. A similar procedure was working for coffee (TC) 

extracts, except that purchased powder coffee (Hazer Babe, Turkish coffee) were boiled directly 

without any pretreatment. After the first-round extractions remaining plant materials (used upon 

the first extraction, left behind as ñwasteò) were air-dried and recycled two further times to gain 

individual extracts each time (second- and third-round extractions). In these multiple rounds, 

the extraction technique was undistinguishable as described above for first-round extractions. 

The extracts formed were labeled according to the name of the plant extract and the order 

number of the extraction round, namely TC1, TC2, and TC3 for coffee and VC1, VC2, and 

VC3 of Virginia Creeper extractions, respectively. These extracts were all stored in fridge, then 

applied separately for Silver nanoparticle (Ag NPs) synthesis as reducing and capping agents. 

Synthesis of AgNPs, TC-Ag-  and VC-Ag ï labeled green Ag nanoparticles were synthesized 

by adding the corresponding extracts (of the first-, second-, and third-round extractions: TC1, 

TC2, TC3 and VC1, VC2, VC3, respectively) added to 0.002 mole/L aqueous of AgNO3 

solution 1:1 volume ratio at 75 ÁC , PH 7 by continuous stirring for 1h . Then the prepared Ag 

nanoparticles cooled down and kept in fridge for later use. Whereas chemical reagents citrate 

and PVP Ag NPs where synthesized by the seed-mediated growth conventional approach (8,9). 

The method is based on chemical reduction using silver nitrate (AgNO3) as a silver source, 

sodium borohydride (NaBH4) as reductant, and sodium citrate and polyvinyl-pyrrolidone (PVP) 

55k as the stabilizing agents.  

 

Results and discussion 

Consideration of the suitability of the plant extracts obtained in several recycling rounds to form 

Silver nanoparticles (Ag NPs). Following the procedure described earlier (6,7) we achieved Ag 

NPs synthesis with the benefit of each extract obtained in the multiple round of extraction. Our 

primary objective was to assess the appropriateness and recyclability of green household waste 

materials for the generation of Ag NPs and to determine which green material provides 

sufficient quantities and quality of key components after successive extraction steps to produce 

AgNPs. During the reaction when certain aqueous green extracts were added to the reaction 

mixture, while the continuous of reduction of silver ion and constant of growth of Ag 

nanoparticles, we observed a color change. UVïVis Spectroscopy was used to measure the 

localized surface plasmon resonance, The UV spectrum is shown specific peaks in (400 to 

450 nm) region for synthesized Ag NPs by various reagents that confirmed the present of silver 

nanoparticles (Figure 1). Dynamic light scattering (DLS) was used to determine the size 
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distribution (d.nm) (Figure 2). The hydrodynamic size was around 6nm for PVP and 18 nm for 

citrate whereas for green reagents 19nm for TC and 30 nm for VC. 

 

 

 

 

 

 

 

                               

Figure 1. UV-vis absorption spectra of chemical approaches PVP and Citrate AgNPs (a), and 

green synthesized AgNPs prepared by coffee (TC1,2 and 3) (b) and (c) for VC (1,2 and 3).  

 

 
Figure 2. Size distribution (d.nm)  Citrate-SB Ag Nps (a) PVP -SB Ag Nps (b) and  (c ) is 

TC- Ag Nps and (d) is VC-Ag Nps . 

 

TEM measurements were employed to ascertain the size and morphological characteristics of 

the obtained Ag NP samples. According to these images (Figure 3) Ag NPs synthesis was 

successful with chemical reagent as well as green reagents applied. The shape (spherical) of Ag 

NPs produced by green synthesis was similar to chemical ones. The size of AgNPs by green 

synthesis appeared larger compared to (SB) Ag NPs as around 5 nm. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. TEM images of silver nanoparticles produced by using various green waste extracts 

obtained in round extraction of Turkish Coffee (TC1-Ag, TC2-Ag), Virginia Creeper (VC1-

Ag, VC2-Ag) compared to chemical reagent sodium borohydride (SB-Ag). 
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Conclusion 

In the last decade, the green production of nanoparticles had been a major ground of research. 

Nowadays, one of the most basic needs to the field of nano is its compatibility with 

environment. In this regard, this work focused on investigation of the multiple applicability 

such as recyclability of (coffee and Virginia Creeper) waste extraction for green Ag NP 

synthesis and compare the synthesized particles to the conventional produced Ag NPs 

(SB-Citrate and PVP). All green extracts obtained from first to third round extraction samples 

of TC, VC were found to be adequate for Ag NPs synthesis, although TC extracts appeared to 

be better compare to VC extracts. These outcomes show that the well-selected green waste 

materials can be reprocessed in multiple rounds for nanoparticles synthesis. 
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Abstract 

Monensin A is polyether type natural antibiotic with a quasi-ring structure. The structure is the 

consequence of hydrogen-bond formation between the two terminal functional groups. The 

outer side of the molecule is lipophilic due to the alkyl function groups. The cavity has a 

hydrophilic character. Based on the above properties, this molecule is able to coordinate 

monovalent metal ions and transfer them across cell membrances. This way of transportation 

may cause bacterial cell death by disruption of the metal ion balance. The environmental 

divalent metal ions may influence this process. The results of the experiments serve the better 

understanding of the behavior of monensinate toward these metal ions. 

The coordination ability of the monensin molecule can be studied through its chirality in 

solution by circular dichroism (CD) spectroscopy. The measured CD data showed that the 

deprotonated ligand forms two different types of divalent metal complexes depending on the 

metal to ligand molar ratio. In the presence of ligand excess a biscomplex exists, however if the 

amount of metal ions is incrased, a monocomplex is formed. The [M(Mon)2(H2O)2] biscomplex 

is neutral and the metal ionôs coordination sphere is octahedral. The formation processes 

followed by UV-CD were presented earlier [1]. CD spectroscopy in the visible and near-

infrared range was used to investigate the monensin A complexes with colored metal ions. The 

colored metal ions can be chirally perturbed by the ligand, thereby they show optical activity in 

the visible wavelength region [2]. Furthermore, the implementation and evaluation of 

measurements in this range is simplified by the fact that the free components do not exert CD 

spectra. The complexation with Co(II) and Ni(II) cations was investigated in methanolic 

solution, where the ligand was deprotonated by tetramethyl-ammonium-hydroxide. 

Competition experiments between selected colored and colorless divalent metal ions (Mg(II), 

Ca(II) and Zn(II)) were also performed. The observed characteristics of the mono- and bis-

complexes of Co(II) and Ni(II) were used to investigate the competition with divalent colorless 

metal cations. The conditional stability constants of these complexes were calculated by 

PSEQUAD program.  

As a conclusion, monitoring the complex formation in the VIS-NIR range with CD 

spectroscopy reduces the data for evaluation. The evaluation of the measurements with visible 

chiral complexes can be easily carried out, as the ligand and the metal ion have no CD signal. 

Moreover the measurment conditions are simplified in these cases. Our data show that, to decide 

whether the monensin molecule is suitable for chelating agent, it is necessary to consider its 

interactions with non-native metal ions in the living system and in the environment. 
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Applying chiral stationary phases is a highly favored choice for enantioseparation purposes due 

to its versatility both in analytical and preparative scales. Among others, Cinchona alkaloid-

based ion-exchanger type chiral stationary phases are particularly noteworthy in the case of 

enantioseparation of amino acids and their derivatives.  

The changes in the chromatographic parameters were investigated by varying of the methanol 

and acetonitrile content of the bulk solvent, the nature of the acid and base additives, and the 

temperature of the stationary phase. The stoichiometric displacement model was used to study 

ionic interactions by varying the concentration of the additives. Evaluation of structure-

retention relationships was done on the basis of the effects of the various structures of the 

applied analytes and the elution order of their stereoisomers utilizing different selectors as 

stationary phases. 
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Abstract 

Metal-organic frameworks (MOFs) are a new class of crystalline micro/mesoporous hybrid 

materials, constructed by organic linkers and metal nodes, with significant application potential. 

Due to their chemical and physical properties, such as high surface area, large porosity, tunable 

pore size, and flexible functionality, MOFs have gained extensive explorations as a highly 

versatile platform for functional applications in many research fields [1,2]. Zr based metal-

organic framework materials (Zr-MOFs) with increased specific surface area and pore volume 

have been obtained using the chemical and the solvothermal synthesis methods. The obtained 

materials were investigated by FT-IR spectroscopy, TGA, SANS, PXRD and SEM methods. 

The nitrogen porosimetry data evidenced the presence of pores with average dimension of ~4 

nm and by SANS the average sizes of the Zr-MOF nanocrystals are suggested to be around 30 

nm. The PXRD obtained patterns were characterized by similar features that point to well-

crystallized phases specific for the UIO-66 type materials revealing by SEM also that the 

materials are composed of small and agglomerate crystals. The thermogravimetric analysis 

reveals that both materials have approximatively two linkers deficiencies per Zr6 formula unit 

[3]. 
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Abstract 

In this work, a new nanocomposite based on activated carbon and magnetite (PM) was 

synthesized and characterized by the most indicated and modern methods. The obtained 

magnetite/carbon nanocomposite was tested as adsorbent for the removal of Methylene Blue 

(MB) from colored wastewater. In ortder to elucidate the adsorption mechanism, kinetic and 

thermodynamic studies were carried out. The high adsorption capacity of the synthesized 

nanocomposite was highlighted by regeneration and reuse studies in consecutive 

adsorption/desorption cycles. 

 

Introduction  

The efficient removal of dyes from wastewater is becoming a worldwide priority for increasing 

the quality of life [1].Various physical, chemical and biological methods have been tested to 

remove dyes from wastewater [2]. Among all the decontamination methods, adsorption is 

considered to be one of the most promising alternative techniques for removing non-

biodegradable dyes from wastewater, due to: its simple application, superior efficiency, 

relatively low costs, as well as the possibility of reusing adsorbents [3]. The application of 

magnetic nanocomposites as adsorbents for wastewater treatment has proven effective, due to 

their unique physical and chemical properties and easy separation from the solution [4]. 

 

Experimental 

The magnetite/carbon nanocomposite was obtained by combustion method [5] using iron oxide 

as an oxidizing agent and L-arginine as a reducing agent. The synthesized magnetic 

nanocomposite was investigated as adsorbent material for the removal of cationic dye: 

Methylene Blue (MB) from colored wastewater. The effect of the working conditions: solution 

pH (2·12), the amount of adsorbent (0.25·3 g/L), initial dye concentration (10õ250 mg/L), and 

temperature (25ÁC, 40ÁC, 55ÁC), on the removal efficiency was investigated. The experimental 

data obtained at certain time intervals and at equilibrium were correlated with pseudo first-order 

and pseudo second-order kinetic models, respectively Freundlich, Langmuir, Sips and Redlich-

Peterson adsorption isotherms. In order to evaluate the regeneration and reuse performance of 

the synthesized magnetic nanocomposite, the study was extended to six consecutive cycles of 

adsorption-desorption. 

 

Results and discussion 

The crystalline structure of the synthesized nanocomposite was determined by X-ray diffraction 

analysis and infrared spectroscopy. The synthesized material has a specific surface of 930 m2/g 

and a saturation magnetization value of 4.02 emu/g. 

Working under normal conditions: natural solution pH and room temperature very good 

removal yields greater than 92% were obtained, for MB dyes. Kinetic studies showed that the 
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adsorption process was best described by the pseudo second order model. The data obtained at 

equilibrium were best correlated by the Sips isotherm model, and the maximum adsorption 

capacitie was determined as: 132.52 mg/g for MB. The determination of thermodynamic 

parameters (Gibbs free energy, enthalpy and entropy) indicated that the adsorption process is 

spontaneous and endothermic in nature. 

The regeneration capacity of the synthesized nanocomposite was studied in consecutive 

adsorption-desorption cycles, yields of over 75% being recorded even after the 6th cycle for the 

MB dye. 

 

Conclusion 

The experimental results indicate that the synthesized magnetite/carbon nanocomposite exhibits 

a very good adsorption capacity, which recommends it as a versatile and promising material for 

industrial wastewater treatment. 
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Abstract 

With the imminent threat of water contamination and its increasingly expensive treatment, the 

challenge of finding solutions with environmentally friendly and low-cost systems, operations 

and materials to address the imperative of conserving essential resources. Biochar can remove 

a wide range of pollutants from water such as ammonium, however, the effectivity of adsorption 

may be affected by other pollutants of wastewater. Thus, this study aims to determine the 

efficiency of biochar as an adsorbent of ammonium in aqueous solutions in the presence of 

some selected organic compounds as bovine serum albumin (BSA), lactose and acetic acid. The 

biochar was produced from banana leaves at 300ÁC, then modified with NaOH. Biochar was 

characterised by SEM and FTIR, specific surface area was determined by BET measurements. 

Batch experiments were carried out to investigate the ammonium adsorption capacity and the 

competitive adsorption mechanism. Results show that the highest ammonium removal rate 

occurs at pH 9 with a dose of 500mg of biochar in 2 hours. The maximum NH4
+ adsorption 

capacity was 0.97 mg/g without organic compounds according to Langmuir model in a 

monolayer condition. The isotherm model that best fits the data obtained is Harkins-Jura model. 

The presence of organic compounds in the aqueous solution significantly impacts the 

adsorption of ammonium by biochar. The data obtained during competitive adsorption 

experiments are fitted to the Aranovich-Donohue isotherm model. 

 

Keywords: biochar, water treatment, adsorption, ammonium removal, competitive adsorption. 
 
Acknowledgements 

Project no. 2019-2.1.11-T£T-2020-00152 has been implemented with the support provided by 

the Ministry of Innovation and Technology of Hungary.  



29th International Symposium on Analytical and Environmental Problems 

 
47 

 

DRUG DELIVERY SYSTEMS USING Zr -BASED METAL ORGANIC 

FRAMEWORK MATERIALS  

 

Ana-Maria Putz1, Roxana Nicola1, Carmen Cretu1, Elena-Mirela PicioruἨ 1 and  Corina 

Duda-Seiman 2 

 
1òCoriolan DrŁgulescuò Institute of Chemistry, Bv. Mihai Viteazul, No.24, RO-300223, 

Timisoara, Romania  
2 West University of Timisoara, Biology-Chemistry Department, Johann Heinrich Pestalozzi 

No. 16, RO-300115, Timisoara, Romania  

e-mail: putzanamaria@yahoo.com 

 

Abstract  

Tests of drug loading and release in different buffered solutions were performed. Captopril and 

ibuprofen were chosen as model drugs. Zr-based metalïorganic frameworks were used as drug 

carriers envisaged for controlled drug release. The carriers demonstrated enhanced drug-

loading capacity and showed relatively good results in drug delivery. The cumulative 

percentage of drug release in phosphate-buffered solution at pH 7.4 was higher than that in 

buffered solution at pH 1.2. The release rate could be controlled by changing the pH of the 

releasing solution. Different captopril release behaviors were observed when the experiments 

were performed using a permeable dialysis membrane. By applying different kinetic models 

resulted that the mechanism of drug release in various pH media, obeyed Fickian diffusion. 
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Abstract 

Mesoporous silica particles were synthesized by sol-gel method in order to be tested for their 

drug loading and release properties, starting from mixed silica precursors, tetraethoxysilane and 

mercaptopropyltriethoxysilane using the co-condensation method. The carriers demonstrated 

enhanced drug loading capacity of 99.87% and also showed good results in drug delivery. The 

cumulative percent of drug release in acidic buffered solution was 45.07% after 3 hours of 

release. The in vitro release data were applied to various kinetics models to predict the drug 

release mechanism and kinetics. A good coefficient of determination was obtained for Higuchi 

model. The drug release mechanism in acidic obeyed the Fickian diffusion mechanism. 

Considering the material characterisation N2 adsorption-desorption isotherms were determined 

by N2-physisorption measurements at 77 K for simple material as well for the material after 

functionalization with mercaptopropyl. After functionalization, the specific surface area 

decreases from 1213 m2/g to 69.34 m2/g and the pore diameter, from 3.54 to 2.4 nm but the 

total pore volume increases slightly from 0.8 to 1.05 cm3. 
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Abstract 

Dairy factories annually generate an increasing amount of wastewater, which can cause 

eutrophication due to high concentrations of amino acids and lipids. To address this issue, 

membrane technology has emerged as a promising solution, but membrane fouling remains a 

significant challenge, since it can cause decreased flux, decrease membrane rejection 

performance, and increased energy demand. There may be a solution to the problem the use of 

three-dimensional printed (3DP) turbulence promoters integrated into membrane modules. 

These 3DP elements offer innovative opportunities to mitigate fouling by optimizing membrane 

modules with turbulence promoters. 

In this study we designed and fabricated a 3DP turbulence promoter to mitigate membrane 

fouling in a classic dead-end membrane separation cell. This turbulence promoter was inserted 

into the ultrafiltration device, which was tested with commercially available polymer 

membrane to increase local shear stress on the membrane surface. Their ultrafiltration 

efficiencies were compared to permeate fluxes, different resistances, and fouling index. 

Ultrafiltrations were compared with and without turbulence promoters at different pressures 

(0.1 and 0.2 MPa) and stirring velocities (100, 200, 300 and 400 rpm). 
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Abstract 

In our research project we prepared the following platinum(II) complexes with Schiff bases 

and a-dioximes, such as [Pt(ketone)2A(L2)], (ketone: 2-heptanone, 2-octanone, 3-octanone; A: 

hydrazine, phenylhydrazine, o-phenylene-diamine; L: 1-naphthylamine, 

2-aminopyrimidine, 2-methylimidazole, 2-amino-4-methylpyridine) and [Pt(DioxH)2L2], 

(DioxH2: methyl-phenyl-dioxime, butyl-methyl-dioxime; L: 1-naphthylamine, 2-methyl-

imidazole, 2-amino-4-methylpyridine, lepidine, 2-methylpyridine, m-toluidine, dicyclohexyl-

amine, 4-isopropylamine, cyclohexylamine), by the reaction of PtCl2 in suitable solvent. After 

a short bibliographical survey, involving the classification and evolution of platinum complexes 

with possible applications, we analyzed their physico-chemical properties using FTIR, Raman, 

NMR, UV-VIS spectroscopy, powder X-ray diffraction (XRD), mass spectrometry, thermal 

analysis (TG, DTG, DTA) and SEM. We also studied the antibacterial effect of complexes on 

different strains of bacteria. This class of compounds has relevance in biochemistry, some of them 

are antibacterial agents and potential anti-tumor drugs. 

 

Introduction  

Following the discovery of the anticancer properties of cisplatin, there has been a vast interest 

in the scientific community to develop metal-based drugs. Cisplatin inhibits the replication of 

cancer cells by forming covalent cross-links with DNA, which distorts its helical structure and 

prevents repair and replication, resulting in apoptosis [1]. 

 Besides the biological applications of metal complexes with Schiff base type ligands, 

they can be used in various dye, drugs, polymer industries and exhibit luminescence properties. 

In biological applications, they have been studied mainly for their insecticidal, fungicidal, 

antibacterial, anticancer, and inflammatory activities [2]. 

 Over the past decades, the Pt(II) complexes have been extensively investigated as 

optoelectronic materials owing to their outstanding photoelectronic properties enabling them 

for potential applications such as light-emitting devices, chemosensors, and luminescent 

imaging agents [3]. 

 In this paper we report the synthesis and characterization of novel platinum complexes 

with Schiff bases and Ŭ-dioximes. 
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Experimental 

Used materials: PtCl4, Bu-Me-DioxH2, Me-Ph-DioxH2, 2-heptanone, 2-octanone, 3-octanone, 

hydrazine, phenylhydrazine, o-phenylene-diamine, 1-naphthylamine, 2-aminopyrimidine, 2-

methylimidazole, 2-amino-4-methylpyridine, 2-methylimidazole, lepidine, 2-methylpyridine, 

m-toluidine, dicyclohexylamine, 4-isopropylamine, cyclohexylamine, MeOH, EtOH. 

Methods: 

- Synthesis of [Pt(ketone)2A(L2)]  type  complexes 

1.5 mmol PtCl4 (0.5 g) was reduced with 1 ml formic acid and dissolved in 5 ml distilled water 

before its use in the complex synthesis: 

PtCl4 + HCOOH ­ PtCl2 + CO2 + 2 HCl 

3 mmol ketone (2-heptanone, 2-octanone or 3-octanone) and 1.5 mmol diamine (hydrazine, 

phenylhydrazine or o-phenylene-diamine) were dissolved in 5 ml MeOH, and then refluxed for 

1ï2 hours. The resulting colored solution was added to the aqueous solution of the reduced 

platinum salt (PtCl2). At last 3 mmol amine (1-naphthylamine, 2-aminopyrimidine, 

2-methylimidazole or 2-amino-4-methylpyridine) dissolved in 10 ml MeOH was added. The 

obtained mixture was refluxed in a water bath for 2ï3 hours. After cooling the crystalline 

complexes were filtered off, washed with MeOHïwater mixture (1:1), and finally dried on air. 

A typical reaction is the following: 
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- Synthesis of [Pt(DioxH)2L2] type complexes 

2 mmol  a-dioxime (Bu-Me-DioxH2 or Me-Ph-DioxH2) was dissolved in 20 ml EtOH or 

MeOH, and then added to the aqueous solution of 1 mmol reduced platinum salt (PtCl2). 

Afterwards 2 mmol amine (1-naphthylamine, 2-methylimidazole, 2-amino-4-methylpyridine, 

lepidine, 2-methylpyridine, m-toluidine, dicyclohexylamine, 4-isopropylamine or 

cyclohexylamine) dissolved in 5 ml EtOH or MeOH was added. The obtained solution was 

heated for 2ï3 hours on a water bath. After cooling the crystalline complexes were filtered, 

washed with MeOHïwater mixture (1:1). A typical reaction as an example is shown below: 
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Results and discussion 

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

prepared complexes. 
 

Nr. Compound 
Calc. mol. 

mass 

Yield 

(%)  

Microscopic 

characterization 

1. 
[Pt(2-heptanone)2(hydrazone) 

(1-naphthylamine)2] 
703.83 12 

Dark violet irregular 

microcrystals 

2. 
[Pt(2-octanone)2(hydrazone) 

(2-amino-pyrimidine)2] 
635.71 12 

Brown, small triangle-based 

prisms 

3. 
[Pt(2-octanone)2(Ph-hydrazone) 

(2-am.-pyrimidine)2] 
712.82 50 

Dark brown, small triangle-

based prisms 

4. 
[Pt(2-octanone)2(o-phenylene-

diamine)(2-Me-imidazole)2] 
685.81 25 

Reddish-brown triangle-based 

prisms (microcrystals) 

5. [Pt(3-octanone)2(hydrazone)] 445.50 34 
Dark brown triangle-based 

prisms 

6. [Pt(3-octanone)2(Ph-hydrazone)] 522.61 16 Brown irregular microcrystals 

7. 
[Pt(3-octanone)2(hydrazone) 

(1-naphthylamine)2] 
731.88 40 Black triangle-based prisms 

8. 
[Pt(3-octanone)2(Ph-hydrazone) 

(1-naphthylamine)2] 
808.98 14 Black irregular microcrystals 

9. 
[Pt(3-octanone)2(Ph-hydrazone) 

(2-am.-4-Me-Py)2] 
738.89 10 

Dark brown triangle-based 

prisms (microcrystals) 

10. 
[Pt(Ph-Me-DioxH)2 

(1-naphthylamine)2] 
835.82 68 Dark blue triangle-based prisms 

11. 
[Pt(Ph-Me-DioxH)2 

(2-Me-imidazol)2] 
713.65 41 

Blue triangle-based prisms 

(microcrystals) 

12. 
[Pt(Ph-Me-DioxH)2 

(2-amino-4-Me-pyridine)2] 
765.73 50 

Dark blue triangle-based prisms 

(microcrystals) 

13. [Pt(Ph-Me-DioxH)2(lepidine)2] 835.82 15 Dark blue triangle-based prisms 

14. 
[Pt(Ph-Me-DioxH)2 

(2-Me-pyridine)2] 
735.70 15 

Dark blue triangle-based prisms 

(microcrystals) 

15. 
[Pt(Ph-Me-DioxH)2 

(m-toluidine)2] 
763.75 41 Dark blue triangle-based prisms 

16. 
[Pt(Ph-Me-DioxH)2 

(dicyclohexil-amine)2] 
912.08 95 Dark blue triangle-based prisms 

17. 
[Pt(Bu-Me-DioxH)2 

(m-toluidine)2] 
723.77 24 

Brown, small triangle-based 

prisms 

18. 
[Pt(Bu-Me-DioxH)2 

(dicyclohexyl-amine)2] 
872.10 31 

Blue triangle-based prisms 

(microcrystals) 

19. 
[Pt(Bu-Me-DioxH)2 

(4-i-Pr-aniline)2] 
779.88 22 

Dark violet triangle-based 

prisms 

20. 
[Pt(Bu-Me-DioxH)2 

(cyclohexyl-amine)2] 
707.81 24 

Dark violet triangle-based 

prisms (longer needle crystals) 

Infrared spectroscopic study 

The mid-IR spectra were recorded with a Bruker Alpha FTIR spectrometer (Platinum single 

reflection diamond ATR), at room temperature, in the wavenumber range of 4000ï400 cmī1, 

and the far-IR range of 500ï50 cmī1, respectively, on a Bio Rad ï FTS 60A, PIKE Gladi ATR 

spectrometer, with a resolution of 4 cmī1. The samples were measured in solid state (in powder 
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form). The data of the most characteristic IR bands for some selected complexes are presented 

in Table 2. 

 Table 2. IR data of selected complexes. 

Comp. 

cm-1 
2 3 5 6 7 8 10 16 17 19 

nO-H - - - - - - 
3647 

w 
3653 w 

3224 

m 
3647 w 

nN-H 
3284 

m 

3281 

w 

3401 

w 

3223 

w 

3229 

w 

3112 

m 

3216 

m 
3163 w 3198 s 

3200 

m 

nC-H 2925 s 2923 s 
2918 

w 

2930 

m 

2945 

w 
2797 s 

3056 

m 
3060 m 

2956 

m 
2955 

vs 

nC=C 1618 
vs 

1615 
vs 

1690 

w 
1665 s 

1606 

m 

1606 

w 
1594 m 1577 w 1614 w 1646 w 

nC=N 1566 
vs 

1559 
vs 

1561 s 1598 s 1527 s 1528 s 1577 m 1532 s 
1586 

vs 
1585 

vs 

dCH2 1490 

m 
1457 s 

1450 

w 

1493 

m 

1459 

w 

1449 

m 
1423 m 1443 s 1465 s 1434 s 

dCH3 1362 s 
1357 

m 

1342 

w 

1377 

w 
1387 s 

1398 
vs 

1339 

m 
1375 s 

1377 

m 
1376 s 

nN-N 1206 s 1203 s 
1201 

m 

1244 

m 

1270 

m 

1288 

m 
- - - - 

nN-O - - - - - - 
1279 

m 
1281 

vs 
1204 s 1264 s 

nN-OH - - - - - - 
1159 

m 
1145 s 

1133 

m 
1192 

vs 

ŰO-H - - - - - - 
1016 

vs 
967 vs 919 vs 1038 s 

gC-H 785 s 757 vs 721 w 752 vs 764 vs 764 vs 697 vs 739 vs 684 vs 741 vs 

nPt-N 493 vs 436 m 482 w 503 s 455 s 455 s 485 s 510 m 481 s 509 vs 

dN-Pt-N 336 s 328 m 378 m 324 vs 268 s 264 s 326 s 363 s 332 vs 336 vs 

(Abbreviations: vs = very strong, s = strong, m = medium, w = weak) 

 The most important bands for the characterization of complexes are nC=N (1527ï1598 

cmī1) and nPt-N (436ï510 cmī1). In the far IR region dN-Pt-N deformation vibrations appear 

(264ï378 cmī1) [4]. In case of Schiff bases, if we compare the amine containing complexes, 

like 7 and 8, with the amine missing compounds, like 5 and 6, the nC=N and nPt-N valence bands 

are shifted to lower wave-number values in case of the amine containing complexes, which can 

be explained with the ïI effect of the amine nitrogen. 

Mass spectrometry 

Mass spectra of the samples were recorded on an Agilent 1200/6410B Triple Quad LC-MS/MS 

system using electrospray ionization (ESI). In the spectra we could detect the molecular ions 

and some fragments from decomposition. 

NMR spectroscopic study 

The 1H NMR spectra were recorded in DMSO-d6 in 5 mm tubes at RT on a Bruker DRX 500 

spectrometer at 500 MHz, using TMS as internal reference. In the spectra of Schiff bases the 

aliphatic protons appear at 0.8ï2.5 ppm, the aromatic protons appear between 6.7ï7.8 ppm and 

in nitrogen containing aromatic rings at 8ï8.6 ppm. In the spectra of dioxime complexes the 

aliphatic protons appear at 0.9ï2.8 ppm, the aromatic protons appear between 6.5ï7.7 ppm, in 

nitrogen containing aromatic rings at 7.8ï8.8 ppm and the OH protons appear between 11.3ï

11.5 ppm. 

Thermoanalytical measurements (TG-DTG-DTA) 

Thermal measurements were performed with a 951 TG and 910 DSC calorimeter (TA 

Instruments), in Ar or N2 at a heating rate of 10 KĿmin-1 (sample mass of 4ï10 mg). 
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 The thermal stability of complexes is limited within the temperature range of 100ï140 

ÁC. In the case of [Pt(ketone)2A(L2)]  type complexes the first step of the decomposition 

mechanism is the loss of the amino (L) groups between 100ï300 ÁC, then the ketone units leave 

between 300ï415 ÁC. Finally the diamine (A) unit is lost between 415ï530 ÁC. In the case of 

[Pt(DioxH)2L2]  type complexes the first decomposition step belongs to leaving amino (L) 

groups, until 270 ÁC, then the glyoxime units leave. The end of the process is between 420ï580 

ÁC. Subsequently, the decomposition of the glyoxime unit is accompanied by big exothermic 

peaks. This behavior can be explained with the presence of oxygen in the molecule. The general 

mechanism for decomposition is as follows: 

 [Pt(DioxH)2L2] ­ [Pt(DioxH)2L] ­ [Pt(DioxH)2] ­ [Pt(DioxH)] ­ PtO 

[Pt(ketone)2AL2] ­ [Pt(ketone)2AL] ­ [Pt(ketone)2A ­ 

­ [ Pt(ketone)A] ­ [PtA] ­ PtO 

UVïVIS spectroscopy 

The electronic spectra were recorded with a Jasco V-670 Spectrophotometer in 10% 

EtOH/water solutions containing the substance in 10ï4 mol/dm3 concentration. Using Sºrensen 

buffer solutions the electronic spectra were also recorded as a function of pH, and then the 

acidity constants were calculated, too. The obtained values were between 2.2Ŀ10-12 ï 3.8Ŀ10-10. 

Powder X-ray diffraction measurements 

The crystal structure of the complexes was studied with powder XRD measurements, carried 

out on a PANalytical Xôpert Pro MPD X-ray diffractometer. As being novel compounds their 

diffractograms can not be found in the Cambridge database. The dioxime type complexes 

exhibit crystalline form, the Schiff bases are amorphous, except for 

[Pt(3-octanone)2(hydrazone)(1-naphthylamine)2] which is crystalline. 

SEM (scanning electron microscopy) and EDX (energy dispersive X-ray spectroscopy analysis) 

The images were taken with a JEOL JSM-5500LV scanning electron microscope. For the study 

the beam energy was 20 kV in order to obtain the excitation of all the elements and secondary 

electron detector (SED) were employed for measurement. The morphological study of the 

sample surface at five significant magnifications 10000x, 5000x, 1000x, 500x and 100x were 

recorded. In case of compound 3 the amorphous form can be observed. 

Biological study 

The antimicrobial effects of complexes were studied on Staphylococcus aureus Gram-positive 

bacterium. The investigations were carried out by Kirby-Bauer disk diffusion method. The 

complexes were dissolved in DMSO in 10 mmol/l concentration, and 30 Õl was applied on 

sterile paper discs. The diameter of inhibition zones were: 3 ï 16.33 mm, 10 ï 13.66 mm, 16 ï 

14.83 mm. 

 

Conclusion 

In this work new platinum(II ) complexes were synthesized and characterized with physico-

chemical and biological methods. Thermal decomposition mechanism was monitored with 

thermoanalytical measurements. 
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Abstract 

In the field of analytical chemistry, experimental designs have been used in some of the most 

important areas such as separations, spectroscopic analytical methods, chromatography, and 

electroanalytical methods. In the latter, they have been used to optimize the electroanalytical 

response, taking into account factors such as sweep and pulse parameters in voltammetric 

methods, as well as physicochemical conditions. However, the amount of catalyst is the only 

electrode preparation variable generally considered as part of the experimental factors. This 

work presents the optimization of two voltammetric sensors using a surface response 

experimental design considering only factors related to the preparation of the electrode. The 

two types of sensors most commonly used in voltammetry were considered: a carbon paste 

electrode (CPE) and a glassy carbon electrode (GCE), both modified with electrocatalytic 

nanomaterial. 

The Box-Behnken experimental design was used to optimize the sensors. In the case of the 

CPE, the experimental factors were: the amount of nanomaterial in the paste, the amount of 

mineral oil, and the resting time of the electrode before being used as a voltammetric sensor for 

an industrial analyte. The response variable for the CPE was the peak current intensity in cyclic 

voltammograms. In the case of the GCE, the experimental factors were: chitosan concentration, 

the amount of nanomaterial in the modifier suspension, and the amount of suspension drops 

deposited on the electrode. The response variable for the GCE was the peak current intensity of 

the voltammograms for the oxidation of an environmental analyte.  

The analysis of variance in the optimization of both electrodes showed the factors with 

statistically significant influence on the peak current (p-value < 0.05). In addition, second-order 

effects of both individual factors and interactions were detected for both electrodes. From the 

mathematical model, the main effects plot was generated for each electrode, which allowed to 

study the effect of the factors, and it was verified in both cases that an excess of nanomaterial 

decreases the sensor response due to electron transfer resistance effects at the electrochemical 

interface. The response surfaces allowed the determination of the optimal response conditions 

of the sensors, which could be experimentally verified by observing a higher peak current with 

respect to the non-optimized electrode. This work demonstrated that Box-Behnken 

experimental designs are a powerful analytical tool to improve the electrochemical response of 

voltammetric sensors, taking into account factors related only to the electrode preparation, 

which shows the importance of these in the analytical response. 
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Introduction  

Stilbenes are non-flavonoid phenolic secondary metabolites found in various medicinal plants 

and foods. They possess antioxidant, anti-inflammatory, antitumor, cardioprotective, and 

antiaging effects. Only a few data are available for analysis of stilbenes such as cis-miyabenol 

C, kobophenol A, carexinol A, and hopeaphenol in the literature [1]. Furthermore, no analytical 

method has been reported for the simultaneous analysis of these stilbenes using ultra-high 

performance liquid chromatography coupled with tandem mass spectrometry (UHPLC-

MS/MS). 

 

Experimental 

An efficient targeted UHPLC-MS/MS method was developed for the simultaneous 

determination of stilbene derivatives in the plant extract. For the development of UHPLC 

separation of stilbenes, a three-dimensional model of the in-silico simulation software 

DryLabÈ4 was used based on our preliminary UHPLC-MS/MS measurements. The MS/MS 

detection was performed using optimized electrospray ionization (ESI) multiple reaction 

monitoring (MRM) mode. 

 

Results and discussion 

For ESI of stilbenes, higher ionization efficiency was observed in the negative electrospray 

mode than in the positive mode.  The fragmentation behaviors of stilbenes were studied based 

on MS/MS measurements, and the proper fragment ions with related optimized collision 

energies were selected for UHPLC-MS/MS analysis. The software-based chromatographic 

modeling succeeded in predicting the retention times and the most appropriate conditions of the 

separation and was confirmed by HPLC-MS/MS measurements 

 

Conclusion 

The developed reversed-phase UHPLC-MS/MS method was successfully applied to analyze 

stilbenes in plant extract. 

 

Acknowledgements 

This work was supported by National Research, Development, and Innovation Office-NKFIA 

through projects: National Laboratory of Translational Neuroscience (NLTN) 

"Neurodevelopmental disorders" "Adult nervous system disorders" (RRF-2.3.1-21-2022-

00011). Project no. TKP2021-EGA-32 has been implemented with the support provided by the 

Ministry of Innovation and Technology of Hungary from the National Research, Development 

and Innovation Fund, financed under the TKP2021-EGA funding scheme. The authors are 

grateful to Dr. Imre Moln§r, the founder of ñMoln§r-Institute for Applied Chromatographyò for 

providing us a license to DryLabÈ4. 

mailto:ali.zahraa@o365.u-szeged.hu


29th International Symposium on Analytical and Environmental Problems 

 
58 

 

References 

[1] L. Hoferer, V.L.R. Guimar« Abreu, F. GraÇl, O. Fischer, M. R. Heinrich, and S. Gensberger-

Reigl.  ACS Food Sci. Technol. 3, (2023), 1057ī1065. 

 

  



29th International Symposium on Analytical and Environmental Problems 

 
59 

 

NUCLEASE DOMAINE OF COLICIN E7  UNDER HEAVY METAL  

 

Zeyad H. Nafaee1,2, Balint Hajdu 1, £va Hunyadi-Guly§s3 and B®la Gyurcsik 1 

 
1Department of Molecular and Analytical Chemistry, University of Szeged, H-6720 Szeged, 

D·m t®r 7, Hungary 
2University of Babylon, College of Pharmacy, Hillah 51001 Babel, Iraq. 
3Laboratory of Proteomics Research, Biological Research Centre, Temesv§ri krt. 62, H-6726 

Szeged, Hungary 

e-mail: n.zeyad@chem.u-szeged.hu 

 

Introduction  

Colicins are a group of protein antibiotics as toxins produced by strains of Escherichia coli in 

the extracellular medium during environmental stress as part of their defense system. [1] 

Colicin-producing bacteria are resistant to the action of their own colicin by a small immunity 

protein that binds and inactivates the cytotoxic domain of colicin. Colicins are classified into 

two groups according to the cell surface receptor. [1] Type E colicins bind to the protein product 

of the chromosomal gene btuB.[2] The ~15 kDa C-terminal DNase domain of colicin E7 is 

translocated into the cytoplasm, followed by hydrolysis of the chromosomal DNA of target 

cells.[4] NColE7 is a metal-dependent enzyme that binds a single divalent metal ion and it has 

three domains.[3] The core of NColE7 active site is the 32 amino acids HNH motif located at 

the C-terminus of the enzyme, which envelops the bound metal ion by three His residues. H544, 

H569, and H573 constitute the amino acids of the HNH motif and exhibit a characteristic 

secondary structure (Fig.1). The H545 histidine side-chain is suggested to participate in the 

generation of the OHï ion nucleophile by promoting the deprotonation of the catalytic water 

molecule [5, 6]. Several crystal structures demonstrated that the metal ion can also bind a water 

molecule [7, 8], or a phosphate [5, 7, 9] or a sulphate [7,10] anion or the scissile phosphodiester 

bond of the substrate DNA [17,18] via the fourth binding site in the tetrahedral geometry. 

Previous and recent structural studies showed that the active site of colicin DNases is the HNH 

motif present also in homing endonucleases. This motif binds a single transition metal ion such 

as Zn2+ ion. Some environmental heavy transition metal ions may replace Zn2+ leading to 

change of the structure and catalytic properties of this enzyme. Ni2+ ion can remain from the 

purification procedure by immobilized metal ion chromatography through oligohistidine tags, 

Cu2+ is a strong Lewis acid and has high affinity to the His residues, and Cd2+ was selected as 

analogue of Zn2+. 

 

Experimental 

The pGEX-6P-1 vector with an inserted mutant of NColE7-R447G- was constructed, NColE7-

KGNK protein expressed and purified with N-terminal Glutathione-S-Transferase (GST) fusion 

according to previous described work [11]. After the protein purification, the GST tag was 

removed according to the described method in [11]. The buffer of the purified protein was 

exchanged to 20 mM N-2-hydrox-yethylpiperazine-N-2-ethane sulfonic acid (HEPES) pH 7.7 

by an Amicon ultra 15 mL centrifugal filter. The purification steps were monitored via 15% 

(w/v) sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE) using a 

mixture of 116, 66.2, 45, 35, 25, 18.4 and 14.4 kDa unstained proteins as a marker. Intact MS 

protein analysis was performed by an LTQ-Orbitrap Elite mass spectrometer coupled with a 

TriVersa NanoMate (Advion) chip-based electrospray ion source. MS measurements were 

performed in positive mode at 120,000 resolution, The protein concentration was 3.0 ɛM in 2.5 

mM ammonium bicarbonate buffer (pH ~7.8) with various metal ions (added as ZnCl2, CuCl2, 
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NiCl2 or CdCl2) at different molar ratios. Circular dichroism (CD) spectra were recorded at 

room temperature utilizing a Jasso J-1500 CD spectrometer using the following parameters. 

Wavelength range: 280-180 nm; path length: 0.2 mm (Jasco cuvette); D.I.T.: 2 sec; bandwidth: 

1.0 nm; scanning speed: 50 nm/min (continuous scanning mode); each spectrum was the 

average of three accumulated measurements. The concentration of the enzyme was 18.0 ɛM in 

3-10 mM HEPES, pH 7.7. The measurements were carried out with Apo-enzyme and holo-

enzyme with various metals salts (ZnCl2, CuCl2, NiCl2 and CdCl2) with various molar ratio. 

The catalytic activity of the NColE7-KGNK mutant protein was monitored against plasmid 

DNA (pUC119) as a substrate. The final concentration of the enzyme was 1.0 ɛM, while the 

DNA was 74 ɛM for base pairs in 20 mM HEPES, pH 7.7. The DNA cleavage was performed 

in apo and holo forms of different metal ions of Zn2+, Cu2+, Cd2+ and Ni2+ at various molar 

ratios. The reaction mixtures were incubated at 37 ÁC for various periods. Aliquots of 5 ɛL of 

the reaction mixture were taken four times and the reaction was stopped by adding 5 ɛL of 2% 

(w/v) SDS solution (1% (w/v) at final concentration). The products of the DNA cleavage assays 

were checked via agarose gel electrophoresis (AGE). The products were run in 1% (w/v) 

agarose gel containing 0.5 ɛg/mL ethidium bromide for the visualization of the DNA. 

 

Results and Discussion 

The interaction of the NColE7-KGNK mutant protein with various transition metal ions was 

monitored via circular dichroism (CD) spectroscopy and MS spectrometry. As well the effect 

of transition metal ions on the catalytic activity of the enzyme was investigated in aqueous 

solutions. The Zn2+ ion is the native metal ion for the enzyme, but we used other transition 

metal ions in this work, like Ni2+ ion because it is the most common component of the 

immobilized metal ion affinity chromatography (IMAC) technique for protein purification, 

Cu2+ ion is a strong Lewis acid which could strongly compete for histidine side-chains, and 

Cd2+ ion has a d10 electron system in analogy to Zn2+ ion. The binding of Zn2+ ion to the apo-

enzyme causes a slight but significant change in the CD spectrum, reflected in a red shift of 

about 2 nm and, this agreed with previous measurements. [11,12] However, addition of one 

equivalent of non-endogenous metal ions like Ni2+, Cu2+, or Cd2+ ions to the apo-protein caused 

very similar changes in the CD spectra to that related to the effect of Zn2+ ion. In the mass 

spectra two main peaks were detected upon measuring the Apo-NColE7-KGNK protein without 

the addition of metal ions: one with ~20% relative intensity related to that of the mono-

metallated KGNK with Zn(II) and one with ~80% relative intensity. This means that the apo-

enzyme easily acquires metal ions from buffers/reagents/containers/sample holders applied 

during the experiments. The apo-enzyme coordinated the added Zn2+ ions, as well as the non-

endogenous metal ions (Ni2+ and Cd2+) in the active center in mono-metallized enzyme. 

However, one equivalent of Cd2+ ions could not saturate the available Apo-protein fully; a small 

peak appeared related to the Apo-enzyme. In addition, Ni2+ ions could bind to the apo-enzyme, 

but they could not replace the Zn2+ ions, and there was ternary complexes including two 

different metal ions bound to the protein. Cd2+ ions proved to be weaker interacting agents than 

Ni2+ ions. It was difficult to prove whether the Cu2+ ion could replace the Zn2+ ion in the apo-

enzyme via MS because of the small difference in the atomic weight. 

The DNase activity of NColE7-KGNK was studied using pUC119 plasmid DNA as a substrate 

via agarose gel electrophoresis. DNA substrate mainly contains the super-helical form of the 

plasmid; during the cleavage first, the open circular form appears as a consequence of single-

strand nicks. Then, linear DNA is formed upon double-strand cleavage. The DNA solution may 

contain a residual concentration of Zn2+ ions. The addition of one equivalent of Zn2+ ions, 

surprisingly resulting in a less active enzyme compared to the ñapoò form. Supplementing one 

equivalent of Cu2+ ions to the protein provided similar behavior to that of Zn2+ ions. More 
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efficient DNA cleavage is observed in the presence of Cd2+ ions than with Zn2+ or Cu2+ ions 

and less than that of the apo-protein in the absence of added metal ions. The enzyme in the 

presence of Ni2+ ions showed much higher activity than the apo-protein and in presence of Zn2+ 

used as a control. Nevertheless, it could not replace the Zn2+ ion for the active center. 

 

 
 

Fig. 1: Sequence and structure of the E. coli NColE9 (PDB code: 7CEI). A: The relative 

positions of the side-chains of the HNH motif and putative metal ion binding residues. B: The 

cartoon representation of the crystal structure of NColE9-Im9 complex with the putative metal 

ion binding sites were detected by the X-ray diffraction method. 

 

Conclusion 

The colicin E7 was studied in this project in the presence of non-endogenous metal ions such 

as Ni(II), Cu(II) and Cd(II), which may originate from environmental pollution. The purpose 

of use of the mutated NColE7 is the decreased activity to monitor the catalytic process. CD and 

mass spectrometric results revealed that all of the metal ions used in this study bound to the 

active center of the enzyme in the absence of Zn(II). In another word, they could not compete 

with Zn(II) in binding to the active site. It was detected that the enzyme is very active in the 

presence of tiny amount of metal ion. On the other hand, there is very high activity of the 

enzyme in the presence of Ni(II) and Cd(II) ions which could not be inhibited by the excess of 

the metal ion, but it was inhibited by Zn(II). These results suggest that the presence of these 

non-endogenous metal ions like Ni(II) and Cd(II) ions in the environment may lead to highly 

efficient toxic bacteria that can digest the other bacterial cells faster from the native one leading 

to biological contamination. 
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Abstract 

The contents of heavy metals were analyzed in the two types (solvent-based and water-based) 

of processing screen printing inks. Mass concentrations of heavy metals (copper, iron, zinc, 

manganese, chromium, nickel, cadmium, and lead) were determined in the tested screen inks 

by combining the gravimetric method and atomic absorption spectroscopy. The results 

indicated that the measured mass concentration of copper (2049.9 mg kg-1) in solvent-based 

cyan ink is 2.4 times higher than in water-based cyan. Other detected metals show higher 

concentration values with water-based processing inks. 

 

Introduction  

The printing industry uses different types of ink, which may be more or less harmful to the 

environment. It is impossible to determine the ecologically optimal composition of inks because 

each printing technique dictates the content of specific components due to the quality and speed 

of printing [1]. The composition of printing inks includes natural and synthetic organic or 

inorganic pigments whose main disadvantage is their environmental unacceptability [2]. 

 

Experimental 

The processing screen printing inks (cyan - C, magenta - M, yellow - Y, and black - K) based 

on solvent (S) and water (W) were digested by using the dryash method (500ǓC, 6 h). After 

digestion, 5 g of each sample was weighed (with an accuracy of  Ñ0.01 g) in a ceramic crucible 

and diluted with 50 mL of 0.5 mol L-1 nitric acids (p.a., Merck, Germany). The sample blanks 

have also been performed with an empty ceramic crucible. After samples were cooled to room 

temperature in a desiccator, the solutions were filtered through a quantitative cellulose filter 

paper (Macherey-Nagel, Germany). Heavy metals analyses were carried out by atomic 

absorption spectroscopy (PerkinElmer Aanalyst 700) according to the standard EPA 7000B 

method. Heavy metal contents were assessed on a triplicate sample (n = 3), and mean values 

were used [3]. 

 

Results and discussion 

The mass concentration (ɔ, mg kg-1) levels of copper, iron, zinc, manganese, chromium, nickel, 

cadmium, and lead in the CMYK processing solvent and water-based screen printing inks are 

presented in Figure 1. Based on the obtained results of the analysis of the content of heavy 

metals in the screen printing inks, it is observed that the highest concentration of copper is in 

solvent-based cyan (2049.9 mg kg-1), iron in water-based yellow (30.9 mg kg-1), zinc in water-

based magenta (160.1 mg kg-1), manganese in water-based cyan (5.4 mg kg-1), chromium in 

water-based cyan (0.6 mg kg-1), cadmium in water-based black (0.4 mg kg-1), and lead in water-

based magenta (2.7 mg/kg). Only in the case of copper, the measured concentration value is 

57.7% higher in solvent-based than water-based cyan ink. But, iron, zinc, manganese, 

chromium, cadmium, and lead concentrations are higher by 82, 96, 95, 98, 79, and 78%, 

respectively, in water-based CMYK inks. 
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Figure 1. Mass concentration levels of detected heavy metals in the CMYK solvent and water-

based screen printing inks 

 

Conclusion  

Screen printing inks contain heavy metal compounds (in pigments) and intensive drying agents 

- siccatives (organic salts of manganese, cobalt, or lead). The proportion of heavy metals in 

processing screen printing inks must be reduced, neutralized, or replaced with environmentally 

acceptable substances. 
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Abstract 

Graphene quantum dots (GQD) are nano-particles small enough to exhibit unique electronic 

and optical properties that results from quantum confinement and edge effects. Unlike graphene 

they exhibit opening of the HOMO-LUMO band gap responsible for their unique optoelectronic 

properties high photoluminescence (PL) quantum yield, excellent photobleaching resistance 

and photostability, low citotoxicity, good biocompatibility, high solubility in various solvents, 

exceptional electrochemical activity and physicochemical stability. These characterisics of the 

GQDs make them suitable for a wide range of applications from biomedical applications such 

as diagnostics and therapy, to susteanable agricultural and environmental appications. In this 

respect carbon-based quantum dots such as GQDs, present promising candidates for usage in 

biosensing and fluorescence bioimaging applications, allowing a fast, more sensitive and more 

selectable detection and diagnosis. As biocompatible nanoparticles, they also have the potential 

to revolutionize the prospects of photodynamic therapy (PDT) in clinical treatments of cancer 

[1] and other diseases, antibacterial [2] and preventive antivirus PDT [3], being applied as 

photosensitizer agents. In a meanwhile comprehensive biomedical studies should pave the way 

for safe and efficient use of carbon-based quantum dots in clinical applications. In the present 

work, we investigate the effects of size and shape variation, as well as edge-functionalization 

on the structural and optical properties of GQDs, using the first-principles study based on the 

density functional theory (DFT) and time-dependent density functional theory (TD-DFT). We 

investigate edge-functionalized GQDs, with oxygen-containing ïOH and ïCOOH groups, 

different shapes, such as hexagonal, triangular and rectangular and zigzag/armchair edge 

configuration, as well as variation of size, in tailoring the optoelectronic properties and 

photoluminescence behaviour of GQDs leading to a wide variety of applications. 
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Abstract 

Nutrition plays a critical role in health status both for humans and animals, comprising very 

complex processes starting with the ingestion of food or feed and ending with the excretion. 

But in this whole chain of processes, one of the main elements is the enzyme system without 

which digestion could not be possible. Xylanase is one of the enzymes that can make the 

difference in the digestion and absorption of some carbohydrates, like the digestion and 

absorption of fibers, used in various fields - food processing, feed additives, biofuel production, 

paper and pulp industry, textile industry, as well as waste management. Biochemically, 

xylanase is an enzyme that breaks down xylan, a complex polysaccharide found in plant cell 

walls. This paper presents some characteristics of xylanase, the important role in biotechnology, 

and also some applications of this enzyme. 

Keywords: xylanase, enzyme, biotechnology 

 

Introduction  

Enzymes play a crucial role in the digestion and nutrition of humans and other animals. They 

are responsible for breaking down complex food/feed molecules into simpler, more readily 

absorbable forms, which can be used by the body for energy, growth, and maintenance.  

Xylanases are endohydrolytic enzymes that randomly cleave the main chain of ɓ-1,4 of xylan 

ï the polysaccharide specific to the plant cell wall. There are many types of xylanase which are 

different by hydrolytic activity, substrate specificity, tridimensional folding, and mechanism of 

action [1] More specifically, xylanases are O-glycoside hydrolases (EC 3.2.1.x) which break 

down the xylan, producing xylose - which is considered the first source of carbon in plants. 

Also, xylan is very important in cell metabolism and plant infection, due to the fact that it is 

produced in plant infection by different pathogens (bacteria, fungus, algae, protozoa, 

anthropods, and gastropods) [2]. 

Industries, including those in biotechnology, biofuel production, food processing, and more, 

often require enzymes to catalyze specific reactions under various process conditions. Enzymes 

can be valuable tools for enhancing the efficiency and sustainability of industrial processes. 

Extremophiles are microorganisms that thrive in extreme environments, such as high 

temperatures (thermophiles), high pH (alkaliphiles), or low pH (acidophiles). These extreme 

conditions can be found in certain industrial processes. Enzymes, including xylanases, derived 

from extremophiles are of interest to researchers and industries because they can function under 

these challenging conditions. 

While there has been a focus on extremophilic xylanases, the statement suggests that cold-

adapted xylanases have received relatively less attention. Cold-adapted enzymes, often derived 

from psychrophiles (organisms that thrive in cold environments), have unique properties that 

make them valuable in specific industrial applications, particularly those that require enzymatic 

activity at lower temperatures. These enzymes are of interest because they can function 

efficiently in refrigerated or cold processing conditions. 
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The statement reflects a research and industrial bias toward extremophilic enzymes (particularly 

from thermophiles, alkaliphiles, and acidophiles) due to their potential utility in harsh industrial 

processes. However, it also points out the relative neglect of cold-adapted xylanases, which 

may have untapped potential for applications in industries that require enzymatic activity under 

cold or refrigerated conditions. As scientific understanding of these enzymes continues to 

evolve, there may be increasing interest in exploring their practical applications in various 

industrial processes. 

 

Xylanase chemistry  

Xylan as a monoglyceride is the major component of hemicellulose. Hemicellulose is formed 

from a complex of polymeric carbohydrates, containing carbohydrates such as xylan, 

xyloglucan (heteropolymer of D-xylose and D-glucose), glucomannan (heteropolymer of D-

glucose and heteropolymer D-mannose), galactoglucomanan (heteropolymer of D-galactose , 

D-glucose heteropolymer and D-mannose heteropolymer) and arabinogalactan (D-galactose 

heteropolymer and arabinose heteropolymer) [3]. 

Hemicellulose, together with other carbohydrates such as cellulose (1,4-ɓ-glucan) and lignin 

(complex polyphenolic compound), form the major polymeric constituents found in the cell 

wall of plants.  

Xylan is an important component in wood, being found in larger quantities in the hardwood of 

angiosperms, where it is found in an amount of 15ï30% of the cell wall content, but also in the 

softwood of gymnosperms, where it is found in the amount of 7ï10% and in some annual plants, 

in the amount of up to 30% [4]. 

Due to the fact that xylan has a very heterogeneous and complex chemical structure, complete 

hydrolysis requires the participation of a wide variety of enzymes that must act in symbiosis 

[5]. Thus, enzymes of the endo-1,4-ɓ-D-xylanases type (EC 3.2.1.8) randomly cleave the base 

chain of xylan, and enzymes of the ɓ-D-xylosidases type (EC 3.2.1.37) only cleave the 

monomers of xylose at the non-reducing end of xylooligosaccharides and xylobiosis. The side 

groups are hydrolyzed by a complex of enzymes such as Ŭ-L-arabinofuranosidases (EC 

3.2.1.55), acetylxylan esterases (EC 3.1.1.72), Ŭ-D-glucuronidases (EC 3.2.1.139), ferulic acid 

esterases (EC 3.1.1.1.1.), but also p-coumaric acid esterase enzymes (EC 3.1.1.-). 

 

Xylanase ï enzyme importance  

Xylanases, like natural enzymes, are produced through their own metabolic pathways by 

different microorganisms (bacteria, fungi and actinomycetes), protozoa and molluscs, but they 

are also found in the rumen of higher animals [6]. 

Figure 1 shows the schematic chemical structure of xylan, highlighting the bonds subject to the 

action of specific xylanase enzymes that completely hydrolyze xylan until the formation of 

constituent monomeric units [7]. 

In recent years, xylanase has been needed in large quantities for various industries [8]. Thus, 

there is a need to find and select various microorganisms that produce larger amounts of 

xylanase. The production of xylanase must be followed by the optimization of the substrate 

components in order to obtain quality production, which is also significant from a quantitative 

point of view.  

Studying and unraveling the genetic constituents of xylanase-producing microbes will bring 

information of great interest that helps to elucidate the enzyme's mode of action. These aspects 

will be useful in the kinetics of the action of xylanases for their use in industry. Microorganisms, 

however, also produce other proteins and secondary metabolites, and thus the crude enzyme 

must be purified in order to obtain purified enzymes.  
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Figure 1. Xylanôs chemical bonds attacked by xylanolytic enzyme specific for the complete 

hydrolysis of xylan [7] 

 

The characterization of the purified xylanase will help in a better stability and specificity of the 

enzyme towards different substrates, and therefore a more efficient use of xylanases. 

 

Xylanase production 

For the production of specific enzymes by 

microorganisms, it is important that the culture 

medium provides a substrate with specific essential 

nutrients. This feature will allow you to check the 

strains in order to monitor the quality and quantity of 

enzymes or metabolites produced [9]. 

Thus, the process of obtaining enzymes is 

continuously optimized to ensure a higher production 

of enzymes from a specific strain of microorganisms 

[10] In this sense, different strategies are applied to 

improve performance, such as optimizing 

environments components - which ensure the 

enzyme-substrate, the regulation of the physico-

chemical parameters of growth, but also the 

improvement of the strain's efficiency through the use 

of different biotechnological tools [11]. Figure 2 

shows the schematic representation of the production 

method, purification and xylanase characterization [7]. 

For the production of specific enzymes, different 

components are selected, which must be optimized, 

for a better selection of the substrate and enzyme-

producing microorganisms, also taking into account 

the regulation of nutrient concentration from the substrate (carbon, nitrogen, minerals, vitamins, 

amino acids), but also the optimization of the physico-chemical parameters (temperature, pH, 

homogenization, gas aeration, humidity, inoculum size, incubation period [12-15]. 
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Challenges and Future Trends in Xylanase Production 

Efforts to discover super xylanases continue, with researchers worldwide searching for microbial 

sources capable of producing highly active and stable xylanase enzymes. Microbes from extreme 

habitats are of particular interest due to their ability to withstand harsh conditions, such as high 

temperatures and pH variations. Advances in biotechnological tools and techniques, including 

recombinant DNA technology and genetic engineering, enable the selection and transfer of 

xylanase-producing genes for enhanced production with specific industrial properties. Genomics, 

proteomics, and metabolomics data, along with bioinformatics tools, can be harnessed to develop 

strategies for improved xylanase production. Synthetic biology, combined with traditional 

recombinant DNA technology, offers opportunities to achieve high xylanase production with 

desired properties, although challenges related to mimicking natural systems in synthetic settings 

and ethical, socio-economic, and health considerations must be addressed before widespread 

commercial implementation. 

Biofuel Production: Xylanase is used in the production of biofuels, such as ethanol, from 

lignocellulosic biomass. It helps to break down the xylan present in the cell walls of plant 

materials, making it easier to extract sugars that can be fermented into biofuels. 

Paper and Pulp Industry: In the paper and pulp industry, xylanase is used to reduce the 

environmental impact of the paper-making process. It helps in the efficient removal of xylan, 

removing the need for the chemicals otherwise required for bleaching. Studies also show it 

could be promising in deinking waste paper, which would have a big impact on paper 

sustainability [16]. 

Animal Feed: Xylanase is used in animal feed to enhance the digestibility of feed ingredients, 

particularly in monogastric animals like poultry and swine. Xylanase is widely used to 

significantly reduce gut viscosity in wheat-based feed by breaking down soluble arabinoxylans, 

reducing the chance of enteric disease and increasing overall performance. Besides also 

increasing the nutritional value of cereal feed, studies also show it could have a positive effect 

on the gut microbiota[17]. The application of a mixture of xylanase and cellulase) in the 

breeding technology of cattle fed alfalfa, hay or timothy with 30 led to a better digestibility, but 

which was inferior to the application of the same percentage of xylanase to barley silage. These 

positive responses demonstrate the importance of interactions between dose, enzyme, and 

substrate. Also, the improvement of digestion coefficients and the increase in body weight in 

farm animals were observed [18]. 

Food Industry: Xylanase is used in the food industry to improve the texture and quality of baked 

goods, such as bread and pastries. It breaks down xylan in flour, which can improve dough 

handling and the final product's characteristics [19, 20]. 

Textile Industry: In the textile industry, xylanase can be used to remove hemicellulose 

impurities from cotton and other fibers, enhancing the quality of textiles, and possibly reducing 

the environmental footprint of textile bleaching and dyeing. 

Waste Management: Xylanase can also be used in the treatment of agricultural and forestry 

waste, breaking down xylan-containing materials, which can help reduce environmental 

pollution. 

Xylanase is just one example of the many enzymes and techniques used in biotechnology to 

manipulate and process biological materials for various industrial and research purposes, which 

brings new perspective to the future industry. 

 

Conclusion 

A wide variety of xylanase enzymes have been isolated, purified, and characterized to be 

applied in various industries. New biotechnological approaches, such as PCR screening, 

genome sequencing programs, as well as the study of extremophilic enzymes will bring new 
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insights that support the understanding and much wider applications of xylanases. Xylanases 

act as a "green" alternative to today's industrial applications (in the production of paper, textiles, 

food, feed, pharmaceuticals, and biofuels). Adding xylanase to the animal diet had positive 

effects on growth and development, by improving digestion coefficients and increasing body 

weight in birds and farm animals. This demonstrates that the use of xylanases in the production 

technologies of various products can mediate the global economy. The methods already applied 

for the extraction and production of xylanases can be improved or new development strategies 

can be developed for an improved and more efficient production both qualitatively, 

quantitatively, and economically. 
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Abstract 

The objective of this study was to evaluate the effectiveness of several extraction methods such 

as UAE, MAE, and HAE for maximizing the recovery of phenolics and flavonoid compounds 

from hawthorn fruit. Chemical methods and UV-VIS spectrophotometers were used to analyze 

extracts obtained by these extraction methods. Response surface methodology was used to 

maximize the extract contents of TP and TF and the antioxidant activity in these extracts.  

The experimental results showed the highest TPC and TFC (87.1Ñ5.42 mg GAE/g and 

29.87Ñ2.09 mg QUE /g of dry weight, respectively) can be obtained from the extract of UAE. 

In the case of MAE extracts, the highest experimental values of extracted TPC (54.11Ñ5.93 mg 

GAE/g DW), TFC (12.82Ñ1.55 mg QUE/g DW). With HAE the supreme amounts of TPC 

(80.65Ñ6.08 mg GAE/g DW), TFC (19.93Ñ1.68 mg QUE/g DW). Similarly, antioxidant 

activity consistent with TPC and TFC was obtained, where the highest AA could be obtained 

using UAE all the assays. These response values were improved by RSM models, where the 

actual values calculated from the regression equations modeled by RSM were slightly higher 

than experimental values. Accordingly, the efficiency of the extraction method from hawthorn 

fruit was in order UAE > HAE > MAE. In addition, using UAE reduced used-ethanol 

concentration by around 50% compared to both other extraction methods, and reduced the 

extraction time by 90% compared to HAE. 

 

Keywords: Hawthorn, Heat-assisted extraction, microwaves- assisted extraction, ultrasound-

assisted extractions, Response surface methodology.  
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Abstract 

Our research focuses on analyzing the spatiotemporal dynamics of five invasive plant species 

(Ailanthus altissima, Asclepias syriaca, Elaeagnus angustifolia, Robinia pseudoacacia, and 

Solidago spp.) in various ecosystem types in Hungary from 2009 to 2018. 

Using the National Geospatial Database of Invasive Plants (NGDIP) and the Ecosystem Map 

of Hungary (EMH), we examine how these species' distribution and occurrence changed over 

time. Our methodology and findings offer valuable insights for invasive species research. 

Our results indicate that Asclepias syriaca and Robinia pseudoacacia increasingly threaten 

grasslands and complex cultivated areas. Ailanthus altissima and Asclepias syriaca are 

declining in urban settings due to harsher environmental conditions, while Solidago spp. are 

expanding in wetlands, impacting riparian biodiversity." 

 

Introduction  

The dramatic spread of invasive plant species is a worldwide problem for nature conservation. 

In addition to causing the decline in the abundance of native species [1], invasive plants often 

pose a threat to human health due to their allergenic characteristics [2] and, in many cases, are 

reasons for soil degradation [3,4]. 

 

The extension of biological invasion can be extremely rapid, causing changes in ecosystem 

functions and conditions over a few years; this effect might fade with time in the long-term [1]. 

The maps of the National Geospatial Database of Invasive Plants (NGDIP) of Hungary, based 

on the Land Use and Coverage Area Frame Survey (LUCAS) point-cover photo data collections 

(2009, 2012, 2015, and 2018), showed significant changes in the extent of invasive plant 

distribution of Hungary [5]. Ecosystem types mean land cover and habitat types with functions 

related to ecosystem services. 

 

The detailed thematic Ecosystem Map of Hungary (EMH), covering the whole territory of 

Hungary, has a high spatial resolution (20 Ĭ 20 m raster size as the minimal mapping unit). It 

offers a potential basis to evaluate the spreading trends in relation to ecosystem types when 

overlaid with the distribution of invasive plants of each type in Hungary [6-8]. 

In our research, we answered the following questions: 

Å What has been the trend in the level of invasion of different types of land cover (ecosystems) 

in Hungary between 2006 and 2018? 
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Å Which types of ecosystems of conservation importance are most threatened by the biological 

invasion of the studied species? 

 

To answer these questions, we calculated the proportions of invaded LUCAS points relative to 

the total LUCAS points for each year (2009, 2012, 2015, and 2018) and, then, determined the 

proportion in the distribution of invasion for each ecosystem type for 2009, 2012, 2015, and 

2018, respectively. Based on the frequency of invasion of these four samplings in a ten-year 

period, we were able to identify those land-cover (ecosystem) types where the e occurrence of 

the species in question changed significantly between 2009 and 2018. 

 

Materials and Methods 

The first used database is the National Geospatial Database of Invasive Plants (NGDIP) of 

Hungary, which is part of the invasive plant monitoring initiative of the Department of 

Geoinformatics, Physical, and Environmental Geography at the University of Szeged, based on 

the LUCAS point dataset (survey of land use, land cover, and agricultural statistics for all EU 

member states. The investigated invasive plants were identified by the ecologists of the 

Department of Ecology of the University of Szeged through visual interpretation of more than 

100,000 LUCAS photos from all the field observation points of 2009, 2012, 2015, and 2018 of 

LUCAS surveys in Hungary. The analysts aimed to identify invasive plants based on their 

phenological (morphological) characteristics. 

 

Table 1. Occurrence of invasive species on the National Invasive Species Database (INOTA) 

of Hungary. 

 
The other used database was the Ecosystem Map of Hungary (EMH) which was published in 

2018 as an open-access land-cover database of Hungary. It shows the ecosystem types of 

Hungary in detail at a fine scale, providing an excellent tool for conservation biology, landscape 

ecology, and geographic research [9]. The 20 Ĭ 20 m raster resolution base map is a hierarchical 

system, corresponding to MAES Level 2 types of ecosystems or habitats 

GIS and statistical methods. We conducted a spatial intersection between the polygons of EMH 

and the LUCAS points from the NGDIP dataset, then summed the number of points within each 

habitat type that were invaded and noninvaded with the given species. To allow time-series 

analysis, we had to treat the data separately by species and years. We subtracted this ratio from 

the national averages of invaded points for a given year per species. To determine the temporal 

changes in invasion of the ecosystem types, we subtracted the percentage of the national 

average invasion rate of each species from the infection percentage of the given ecosystem 

types in the examined year. 

Using Microsoft Excel, we calculated the relative proportion of invaded versus noninvaded 

points per ecosystem type using the formula below: 

 



29th International Symposium on Analytical and Environmental Problems 

 
75 

 

Number of Level 2 ecosystem types: 17 

PRðinvasion percentage of the ecosystem types; i.e., the proportion of LUCAS points 

invaded with the given species in the given year within the EMH ecosystem types (%). 

INVðTotal number of LUCAS points invaded with a given species within a given 

EMH ecosystem type in the survey year (2009, 2012, 2015, and 2018). 

LUCASðTotal number of LUCAS points within a given EMH ecosystem type each year 

(2009, 2012, 2015, and 2018). 

INVHðTotal number of invaded LUCAS points in Hungary each year (2009, 2012, 2015, and 

2018). 

LHðTotal number of LUCAS points in Hungary each year (2009, 2012, 2015, and 2018). 

 

We calculated the percentage of LUCAS points invaded with the species each year within the 

EMH ecosystem types (Tables A3ïA7). Using the PR values of the survey years (2009, 2012, 

2015, and 2018), we calculated trends of change for each ecosystem type using linear, 

logarithmic, exponential, and power regression (R2 ), and plotted the most significant changes 

on graphs. If the R2 value of the trend line for the study years was greater than or equal to 0.7 

R2 , then the change in invasion rate within the ecosystem type was considered a strong 

determination value. Although there is no definitive limit on what counts as a strong correlation, 

say |r| > 0.70, it is assumed to indicate a strong determination value. [10], The direction of 

change within the studied period (2009ï2018) could decrease if the proportion of infection of 

an EMH ecosystem type with a given species decreased significantly. An increasing trend can 

also be distinguished if the proportion of invasion of an EMH ecosystem type with a given 

species increased significantly with a coefficient of determination above 0.7 R2 . 

 

Results and discussion 

This study revealed the importance of ecosystem types regarding the level of invasion by the 

five investigated species based on a thorough, national-level analysis. It was already 

demonstrated in other studies that the invasibility (susceptibility to invasion), or the degree of 

invasion of habitat types can be very different [11], and mostly driven by human processes [12]. 

We have demonstrated these differences in the degree of invasion over a period of ten years. 

 

This general picture shows that the studied species mainly invade intensively humanimpacted 

ecosystems (disturbed, cultivated, and urban); out of eleven types, only three are 

seminatural, native ecosystems. This demonstrates that if the structural stability ensured by 

species interactions (competitions and facilitations) is disturbed, newly arriving invasive 

species can more easily gain importance [13].  

 

The type and intensity of land use have been recorded to influence the severity of invasion by 

different organisms [14]. In most studied cases, an increase in the frequency of invaded points 

was detected. This increase is most pronounced in the case of intensively used ecosystems, like 

arable land, roads and railways, other herbaceous vegetation, permanent crops, complex 

cultivation areas, and plantations. The higher invasibility of disturbed (mainly humanaffected) 

ecosystems was reported elsewhere [15,16]. 

 

This study has determined the level of invasion and its trends during ten years for five invasive 

species at a national level as a first survey. The data and the knowledge gained can improve 

awareness of the process of invasion, which has huge socioeconomic and health impacts [17]. 

Knowledge of the levels of invasion can help to explore how the abundance of invasive species 

affects species and communities and discover eventual saturation processes [1]. 
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Shedding light on the invasibility of different ecosystems is also of great importance because it 

can help to identify the most vulnerable ecosystems for proactive management [18] and support 

further studies on which characteristics of communities influence the vulnerability against 

invaders [13]. As the level and the trend of invasion can vary among regions and might be 

different at finer scales that also influence the cost of invasion impact [17], the national-level 

survey must be complemented by further investigations. 

 

Conclusion 

We identified the main Ecosystem Map of Hungary (EMH) land-use (ecosystem) types within 

which the infestation rate of the five invasive species under study varied between 

2009 and 2018 above a significant trend (R2 Ó 0.7). We plotted significant decreasing or 

increasing changes on graphs. 

 

After completing the analysis, we can state that Ailanthus altissima is spreading rapidly near 

roads and railways. Asclepias syriaca occurrence is increasing in diverse, mosaic, so called 

complex landscapes (where the land-cover heterogeneity is high), and in natural grassland 

habitats. It can be concluded that grasslands are the most threatened ecosystems by plant 

invasion in Hungary, as Asclepias syriaca and Robinia pseudoacacia are increasingly covered 

in these areas. It would be important to find the best conservation management technologies 

(for instance, an increase in grazing livestock) to reduce the spread of these plants. Wetlands 

are also prone to invasion by the investigated species, especially Solidago spp. and Robinia 

pseudoacacia. Solidago spp. species spread in wetlands, posing a growing threat to floodplain 

habitats around water bodies. 

The results presented in our research can contribute to the conservation of biodiversity, to 

understanding the spread and geographical background of invasive plants, and to the 

development of appropriate conservation management methods. 
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Recently, graphene has been widely used with excellent results in electrochemical sensors 

because of its superior electrical conductivity, high surface: volume ratio, and a rapid electron 

transfer rate. Because graphene's electrocatalytic activity is restricted, it is often combined with 

metal oxides to obtain hybrid nanomaterials [1]. To fabricate the hybrid of TiO2 nanoparticles, 

nanospheres, and nanofibers with graphene nanosheets have been reported through various 

methods, such as solïgel, hydrothermal and solvothermal method [2]. For the liquids 

deposition, there are a variety techniques such as dip-coating [3], spray-coating [4], doctor 

Blade, spin-coating etc.  

This research investigated the comparative study of two different methods, as spin-coating and 

dip-coating, for obtaining the advanced hybrid electrodes based on reduced graphene oxide 

deposited onto a titanium plate anode, named Ti-TiO2/rGO. TiO2 nanolayer was grown on 

titanium foil by thermal oxidation (Ti-TiO2) at 500ÁC in 0.5 M hydrofluoric acid. Dip-coating 

technique is a facile and low-cost method for fabrication of hybrid electrode Ti-TiO2/rGO (code 

Ti-TiO2/rGO1). As comparison, spin-coating methodology was used, at speed of 1500 rot and 

time 10 sec, being deposited 6 layers of TiO2/GO pasta on both sides of Ti support (code Ti-

TiO2/rGO2). Specific investigations, such as X-ray diffraction, UV-VIS analysis, and SEM 

morphology, were used to analyses the morpho-structural and optical properties of the obtained 

electrodes. The electrochemical characterization will be performed by cyclic voltammetry, in 

1M KOH supporting electrolyte, scan range -0.3 V/SCE and 1.4 V/SCE.  
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Abstract 

An electrochemical study was performed to evaluate the corrosion behavior of a 

graphite electrode modified with Ag nanowires in artificial sweat solution. The electrochemical 

setup consisted of a PGZ 402 model Voltalab 80 potentiostat (Radiometer Analytical) 

connected to three electrodes that were inserted into a glass cell. The auxiliary electrode was a 

Pt plate with Sgeom = 1.13 cm2, the reference electrode was an Ag/AgCl (sat. KCl) electrode, 

and the working electrode was either an unmodified graphite pallet or the Ag nanowires-

modified graphite sample. The modification method utilized to obtain the Ag nanowires-based 

electrode was the drop-casting method. Basically, a volume of 10 ÕL suspension was removed 

from an alcohol suspension containing laboratory-synthesized Ag nanowires and subsequently 

applied on one of the surfaces of a previously polished graphite pallet. The sample was obtained 

after a 24-hour drying stage at 23 Ñ 2 ÁC. Before the corrosion test, it was inserted into a 

polyamide support to ensure a constant Sgeom of 0.28 cm2. This ensemble was immersed in the 

electrolyte solution consisting of artificial sweat. The corrosion behavior study was carried out 

at 23 Ñ 2 ÁC by performing experiments with electrochemical methods specific to corrosion 

studies, such as the open circuit potential method and the potentiodynamic polarization 

technique with Tafel representation. The polarization curves were recorded at the scan rate of 

1 mV/s and the VoltaMaster 4 v. 7.09 software was used to determine the values of the 

following corrosion parameters: the corrosion potential (Ecorr), the corrosion current density 

(icorr), the polarization resistance (Rp), the corrosion rate (ɜcorr), the anodic Tafel slope (ɓa) and 

the cathodic Tafel slope (ɓc). The corrosion inhibition efficiency (IE%) was also calculated, 

with the equation provided by Birdeanu et al. [1]. 

The main conclusion of the study is that the electrode most susceptible to corrosion in 

artificial sweat solution is the Ag nanowires-modified one. If the investigation were aimed at 

identifying the sample with the highest corrosion resistance then the modified electrode should 

have been discarded. However, this is not the case. The study is part of a larger experimental 

scheme aimed at outlining the antibacterial effect of the Ag nanowires. The low corrosion 

resistance of the electrode implies an intense release of Ag ions into the electrolyte. As the 

concentration quickly increases, the environment becomes toxic for bacteria. Future 

experiments will involve the presence of such microorganisms. 
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Abstract 

Solving environmental problems goes beyond the scope of natural and engineering sciences. 

Social issues must be considered since people are the ultimate beneficiaries or sufferers of the 

related decisions. Due to the complexity of the problems and the required toolset of the solution, 

social aspects cover several questions. The role of the government is remarkable in financial, 

policy-making, and other aspects. The study deals with the individual judgment on the role of 

the government. The scope is limited to Hungarian higher education students as a pilot study. 

The results show competing patterns that can contribute to a better understanding of personal 

opinions. 

 

Introduction  

The government has a complex role in managing society and the economy. It is to note that the 

definition of government is multifaceted indeed [1]. The government can be considered as 

having to serve the citizens by providing rules and interventions if social interest requires it. 

According to the economic policy, it covers assuring the legal and institutional background, 

allocation in producing goods and services, redistribution of the incomes, and stabilization [2]. 

Of course, it is impossible to serve all concerned equally; weighting is necessary considering 

the policies, goals, and the availability of resources. There are more or less pro-active national 

policies [3]. In general, the emphasis on environmental protection and sustainability has been 

appreciated in recent decades. Kulin and Sevª [4] found that enhancing public support for 

environmental policies can be improved if people think protecting the environment is the 

governmentôs responsibility. 

The Good State and Government Report [5] in Hungary uses six impact areas that can be 

considered as the social responsibility of the government, including sustainability and public 

well-being. The report of 2019 noted growth in the performance of positive expectations 

regarding climate change, while the need for development is still marked for energy and water 

management, emissions, and social sustainability. Unfortunately, a more recent assessment is 

not available to show the impacts of the COVID-19 pandemic and the energy crisis in 2022. 

The main conclusion of the report and the literature in the field is that the government has a 

versatile set of tasks. 

However, it seems to be an oversimplification to focus only on environmental issues, but 

holistic explanatory research in the field may contribute to the body of knowledge and can 

support policymakers in the future. Learning the individual perceptions of the governmentôs 

role in the field can be considered a pilot study. 

The research question can be formulated as what the ranking order of people is about the 

governmentôs most important environmental responsibilities. A second question is whether the 

ranking orders differ by gender and CSR knowledge. 
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Experimental 

The study uses a limited scope in data collection. It aims to explore the public governance 

studentsô opinions about the role of the government about its contribution to solving 

environmental problems. These students continue their special 5-year studies at the University 

of Public Service, Budapest. A voluntary online survey was prepared to investigate student 

opinions about sustainability and social responsibility. The questionnaire includes seven 

statements (listed in Table 1) about the governmentôs responsibility for environmental issues. 

The respondents were asked to prioritize the list items. 

This paper is based on the responses of the public governance master students in 2022. 160 

responses were available for the analysis. The mean values of the rank numbers describe the 

priority orders, and the distribution of the rank numbers is presented. Kruskal-Wallis H test was 

applied to check the impact of grouping factors such as gender, CSR knowledge level, and 

categorization. The statistical analysis is based on [6]. The study attempts to explore patterns 

of opinion by cluster analysis. 

 

Results and discussion 

The respondents kept the most important item establishing a legal, economic, and technical 

regulatory framework to achieve environmental objectives, and second, providing economic 

and financial funding for environmental protection (Figure 1). 

 
Figure 1. Mean values of the rank orders (lower value means more important issue), total 

sample 

 

The mean values of the rankings are near each other, and the standard deviation is lower in the 

second case, suggesting a greater consensus on the importance of providing funds (Table 1). 

The analysis of variance shows few significant differences by the grouping factors. Female and 

male opinions differ significantly from each other about Establishing a legal, economic and 

technical regulatory framework to achieve environmental objectives (Kruskal-Wallis H=7.533, 

df=1, sig.=0.006). According to the CSR knowledge level, respondents with more CSR 

knowledge believe less that the governmentôs responsibility is exploring the quantitative and 

qualitative characteristics of the state of the environment and defining the state to be achieved 

(Kruskal-Wallis H=6.807, df=2, sig.=0.033). 
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The patterns of opinions were explored by hierarchical clustering. Ward method was applied to 

find minimum variance within the clusters [6]. A dimension reduction of the 7 survey items 

was performed by principal component analysis to filter the correlations between the 

evaluations. The method suggested four independent factors, saving 77.5% of the total variance. 

The results show a four-cluster solution (Figure 2). The clustering shows significant differences 

at a 95% confidence level in the evaluations of the items, except for the ranking supporting 

research and development. 

 

Table 1. Mean values of the evaluations by sub-samples  
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Establishing a legal, economic and 

technical regulatory framework to 

achieve environmental objectives 

(establishing a framework) 

3.52 1.893 3.86 3.02 3.74 3.14 3.35 

Providing the economic and financial 

funding for environmental protection 

(providing funding) 

3.53 1.773 3.36 3.78 3.51 3.21 4.17 

Exploring the quantitative and 

qualitative characteristics of the state of 

the environment and defining the state 

to be achieved (exploring the state of the 

environment) 

3.55 2.133 3.6 3.48 3.8 3.55 2.52 

Defining the priority tasks for 

environmental protection (defining 

priority) 

3.59 2.072 3.58 3.62 3.42 4.07 3.43 

Defining and ensuring the performance 

of research, technical, development, 

training, and information activities in 

the field of environmental protection 

(supporting research and development) 

4.13 1.917 4.03 4.29 4.16 4.05 4.17 

Performing public administration tasks 

in the field of environmental protection 

(administration) 

4.38 1.832 4.34 4.44 4.19 4.48 5 

To enforce and integrate environmental 

requirements in other tasks of the 

government (Integrating the tasks) 

5.29 1.703 5.24 5.38 5.19 5.5 5.35 

n 160 
 

97 63 95 42 23 

 

Table 2 and Figure 2 show that differences in the mean values of the ratings by clusters are the 

lowest on enforcing and integrating environmental requirements in other tasks of the state and 

defining and ensuring the performance of research, technical, development, training, and 

information activities in the field of environmental protection. 
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A more scattered picture is about the other items, especially administrative tasks and 

establishing a framework. It is to be noted that lower mean values on the axis of Figure 2 mean 

the more important role than higher ones. 

 

Table 2. Rank orders by clusters 

Rank Cluster 1 (n=34) Cluster 2 (n=54) Cluster 3 (n=34) Cluster 4 (n=38) 

1. establishing a 

framework 

establishing a 

framework 

defining priority exploring the state 

of the 

environment 

2. administration providing fundings exploring the state of 

the environment 

providing 

fundings 

3. integrating the 

tasks 

supporting 

research and 

development 

establishing a 

framework 

defining priority 

4. defining priority exploring the state 

of the environment 

supporting research 

and development 

administration 

5. supporting 

research and 

development 

administration providing fundings supporting 

research and 

development 

6. providing 

fundings 

defining priority integrating the tasks integrating the 

tasks 

7 exploring the 

state of the 

environment 

integrating the 

tasks 

administration establishing a 

framework 

 

 
Figure 2. Mean values of the rankings by clusters 
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Cluster 1 includes the most balanced opinions about the governmentôs role based on the mean 

values. The members expect to establish a framework, integrate the tasks, and focus on 

administration while supporting R&D, providing funds, or exploring the state of the 

environment. Cluster 2 emphasizes providing funds next to establishing a framework, but other 

factors are equally less important. The members of Cluster 3 agree the most that defining 

priorities and exploring the state of the environment are the primary governmental tasks. Cluster 

4 emphasizes defining priorities and providing funds. 

There is a high-level agreement among the factors in the integrative role of the government and 

supporting R&D. 

 

Conclusion 

However, the respondents were master-level students in the field of governmental studies; there 

is no unambiguous consensus among the students. The results show that there are competing 

opinions about the role of the government in managing environmental problems. The number 

of cluster members is higher in the case of Cluster 2. That cluster strongly believes that 

providing a framework and funding environmental problem solutions are the primary 

governmental tasks. Another strong opinion is presented in the case of Cluster 3, which 

emphasizes practical tasks in defining priorities and an active engagement of the government 

in exploring the state of the environment. The respondents do not highlight the integrative and 

administrative roles. 

The results can be considered partial completion. Involving students from other faculties is 

planned as future research to find that these opinion patterns are limited to the sample or can be 

generalized. Although a hypothesis was not formulated since the study is explorative, according 

to the roles of the government described by the literature, the outcome differs from the authorôs 

expectations. The NIMBY phenomenon [7] seems to be reflected in the majority opinion, which 

needs to be changed for comprehensive results. 
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Abstract 

The biomedical field is in constant evolution and improvement, for such reason weôve decided 

to search for a possible material to overcome the limitations of some of the most common 

biomaterials utilized, such as Titanium, known for its high biocompatibility and corrosion 

resistance and used for bone implants and bone fixation parts, or such as Zirconium, a material 

wuth good chemical stability and mechanical properties, with orthopedical and dental 

applications, our proposal is a material called R4, an alloy composed of  Ti15Mo7Zr15TaSi, 

which we belive could one day overcome the previous materials in the biomedical field. 

 

Introduction  

In this study we chose two commonly used biomaterials Titanium and Zirconium, vastly used 

in bone implants for their mechanical properties and resistance to biological enviroment, and 

our alloy called R4, Ti15Mo7Zr15TaSi, which thanks to its composition might be a perfect 

candidate for orthopedic applications, having mechanical properties similar to the ones of 

human cortical bone. 

For such reason in this study weôve decided to analyze a critical aspect for biomaterials, the 

corrosion behavior, and to compare the new Titanium alloy called R4, with both Titanium, Ti, 

and Zirconium, Zr.  

 

Experimental 

For the experiment we first obtained the samples from the Faculty of Material Science and 

Engineering at Gheorghe Asachi Technical University in Iasi, Romania, already cut and grinded 

so that we could have a cylinder of around 2 cm of height, composed of a metallic core and a 

resin casing, we then proceeded to polish them with alumina suspension in Struers TegraForce-

1 polishing machine for 40 seconds. For the electrochemical experiments, a sample was placed 

in an electrochemical cell with three electrodes: the samples served as the working electrodes, 

the reference electrode was a saturated calomel electrode and the counter electrode was made 

of platinum. In order to conduct the experiments, the area of each sample was measured. The  

mmol/L concentration of the Ringer solution developed by Grifolsô Laboratories (Barcelona, 

Spain) was as follows: Na+ 129.9, Clī 111.7, K+ 5.4, Ca2+ 1.8, and C3H5O3 27.2. Corrosion 

potential vs time, linear potential and electrochemical Impedance Spectroscopy were applied 

using the BioLogic Essential SP-150 potentiostat from Seyssinet-Pariset, France. The tests were 
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conducted in aerated Ringer solution at 25 ÁC. and to submerge the sampleôs part with the 

exposed material in Ringer solution at 25Á C for a time of 24 hours, after this we exported the 

data from the program EC-lab and used them to obtain various graphs in Excel. 

To analyze potential corrosion The "Ecorr vs. Time" method from the Ec-Lab application was 

used to calculate each sample's corrosion potential during a 24-hour period. Every 300 s or 

every time there was a 100 mV shift in potential, potential readings were obtained. The 

information was then gathered and a potential versus time graph was made once the data was 

examined. 

We polished again the samples with alumina suspension in Struers TegraForce-1 polishing 

machine for 40 seconds and proceeded to do a microhardness test, with microhardness tester 

machine FM-810, using loads of 1g, 5g, 10g, for 10 measurements each, for a time of 20 

seconds each measurement. 

 

Results and discussion 

Regarding the Corrosion potential (see Figure 1) we can observe how R4 possesses a tendency 

to passivate while both Zr and Ti tends to slowly corrode. 

 

 

 
Figure 1. Corrosion Potential of the three analyzed samples in Ringer solution 

 

 

 

While evaluationg Bode-phase (see Figure 2) we can see how in both Titanium and R4 alloy 

we have a large zone with high phase angle, meaning that both have high corrosion resistance 

poperties, while Zr presents a narrow not point dense pit which can be associated to a 

passivating effect not very effective that canôt protect enough the material, 
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Figure 2. Bode-phase of the analyzed samples in Ringer solution 

 

 

 

We can verify what was previously said looking at the Bode-IZI graph (see Figure 3), here we 

can see that Zr has a high impedence level, corresponding to good corrosion resistance, that is 

salso true for R4 and Ti, with R4 presenting a longer deminishment with the increase of the 

frequency. 

 

 

 
Figure 3. Bode-IZI graph of the analyzed samples in Ringer solution 
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Again with Nyquist ( see Figure 4 ) we can validate what was said before, with Zr exhibiting 

highest Corrosion resistance, followed but Titanium and R4 

 

 
Figure 4. Nyquist of the analyzed samples in Ringer solution 

 

We can finally see that all of the treated materials tend to passivate in some degree, forming an 

oxide layer that defends them from corrosion, with the most stable material being the R4 alloy. 

Zirconium instead presents at around 0.2 V pitting corrosion phenomena. ( see Figure 5 ) 

 

 
Figure 5. Polarization curves for all the 3 samples in Ringer solution 

 

Conclusion 

From our analysis we can state that the R4 alloy presents good corrosion resistance and stability, 

with passivating capabilityes, which make it a good candidate for biological applications, in 

fact, its corrosion resistance is slightly superior to the commonly used material, and if we also 

consider the mechanical properties, that gives us a perfect material for future biomedical 

applications. 
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Abstract 

The dielectric measurements have proved their applicability in many fields of science and 

industry practice, as well. However, there is just limited experiences in the case of enzymatic 

processes. Therefore, the main aim of our research was to investigate the applicability of 

dielectric measurements for monitoring of enzymatic hydrolysis of lactose and cellulosic 

biomass. During our measurements, the dielectric constant and dielectric loss factor in the 

frequency range of 200-2400 MHz was determined using an open-ended coaxial dielectric 

probe. Based on our results, it can be concluded that the decomposition of lactose can be 

monitored by measuring both the dielectric constant and the dielectric loss factor at frequencies 

of 1000 MHz and 1800 MHz, while the enzymatic degradation of cellulose can be detected by 

the ratio of dielectric constant values measured at 400 and 1800 MHz frequencies. Therefore, 

it can be concluded that determining dielectric parameters at appropriate measurement 

frequencies are suitable for non-destructive and rapid monitoring of the efficiency and progress 

of enzymatic processes. 

Key words: dielectric parameters, dielectric monitoring, enzymatic processes 

 

Introduction  

The dielectric characteristics of the materials, commonly quantified by its dielectric constant 

(Ůǋ) and dielectric loss factor (Ůǋǋ), serve as indicators of its interactions with electromagnetic 

field [1]. The dielectric behaviour has significant effect on the temperature ramp, thermal 

efficiency, temperature homogeneity of materials subjected to microwave (MW) irradiation, 

for instance. In multicomponent, and heterogeneous systems, especially in solids, the different 

dielectric properties of the components alter the propagation of electromagnetic waves in 

materials under test (MUT) that presents difficulties for achieving uniform alternating electric 

fields. High power electromagnetic field can generate local overheating (óhot-spotsô) that makes 

difficult to maintain uniform temperature. Measurement of dielectric parameters enable to 

control the power absorption of MW irradiation, estimate the penetration depth of the 

electromagnetic waves and the conversion efficiency of electric field to heat (heat generation 

efficiency of MW irradiation). The dielectric constant quantifies the ability of polar components 

for orientational polarization (rotating) in alternating electromagnetic fields, the loss factor is 

related to energy absorption of electromagnetic field into the materials, which can generate heat 

(energy dissipation). The complex permittivity can be calculated by the Cole-Cole relaxation 

model equation (using static permittivity, frequency, relaxation time, conductance as variables). 

In some cases, the Cole-Cole dielectric relaxation model can be reduced the Debye model [2].  

The dielectric measurement methods include waveguide or resonant cavity methods, open 

ended probes, impedance measurements and free space methods, as well. Open ended coaxial 

probes are widely used for the investigation of the dielectric behavior. Beside the numerous 
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advantages, their high price and the low penetration depth into the MUT can be considered as 

one of the main disadvantages, which limit the wider-scale applications. In the field of life 

sciences, the sensors operated at radiofrequency and microwave frequency ranges can be non-

invasive alternative methods of conventional analytical techniques for the measurement of 

glucose concentration in biosystems (in vitro blood glucose measurement with lab-on-chip 

methodology, for instance) [3]. The change of dielectric loss factor measured at gigahertz 

frequency range is capable to detect the change of glucose concentration in aqueous solutions, 

but the presence of salts can reduce the alteration of dielectric behavior, therefore the sensitivity 

of the dielectric measurement methods decreases [4]. The problems related to electrode 

polarization effects of salts in aqueous system have also verified for dielectric measurements 

conducted at megahertz frequency ranges, the change of relative permittivity as a function of 

glucose concentration decreased if the concentration of ionic compounds (salts) increased [5]. 

The Maillard-type reactions between reducing sugars (such as glucose) and amino acids can be 

detected by dielectric measurements as well. In heated media, the intensity of ionic migration 

is enhanced that affected by the lower viscosity of the solvents, as well. Beside this, the higher 

temperature led to higher reaction rate between amino acids and sugars. These phenomena 

resulted in the increment of dielectric loss factor. However, it can be noticed, that during 

Maillard reaction the number of polarizable molecules decreased, therefore the contribution of 

dielectric polarization mechanisms to the change of dielectric behavior are decreased [6].  

The analysis of the dielectric behaviour of blood plasma shows that in the frequency range of 

1-8 GHz dielectric constant decreases, and dielectric loss factor (imaginary part of the complex 

permittivity) increases as the glucose concentration increases. However, in aqueous glucose 

solutions opposite trends can be observed for the relationship of glucose concentration with the 

dielectric parameters. At a given glucose concentration, the dielectric constant decreases while 

loss factor increases with increasing frequency. The lower temperature results in lower eô and 

higher eò at high concentration ranges, because the lower temperature causes increased 

viscosity, and in higher viscosity medium the rotation of molecules is impeded, and, 

furthermore, the higher viscosity is manifested in higher friction of molecules in alternating 

electromagnetic field [7]. During the enzymatic hydrolysis of lignocellulosic materials, change 

of the capacitance and the concentration of monomeric carbohydrates release. Therefore, the 

efficiency of the enzymatic cellulose hydrolysis can be detected by dielectric measurement [8].  

In milk, the lactose interacts with water molecules forming water clustered structures. The 

change of physicochemical structure due the presence and concentration of lactose can have 

effect on the interaction with electromagnetic field. Alteration of polarisation in the 

electromagnetic field has effect on the dielectric behaviour of the system. However, the milk 

cannot be considered as homogenous system, therefore the higher penetration depth of 

electromagnetic field at microwave frequencies can be applied as a óvolumetricò non-

destructive measurement methods compared to methods applying infrared radiation. In lactic-

acid bacteria induced coagulation, the hydrogen ions form lactic acid reduces the negative 

charge of casein. Therefore, the calcium phosphate from casein micelles liberate which led to 

collapse of micelles resulted in coagulation. During the coagulation the ratio of free to bound 

water is changed. The relaxation of free and bound water is different in electromagnetic field 

(in milk: 10-20 GHz vs. 1 GHz, respectively). Because the polarization is depended on the 

composition and physicochemical structure of milk, analysis of the change in dielectric 

behaviour can be suitable to monitor the coagulation processes. For example, dielectric 

measurements in the frequency range of 100 MHz-20 GHz verified, that till 500 MHz the ionic 

conduction has the main effect on the change of dielectric parameters, and the fat content has 

not significant effect on the tendency of the change of dielectric loss factor vs frequency at the 

range of 20-4500 MHz, but there can be found differences in the absolute value of eò. The 
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dielectric loss and dielectric constant are also negatively correlated with the pH during the milk 

coagulation process [9].  

It is verified that dielectric behaviour of the milk and other high water contented biological 

systems is mainly determined by the polarization effects at frequencies below 3 GHz [10]. 

Mastitis is one of typical health problems on cowsô health status. The change of somatic cell 

count (SCC) has effect on the physicochemical properties of the milk, and its techno-functional 

characteristics in dairy industry processing, as well. A recent study concluded that the change 

somatic cell count in cow milk can be detected by the analysis of the dielectric behaviour. The 

increment of SCC caused a higher concentration of ionic components that resulted in enhanced 

ionic polarization in electromagnetic field, therefore the dielectric loss factor is increase, as 

well. It is also observed, that at higher SCC concentration ranges, the frequency dependence of 

dielectric spectra reduced [11].  

 

Experimental 

The dielectric behaviour of the materials (characterized by the dielectric constant and dielectric 

loss factor values) in the frequency range of 200-2400 MHz was investigated by a Speag DAK 

3.5 dielectric probe connected to a ZVL-3 vector network analyzer with coaxial line. The 

measurements were based on the determination of reflection coefficient at the interface of 

sample material and probe. The temperature of MUT/biosystems was controlled with water 

bath at 20Ñ0.5 ÁC. For the calibration open, short circuit and deionized water (dielectric load) 

method was applied. The immersion depth of DAK probe into samples was 10 mm for all 

measurements. 

For the cellulose enzymatic hydrolysis test corn cob residue was used as substrate which has 

46Ñ2 w%, 37Ñ1.6 w% and 7Ñ0.5 w% cellulose, hemicellulose and lignin content, respectively. 

Enzymatic hydrolysis tests were carried out in 3.5 w% suspensions at the temperature of 45ÁC 

using 0.1 M sodium acetate buffer for controlled pH of 4.8 using Cellic CTEC2 enzyme blend 

in a dosage of 60 FPU/g(cellulose). The reducing sugar concentration was measured by DNSA 

photometric assay. The samples were filtered through a 0.2 mm syringe filter (PES membrane).  

For the investigation of lactose hydrolysis commercially UHT milk was used with fat content 

of 1.5%. The incubation temperature was 20Ñ0.5 ÁC (higher than applied in the dairy 

technologies to shorten the time demand). The dosage of b-galactosidase enzyme (Maxilact 

L2000, DSM) was 0.15 v/v%). After the incubation (before the analysis) the enzyme was 

inactivated using 2 min 90ÁC heat treatment. The lactose content was measured by 

refractometer (PAL19S, Atago), the galactose concentration was determined by galactose 

oxidase colorimetric detection kit (ThermoFischer, absorbance was measured at 560 nm). 

 

Results and discussion 

Our results shown, that during the enzymatic decomposition of lactose components in milk the 

dielectric constant (eô) show increasing tendency. The change of dielectric constant and loss 

factor due to the decreasing of lactose (and increasing of galactose and glucose monomers) was 

different in the varying frequency ranges (data not shown). The difference between dielectric 

properties vs. lactose concentration was the highest at the frequency of 1000 MHz, and has been 

slightly in the frequency range of 1800-2400 MHz. Therefore, the ratio of dielectric constant 

and dielectric loss factor (eò) measured at 1000 MHz to that of determined at 1800 MHz was 

used as dielectric control parameter of the enzymatic process. Our results show, that the 

dielectric constant is suitable to monitor the lactose hydrolysis process till approximately 45% 

lactose decomposition degree (Fig. 1.a), while the dielectric loss factor ratio has good linear 

correlation with the change of lactose concentration in the range of 0-70% (Figure 1.b), 

respectively. The hydrolysis of lactose to its monomers increase the number of easier 
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polarizable molecules (with lower molecular weight) in the system that can be manifested in 

the change of dielectric parameters, for example the increasing tendency of dielectric loss factor 

[6,9]. 

 

 
a) b) 

Figure 1. Relationship between the lactose hydrolysis (decrease of lactose concentration) and 

dielectric constant (a) and dielectric loss factor (b) ratio  

(at 1000 MHz and 1800 MHz, t=20ÁC) 

 

Analysis of the dielectric behaviour during enzymatic hydrolysis of lignocellulosic biomass 

show, that in the frequency range of 200-2400 MHz the dielectric constant has better correlation 

with the reducing sugars (RS) concentration compared the sensitivity of dielectric loss factor to 

the change of RS yield (data not shown). Similar to the experiences related to the dielectric 

behaviour of milk during lactose hydrolysis, there can be found ócharacteristicô measurement 

frequencies (for minimum and maximum value of loss factor) for the monitoring of cellulose 

hydrolysis. Ratio of the dielectric constant at the frequency of 400 MHz to 1800 MHz has good 

linear correlation with reducing sugars yield (mg RS./g dry matters). Progress of cellulose 

degradation caused decreasing of dielectric constant ratio (Figure 2).  

 

 

Figure 2. Correlation between RS yield and dielectric constant ratio (measured at 400 MHz 

and 1800 MHz) 
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Other studies have also verified, that the presence of sugar monomers (such as glucose) has 

effect on the relaxation time in electromagnetic field, and increasing of glucose concentration 

resulted in lower permittivity and dielectric constant in aqueous systems [7, 8].  

 

Conclusion 

Our research has verified that both the enzymatic lactose decomposition process used in dairy 

production technologies and the enzymatic hydrolysis of lignocellulosic biomass can be 

detected based on the measurement of the dielectric properties. However, to apply a dielectric 

monitoring method with adequate accuracy for the specific raw material and enzymatic process, 

the determination of the most sensitive dielectric parameters and appropriate measurement 

frequencies for the substrate and hydrolysis products can be considered as crucial. However, 

due to their non-destructive characteristics, the rapid dielectric measurements can be suitable 

for application in industrial manufacturing technologies, as well. 
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Abstract 

In this study ion mobility separation (IMS) mass spectrometry (MS) was for the first time 

introduced in human cerebellum ganglioside research. The work was focused on a 

comprehensive mapping and structural characterization of human cerebellar gangliosides and 

determination of the specific changes induced in their expression by brain development and 

aging. We have carried out a comparative IMS MS mapping of the native ganglioside mixtures 

extracted from fetal cerebellum in the second trimester of pregnancy vs. near-term fetus vs. 

aged cerebellum, followed by IMS CID MS/MS fragmentation analysis. 

 

Introduction  

Cerebellum represents a highly specialized region of the brain encompassing approximately 

80% of the total brain neurons and regular arrays of neuronal units involved in motor control, 

learning, cognitive and emotional functions [1, 2]. In recent years, human cerebellum started to 

be investigated at the molecular level, in order to correlate its functions with the expression of 

various biomolecules, especially gangliosides, sialylated glycosphingolipids highly expressed 

in the central nervous system. Among the bioanalytical methods employed so far in the analysis 

of cerebellar biomolecules, mass spectrometry (MS) provided the most comprehensive 

information [3]. 

 

Experimental 

We report here on the first introduction in cerebellum research of ion mobility separation (IMS) 

mass spectrometry for a systematic mapping of cerebellar gangliosides and determination of 

the species associated to development and aging. For this purpose, gangliosides extracted from 

post-mortem tissue biopsies of fetal -in the 15 and 40 gestational weeks (samples 15GW and 

40GW)- and 65 years of age (sample 65Y) cerebellum were analyzed by nanoESI IMS MS in 

the negative ion mode under identical conditions. In the next stage of the research, using CID 

MS/MS at low and variable collision energy after mobility separation in the transfer cell, were 

confirmed and characterized the structural conformation of the glycan core and ceramide 

moiety of three precursor ions that are common in all samples. 

 

Results and discussion 

Altogether, no less than 734 molecular ions corresponding to 551 gangliosides were identified 

by IMS MS separation and screening, which represents almost five times more cerebellar 

structures than ever reported before. In the absence of specialized software designed for 

automated interpretation of ganglioside mass spectra, extensive data analysis required manual 

calculations. As a result, average mass accuracies of 8.358 ppm for C15GW, 7.953 ppm for 
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C40GW, and 8.456 ppm for C65Y were obtained after assigning all 734 ions. The IMS MS 

analysis also revealed various intriguing aspects concerning the sialylation and modifications 

of ganglioside components, encompassing both carbohydrate and non-carbohydrate 

attachments, across the three extracts. Furthermore, the IMS MS data highlighted substantial 

deviations in sialylation patterns, as well as a surprisingly diverse array of alterations in the 

fundamental structure of the glycan core due to fucosylation, O-GalNAc attachment, O-

acetylation, and modifications involving CH3COO-. Another significant discovery pertained to 

the pronounced heterogeneity and substantial differences in the composition and structure of 

the Cer moieties within the ganglioside species present in C15GW, C40GW, and C65Y. 

Notably, an unusually high number of compounds exhibiting trihydroxylated sphingoid bases, 

fatty acid chains with atypical lengths, or a combination of these characteristics were also 

observed.  

The optimized isolation and fragmentation conditions induced efficient ion dissociation with 

high sequence coverage and a significant number of fragment ions diagnostic for the proposed 

structures of GD1 (d18:1/18:0), GQ1(t18:18:0) and GQ1(d18:1/18:0). Considering the MS/MS 

results, which provide evidence on (Neu5Ac)2, the three structural candidates are b-isomers. 

 

Conclusion 

The comparative analysis revealed for the first time that: i) 40GW contains the highest number 

of species (373), followed by 15GW (327) and 65Y (192); ii) fetal cerebellum gangliosidome 

is characterized by a much higher sialylation degree and species altered by carbohydrate and 

non-carbohydrate type of modifications than the gangliosidome of aged cerebellum; iii) 

significant developmentally- and age-regulated changes in the expression and structure of 

cerebellum gangliosides exist. These variations are to be correlated in the future with the 

neurological diseases, leading to the discovery of pathways to more effective therapeutic 

schemes. 
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Abstract 

The apple orchard was planted in 1998 on an area of 14.5 ha in the locality of Erdevik, where 

the soil type is fertile. The type of soil determines the presence of certain plant species, which 

form the weed flora. The seeds of weeds and cultivated plants, after reaching the ground, remain 

on the surface, and then gradually penetrate into the deeper layers of the soil and create the so-

called soil weed seed bank. The conditions that prevail in the orchard are significantly different 

from the conditions in the field type of production. Unlike annual field crops, according to 

Smith and Gross (2006), orchards lack the variability of crop rotation, that is, crop rotation, 

which affects the composition of the weed seed bank. In the fall of 2022, an analysis of the 

weed seed bank was carried out at the Erdevik locality, an analysis of the weed seed bank was 

performed to a depth of 0-30 cm, where the presence of 18 weed species was determined. Weed 

species are: Agropyron repens (L.) Beauv., Amaranthus retroflexus L., Ambrosia artemisiifolia 

L., Polygonum convolvulus L., Brassica sp., Chenopodium album L., Chenopodium hybridum 

L., Datura stramonium L., Hibiscus trionum L., Lamium purpureum L., Polygonum aviculare 

L., Portulaca oleracea L., Sorghum halepense (L.) Pers., Solanum nigrum L., Stellaria media 

(L.) Vill., Setaria glauca (L.) Beauv., Urtica dioica L., Veronica hederifolia L. The seeds of 

determined weeds had a low germination rate of 2.2%. with an abundance of 42341 seeds/m2. 

The analysis of the weed seed bank was carried out in the row area of the orchard, where 

pesticides and primarily herbicides are applied, which had an impact on the reduced number of 

weed seeds in the row, but also on the reduced germination of weed seeds. Intensive methods 

of cultivation imply a relatively high level of investment, soil cultivation is carried out regularly, 

usually mechanized, as well as the application of pesticides (herbicides, fungicides, 

insecticides). 
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Abstract 

The global pursuit of a continuous and stable water source is essential in the face of climate 

change and mismanagement of water resources, which has exacerbated water scarcity. This 

research aimed to investigate the efficiency of polyelectrolyte as the main coagulant in the 

coagulation-flocculation treatment process to determine their suitability in producing an 

alternative water source. 

 

Introduction  

In this study, I will be using synthetic laundry greywater (LDGW) as a model water which is 

considered the most contaminated among other greywater fractions such as bath and even 

mixed greywater (laundry, bathing and kitchen wastewater all together) and we will be focusing 

on the coagulation-flocculation process in which we will determine the efficiency of a cationic 

type polymer agent (ACEFLOC 80902) on LDGW that has been always used as a coagulant 

aid after metal salts as main coagulants in this process. 

The efficiency of the polyelectrolyte will be monitored by measuring the physical and chemical 

characteristics of greywater before and after treatment and under different flocculation speed 

and time. 

A further investigation of the polyelectrolyteôs efficiency response to pH change will be 

performed. The methods were selected mainly because of their proven efficiency and wide use 

in the wastewater treatment sector. The parameters investigated were the pH, turbidity, zeta 

potential, biological oxygen demand (BOD) and the total organic content (TOC). 

 

Experimental 

The experimental procedure started by creating synthetic LDGW samples.They were prepared 

by mixing 0.500 g Detergent/Washing agent (ARIEL gel concentrated, Mountain Spring, Proter 

and Gamble), 1.00 g Softener (LENOR Sensitive Softener, Proter and Gamble), 0.200 g corn 

oil (VFI GmbH, Austria), and 0.300 g standard nutrient broth (Scharlau, Spain) for every 1 L 

of tap water at 40 ÁC from Debrecen, Hungary. 

Initially, 100 mL of synthetic GW was used as sample volume. The measured sample was added 

to a beaker equipped with a magnetic stirrer and stirred at 800 rpm to ensure sample 

homogenization is preserved. A selected volume of coagulant was added to the 100 mL GW 

and the mixture was stirred for 30 seconds after which a sub-sample was extracted using a 

syringe from the total volume and let to settle for 5 minutes thereafter pH, zeta potential and 

turbidity were measured. This process was repeated with different  

volumes of coagulant everytime to create a dose-response curve and from which the optimum 

volume of coagulant needed for the range of zeta potential between -5mV and +5mV can be 

determined and used in larger volumes. 

At a second stage of the experiment and from the collected data of the adequate volume range 

of coagulant found with 100 mL samples, we prepared a 4L sample and used the Flocculator 
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(Jar-test) to perform the coagulation-flocculation process in detailed version. The flocculator 

has an automatic mixing parameter with different speeds and require a volume of 500 mL in 

each beaker. After filling each beaker with 500mL of our synthetic GW, we add the coagulant 

and we activate the automatic stirrer at full speed (300 rpm) for 5 min and then we turn to the 

slow mixing in different speeds: 10 rpm, 60 rpm, 90rpm and 120 rpm and we repeat the same 

experiment for two different slow mixing times: 15 min and 30 min in order to find the best 

condition for which the polyelectrolyte performs the best.  

After slow mixing is done, the mixture is left to settle and sediment for 20 minutes. pH, zeta 

potential, turbidity and TOC were then measured and after which we proceeded with a filtration 

process and remeasured the mentioned parameters. 

 

 

Figure 1: Jar Test during coagulation-flocculation process

 

 

At a third stage, we have used 2 solutions HCl (0.1 mol/dm3) and NaOH (0.1 mol/dm3)  

in order to adjust the LDGW to different pH values 5, 7 and 10. Before and after adjusting the 

pH, different doses of the polymer is added to each 100 ml of solution in order to determine the 

optimum PE dose each time with each pH alongside with measuring zeta potential, TOC, pH 

and Turbidity in order to compare between all results obtained. 

 

Results and discussion 

This section provides results obtained using the cationic polyelectrolyte (PE) as a main 

coagulant. To determine the dose at which optimum coagulation occurs a series of zeta potential 

dose-response curves are created.  The results were plotted, and we found that the optimal range 

is between 2.8 mL and 4.7 mL of polyelectrolyte per 100 mL of LDGW (concentration of 28 

mg/L and 47mg/L respectively) and the 0 mV zeta potential value at around 3.8 mL volume of 

stock coagulant solution which is equal to around 19 mL of polyelectrolyte dose per 500 mL of 

LDGW. 
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Figure 2: Dose-response curve 

At a second stage, using the Flocculator (Jar-Test), with bigger volumes, we have obtained that 

the best conditions for which the polyelectrolyte performs the best is for 15 mL which is a lower 

optimum dose than that expected which again shows the impact and the importance of 

flocculation on the PE performance. Then we proceeded to use different flocculation time and 

speed to determine its impact on the polyelectrolyte performance and we found that zeta 

potential in almost all conditions is close to 0 mV which proves in one side the effectiveness of 

the chosen polyelectrolyte dose and the importance of the flocculation process. For a 

flocculation speed of 120 rpm and flocculation time of 30 min, the turbidity is very close to that 

of tap water used in the experiment (4.75 NTU) and this shows the importance of mixing speed 

that differs from one polyelectrolyte (coagulant) to the other and in this case it is shown that a 

120 rpm speed seems to be the right flocculation speed for this cationic polyelectrolyte used. 

However, for the TOC, the results shows similar results regardless of the time and speed change 

which shows that PE can be more effective in removing insoluble components. 

 

Table 1: Results of the coagulation-flocculation process under different conditions 

 

 

 

 
Speed 

(rpm) 

Dose 

(mL) 

Zeta 

potential 

(mV) 

TOC 

(mg/L) 

pH 

 

Turbidity 

(NTU) 

Slow Mixing 

(min) 

1 60 15 -1.89 55.28 8.30 18.56 15 

2 90 15 -1.63 53.33 8.39 11.56 15 

3 120 15 -1.35 51.14 8.43 8.51 15 

4 60 15 -1.28 51.02 8.28 11.37 30 

5 90 15 -1.61 51.97 8.29 6.93 30 

6 120 15 -1.13 51.54 8.29 5.05 30 
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At a last step, the pH test proved that the pH level has indeed a direct effect on the performance 

of the polymer, for the raw solution with a pH equal to 7.88, the polymer optimum amount 

(mg/L) that coincides with zeta potential between -5mV and +5mV is shown to be in a range 

of [37..42], for the higher value of pH =10, there is almost no change in the optimum amount 

of PE [36,5..42], However in lower values of pH 7 and 5, it is clear that the supposed to be an 

optimum amount is now more than enough to neutralize the solution as the zeta potential 

decreased and so did the optimum amount of PE that now became in the range of [35..38] and 

[24,5..26] respectively. 

 

 
Figure 3: Dose-response curve under different pH values 

 

The TOC values have shown a decrease in all pH levels, For the raw sample and pH 7 the TOC 

level (around 50 mg/L) is almost the same as that of the raw sample and it can be explained by 

the fact that they have pretty close pH levels (pH 7.88 and pH 7). however when the pH is either 

more alkaline (pH 10) or more acidic (pH 5), the TOC level decreased even further and we can 

notice a more Natural Organic Matter (NOM) removal efficiency when the optimum PE dose 

is applied (TOC around 40 mg/L) which proves the importance of adjusting the right pH level 

prior to the use of the proper dose of coagulant. 

 

Based on the measured values, the PE proved its efficiency in LDGW treatment in different pH 

ranges which is an important advantage in the water treatment sector that the coagulant can 

work in neutral environment. Moreover, it is also important to note that in real LDGW, pH is 

usually more alkaline (9-11), which in this case, the PE according to the results found, is 

expected to work in an effective way as well. 

 

Conclusion 

The coagulation-flocculation process using Polyelectrolyte as the main coagulant instead of 

metal salts followed by a filtration process using a slow sand filter resulted in a successful 

laundry greywater treatment according to the measured quality parameters of BOD, TOC 

Turbidity of 6 mg/L, 7.61 mg/L, 1.6 NTU  respectively. These results are aligned with the range 

of limit values set by the international regulations and standards of greywater reuse.  

A further investigation of the efficiency of the cationic polyelectrolyte in treating laundry 

greywater under different pH ranges (5,7 and 10) showed that the optimum dose of PE was 

reduced from 38 mg/L to ~ 25 mg/L in lower pH (around 5) which can be a cost effective 
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solution to use less chemicals in wastewater treatment as according to previous results obtained 

in university of Debrecen, an amount of 248.75 mg/L of iron(III) chloride and 18 mg/L for 

polyelectrolyte was needed to treat mixed greywater and 295 mg/L and 325 mg/L to treat 

laundry greywater. 

It is interesting to test different types of polyelectrolyte especially stronger base cationic ones 

that can retain a high positive charge at high pH values on real laundry greywater which is 

usually more alkaline (around 9-11) and determine if it is cost effective comparing it with using 

metal salts since polyelectrolytes are usually more expensive. 
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Abstract 

Cherry (Prunus cerasus) is a tree species belonging to the Rosaceae family. It is native to 

Europe and Asia. Cherry is most often consumed fresh, as a dessert fruit. It can also be used to 

process cherries, such as: juices, marmalades, jams. In order to use by-products, different parts 

of the cherry, such as seeds, kernels, pomace, are used to isolate bioactive components. The 

aim of this study was to determine the total phenols yield and the antioxidant activity of the 

extract from cherry kernels. For extraction, traditional extraction methods (Solid-liquid 

extraction - SLE) and an innovative extraction method (Natural deep eutectic solvents 

extraction - NADES) were used. SLE extraction was performed using different concentrations 

of ethanol (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 96%). The extraction was performed at room 

temperature for 24 h, with a shaking speed of 150 rpm. NADES extraction was carried out using 

10 NADES solvents, of which 5 were polar and 5 non-polar. All NADES solvents in this work 

were prepared from organic acids (malonic, citric, lactic, octanic, lauric, decanic) as hidrogen 

bond donors (HBD) and betaine, choline chloride, glucose as hidrogen bond acceptors (HBA). 

The NADES extraction was performed with stirring in a heated water bath at 50 ÁC placed on 

a magnetic stirrer, for 60 min. Statistical significance (p < 0.05) of extraction solvents used such 

as ethanol in different concentrations, polar and non-polar NADES was determined by analysis 

of variance (ANOVA). Total phenols in the obtained extracts were determined by the Folin-

Ciocalte method, and antioxidant activity determined by the following tests: DPPH, ABTS and 

FRAP. In the case of SLE extraction, the amount of total phenols ranged from 1.94-3.87 mg 

GAE/g DW. While in the case of NADES extraction, total phenols ranged from 1.13-2.54 mg 

GAE/g DW. Regarding DPPH, ABTS and FRAP tests, the extract obtained from SLE using 

50% ethanol showed the highest antioxidant activity (5.71 ÕM TE/g, 9.45 ÕM TE/g, 25.98 ÕM 

Fe2+/g, respectively). Regards to NADES extraction, NADES 1, which based on Choline 

chloride:Malonic acid in molar ratio 1:1 shown the strongest antioxidant value in case of DPPH 

test (35.26 ÕM TE/g) and ABTS test (34.55 ÕM TE/g). While, extract obtained by NADES 4 

(Lactic acid:Glucose=5:1) showed the highest reducing power, and value was 37.05 ÕM Fe2+/g. 

 

Keywords: hydrophilic NADES; hydrophobic NADES; polyphenols, antioxidant activity  
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Abstract 

Polycyclic musks are aroma compounds used worldwide as substitutes for natural musks, which 

have become ubiquitous pollutants in the environment. The land-based input and partition 

behavior of musks in sediments and fresh water are important for understanding their fate in 

the aquatic environment. In this study, a 10 sediment samples were collected and used to 

determine three polycyclic musks: tonalide, galaxolide and cashmeran. All three pollutants 

were detected in the sediment of the Danube River, but in very low concentrations (< 2 ng/L). 

In the article, the ex-sity passive methodology of sediment sampling was applied. For this 

purpose, silicone rubber sheets were used so that, after establishing equilibrium relations 

between sediment and polymer, the concentration of musk could be determined. Relations of 

two important parameters for risk assessment- freely dissolved concentration (Cw) in the pore 

water and the accessible (releasable) concentration in the sediment (CAOC) were deviated the 

most in the Belegiġ locality, with total Cw values of 0.003 ng/L for Galaxolide and Tonalide, 

and 0.02 ng/L for Cashmeran. The highly significant linear isotherms for musks obtained by 

the method of equilibrium passive sampling confirmed the partition driven nature of their 

exchange between water and sediment for the investigated sediments. 

Keywords: polycyclic musks, passive sampling, sediment, Danube  

 

Introduction  

Synthetic musks (SMs) are aroma compounds that are used worldwide as substitutes for natural 

musks, and mainly used in the production of household and personal care products (Hua el at., 

2023). Due to their low price and widespread availability, the global production and 

consumption of SMs are increasing rapidly, particularly polycyclic musks (PAMs), galaxolide 

and tonalide (Hermann et al., 2000). Galaxolide and tonalide have been listed as high volume 

chemicals by the United States Environmental Protection Agency (Lopez-Gazpio et al., 2012). 

They can be found in hair care, body washes, toilet soaps, skin lotions as well as makeup 

products (Lu et al., 2011). Their rapid increase in use worldwide has been primarily due to their 

economical substitute for natural musk fragrances (Guo et al., 2013). Recently, occurrences of 

polycyclic musks have been frequently reported in sewage influents, effluents, sludge, surface 

water and sediments across several major metropolitan regions. 

After application, PAMs could be directly discharged into the aquatic environment PAMs in 

environment are also traced from the effluent of sewage treatment plants, due to the incomplete 

elimination of SMs in the sewage treatment plants. Despite the application of advanced 

biological treatment strategies, the removal efficiencies for galaxolide, tonalide, and musk 

ketone were often lower than 60% (Hong et al., 2021). Also, PAMs have been detected in 

sediments, surface water, air and biota, suggesting that these contaminants are ubiquitous 

throughout the environment (Krishnamoorthi et al., 2021). High percentages of PAMs 

mailto:corresponding.email@address
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especially galaxolide and tonalide, were found in blood plasma samples of healthy young adults 

from Vienna, Austria (Hutter et al., 2009). 

Passive sampling methods (PSMs) allow the quantification of the freely dissolved concentration 

(Cw) of an organic contaminant in pore water even in complex matrices such as sediments. Cw 

is directly related to a contaminant's chemical activity, which drives spontaneous processes 

including diffusive uptake into benthic organisms and exchange with the overlying water 

column. Consequently , Cw provides a more relevant dose metric than total sediment 

concentration. Recent developments in PSMs have significantly improved our ability to reliably 

measure even very low levels of Cw (Mayer et al., 2013). Application of PSMs in sediments is 

preferably conducted in the equilibrium regime, where freely dissolved concentrations in the 

sediment are well linked to the measured concentration in the sampler via analyte specific 

partition ratios.  

Based on previous research on hydrophobic organic contaminants, it is concluded that Cw 

allows a direct assessment of 1) contaminant exchange and equilibrium status between sediment 

and overlying water, 2) benthic bioaccumulation, and 3) potential toxicity to benthic organisms 

(Mayer et al., 2013; Rusinaet al., 2019). Accordingly, the aim of our work was to demonstrate 

that the use of PSMs to measure Cw of specific emergent contaminants such as polycyclic 

musks provides an improved basis for mechanistic understanding of fate and transport 

processes in sediments and has the potential to significantly improve risk assessment and 

management of contaminated sediments.  

 

Material and Methods 

The sampling was performed in Nov 2012. For this investigation, 10 samples of bottom 

sediment from different sites of  Danube River through Serbia (Apatin- D1 (1401 km), 

Labudnjaļa- D2 (1367 km), Neġtin- D3 (1264 km), Begeļ- D4 (1275 km), Ratno Ostrvo- D5 

(1257 km), Ġangaj- D6 (1250 km), Kniĺanin- D7 (1214 km), Belegiġ- D8 (1199 km), Ritopek- 

D9 (1141 km), Dubravica- D10 (1103 km)) were collected using a grab sampler (Fig. 1). All  

sediment samples were analyzed in the laboratory of Research Centre for Toxic Compounds in 

the Environment - RECETOX (Brno, Czech Republic) after two days. 

 

 

Figure 1. Danube River sampling sites 

Passive sampler analysis 

As part of the study, transparent strips of silicone rubber, dimensions 300 Ĭ 300 mm and 

thickness 0.5 mm, were used as sorption media of passive samplers. Before use, the silicone 

strips were extracted with ethyl acetate in a Soxhlet extractor to remove unpolymerized 

monomers, followed by methanol extraction to remove other impurities. Sorption media of 

passive samplers were dosed with performance reference compounds (PRC), using a mixture 

https://www.sciencedirect.com/science/article/pii/S0048969722022574#bb0080
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of water and methanol. Polycyclic musks were analyzed using a GC 6890 (Agilent, USA) 

coupled with an MSD 5975 mass spectrometer (Agilent, USA) operating in EI+ mode. 

Compounds were separated on an HP-5MS column (film 30 m x 0.25 x 0.25 Õm) in selected 

ion mode (SIM). Helium was used as mobile phase at 1.2 mL/min and constant pressure. 

 
Figure 2. Preparation of passive sediment samplers 

 

Results and discussion 

Determination of Cw hydrophobic organic compounds in water samples (by active sampling) 

is often associated with problems of incomplete phase ("unfinished") separation between bound 

particles and dissolved analyte and adsorption on sampling instruments such as filters and glass 

bottles. These effects are even more pronounced for pore water, even if it were possible to 

obtain large amounts of pore water necessary for satisfactory analyte detection. An alternative 

is the application of passive samplers, which accumulate compounds mainly through the 

aqueous phase. When equilibrium is reached, Cw can be estimated through the samplerīwater 

partition coefficient (Kpw) and the measured concentrations in the sampler (Cp). 

The usage of passive sampling providing estimates of both bioavailability parameters, i.e. 

contaminant's accessibility in sediment (CAOC) and Cw in pore water. Equilibrations of passive 

samplers with sediment at largely different samplerïsediment mass ratios, allow construction 

of a part of a (de)sorption isotherm, which yields the Cw in the pore water at a low sampler-

sediment ratio (minor depletion of the sediment phase) and the accessible or releasable 

concentration in the sediment at high sampler-sediment ratio (maximum depletion of the 

sediment phase). 

 

Table 1. Limit of quantification of selected PAM compounds during passive sampler analysis 

Compounds logKPW 
LOQ 

NP (ng) Cw (ng/L) 

Galaxolide (HHCB) 5,32 2,2 0,003 
Tonalide (AHTN) 5,29 1,9 0,003 
Cashmeran (DPMI) 4,50 2 0,02 

 

Plots of freely dissolved concentrations (æ: Cw:0, ng Lï1, right yïaxis) and accessible 

concentrations expressed on amorphous organic carbon basis (ƺ : CAS:0/fAOC, mg kgï1, left 

yïaxis) versus the locations on the xȤaxis (Fig 3.). The locations are ordered in downstream 

direction but the distance on the xȤaxis does not reflect the actual distance, neither do the 

connecting lines represent the oncentrations in between them. Open, gray and black filled 

markers indicate fAOC <0.001, fAOC Ó0.001 but <0.002 or fAOC Ó0.002, respectively.  Data for a 

location marked with a ñ+ò passed the quality criterion, QF is ñOkò . 

The detected concentration levels of polycyclic musks were very low (< 2 ng/L). At site D8, 

musk showed some higher Cw,0 levels but these can only be considered indicative as the results 

did not qualify. For musk cashmeran, logKAOC deviated from the unity line but not significantly, 

considering its large variability (s = 0.4 log unit). 
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Figure 3. Profiles of freely dissolved concentrations in pore water and available 

concentrations in the sediment of the Danube River 

 

Conclusion 

Based on the overall analysis of the obtained results, it can be established that the Danube 

riverbank flow at the territory of Serbia have significant potential pollution sources of aquatic 

systems with polycyclic musks, which is important information to conduct more extensive 

monitoring and prevent further direct discharge, as well as disposal of ambalage that containing 

these pollutants by adequate controls, thus diminishing the extremely negative ecotoxicological 

effects currently present in the aquatic system. Within the framework of such a systematized 

research process, it would be necessary to include more media (biotic and abiotic) in the 

analysis as well as more specific points. 
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Abstract 

 This work aims to investigate the mechanical characteristics and biocompatibility of two 

novel titanium alloys, Ti15Mo7Zr15Ta1Si and Ti20Mo7Zr15Ta0,75Si.These samples have 

previously undergone cutting, grinding, polishing, and chipping. The studied samples were 

subjected to electrochemical, metallographic and corrosion behavior. Ti15Mo7Zr15Ta1Si and 

Ti20Mo7Zr15Ta0.75Si, the study samples, have demonstrated high corrosion potentials, lower 

corrosion rates, and consequently higher corrosion resistance. In summary, this study's data 

indicates that both alloys exhibit good corrosion behavior. 

Introduction  

 Biomaterials science has created new materials that can solve many of the medical 

issues of today and extend and improve human life because of the ongoing relevance of research 

in biology, chemistry, engineering, and medicine. But as life expectancy has grown in 

developed nations, so too has the number of elderly and obese people. The latter is a result of 

leading a more sedentary lifestyle, which increases their risk of developing chronic 

musculoskeletal conditions like osteoarthritis, which is especially common in the hips and 

knees, and necessitates more frequent surgical implant repairs. 

 The new Ti alloys with different Mo content were created by vacuum arc remelting, and 

this study examined their microstructure, microhardness and corrosion behavior. 

 

Experimental 

 In order to perform various experiments and ascertain the effect of molybdenum 

addition in one of the samples, we have analyzed two different compositional alternatives of 

new alloys containing titanium, molybdenum, zirconium, tantalum and silicon. This has 

allowed us to obtain the properties of the alloys. Sample 1 composed of Ti15Mo7Zr15Ta1Si 

(62% Ti, 15% Mo, 7% Zr, 15% Ta, 1%Si) and Sample 2 composed of Ti20Mo7Zr15Ta0.75Si 

(57,25 % Ti, 20% Mo, 7% Zr, 15%Ta, 0.75% Si) are the chemical compositions of the alloys 

under study. High-quality elements, such as Zr (99% purity), Mo (99% purity) Ta (99% purity), 

and Ti (99% purity), were provided by Alfa Aesar through Thermo Fisher Scientific as raw 

materials. These alloys were produced at the Ghe. Asachi Technical Faculty of Materials 

Science and Engineering employing a vacuum arc remelting furnace (VAR), which used the 

heat generated by an electric arc between the electrode and the ingot to fuse a consumable 

electrode in a vacuum at a measured pace. The alloys were centrifuged, remelted six times 

(three times for each portion) in an inert argon environment in order to attain a sufficient level 

of homogeneity, and then solidified as an ingot. The new TiMoZrTaSi alloys were developed 
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using arc melting because it yields the purest ingots possible. Las Palmas de Gran Canaria 

University received a portion of the ingots for testing and preparation. 

 Initially, a 4:1 ratio of epoxy resin was added to molds to prepare the surfaces of the two 

samples for embedding. That is to say, one drop of catalyst was added for every four drops of 

resin. The samples were then cut with a Buehler IsoMet 4000 precision saw (Buehler, Lake 

Bluff, IL, USA) longitudinally at a thickness of 1 to 1.5 mm. 

Furthermore, the cutting tool was used to make vertical cuts that were roughly 0.5 mm thick. 

Next, utilizing the Struers TegraPol-11 polishing machine (Struers ApS, Ballerup, Denmark), 

grinding and polishing were done in two steps: first, with progressive grit silicon carbide papers 

from 280 to 1200, and then, for the final polish, with 0.1 microns of alpha alumina suspension 

to polish the surfaces to a mirror finish. The experimental procedures followed ASTM E3-

11(2017) for the preparation of samples for metallography. 

 In order to eradicate any remaining dirt or contaminants, the samples were lastly 

submerged in a heated ñUltrasons-HDò ultrasonic device from J.P. Selecta (JPS, Barcelona, 

Spain) for ten minutes. For peer review, see Bioengineering 2022, 9, x. 4 of 23 surfaces with a 

mirror-like sheen using an alpha alumina suspension. The experimental procedures followed 

ASTM E3-11(2017) for the preparation of samples for metallography. 

 In metallography, the phases and compounds that comprise a metallic material are 

arranged spatially along with any impurities or possible mechanical flaws. 

The Axio Vert.A1 MAT ZEISS optical metallographic microscope (Jena, Germany) was used 

to take surface images of each specimen in order to examine the microstructure. 

The attacked surface of each sample was photographed after it was immersed in Kroll's reagent, 

which is composed of 20 mL glycerin, 30 mL hydrochloric acid, and 10 mL nitric acid, at 

intervals of roughly 15 s. Three attempts were made to complete the test. 

 For the electro-chemical tests, the samples were sequentially added to an 

electrochemical cell that had three electrodes: the samples functioned as the working electrodes, 

the reference electrode was a saturated calomel electrode, and the counter electrode was a 

platinum electrode. 

To conduct the tests, the area of each sample was established. The Grifols Laboratories' Ringer 

solution (Barcelona, Spain) had the following mmol/L values: Na+ 129.9, Clī 111.7, C3H5O3 

27.2, K+ 5.4, and Ca2+ 1.8. 

The BioLogic Essential SP-150 potentiostat (Seyssinet-Pariset, France) was utilized to perform 

Corrosion Potential, Corrosion Rate, and Electrochemical Impedance Spectroscopy. The 

experiments were conducted in an aerated Ringer solution at 25 ǓC. 

 The corrosion potential was measured using the "Ecorr vs. time" technique over the 

course of 24 hours, with potential values of Ñ10 V and potential recordings made every 300 s 

or 200 mV apart. The acquired data were plotted as a potential vs. time graph, which could 

exhibit a trend toward passivation or corrosion or stay constant over time. 

 These experiments were conducted using the "Linear Polarization" approach, and the 

viability of the approach was confirmed by entering the sample surface area value and the 20-

minute test period. The potential scanning, which was conducted with data collected every 0.50 

seconds, showed a 0.167 mV/s time-variation relationship between ī0.025 and 0.025 V against 

the open circuit potential (OCP) and an intensity that remained at 100% throughout the process. 

The corrosion rate estimates for each sample were then determined using EC-Lab's "Tafel Fit" 

method after these linear polarization curves were presented. 

 "Potential Electrochemical Impedance Spectroscopy" was chosen for the impedance 

measurement, and the surface value and the five-minute measurement period were input. For 

every sample, this measurement was done seven times at Ñ 300 mV vs. Ecorr in Ringer's 



29th International Symposium on Analytical and Environmental Problems 

 
111 

 

solution, with Ñ 10 V for the maximum and lowest potential values. Equivalent circuits and 

Bode and Nyquist diagrams were used to illustrate these data. 

 In compliance with ISO 14577-1:2015, 10 measurements were made for each sample's 

applied loadðin this case, 1, 5, and 10 gfðusing the Future Tech FM-810 hardness tester 

(Kawasaki, Japan). As the stress increases, the mark may include pieces from several phases, 

giving an approximate measure of the material's overall hardness. It is possible that the mark 

will only be found in one phase when relatively light weights are positioned, making it possible 

to evaluate the hardness of that phase. Then, using the observed diagonal lengths, the Vickers 

microhardness values were automatically calculated by the iVicky software (v2.0, Sinowon, 

Dongguan, China). Plotting the quantity of indents made against the scan length was done. 

 

Results and discussion 
1) Potential (Ecorr) 

  

 
Figure 1. Corrosion potential curves for Ti15Mo7Zr15Ta1Si and Ti20Mo7Zr15Ta0,75Si 

 

 As the Molybdenum in the new Ti alloys increase, the corrosion potential becomes more 

negative. In Figure 1., we have the corrosion potentials for Sample1 Ti15Mo7Zr15Ta1Si and 

for Sample2 Ti20Mo7Zr15Ta0,75Si. It can be observed that Sample1 is passivating while 

Sample2  slowly corrodes. 

 
1) Electrochemical impedance spectroscopy (EIS) 

 

 
Figure 2. Bode Phase curves for Ti15Mo7Zr15Ta1Si and Ti20Mo7Zr15Ta0,75Si 
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The Bode Phase of Sample1(Ti15Mo7Zr15Ta1Si) and of Sample2 (Ti20Mo7Zr15Ta1Si) has a 

difference between the phases (see Figure 2). Sample1 have a low angle beside Sample2 which 

itËs angle is a little bigger. Because of the increase of the Mo, Sample2 tends to loose corrosion 

resistance. 

 

 
Figure 3. Bode Impedance curves for Ti15Mo7Zr15Ta1Si and Ti20Mo7Zr15Ta0,75Si 

 

Using Figure 3 we can verify what it is said above that sample1 has a higher impedance level 

that means it is much more resistant to corrosion than Sample2. 

 

Conclusion 

 From our analysis we can confirm that Sample1 with only 15% Mo is presenting good 

properties like good corrosion resistance and passivating capability. If we increase the percent 

to 20% Mo these properties diminish and from that Sample1 can be without fault the future 

material for biomedical applications. 
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Abstract 

Two different synthetic routes were employed to modify surface of graphitic carbon nitride (g-

CN) with copper nanoparticles (CuNPs). Structure, morphology and CuNPs distribution on pre-

synthesized g-CN surface are characterized by FT-IR, XRD and TEM. Results suggested that 

the simpler method based on mixing of precursors in inert atmosphere and room temperature, 

resulted in better CuNPs distribution compared to method which used refluxing as a step in 

synthesis. 

 

Introduction  

In the pursuit for Ăgreenñ semiconductor material with strong spectral response in visible part 

of the Solar spectrum, g-CN emerged as suitable candidate. This metal-free material can be 

easily synthesized by simple thermal treatment of nitrogen-rich precursors like urea or 

melamine. Usually formed as 2D material, it consists of tri -s- triazine units, interconnected by 

Van der Waals forces, forming layers similar to graphene sheets. With the bulk band gap energy 

of about 2.7 eV, it is capable for visible light absorption, while high negative potential of 

conduction band (~ -1.3 V vs NHE) enables easy formation of reactive oxygen species (ROS). 

It is used in different photo induced processes like photocatalysts in water splitting [1] or in 

photoionization in free radical polymerization [1]. Additionally, special interest is given to its 

antibacterial ability: 2D materials can physically damage cell membrane causing cellular 

dysfunction and leakage of cytoplasmic components [2] or cell damage can be induced by 

reaction of photogenerated ROS with phospholipid molecules from cell membrane [2]. 

However, major drawback for wider usage of g-CN is fast recombination of photogenerated 

charges. Many different approaches have been probed in order to overcome this issue, including 

morphology control, surface modification or doping with metal ions and formation of g-

CN/metal heterojunctions [2]. In this approach, nitrogen atoms act as anchors and can act as 

homogeneously distributed sites for adsorption of metal nanoparticles. Different metals (Fe, 

Zn, Ni, etc.) [2] were used in this approach, but metals like Ag and Cu were of special interest 

as they alone exhibit also an antimicrobial activity.  

Our recent study [3], has shown that copper and its oxide also have significant antimicrobial 

activity, proven in cases of Escherichia coli, Staphylococcus aureus and Candida albicans. 

Antimicrobial effect originates from layer of copper oxide formed at the microbial cell wall 

after CuNPs adsorption, which prevents normal cell function, and subsequently leads to its 

death [3]. 

In this study, focus was on finding appropriate route to evenly distribute CuNPs on the surface 

of the pre-synthesized g-CN. We expect that, comparing to pristine g-CN, Cu-decorated g-CN 

would exhibit reduced recombination of photogenerated charges, which can be beneficial for 

its photocatalytic- performance, while, in the same time, antimicrobial efficacy can be 

improved, comparing to both individual components of heterojunction. 
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Experimental 

Synthesis of g-CN 

5g of urea powder (p.a. VWR Chemicals) is placed in ceramic crucible and heated at 550ÁC for 

2h with the ramp rate of 10ÁC/min. After this time, sample is left to cool naturally, grinded and 

used without any further treatment. 

Synthesis of Cu-gCN nanocomposites  

Two synthetic procedures were used for the preparation of Cu-g-CN nanocomposites. Sample 

labeled as Cu-CN-1 was prepared by ñin-beakerò method: under inert atmosphere (Ar(g)), 100 

ml of Cu2+ (0.5 mM; copper(II) chloride dihydrate, Kemika) aqueous acidic solution (pH was 

adjusted to 3-4 by hydrochloric acid, J.T.Baker) was stirred with g-CN (30 mg). Upon mixing, 

ascorbic acid (13.2 mM; Sigma-Aldrich) as an antioxidant was added. The color of the reaction 

mixture changes from milky white to yellowish, indicating some reduction potential of ascorbic 

acid, as well. Finally, after 30 min, sodium borohydride (13.2 mM; Sigma-Aldrich), as strong 

reducing agent, was added for complete reduction of Cu2+, which is followed by immediate 

change in coloration of the reaction mixture to dark green/grey. The reaction under Ar(g) was 

left for 48 h, during which there was a gradual change in color towards final, dark yellow. The 

ultimate suspension was left to rest for 24 h, after which it was rinsed with water several times, 

dried, powdered, and characterized.  

Cu-CN-2 was prepared on reflux, in the round bottom flask. Initially, g-CN (0.05 g) was 

suspended in 20 ml aqueous solution of sodium hydroxide (0.1 M; Aldrich). L-histidine (1 mM; 

Ferak, Berlin), as a reducing agent, was added, and the reaction was left stirring at 80ÁC for 5 

h. Finally, Cu2+ (1 mM) was injected, and the reaction was continued for the next 19 h. There 

was a change of color from milky white to yellowish. After suspensionôs cooling to the room 

temperature, it was left to rest, and, further prepared for the characterization as described above.  

Structure and morphology of samples are characterized using X-ray diffraction (XRD, PHILIPS 

1050 X-ray diffractometer using Ni-filtered Cu KŬ radiation and Bragg-Brentano focusing 

geometry), Fourier transform infrared spectroscopy (FT-IR, ThermoScientific Nicolet 380) and 

transmission electron microscopy (TEM, JEOL-JEM-2100, 200 kV) techniques. 

 

Results and discussion 

 

 
Figure 1. a) FT-IR spectra and b) XRD patterns of synthesized samples 
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FT-IR spectra of obtained samples are presented in Figure 1a. Three weak bands with maxima 

at 3277, 3189 and 3080 cm -1 originate from N-H stretching vibrations, while bands with 

maxima placed between 1632 and 1206 cm-1 originate from C-N and C=N stretching vibrations 

of heterocycles. Together with band placed at 803 cm-1 that is assigned to breathing mode of 

triazine rings, all these vibrations are characteristic for g-CN [1]. FT-IR spectrum of Cu-CN-1 

sample follows up the same pattern, while in the spectrum of Cu-CN-2 wide band placed at 

about 1000 cm-1 (pointed by arrow) can be assigned to CH2 vibrations of residual L-histidine 

[4]. No band that can be assigned to Cu ï O bond (at about 530 cm-1) is detected in Cu decorated 

samples. However, besides difference in peaks intensity, which in the case of Cu-CN-2 can be 

assigned to presence of residues of L-histidine, there are no distinguished features in the spectra 

of Cu-decorated samples that can indicate copper presence in the samples. 

XRD patterns of synthesized samples are presented in Figure 1b. Diffraction peak at 27.59Á 

(usually indexed as (002)) corresponds to inter-planar stacking of tri-s-triazine layers, while 

low-intensity peak at 12.87Á resembles in-plane structural packing of tri-s-triazine units 

(indexed as (100)). XRD patterns of both Cu-decorated samples are characterized by both 

peaks. No additional copper (at about 43.7 or 50.7Á [5]) or copper oxide related peaks can be 

seen in diffractograms, probably due to detection limit of the instrumental method However, 

comparing to XRD pattern of pristine g-CN, main diffraction peak of Cu-CN-2 is shifted 

towards 27.76Á which indicates additional stucking of layers, as interplanar distance is slightly 

decreased from 0.323 to 0.321 nm. Such a feature is not desirable as it promotes fast 

recombination of photogenerated charges. In the same time, significant lowering of relative 

intensity of low-angle peak indicates on some defragmentation in in-planar packing of triazine 

units. 

 

 

 
 

Figure 2. TEM micrographs of a) Cu-CN-1 and b) Cu-CN-2 (insets: higer magnification) 

 

TEM micrographs (Fig. 2) gave final evidence of successful anchoring of copper on g-CN 

surface. Firstly, synthetic route had obvious influence on g-CN matrix: while Cu-CN-1 consists 

of inter-connected nanoflakes making one homogeneous structure characteristic for g-CN, g-

CN matrix in Cu-CN-2 nanocomposites is partially defragmented in individual sheets. 

Furthermore, although presences of CuNPs with the sizes in the range from 5 to 10 nm, is 

obvious in both samples, their distribution is more homogeneous in Cu-CN-1 sample. In Cu-

CN-2 sample, CuNPs are partially capped with L-histidine: its terminal carboxyl (hydrophilic) 

groups canôt anchor to hydrophobic g-CN surface, resulting in less homogeneous Cu 

nanoparticles distribution in Cu-CN-2 sample. 
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Conclusion 

Two different synthetic routes were employed in decorating pre-synthesized g-CN with CuNPs. 

FT-IR measurements showed no presence of copper related oxides in obtained samples, while 

XRD measurements pointed on defragmentation of g-CN matrix in Cu-CN-2 sample. TEM 

micrographs confirmed presence of CuNPs formation in samples obtained by both synthetic 

routes: however, simpler ñin beakerò method of synthesis provides better distribution of CuNPs 

on the surface of pre-synthesized g-CN, compared to reflux method.  
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Abstract 

Considering the vast range of potential uses and the possibility of intrinsic defect 

engineering in the perovskite structure, bismuth ferrite (BiFeO3, BFO) is still being extensively 

researched. BiFeO3 semiconductor defect control may offer an essential approach to overcome 

unwanted constraints, such as high leakage current, which is linked to the existence of oxygen 

vacancies (VO) and Bi vacancies (VBi). Our study proposes a hydrothermal method for the 

reduction of the concentration of VBi during of BiFeO3 ceramic synthesis [1]. 

The low conductivity p-type BiFeO3 ceramics have been achieved by utilizing hydrogen 

peroxide (H2O2) as part of the media. Hydrogen peroxide acted as the electron donor in the 

perovskite structure, controlling VBi in the BiFeO3 semiconductor, which caused the dielectric 

constant and loss to decrease along with the electrical resistivity. When comparing the 

hydrothermally synthesized BFO ceramic, using a hydrogen peroxide-assisted method to two 

different BFO ceramics used as references, the reduction of Bi vacancies highlighted by FT-IR 

analysis (fig. 1a) had an expected contribution to the dielectric characteristic, decreasing the 

dielectric constant (fig. 1b) (with approximately 40%) and loss (fig. 1c) (three times), along 

with an increase in electrical resistivity (fig. 1d) (three times). 

 

                                             
Fig.1 (a) FT-IR spectra of the samples in the range of 480 ï 640 cm-1; The frequency 

dependence of (b) the dielectric constant and (c) dielectric loss b) FT-IR spectra (d) electrical 

resistance 
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Abstract 

Polymer-perovskite nanocomposites have attracted the attention of researchers as 

multifunctional materials for the development of flexible components/devices with many 

significant technological uses, in which the favorable characteristics of inorganic perovskite 

nanofiller and organic polymer are effectively integrated [1]. 

Nanosized filler polymer composites exhibit outstanding properties due to the unique 

characteristics of nanoparticles, such as the high surface-to-volume ratio and large interfacial 

area formed between the matrix and nanoparticles, with enhanced mechanical, electrical, and 

thermal properties. Nanocomposites that combine the advantages of polymer and filler 

(ceramics) can be processed more easily and are viable alternatives to plain/doped ceramic 

materials [2]. 

The procedure for obtaining the hybrid material consists in mixing the precursors in a mass 

ratio of 20:1 (Polyvinylpyrrolidone/LaMnO3:Ag) and dispersing them in distilled water. The 

resulting suspension was stirred for 2 hours maintaining the temperature at 80ÁC, at 400 rpm. 

The resulting viscous mixture was cast into thin film of 2-5 mm thickness on a flat surface 

(polypropylene film) and dried at room temperature for 12 hours. The polymer-perovskite film 

was triturated until a homogeneous mixture with small grain size (up to 1 mm) was obtained 

and then dried in a forced convection oven, at 60ÁC for 12 hours. 

The major advantage of this method is the obtaining of nanomaterials with small dimensional 

distribution, of nanometric order, in a relatively short time interval, with controlled morphology 

and uniform distribution of particles, and with a large specific surface area. Another advantage 

of this method is the better control over the growth rate of the particles, at a relatively low 

working temperature (80 ÁC). 

To determine the crystal structure, the obtained hybrid materials were characterized by X-ray 

diffraction, UV-VIS and RAMAN spectroscopy. Also, to highlight the morphology of the 

particles, the scanning electron microscopy was used. 
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Abstract 

Quality control of air in urban green areas - urban parks are rarely studied spaces, and this paper 

is based on research on the effects and impacts of microclimatic parameters on the detected 

suspended particles (PM 2.5 and PM10) with a multidisciplinary influence on public health and 

the quality of life of Novi Sad citizens. Excessive urbanization of urban environments and 

global migrations are among the most important causes of increased concentrations of air 

pollutants, even in urban green areas such as parks. This scientific research is part of a project 

focused on the effects and discrepancies of microclimatic parameters on detected 

concentrations of total suspended particles in the city's green parks in Novi Sad. Three urban 

parks of different sizes and locations with varying microclimatic influences were selected. 

Measurements of suspended particles (PM) were conducted at Futoġki Park (FP), Dunavski 

Park (DP), and Limanski Park (LP) using a mobile device Aeroqual Series 500. At each location 

(FP, DP, LP), 10 measurements of suspended particle concentrations were conducted, with the 

device reporting changes in detected particle concentrations in real time. The results of the 

measured concentrations of suspended particles indicate variations in detected particle 

concentrations, with PM2.5 ranging from 4 to 36.1 ɛg/m3, while PM10 was detected in the 

range of 7 to 40.1 ɛg/m3. The measurement period for suspended particle pollution ranged from 

12:00 to 17:30, with measured temperature fluctuations from 24.1 to 30.0ÁC and measured 

relative humidity oscillating between 39.1% and 54.4%. 

 

Keywords: air quality, suspended particles PM 2.5 ɛm and PM10 ɛm, parks, city of Novi Sad, 

urban growth. 

 

Introduction  

According to reports from the World Health Organization (WHO), approximately 90% of the 

world's population lives in areas that exceed the concentrations deemed safe in prescribed air 

quality guidelines [1]. Particulate matter (PM 2.5 and PM10) in the air is highly respirable and, 

as such, very harmful to human health. In recent times, it has garnered significant attention from 

experts, legislative and regulatory bodies, as well as non-governmental and civil sectors, along 

with the general public [2].The significant global migrations and the increase in the population 

are accompanied by urbanization and economic activities. According to United Nations 

projections, 68% of the world's population will live in cities by 2050. Therefore, it is crucial for 

cities to implement adequate measures to protect the health of their residents and the 

environment, as these areas are closely interconnected [3]. This trend of urbanization and 

population migration is also evident in the city of Novi Sad, which serves as the administrative 

center and seat of the autonomous province of Vojvodina. Atmospheric particles (PM - 

particulate matter) represent microscopic suspended particles in Earth's atmosphere, consisting 

of solid or liquid matter. Anthropogenic particles are formed during combustion processes, such 

as diesel fuel soot, during photochemical reactions like urban smog, from vehicle exhaust 

emissions, industrial facilities with high-temperature processes, coal-fired power plants, 
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foundries, steel mills, internal combustion engines, waste incineration, as well as from the 

resuspension of dust originating from construction sites [2]. 

Clean air is a fundamental need for every human being, especially in urban ecosystems where 

lifestyle and high population density lead to a rapid increase in the number of passenger cars 

and urban public transport on city roads, accompanied by a rise in the construction industry and 

the number of construction sites. If we consider all the negative impacts on air quality in urban 

environments, we can identify the benefits of improving public health and reducing pollutants 

of anthropogenic origin (urban traffic, industry, construction sites, and others). Knowing that 

the most numerous visitors to city parks are children and elderly individuals, who represent the 

most vulnerable groups that are most affected by polluted air, measurements of air pollution 

with suspended particles PM2.5 and PM10 in these locations are crucial. This is particularly 

important because such measurements are not covered within the framework of the national air 

quality monitoring in Novi Sad. 

 

Experimental 

For indicative air quality measurements, we used the mobile device Aeroqual Series 500 -

monitor, which measures and records changes in pollution levels in real-time. This device 

operates based on the use of semi-permeable sensors that are sensitive to various particles and 

gases. This technology combines smart measurement techniques and semiconductor sensors 

based on metal oxides that exhibit changes in electrical resistance in the presence of the 

measured gas. The sensors are housed in a replaceable sensor head that connects to the base of 

the monitor. Each sensor head contains only one gas or particle sensor. The sensor head uses a 

built-in fan for active sampling, directing air towards the sensor, after which the air exits on the 

opposite end. The device utilizes a long-lasting lithium battery. The device's screen displays the 

minimum, maximum, and average values of the measured gas in ppm or mg/m3 [8]. The sensor 

head for measuring PM2.5 and PM10 particles has the following characteristics: the 

measurement range is from 0.000 to 1.000 mg/m3, with a laser particle counter, a minimum 

detection limit, and a resolution of 0.001 mg/m3. The accuracy is Ñ (0.002 mg/m3 + 15% of the 

reading). The sensor head operates at temperatures between 0 and 40ÁC and air humidity of 0 - 

90% without condensation [9]. 

 

For this research, air quality measurements of particulate pollution PM2.5 and PM10 were 

conducted in three city parks that are considered natural monuments and are under state 

protection. The selected parks vary in size, occupying different areas, and are located in 

different parts of the city, each surrounded by varying levels of traffic frequency. These parks 

were included in the study with the aim of assessing air quality, detecting possible pollution, 

and comparing the results with measurements from the year 2020 [2]. The research aims to 

propose measures for further reducing potential environmental pollution and influencing more 

aggressive greening efforts on other public areas in the city, including the construction and 

development of new city parks. 

 

 

 

 

 

 



29th International Symposium on Analytical and Environmental Problems 

 
121 

 

Table 2 Average values of measurements 

 Temperature 

(ÁC) 

Relative 

humidity (%) 

PM2.5 

(Õg/m3) 
PM10 (Õg/m

3) 

Location 2020 2023 2020 2023 2020 2023 2020 2023 

FP 18.35 28.35 48 42.65 9 5.2 10.5 9.4 

DP 22.1 24.3 41.5 53.6 4.5 16.2 10.5 23.8 

LP 22.5 25.16 41 48.77 2.5 12.4 5.5 35.6 

 

 

 

Results and discussion 

The benefits of spending time in urban nature/city parks are significant for both physical and 

mental health. There are several hypotheses regarding the positive effects of being in nature on 

the human body, especially for modern individuals who often lack the time to venture into 

natural settings during their workweek or weekends. Improving air quality can result in 

sustainable health benefits, including reducing air pollution levels, which can lead to a decrease 

in premature deaths and diseases such as stroke, heart disease, lung cancer, and chronic and 

acute respiratory illnesses, including asthma. Implementing sustainable environmental policies 

to reduce air pollution and mitigate climate change can yield multiple interdisciplinary benefits 

for urban residents, especially in the transportation, industry, and construction sectors. These 

benefits include noise reduction and more. Environmental air pollution, both ambient and 

indoor air, is gaining increasing importance in the healthcare sector every year, particularly 

when polluted air represents a significant ecological risk to human health, alongside climate 

change. Each year, it is responsible for nearly 7 million deaths that can be attributed to global 

causes [1]. 

 

By analyzing the measured average values of suspended particles in the city parks, specifically 

at the locations FP, DP, and LP, in the year 2023 and comparing them with the results from 

2020, the following conclusions can be drawn: 

 

1. In FP, the measured values of PM2.5 and PM10 have decreased compared to 2020. 

PM2.5 values exhibited a more dominant drop, decreasing by 43,3%, while PM10 values 

decreased by 11,7%. 

2. In DP, the values in 2023 have increased compared to 2020. PM2.5 values have risen 

by a factor of 3.6 and PM10 values have exhibited nearly identical growth, increasing by a 

factor of 2,26. 

3. In LP, there has been an increase in PM2.5 values by a factor of 4.96, and PM10 values 

have increased by a factor of 6,47. 
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All the measured values of PM2.5 and PM10 in 2023 were within the time range of 12:00 to 

17:30, with measured average temperature fluctuations between 24.30ÁC and 28.30ÁC, and 

relative humidity oscillations ranging from 42.65% to 53.36%. In 2020, the average temperature 

fluctuations were between 18.35ÁC and 22.5ÁC, and the measured average relative humidity 

oscillated between 41% and 48%. The comparison between data from 2020 (a year marked by 

COVID-19 with restrictive measures promoting reduced human activities) and 2023 reveals a 

significant increase in particulate air pollution in 2023, especially when considering the 

measured values for DP and LP. However, FP experienced a decrease in the concentration of 

PM2.5 and PM10. 

These noticeable differences in suspended particle concentration are the result of multiple 

factors, including: 1. Park Location: Parks located near major urban thoroughfares with intense 

motor vehicle traffic and lacking adequate protective green barriers or tree lines on the street 

side of the park to shield against vehicular exhaust pollution and noise. 2. Population Growth: 

An increase in the number of residents over the last three years, which has been accompanied 

by a rise in the number of passenger vehicles on city roads. 3. Construction Sites: The presence 

of construction sites, which can contribute to air pollution. 4. Climate Change: The presence of 

climate change effects, such as rising temperatures, increased humidity, and moderately gentle 

winds. These conditions can also contribute to increased particulate pollution, although not to 

the same extent. 

These factors, combined with the absence of restrictive measures like those implemented during 

the COVID-19 pandemic, have likely contributed to the observed increase in particulate air 

pollution, especially in DP and LP. It emphasizes the importance of ongoing efforts to monitor 

and mitigate air pollution in urban areas. FP, in 2023, shows reduced particle pollution levels 

compared to measurements taken in 2020, which can be explained by its advantageous location. 

This park, of medium size relative to other city parks, is enriched with a substantial number of 

trees and shrubs with extensive canopies that serve as an effective green barrier. These natural 

features diminish the potential transmission of particle pollution from nearby roadways and 

adjacent residential areas. The abundant presence of canopy and shrub vegetation within the 

park creates a robust green barrier, and the park itself acts as an isolated protected ecosystem. 

These factors, along with favorable climatic conditions, contribute to the reduction of particle 

pollution. DP, considered the most beautiful urban park located in the city center, exhibits a 

remarkable surge in the levels of PM particles detected in 2023 compared to measurements 

taken in 2020. This alarming increase can be attributed to the substantial presence of suspended 

particles originating from nearby major roadways, as well as the immediate vicinity of two large 

construction sites (the construction of two extensive underground garages and individual 

residential unit projects). Additionally, the park's proximity to the Danube River may also play 

a role in this rise in particle concentration. LP, in terms of its surface area, is the largest 

compared to the previous two parks. Its location and the proximity to major roadways, extensive 

vegetation, and the Danube River, along with several nearby construction sites, directly 

contribute to the detected significant increase in suspended particle levels in 2023 compared to 

2020. 

 

Conclusion 

Monitoring air quality in urban areas is becoming increasingly important, with a particular focus 

on urban locations that lack automatic stations for measuring and directly monitoring air 

quality. The rise in air pollution from particulate matter serves as an alarm for taking necessary 

measures in terms of early warning and preventive actions. The data presented in this study 

highlights the significance of this research for the public health of the urban population and the 

need for installing more monitoring stations in city locations not covered by national, local, 
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regional, and national networks. The focus of this study is on air quality in urban parks to 

provide better information on air quality and recommendations for spending time in urban green 

oases. It's essential to enhance and empower the advantages of the flat terrain and expand the 

existing 100 km of cycling lanes in Novi Sad, suitable for eco-friendly means of transportation. 

An increasing number of Novi Sad residents opt for bicycles, and the 40,000 residents who 

currently use them must be a driving force for further investments in new cycling lanes, 

especially as electric scooters are on the rise. Consistent enforcement of legal and sub-legal 

acts, sound urban planning, and a multidisciplinary approach to expanding green spaces in cities 

aim to promote and improve physical activity as a healthy lifestyle and, of course, enhance 

public health for the urban population of Novi Sad. 
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Water treatment processes have recently faced many challenges; one of these is the removal of 

trace pollutants from biologically treated waters in order to prevent their release into our 

environment. Advanced Oxidation Processes (AOPs) based on sulfate radical (SO4
·) 

generation are efficient methods for water treatment that have gained attention in recent years. 

Highly reactive SO4
· can be generated in various ways; one of them is the application of 

biochar, as a sustainable and cost-effective carbon catalyst of persulfate activation. 

In this study, the application of various biochars for the activation of peroxomonosulfate ion 

(PMS) and degradation of trimethoprim antibiotic, as an emerging pollutant of surface waters 

was examined. Biochars were prepared from different raw materials, such as grass pellets (GP-

BC), corncobs (CC-BC), and poplar wood (PW-BC). The effect of pyrolysis temperature (500, 

600, and 700 ̄C) and ball milling on the adsorption properties and activity of biochars was 

investigated. In catalytic runs, PMS concentration (up to 2.0 mM) and BC dose (up to 3000 mg 

dm-3) were changed. The contribution of various reactive species was also investigated.  

During preliminary experiments, the BCs were used without ball milling, and the dose of BC 

and PMS was changed. 3000 mg dm-3 BC and 2.0 mM PMS were found to be optimal in terms 

of trimethoprim degradation. The activity depended on the raw material, and 71% (PW-BC), 

78% (CC-BC), and 93% (GP-BC) trimethoprim elimination was reached after 120 minutes of 

treatment. Ball milling highly enhanced the surface area and adsorption capacity, and, 

consequently, the activity of BCs. In the case of ball-milled GP-BC, a dose of 500 mg dm-3 was 

sufficient to degrade 65% and 88% of the TMP with a 0.1 mM and 0.2 mM PMS dose, 

respectively, in 60 min. reaction time. However, with a PMS dose of 1.0 mM, trimethoprim 

completely degraded within 2 minutes. The GP-BC was found to be the most efficient for PMS 

activation, thus, the effect of pyrolysis temperature was investigated in this case. Even though 

the increase in pyrolysis temperature (500­700 ̄ C) results in decreased adsorption capacity, 

the reactivity of BC prepared under 700 C̄ was the best in terms of PMS activation and 

trimethoprim degradation. The contribution of various reactive species, such as  ·OH, SO4
·, 

and singlet oxygen (1O2), was investigated by the effect of radical scavengers, and singlet 

oxygen (1O2) was found to be mainly responsible for trimethoprim degradation. The efficiency 

of the BC/PMS process was compared to BC/H2O2 process, as an alternative method, and 

BC/PMS was found to be superior. For the BC/H2O2 process, less than 20% of trimethoprim 

could be transformed after 60 min treatment, while using the BC/PMS process, 90% 

transformation efficiency was reached using the same experimental conditions. 

Based on our results, the prepared BCs are suitable for PMS activation and, consequently, for 

trimethoprim degradation. The activity of BC depends on the quality of the starting row material 

and the pyrolysis temperature and can be significantly increased by ball-milling due to the 

increased specific surface area. However, the formed 1O2 is a selective reaction partner, which 

may limit the applicability of the method in the case of other organic removal. 
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The removal of persistent organic pollutants with a biological effect requires the development 

of a water treatment process that can be used as a supplementary or quaternary process. Most 

often, chlorine-containing substances, such as HOCl, Cl2, and less often ClO2, are used for water 

disinfection in drinking water production. The combination of chlorination with UV photolysis 

is called the UV/chlorine process, is one of the Advanced Oxidation Processes (AOPs), and can 

be used to eliminate trace organic pollutants. The application of ClO2 is getting more and more 

attention due to its excellent disinfecting effect, and relatively high oxidation potential. Using 

ClO2, the disinfection byproducts (including THMs) formation can be reduced; however, toxic 

chlorite and chlorate formation and chlorination of organic substances pose a potential risk.  

The development of UV-LEDs enables their application in water treatments, especially in the 

UV/ClO2 process. The absorption spectra of ClO2 have a maximum of 359 nm (e =1250 Mï1 

cmï1). Thus high intensity UV-LED emitting at 367 nm is adequate for the efficient photolysis 

of ClO2 to generate radicals. The ClO2/UV process was investigated in the transformation of 

two pharmaceuticals, namely trimethoprim (TRIM), an antibiotic, and 5-fluorouracil (5-FU), a 

chemotherapeutic antimetabolite; both are frequently detected in wastewater and surface 

waters. The effect of pH (3.0 ï 9.0), ClO2 concentration (up to 14 ppm), and photon flux 

(4.44Ĭ10ï6ï2.45Ĭ10ï5 molphotons
ï1dmï3) were studied. ClO2 was added to the treated solution 

every 5 minutes until the target substance (1.0Ĭ10ï4 M) was degraded. 

The UV radiation decomposes the ClO2 within 3 minutes, even at the highest 14 ppm dosage 

and lowest photon flux, and results in a complex radical set in an aqueous solution, including 

reactive oxygen- (ROS) and chlorine-containing species (RCS), such as ÅOH, OÅ, O2
·-, ClÅ, ClOÅ, 

and Cl2
·-. The UV/ClO2 method proved to be more effective for TRIM transformation, mainly 

due to its high reactivity towards RCS. The pH has no effect on ClO2 transformation but slightly 

affects the transformation rate 5-FU (pKa = 8.0), as a consequence of the different reactivity of 

its protonated and deprotonated forms. The effect of radical scavengers proved that besides 

ROS and RCS, singlet oxygen (1O2) has an important role in the transformation. 

The ecotoxicity of the treated samples slightly increased, most probably because of the 

formation of chlorinated organic substances and chlorate ions. Results of AOX and ion 

chromatography measurements proved the formation of these substances. 

Biologically treated domestic wastewater having high Cl- (120 mg Lï1) and HCO3
- (524 mg Lï

1) concentration reduced the efficiency of the process for both compounds with different extend. 

The effect of HCO3
ï is complex, as it changes the pH to 9, and behaves as an RCS scavenger 

changing the radical set in this way.  
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Abstract 

Milk and dairy products represent valuable nutritional foods, which bring many benefits to the 

health of the human body. The nutritional quality of sheep's cheese is given by nature as well 

by the content of essential mineral elements that enter into its composition. Therefore, the 

evaluation of the nutritional quality, of the sheep's cheese mineral intake is conditioned by 

knowing the concentrations of the mineral elements that are part of this food. The aim of the 

paper is to determine the concentrations of some essential mineral macro- and microelements: 

Ca and Mg, respectively: Fe, Zn and Cu from sheep's cheese and to evaluate the mineral intake 

of this food product in the recommended daily diet. The sheep's cheese taken in the experiment 

is well represented in terms of the content of: Ca, Mg, Fe, Zn and Cu, essential mineral elements 

with a beneficial effect on the body. In the analyzed sheep's cheese were identified high amounts 

of calcium (4892Ñ275 mg/kg) and magnesium (443Ñ38.64 mg/kg), significant amounts of Zn 

(22.14Ñ1.52 mg/kg) and Fe (9.78Ñ1.29 mg/kg) and appreciable amounts of Cu (1.07Ñ0.17 

mg/kg). The mineral profile of this nutritional food shows the following decreasing trend: Ca>> 

Mg>> Zn >Fe >> Cu. 

 

Introduction  

Worldwide, cheese has become a major agricultural product. exceeding the annual production 

of coffee beans, cocoa, tea or tobacco. Currently, cheese can be obtained from sheep, cow, but 

also goat or buffalo milk. It serves as one of the good sources of essential nutrients such as 

proteins, lipids, minerals and vitamins [1,2]. Cheeses can be classified according to several 

criteria, such as: manufacturing process or country of origin, fat content, type of milk used and 

the animal from which it is obtained, and the consistency of the varieties . It is a functional food 

with an important weight in the human diet, being a rich source of essential nutrients such as: 

proteins, carbohydrates, amino acids, fats, fatty acids, vitamins and essential minerals [3,4]. 

The type of milk used is very important for the quality of the cheese. The sheep milk is a 

valuable product with high nutritional value compared to the milk of other domestic species 

being used mainly for the cheese production [5]. Due to its protein content with high biological 

value, Telemea cheese is of great nutritional importance. The special characteristics of the 

cheese are given by the significant amount of minerals, beneficial to human nutrition, such as 

calcium, magnesium, phosphorus, potassium and sodium. The sheep cheese is part of the 

category of traditional white brined cheeses from East-Mediterranean countries produced in all 

countries of the region under various names: Feta,Telemes(Greece); Telemea/Braila cheese 
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(Romania); Bjalo salamureno sirene/Bjalo sirene (Bulgaria); Bieno sirenje (FYROM); Mohant 

(Slovenia); Sjenicki, Homoljski, Zlatarski, Svrljiġki (Serbia); Pljevaljski, Polimsko-

Vasojevaski, Ulcinjski (Montenegro); Travnicki/Vlasicki (Bosnia-Herzegovina); Beyaz peynir, 

Edirne peyniri (Turkey); Liqvan, Iranian white (Iran); Brinza (Israel); Akawi (Lebanon); 

Domiati, Mish (Egypt) [8]. 

 

Experimental 

Sheep's cheese contains important amounts of essential mineral elements, unevenly distributed 

according to a number of factors including: the origin of the milk used to obtain the cheese, 

processing and packaging techniques, etc. For this reason, knowing the distribution of these 

essential mineral elements is very important for assessing the quality of this food product. To 

achieve the proposed goal, three samples of different salted sheep's cheese (in brine), were 

purchased, from three agro-food markets in Timiĸoara, which originated from local producers 

of the Banat plain area. For each collection point, were taken 500g of local sheep's cheese 

prepared in the months of May - June of 2023 which (after homogenization) constituted the 

basis for the preparation of the samples taken for the analysis. The results obtained from the 

analysis of these average samples were noted in the present paper, according to the place of 

collection, as: sample A, sample B, sample C. Concentrations of Ca, Mg, Zn, Fe and Cu from 

sheep cheese samples were determined by atomic absorption spectrometry in the air-acetylene 

flame. The concentration of the mineral elements in the cheese samples taken in the experiment 

was achieved by the acetylene flame atomic absorption spectrometry method, following a 

protocol described by Gogoasa et al. [7]. This protocol involves the mineralization of cheese 

samples through calcination, followed by the solubilisation of ashes in acid HNO3 0.5 N and 

measuring the absorbance of mineral elements in the acid solution. The device used was atomic 

absorption spectrophotometer in air flame - acetylene, brand Varian AA 240 FS, a laboratory 

water bath and a thermal regulation electric stove. Also, the reagents used are Nitric acid Merck, 

65% (ɟ = 1.39 g/cm3) to prepare the nitric acid solution 0.5 N; standard solutions for the 

analyzed elements: Ca, Mg, Fe, Mn, Zn and Cu, obtained from the concentrated standard 

solution Merck Darmstadt - Germany, 1.000g/ml. The total concentration of analysed 

microelements was determined by the relationship: 

 
[ ]

m

a
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/

Ö
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where:

 

a ï  element concentration read of the device(mg/l); m ïsample mass (g) taken into study 

 

Results and discussion 

The experimental results obtained from the analysis of the mineral elements in the sheep cheese 

samples taken in the experiment are presented in the table 1 

    Table 1  

Total concentration of Ca, Mg, Zn, Fe and Cu in sheep cheese 

 

Specification 
Mineral content, mg/kg of raw product 

Ca Mg Zn Fe Cu 

Sample A 4835 496 20.17 8.46 0.86 

Sample B 5254 405 22.36 9.51 1.28 

Sample C 4588 428 23.88 11.37 1.10 

Average 

values 4892Ñ275 443Ñ38.64 22.14Ñ1.52 9.78Ñ1.29 1.07Ñ0.17 
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As can be seen from Table 1, the distribution of Ca, Mg, Fe, Zn and Cu in sheep cheese analysed 

samples is non-uniform, being dependent on the origin of the sample and on the nature of the 

analysed element. The concentration of these elements varies between 0.86 mg/kg Cu - 5254 

mg/kg Ca. The best represented among the analyzed elements are the macroelements: Ca 

(4892Ñ275 mg/kg) and Mg (443Ñ38.64mg/kg). Microelements were identified in much lower 

concentrations, their average concentrations being: 22.14Ñ1.52 mg/kg Zn, 9.78Ñ1.29 mg/kg Fe 

and 1.07Ñ0.17 mg/kg Cu. The mineral profile of sheep's cheese shows the following decreasing 

trend: Ca>> Mg>> Zn >Fe >> Cu.  Calcium, essential macroelement, indispensable for the 

development of the bone system in childhood and adolescence, but also for the maintenance of 

bone health throughout life. 

 

    
 

Figure 1. Distribution of Ca and Mg in sheep cheese 

 

Calcium, an essential macroelement, is the best represented among the analyzed elements, the 

average concentration of this macroelement being 4892Ñ275 mg/kg. Magnesium, an essential 

macroelement, was identified in much lower concentrations than Ca, but much higher than the 

microelements: Zn, Fe and Cu. The average concentration of Mg is 443Ñ38.64 mg/kg. 

 

    
 

Figure 2. Distribution of Zn, Fe and Cu in sheep cheese 

 

Zinc, an essential microelement, was identified in much lower concentrations than Ca and Mg, 

but higher than Fe and much higher than Cu. This is the best represented among microelements, 

its concentration limits being between 20.17 - 23.88 mg/kg. Iron, an essential trace element, 

was determined in concentrations between 8.46 -11.37 mg/kg. The average Fe concentration 



29th International Symposium on Analytical and Environmental Problems 

 
129 

 

(9.78Ñ1.29 mg/kg) is much lower than Ca and Mg concentrations, lower than Zn concentration 

and higher than Cu concentration. Copper, an essential microelement, was determined in the 

lowest concentrations among the elements analyzed (1.07Ñ0.17 mg/kg). 

 

Conclusion 

Due to the supply of vitamins (A, D, E, K) and minerals (Ca, P, Mg), fatty acids (FA), cheeses 

are a basic food that the body needs to function normally. The sheep's cheese taken in the 

experiment is well represented in terms of the content of: Ca, Mg, Fe, Zn and Cu, essential 

mineral elements with a beneficial effect on the body. Increased amounts of calcium and 

magnesium, significant amounts of Zn and appreciable amounts of Cu were identified in the 

analyzed sheep's cheese. The distribution of mineral elements in the analyzed sheep's cheese 

shows unevenness, their average concentrations having the following values: 4892Ñ275 mg/kg 

Ca, 443Ñ38.64mg/kg Mg, 22.14Ñ1.52/kg Zn, 9.78Ñ1.29 mg/kg Fe and 1.07Ñ0.17mg/kg Cu. The 

mineral profile of this food shows the following decreasing trend: Ca>> Mg>> Zn >Fe >> Cu. 

In the conditions of the present study, it can be stated that the analyzed sheep's cheese can be 

considered as a mineralizing food, especially from the point of view of the content of Ca, Zn, 

and Mg. 
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Negative impacts of artificial fertilizers on the agro-environment drive farmers to 

moderate agrochemicals use. Reduction or abandonment of the easily accessible nutrients 

would cause decreases in yields; alternative solutions, such as soil and plant biostimulators can 

contribute to balanced nutrient management. Technologies and nutrient supply solutions of 

organic farming systems can serve as an example for conventional farmers to substitute 

agrochemicals and to sustain higher yields, as well as favorable nutritional quality and 

marketabilty.  

 In this study, two biostimulants (KondisolÈ, AmalgerolÈ) were applied in three different 

doses (2, 4, 6 l/ha) in an intensively managed open field tomato (Solanum lycopersicum L. cv 

óUG 13577ô) cultivation system, in Szarvas, Hungary (46Á53ô09òN 20Á38ô16òE). The applied 

doses were determined as 50%, 100%, and 150% of the suggested values. Tomato plants were 

arranged in rows, one plot consisted of 20 plants. Together with control plots, each treatment 

was done in triplicate; randomized complete block design was applied for the total of 21 plots. 

Biostimulants were sprayed out in four repetitions, according to the suggested technology of 

the manufacturers. Intensive tomato cultivation practices were applied according to the 

cultivation practice of the company owner. After harvesting the fruits in full ripening stage, 

homogenates were prepared and colorimetric parameters (L*, a*, b*, CIELAB) were measured 

with a Konica Minolta CR 410 colorimeter in three repetitions. Hue (ho) and chroma C*), as 

well as a*/b* values were calculated; data were analyzed using one-way analysis of variance 

(ANOVA) (p<0.05). Chroma values were significantly decreased by using the biostimulators 

in 2 and 6 l/ha doses. Increases of hue values were experienced after using KondisolÈ in 2 and 

4 l/ha doses. The most favorable a*/b* values were measured in the case of applying 

biostimulants in 4 l/ha dose. The results suggest that the applied doses had higher impact on the 

measured colorimetric parameters, than the biostimulant itself. Deviations from the suggested 

technology can ruin the color traits of intensively managed tomato fruits.  
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Abstract 

Y2SiO5:Pr3+ is a widely recognized optical material that is utilized for the conversion of visible 

blue light into ultraviolet-C radiation (UV-C), thus producing conceivable antibacterial effects 

[1]. The silicate in question exhibits two distinct allotropic forms. The first form is observed at 

lower calcination temperatures and exhibits a monoclinic crystal structure with space group 

P21/c (X1). The second form, on the other hand, is observed at higher temperatures and 

possesses the space group I*/a (X2) [2]. Nevertheless, the literature often fails to adequately 

address the significance of ensuring the homogeneity of the reaction precursor while 

synthesizing these silicates. The diffusion coefficient of ions in SiO2 and Y2O3 is influenced by 

temperature, as indicated by their high melting temperatures. This temperature dependence is 

observed even at a temperature of 1000ÁC [3]. 

 

The objective of this study is to synthesize Pr3+-doped yttrium silicate using two distinct 

methodologies. The initial approach involved the utilization of pre-synthesized oxide 

precursors, while the subsequent method capitalized on co-precipitated oxides. Subsequently, 

the samples underwent calcination processes at temperatures of 1350 ÁC and 1050 ÁC, 

respectively, as per the aforementioned methods. In the initial scenario, the discrepant velocities 

observed in the hydrolysis and condensation reactions of tetraethyl orthosilicate, as well as the 

precipitation of Y3+, no longer exert an impact on the uniformity of the precursor substances. 

The aforementioned approaches offer a precise means of controlling the composition and 

uniformity of the synthesized products, rendering them a favorable option for the advancement 

of superior materials. The produced materials were subjected to analysis using X-ray diffraction 

(XRD), photoluminescence spectroscopy, and first antimicrobial assays. 
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Abstract 

The aim of the study is to investigate the inhibitory effect of Metoprolol on the corrosion 

of OL-45 steel in a neutral 3.5% sodium chloride media. Metoprolol is a part of the beta-

adrenergic blocker class that is widely used in the treatment of angina, heart failure, and arterial 

hypertension. It prevents the heart and the blood vessels from being affected by adrenaline [1]. 

In this paper, the corrosion inhibition of the drug mentioned was caused by the presence of the 

aromatic ring and the functional groups that have unpaired electrons, such as the etheric group, 

amino group, and hydroxilic group [2]. These functional groups provide the capacity for the 

drug to be adsorbed on the metal surface level, thus preventing the attack of chlorine ions from 

the corrosive environment [3]. 

The corrosion behavior has been studied using electrochemical techniques such as 

cronopotentiometry, chronoamperometry and the Tafel polarization method at a scan rate of 1 

mV s-1, in the presence and absence of different amounts of the drug. Quantum chemical 

calculations have been performed in order to confirm the inhibitory effect of the drug studied. 

The basis set B3LYP/6-31G* was employed to establish the model of the electronic structure 

of the molecule that permits the accurate calculation of the molecular descriptors, such as 

EHOMO, ELUMO, dipole moment, ionization energy, and electron affinity [4]. The theoretical 

calculus confirms the inhibitory effect of the Metoprolol in neutral media obtained by the 

electrochemical methods. This study provides important insights for applications in saline 

industrial settings by highlighting Metoprolol as a viable corrosion inhibitor for OL 45 steel in 

NaCl conditions. 
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Abstract 

Unlike lentil, chickpea, soybean, lupin and bean, alfalfa (Medicago sativa L.) represent an 

underexplored legume regarding the application in food products intended for human 

consumption. Despite being abundant in nutrients such as proteins, dietary fibers, essential 

polyunsaturated fatty acids, minerals, vitamins and associated total phenols, its inclusion in 

staple food formulations such as bakery products is scarce. A possible explanation for this could 

be the presence of antinutrients and beany flavor in alfalfa-containing products which humper 

its full usage potential. A simple but effective strategy for overcoming this issue and enhancing 

the nutritional and sensory profile of alfalfa as well as the bioavailability of corresponding 

compounds is subjection to bioprocessing treatment such as germination. Germination as a 

naturally occurring process is also considered convenient regarding enhancement of mineralsô 

bioaccessibility and release from bound complexes with antinutritional factors in legume seeds.  

Therefore, the main aim of this research was to evaluate the mineral profile of non-germinated 

(ASC) and germinated alfalfa seed flour (GASC). Additionally, examination was performed on 

white wheat flour-alfalfa blends containing ASC and GASC in different amounts (5 and 10%) 

intended for the production of bakery products. Analyzed and quantified were micro- (Fe and 

Zn) and macro- (Na, Ca, Mg and K) elements by means of atomic absorption spectrometer 

following the ISO 6869:2000 method.  

Significantly higher amounts of all analyzed minerals were detected in non-germinated and 

germinated alfalfa seed flour compared to white wheat flour. Conducted germination altered 

mineral profile of the alfalfa flour by inducing an increase in Ca and Zn content (58.06 mg/100 

g and 3.60 mg/100 g, respectively) with a simultaneous decrease in Mg, K, and Fe content 

compared to non-germinated alfalfa seed flour. Consequently, a significant improvement 

regarding mineral profile was also observed in white wheat flour-alfalfa blends. Distinctive 

were blends containing 10% alfalfa flour, regardless of type, especially when it comes to Fe 

content which reached 2.30 mg/100 g.  

In conclusion, ASC and GASC can be used for mineral profile enhancement of wheat flour, 

particularly when included in higher amounts (10%).  
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Abstract 

In recent years, many studies have been conducted on bioconversion technologies and processes 

to utilize lignocellulosic biomass as feedstock for producing bio-based fuels and fine chemicals. 

Nevertheless, the life cycle assessment of lignocellulosic-derived products rarely considers 

waste treatment. To overcome the problems coming from waste accumulation and low 

recycling efficiency, and to enhance economic feasibility, a novel reuse strategy that enables 

the utilization of all streams from lignocellulose bioconversion should be investigated. 

Wheat chaff, an insufficiently exploited and inexpensive lignocellulosic material, was subjected 

to ultrasonic (US), alkali (AL)  or hydrothermal (HT) pretreatments prior to enzymatic 

conversion to simple sugars. Applied pretreatments induced various changes in physical and/or 

chemical characteristics of lignocellulose material resulted in the highest and the lowest 

production of reducing sugars in liquid waste stream - 5.8 mg/mL and 0.68 mg/mL after HT 

and US, respectively. The antioxidant potential of waste streams generated after all pretreatment 

was evaluated using the ABTS and DPPH in vitro assays. The results showed that all waste 

streams exhibited high antioxidant activity. The waste stream generated after alkali 

pretreatment had the lowest EC50 values assayed by both applied methods indicating its 

considerable antioxidant potential. The EC50 values were 0.01 mg/mL and 0.03 mg/L, 

measured by ABTS and DPPH, respectively. The results suggested that the waste streams from 

the studied pretreatments could be valuable sources of compounds with excellent antioxidant 

capabilities that could improve the economic and environmental aspects in wheat chaff 

bioconversion and valorization route in the future. 
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Abstract 

Considering the amount of time people spend in their homes, workplaces, and indoor 

environments, human exposure to specific indoor pollutants can cause severe health issues. 

Indoor persistent organic pollutants are causing adverse health effects via dust ingestion and 

dermal absorption. Worldwide researchers have dedicated their attention to brominated flame 

retardants (BFRs) due to their ubiquitous occurrences in the environment. The aim of this study 

was to determine the occurrence and levels of brominated organic pollutants in indoor dust 

samples (n=40), collected from homes and indoor environments in three settlements from the 

entity of the Republic of Srpska in Bosnia and Herzegovina. The samples are prepared and 

analyzed by the method based on gas chromatography with mass spectrometric detection (GC-

MS) for the presence of 7 polybrominated diphenyl ethers (PBDE). This research study will 

report for the first time the levels of 7 PBDE congeners analyzed in dust samples from 

households in the indoor environments of the Republic of Srpska, Bosnia and Herzegovina. The 

obtained results will be used for risk assessment which is of great importance in understanding 

the impact of PBDEs in household dust on human health.  
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Abstract 

Our investigation focused on the intensification of monomeric anthocyanin pigment content 

(MAC) extraction from raspberry residuals by using microwave (MW) and ultrasound (US) 

radiation with different solvents, and to monitor the efficacy of these processes by the 

assessment of the dielectric behavior of the extracts. All the experiments were carried out with 

using 5 grams of the raspberry raw material mixed with 100 cm3 of three different solvents ï 

distilled water, hydrochloric acid, and the mixture of HCl and citric acid ï separately. For the 

intensification processes, microwave and ultrasonic radiation were used in three different total 

irradiated energy input values: 30 kJ, 45 kJ and 60 kJ. The MAC content was analyzed 

according to the AOAC official method for total monomeric anthocyanin pigment content, 

while the dielectric behavior of the extracts was analyzed with laboratory dielectric assessment 

kit. Our results revealed that using MW irradiation as an intensifying process for extraction can 

be effectively used in the lower irradiated energy range (30 kJ), and the higher level of power 

(500W) is more efficient, regardless of the applied solvent. If, however, ultrasonic radiation is 

being used, usually the higher the energy intensity, the higher the yield of MAC can be 

observed. The assessment of dielectric behavior proved that a strong correlation (r=0.98-0.99) 

can be found between the dielectric constant (Ůô) and the MAC concentration of the extracts, 

regardless of the intensifying method and solvent used.  

 

Introduction  

The significance of anthocyanin pigments to food quality lies in their role in enhancing color 

and visual appeal, and growing attention is being paid to the anthocyanin levels in food products 

and nutraceuticals due to their potential health advantages. The concentration of these pigments 

serves as a valuable metric for the quality assurance and procurement guidelines of fruit juices, 

nutraceuticals, and natural color additives. Anthocyanins account for the red, purple, and blue 

shades found in most fruits, vegetables, and grains [1]. Six prevalent types of anthocyanidins 

existðnamely, pelargonidin, cyanidin, peonidin, delphinidin, petunidin, and malvidin. These 

structures can differ based on glycosidic modifications at the 3 and 5 positions, and further 

diversity arises from the acylation of sugar groups with organic acids. The extraction process 

commonly employs solvents like water, methanol, ethanol, often acidified with hydrochloric or 

citric acid to stabilize the anthocyanins [2]. The extracted solution is then subjected to various 

purification and concentration methods, such as solid-phase extraction or liquid 

chromatography. The resulting anthocyanin extracts are widely used in food, pharmaceuticals, 

and cosmetics for their antioxidant properties and vibrant colors. During the first stage of 

extraction, using solvents without any intensification method usually grants low or negligible 

yield [3] and thus, it is usually combined with various thermal and/or mechanical treatments. 

Among these, the microwave or ultrasound-assisted extraction (MAE or UAE) methods have 

already shown promising results, compared to conventional hot-water extraction (HWE) [4]. 

MAE is primarily based on the dielectric heating mechanism caused by the absorption of 

microwaves, which induce rapid, selective heating inside the bulk material, depending on its 
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dielectric properties. Since plant cells contain high amount of bounded and free water, they can 

absorb and store electromagnetic energy easily, and due to the polar nature of water molecules, 

this absorbed electromagnetic energy can be easily dissipated, i.e., can be converted into heat. 

Therefore, when exposed to microwaves, large amount of heat is generated inside the plant 

cells, which comes with the increase in pressure as well. When the pressure inside the plant cell 

exceeds a critical value, the cell wall eventually disrupts [5], and the different substances ï 

anthocyanins, for example - found in the intracellular space or in the cell wall are released. UAE 

is based on a vastly different principle, namely the ultrasound-induced cavitation. Cavitation is 

a physical phenomenon that occurs when a substance suddenly changes from a liquid phase to 

a gas phase due to pressure drop. The explanation is that if the velocity of a liquid in a particular 

direction increases suddenly, its pressure decreases according to Bernoulli's law. The resulting 

bubble, if it is placed along the flow line at a point where the pressure exceeds the saturation 

vapor pressure for the temperature at that point, will suddenly burst, and the liquid surfaces in 

sudden contact with each other will produce a shock wave. High-intensity ultrasonic irradiation 

induces high and low frequency cycles in the absorbing liquid. During the high-frequency cycle, 

small vacuum bubbles or cavities are created, which grow throughout the cycle, and then these 

bubbles collapse during the low-frequency cycle. When these cavitation bubbles collapse, a 

momentary (micro- or nanosecond-long), but extremely high increment of temperature and 

pressure occur. These, and the shockwaves generated by the collapsing of cavities expose the 

material to mechanical stress and shear, which cause the degradation and disruption of plant 

cell walls [6].  

Applying measurements to identify the dielectric behavior of certain compounds or media have 

been widely investigated as a promising tool for process monitoring. Dielectric assessment is 

rapid, sensitive, non-destructive and doesnôt necessitate the use of strong chemicals, therefore 

it can be a great alternative to conventional analytic methods. The fundamental mechanisms 

behind the dielectric behavior are to be found in electrodynamic properties, namely that an 

electromagnetic field with any strength E causes a so-called dielectric shift D in real materials, 

which can be understood as a kind of phase shift ŭ. In case E is not excessively high, the 

proportionality between E and D remains, and as the frequency increases the emerging ŭ phase 

difference becomes more and more prominent. The frequency at which the phase shift becomes 

noticeable depends ï among others - on the temperature and the chemical, physical properties 

of the medium, and can be written as: 

‐ᶻ
Ὀ

Ὁ
ȿ‐ȿὩ  (1) 

 

Using the Euler-identity and separating the real and imaginary parts we get: 

 

‐ᶻὪ
Ὀ

Ὁ
ὧέί‏ὮίὭὲ‏‐Ὢ Ὦ‐ᴂᴂὪ (2) 

Based upon the previous equation, the materialôs response can be characterized by the so-called 

dielectric properties, e.g. dielectric constant (Ůó), dielectric loss factor (Ůóó) or loss tangent 

(tanŭ). Ůó, the real part of the complex permittivity shows the electric (or electromagnetic) 

energy absorbing and storing capability of materials, Ůóó ï the complex part of the permittivity 

ï shows how much of the absorbed and/or stored energy is converted into heat or other types 

of energy, while tanŭ incorporates the latter two (ὸὥὲ‏
ͼ

 and denotes quantitatively the 

dissipation of the electrical energy due to different physical processes such as electrical 

conduction, dielectric relaxation, dielectric resonance and loss from non-linear processes.  
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Experimental 

The raw material for extraction was raspberry expeller / press cake, a residue originated from 

the juice-pressing of raspberry fruits. The average water content W% was 68.42%, while the 

dry matter content (DMC) 1.579 g. For the extraction process, three different solvents were 

applied (separately): pure distilled water (pH=6.8), hydrochloric acid (pH=2) and the mixture 

of HCl and citric acid (pH=2). Using HCl can help disrupt the plant cell wall by depolymerizing 

it, however the oxidative environment above a certain extent can be harmful for the target 

components as well. Citric acid can help stabilize the target molecules and making them more 

resilient to oxidation and/or thermal impacts. For the intensifying operation, microwave (P= 

250W and 500W) and ultrasound (200W power) irradiation were being used with different 

operational times, achieving 30 kJ, 45 kJ and 60 kJ total irradiated energy, respectively. After 

the extraction step, the total anthocyanin content was analyzed by the standard AOAC 

differential pH spectrophotometric method. Simultaneously, the dielectric properties of the 

extracts were determined as well, using a DAK 3.5 (SPEAG GmBh, Germany) open-ended 

dielectric sensor connected to a vector network analyzer (ZVL-3, Rhode&Schwarz GmBh, 

Switzerland) with a 50-ohm coaxial power supply line.  

 

Results and discussion 

In the first part of our investigations, we wanted to see how the different solvents and utilized 

intensifying operations affect the yield of MAC in the extracts. Figure 1 shows the results 

obtained for the pure water extraction during MAE and UAE with three different total energy 

outputs, incorporating the dielectric constant of the extracts at f=700 MHz.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Specific yield of MAC during the pure water extraction with the different intensifying 

operations, along with the values of Ůô(700 MHz). 

Results indicate that a prominent difference can be found between the different utilized power 

levels of MAE, especially at low (30 kJ) irradiated energy outputs. Using 500W MW radiation 

for extraction at 30 kJ energy level resulted in approx. 60 mgMAC/gdm (gdm = grams of dry 

matter), which is almost two times higher than that of 250W MW or US. The reason behind 

might be that using higher power means increased electromagnetic (MW) field strength, which 

ultimately results in higher and faster bulk heating, compared to the 250W power level of MW. 

Since the ultrasound-assisted extraction is not based on heating mechanisms, the results suggest 

that a 30 kJ total irradiated energy was not enough in case of ultrasonication to cause enough 

mechanical stress to disrupt the plant cells. Increasing the total energy from 30 kJ to 60 kJ 

causes no significant change in terms of 500W MW treatment, whereas the yield obtained with 

250W MW is higher. When the total irradiated energy exceeded 60 kJ, the specific yield 
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suddenly decreased in the case of 500W MW, which can be explained by the fact that MACs 

are usually sensitive to heat, and the extent of heat energy might have induced thermal 

degradation. This phenomenon can not be observed when the level of MW power was set to 

250W, indicating that the profile of temperature increase was steadier, but slower. Using 

ultrasonication does not increase the temperature of the material considerably, and therefore 

thermal decay can not be observed there, however the higher the energy output, the higher the 

disintegration of the cell walls, providing increased yield of MAC. Considering all the different 

approaches, it can be stated that from an energetic point of view, using 30 kJ total energy with 

500W MW irradiation has the greatest efficiency in terms of MAC yield per unit dry matter. 

Observing the results of the dielectric constant, it can be seen that a similar tendency can be 

found, i.e., if the yield of MAC was higher, the value of Ůô was also higher, indicating a 

relationship between these two parameters. 

Among the acidic solvents, the MAC yield was slightly higher when HCl + citric acid was used 

regardless of the applied intensifying operation or total irradiated energy. Based on the results, 

it can be also observed that the addition of citric acid could indeed preserve the target substance 

to some extent, especially at higher energy outputs (Figure 2). The highest efficiency, like in 

the case of pure water extraction, was achieved when using 500W MW radiation at 30 kJ total 

energy.  

Figure 2. Specific yield of MAC during the acidic (HCl & HCl + citric acid) with the different 

intensifying operations, along with the values of Ůô(700 MHz). 

Like in the case of water solvent extraction, the trend of the dielectric constant rigorously 

followed the MAC yield, regardless of the applied treatment, and/or energy output value. The 

differences in the óabsoluteô value of Ůô is mostly due to the application of different solvents: 

the dielectric properties of HCl and citric acid are significantly different than that of pure water. 

In order to see the strength of this connection, we constructed linear functions between the 

concentrations of anthocyanin, and the corresponding dielectric constant (Figure 3). These 

results suggest a strong linear correlation between the specific MAC yield and the dielectric 

constant of the extracts (with coefficient of correlation r being 0.98-0.99), regardless of the 

applied solvent, or intensifying method. This ultimately also means that measuring the 

dielectric behavior of these samples are ñnon-selectiveò, i.e., it only depends on the exact yield 

itself, and not on the method or process it was achieved with, making it a potential universal 

tool for monitoring extraction processes. 
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Figure 3. Correlation between the 700MHz dielectric constant and MAC yield 

Conclusions 

Our study focused on the microwave and ultrasound-assisted extraction of anthocyanin from 

raspberry by using different solvents, and comparing the results for yield with the dielectric 

behavior of the extracts. The experiments showed that regardless of the applied solvent, using 

relatively low (30 kJ) total energy output and 500W microwave irradiation resulted in the 

highest MAC yield, and when the energy level increased, the total yield decreased in case of 

the MAE ï potentially due to thermal degradation. In case of the ultrasound process, the higher 

the total energy, the higher the MAC yield turned out to be, implying that this method mostly 

governs mechanical effects in the disruption of plant cell walls. Independent from the solvent 

or intensifying operation, the 700MHz dielectric constant showed a strong linear correlation 

with the MAC yield of the extracts, making it a promising, precise monitoring tool.  
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Abstract 

BaTiO3 is the most widely studied ferroelectric material, with applications ranging from 

tunable dielectrics [1], piezoelectric sensors [2] to elasto-optic elements [3]. Since its discovery 

[4], interesting characteristics useful for different applications were obtained, by adding 

different perovskite dopants: BaSnO3 [5], NaNbO3 [6], (Bi0.5Na0.5)TiO3 [7] or Pb(Sn,Ti)O3 [8]. 

Up to date, the influence of rare earth perovskites on the properties of BaTiO3, is not properly 

discussed. The transitional metal perovskite oxide SmCoO3, is a candidate material for 

applications in electromechanical devices, such as solid oxide fuel cells [9], gas sensor for O2 

and CO2 [10] or electrolyte-gated thin-film transistors [11]. Recent reports related to 

(Bi0.5Na0.5)0.94Ba0.06TiO3 lead-free ceramics shows that Sm2O3 doped ceramics exhibit a typical 

relaxor behavior with diffuse phase transition, while enhancing the degree of ferroelectric 

relaxation behavior as Sm2O3 concentration increases [12], with a maximum piezoelectric 

constant of d33 = 202 pCĀN
-1 and a quality factor of 101. SmCoO3 doping [13] will contribute 

to an increase of the quality factor (219) and a good value of the piezoelectric constant d33 = 

144 pCĀN-1. Both reports observed a promoted grain growth for certain compositions. 

The aim of this work is to determine the influence of SmCoO3 on the crystalline 

structure, unit cell parameters and density, microstructure and electric properties of BaTiO3 

ceramics. SmCoO3 doped BaTiO3 ceramics were obtained by solid state method at 1290ÜC in 

air. As the doping percentage increases, the crystalline structure distorts towards the cubic 

system, but maintaining in the compositional range studied (0ÒxÒ5 mol%) a tetragonal 

symmetry. The refinement of unit cell parameters using Le Bail method show a tetragonality 

degree (c/a) decreasing from 1.0094 (x=0 mol%) to 1.0040005 (x=5 mol%).  

The density of the samples, relative to the computed theoretical density, decrease for 

higher doping degrees. Anomalous grain growth was observed for x= 0.5 mol%, with grain size 

around 25 Õm, compared to the rest of the compositions, with sizes of around 1 Õm. SmCoO3 

doping does not significantly influence the Curie temperature, but decrease the value of the 

dielectric constant at room temperature and at Curie temperature. Also, no specific effect of the 

grain size was observed related to the temperature dependence of the permittivity. Low 

dielectric losses were obtained for all samples.  

For the frequency dependence of the dielectric constant, a pronounced Maxwell-Wagner 

effect was noticed at low frequencies for outermost compositions: x= 0, 0.5 and x=3, 5 mol %. 

In the frequency range 500 Hz to 1 MHz, all ceramics show linear variations of the dielectric 

constant. The effects of the temperature (room temperature Ÿ 250ÜC, at 10 kHz) and of the 

frequency (50 Hz Ÿ 3 MHz, at room temperature), on the variation of the real part of the 

complex permittivity and dielectric loss are investigated.  

 Our research also show negative temperature coefficient effect over a wide temperature 

range, as the resistivity decreases exponentially with temperature.  As the amount of SmCoO3 

in BaTiO3 ceramic increases, the specific electric resistance decreases to a minimum value and 

then slowly increases again, hence increased dopant concentration does not result in the 

formation of high volume resistivity layers.  
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Abstract 

Besides traditional water purification techniques of oily wastewater, such as oil traps, sand 

filters, flotation, and chemical destabilization, the development of advanced technologies is 

essential to increase the efficiency of treatments. Membrane filtration is a promising approach 

as it is a chemical-free and user-friendly treatment, that can be easily combined with other 

methods, and it effectively removes both micro- and nano-sized oil droplets. In addition to the 

many advantages of membrane filtration, fouling is the primary obstacle to its widespread use. 

In this study, we aimed to develop photocatalytically active, TiO2 and TiO2/CNT modified 

PVDF membrane surfaces via a grafting method that can be used to form chemical bonds 

between the nanoparticles and the membrane matrix. It was also aimed to characterize the 

photocatalytic efficiency of the modified membranes (TiO2 and TiO2/CNT) by the degradation 

of methyl orange (cinitial=10-5 mol/dm3) and to investigate its filtration parameters in the 

treatment of oil-containing wastewater (c=400 ppm). It was found that the steady-state fluxes 

of the TiO2 and TiO2/CNT modified membranes were six and four times higher, respectively, 

than those of the unmodified membrane. It was also observed that both reversible and 

irreversible resistances, and thus, the total resistances, were greatly reduced as a result of the 

modification. The purification efficiencies were 92% regarding the decrease of the chemical 

oxygen demand and at least 99% regarding the turbidity measurements for both the modified 

and unmodified membranes. Furthermore, both types of surface modification were successful 

in making the membranes photocatalytically active.  
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Abstract 

A one-year site investigation was conducted in a contaminated area near a pharmaceutical 

industry. The main contaminants were chlorobenzene and benzene. Over time, concentration 

of the contaminants decreased below regulatory level under anaerobic conditions by 

biostimulation. To confirm the transformation processes and reveal the mechanisms, a 

corresponding laboratory microcosm study was set up which completed demonstrating the 

microbial degradation of these two main pollutants. Assumptions about the transformation 

processes inferred from field data were confirmed by microcosm studies, consequently 

necessary supplementary information were provided for bioremediation technologies. 

Introduction  

Accidental activities at a pharmaceutical factory resulted in contamination of groundwater with 

a mixture of organic pollutants. The primary pollutant of the zone was monochlorobenzene (up 

to 14 000 ˃ g/l), and benzene (up to 1 300 ˃ g/l) was detected as a secondary contaminant. 

Although other BTEX compounds, cis-1,2-dichloroethylene, vinyl chloride and tert-butyl 

alcohol were also detected, the concentration of these pollutants were in two orders of 

magnitude lower than chlorobenzene. Possible bioremediation methods were tested with 

conditions ideal for nitrate reduction. Since the biological degradation, worked excellently due 

to biostimulation regarding the main pollutants (data not shown), nitrate, phosphate and 

microelements enriched nutrient solution was applied for the in situ treatment of the polluted 

area on a regular basis. One and a half years after the start of field treatment, then another year 

later, we investigated groundwater from the contaminated area. The experimental results in 

summary can provide a guideline for planning biological treatment processes regarding areas 

with a similar pollution profile. 

Experimental 

In this work, we compared the results of two consecutive groundwater samplings from the 

contaminated area, which took place 1 year apart, one in May 2022 and the other in July 2023. 

We studied the microbiological activity in the affected area primarily by examining the 

effectiveness of possible bioremediation, which was determined by the biological degradation 

of pollutants. The in situ bioremediation process as well as our tests were carried out under 

nitrate-reducing conditions, because the most effective way of chlorobenzene degradation, the 

aerobic way, was not feasible due to the unique characters of the area. Some microcosm studies 

were set up to acquire knowledge about the microbiological activity of the polluted zone. 

Microcosm is an artificial and simplified ecosystem which can simulate the behaviour of natural 

ecosystems under defined and well-regulated conditions. This method is perfect for examining 

field conditions in laboratory on a small scale. The microcosms were set up using 5 groundwater 

samples extracted from 5 monitoring wells. The laboratory bottles used for microcosm tests 

were filled up with the groundwater samples collected from the chlorobenzene-contaminated 

aquifer, in N2 (90%), CO2 (5%), H2 (5%) containing atmosphere, using an anaerobic 
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workstation. The headspace was 10% of the total volume. Three types of microcosm systems 

were assembled using every groundwater sample, each in three parallels. Abiotic microcosms 

were supplemented with mercury(II) sulfate (240 mg/l) to rule out possibility of accidental 

biological activities, in order to evaluate abiotic degradation and volatilization. Biotic control 

systems were set up using untreated groundwater. Biostimulated microcosms were amended by 

adding nitrate, phosphate and microelements to the systems. Microcosms were incubated at 13-

15 ÁC, which corresponds to natural environmental temperature conditions. The concentration 

of VOC (Volatile Organic Compounds, e.g.: the contaminants), concentration of nitrate, nitrite 

and phosphate were analyzed weekly by using GC-MS, and HPLC Ion chromatography. 

Results and discussion 

Analytical results 

 2022 2023 2022 2023 

 Nitrite (mg/l)  Nitrate (mg/l) 

MW -1 <2,50 <2,50 <2,50 <2,50 

MW -2 <2,50 5,62 <2,50 76,55 

MW -3 <2,50 9,85 115,40 273,34 

MW -4 <2,50 6,86 <2,50 145,65 

MW -5 <2,50 9,43 <2,50 413,33 

As a result of the nutrient injections into the polluted area, the concentration of nitrite and nitrate 

increased in all areas except for MW-1 labelled groundwater. 

Microcosms studies 

MW -1 

By 2023, the initial concentration of chlorobenzene (6 136 Õg/l) and benzene (326 Õg/l) in the 

MW-1 labelled groundwater decreased significantly compared to last year's data. In 2022, an 

83.91% decrease in concentration of chlorobenzene was observed only in the biostimulated 

microcosm after six weeks of incubation, while in case of the biotic control, neither of the 

contaminantsô concentration changed noticeably compared to the abiotic system. In contrast, in 

2023, chlorobenzene was already almost completely degraded in both biological systems after 

two weeks of incubation. The concentration of benzene did not change significantly in 2022 

compared to the initial values, but in 2023, the entire amount of benzene was completely 

degraded in both biotic and biostimulated microcosms. 

  
Figure 1. Evolution of concentration (Õg/l) of chlorobenzene and benzene in the MW-1 

groundwater area 
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MW -2 

In 2023, the initial concentration of chlorobenzene (13 968 Õg/l) and benzene (1 183 Õg/l) in 

the groundwater area labelled MW-2 decreased significantly compared to the 2022 data. In 

2022, during the 8-week incubation period, concentration of chlorobenzene decreased by only 

60.42% in the biostimulated system, while in 2023, almost complete biodegradation occurred 

in just two weeks, both in case of biotic and biostimulated microcosm. The concentration of 

benzene did not decrease significantly in 2022 during the 8-week incubation period, however, 

in 2023, benzene was biodegraded in just two weeks in case of both biological systems. 

  

Figure 2. Evolution of concentration (Õg/l) of chlorobenzene and benzene in the MW-2 

groundwater area 

MW -3 

By 2023, the concentration of chlorobenzene and benzene in the groundwater area marked MW-

3 has reduced by a quarter compared to the data of 2022. In 2022, the initial concentration of 

chlorobenzene (9 995 Õg/l) was reduced by almost half of the value after 8 weeks in both the 

biotic control and the biostimulated microcosm. On the other hand, in 2023, chlorobenzene was 

biodegraded in two weeks in both biological microcosms. The concentration of benzene did not 

change significantly during the 8-week incubation period in none of the biological microcosms 

compared to the initial value (723 Õg/l). However, in 2023, almost 100% of the contamination 

biodegraded in just two weeks in case of both biotic control and biostimulated systems. 

  

Figure 3. Evolution of concentration (Õg/l) of chlorobenzene and benzene in the MW-3 

groundwater area 

1
2

3
8

6

4
1

0
4

1
3

9
6

8

7
1

6
7

4
0

0
6

1
25

5
2

9

2

INITIAL 8. WEEK INITIAL 2. WEEK

2022 2023

MW-2 Chlorobenzene 

Abiotic Biotic control Biostimulated

9
3

3

5
1

9

1
1

8
3

8
2

6

5
3
9

<0
.5

8
8

6

<0
.5

INITIAL 8. WEEK INITIAL 2. WEEK

2022 2023

MW-2 Benzene

Abiotic Biotic control Biostimulated

1
0

0
0

9

2
2

0
7

9
9

9
5

4
0

8
2 2
2

4
4

<
1

.54
8

0
8

6

INITIAL 8. WEEK INITIAL 2. WEEK

2022 2023

MW-3 Chlorobenzene

Abiotic Biotic control Biostimulated

6
3

5

2
1

7

7
2

3

5
1

2

2
1
1

2
5

5
7

7

2

INITIAL 8. WEEK INITIAL 2. WEEK

2022 2023

MW-3 Benzene

Abiotic Biotic control Biostimulated



29th International Symposium on Analytical and Environmental Problems 

 
147 

 

MW -4 

The initial concentration of chlorobenzene was ~25% lower in 2023 than in 2022, while the 

concentration of benzene did not differ significantly during the 1 year of the study. In 2022, 

after the 8-week incubation period, biodegradation rate of chlorobenzene in biostimulated 

microcosms was 44.51%, while its concentration in the biotic system did not decrease 

significantly compared to the initial value (10 562 Õg/l). However, in 2023, we noticed an 

84.52% decrease in concentration in case of the biotic microcosm within just two weeks. 

Similarly, also in case of the the biostimulated system, rate of biodegradation was high, almost 

100%. In 2022, the initial concentration of benzene (1 278 Õg/l) in biological systems decreased 

by only about 40% in 8 weeks. In contrast, in 2023, 61.56% biodegradation of the contaminant 

was observed in the biotic control microcosm and almost 100% in the biostimulated system 

during an incubation period of just 2 weeks. 

  

Figure 4. Evolution of concentration (Õg/l) of chlorobenzene and benzene in the MW-4 

groundwater 

MW -5 

Based on the microcosm tests compiled from the MW-5 groundwater sample, it was observed 

that the initial concentration of chlorobenzene in 2023 was significantly lower than in 2022. In 

2022, the rate of biodegradation in the biotic microcosm was 65.40%, while in the biostimulated 

system it was 80.93% during the 8-week incubation period. In contrast, in 2023, chlorobenzene 

was almost completely biodegraded, both in the biotic and in the biostimulated systems. A 

significant decrease in the initial concentration of benzene was also observed in 2023. While in 

2022, the concentration of benzene decreased by 46.59% in the biostimulated microcosm in 8 

weeks, in 2023, the pollutant was completely degraded in both biological systems in just two 

weeks. 
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Figure 5. Evolution of concentration (Õg/l) of chlorobenzene and benzene in the MW-5 

groundwater area 

Conclusion 

The data gained from field investigations and groundwater analytical results suggest that 

intrinsic bioremediation process is occurring at the pharmaceutical factory site. The indigenous 

microbial community at the contaminated site is able to degrade chlorobenzene and benzene if 

appropriate conditions are provided. We managed to isolate a novel microorganism 

(Pseudomonas sp. EM1) [1] from the groundwater, that is capable of mineralizing 

chlorobenzene under both aerobic and anaerobic (nitrate reducing) circumstances. The 

microorganism has been approved as an inoculum. In the future, we intend to use Pseudomonas 

sp. EM1 in chlorobenzene-polluted areas to enhance bioremediation. 
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Usually, porous materials [1,2], such as carbon or clays were employed in 

electrochemistry research for example in electrode acquirements, especially as modifiers. The 

important properties of clays, such as cation exchange capacity, great surface area, good 

catalytic support, mechanical stability and low cost, make them suitable as modifiers for 

electrodes, even if their electrical conductivity is low [3]. Carbon paste electrodes based on clay 

materials were described to be promising for the electroanalytical detection of heavy metals. 

While there are many reports on the usage of clay for the construction of clay-based electrodes, 

the application of natural raw clay has significant importance for the development of eco-

friendly electrochemical electrodes. Thus, a carbon paste-modified electrode based on natural 

clay was prepared. The electrochemical behavior of the obtained modified electrodes and their 

ability to detect Cd+2 has been investigated. The electroanalytical parameters of the investigated 

modified carbon paste electrode recommend it as a stable, sensitive and reproducible electrode 

for Cd+2 detection. The performances of the new electrode were proved by the results obtained 

in natural drilling water. 
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Abstract 

Flavored whipped cream, an innovative culinary creation, has garnered significant attention in 

recent years for its ability to elevate a wide array of dishes and beverages. Our poster delves 

into the diverse landscape of flavored whipped cream, shows its origins, production methods, 

and the multitude of delectable flavor profiles that have captivated the palates of gastronomes 

worldwide. 

Our study begins by tracing the historical roots of whipped cream, from its inception as a simple 

cream topping to the modern culinary phenomenon it has become. Through a comprehensive 

review of literature, we explore the evolution of whipping techniques and the pivotal role of 

emulsifiers in achieving the desired texture and stability. 

The production process of flavored whipped cream is then dissected, highlighting the 

incorporation of various natural and artificial flavoring agents. Techniques such as infusion, 

extraction, and emulsion are explored in detail, shedding light on the nuanced methods 

employed by culinary artisans to infuse creams with an array of enticing flavors, from classic 

vanilla and chocolate to salted caramel and vegan cheese. 

Furthermore, our poster delves into the applications of flavored whipped cream in both sweet 

and savory culinary creations. Through case studies and sensory evaluations, we unveil the 

transformative impact of flavored whipped cream on diverse dishes, ranging from decadent 

desserts to innovative savory entrees. 

In addition, the study examines the evolving consumer trends and market dynamics surrounding 

flavored whipped cream, shedding light on its growing popularity in the hospitality industry 

and its emergence as a staple in home kitchens. 

 

Lyophilized fruits and cheese have emerged as indispensable components in the realm of 

flavoring, revolutionizing culinary creativity and product development. Their importance lies 

in their ability to impart concentrated, authentic flavors while offering practical benefits for 

both chefs and food manufacturers. 

Lyophilized fruits, through the meticulous freeze-drying process, retain the essence of fresh 

fruits in a highly concentrated form. This allows for precise control over flavor profiles, 

enabling chefs to infuse dishes with vibrant, natural fruitiness regardless of seasonal 

availability. From adding intensity to desserts and beverages to enhancing the aromatic 

complexity of savory dishes, lyophilized fruits serve as versatile and reliable flavor enhancers. 

Similarly, lyophilized cheese undergoes a transformative preservation process that preserves its 

distinct taste while eliminating moisture. The resulting cheese products, whether in powdered 

or crumbled form, serve as potent flavor agents. These versatile cheese powders can be 

effortlessly integrated into a wide range of dishes, including sauces, dressings, snacks, and 

baked goods, elevating their taste with a rich, umami depth. 

Beyond their flavor-intensifying capabilities, lyophilized fruits and cheese offer logistical 

advantages in the food industry. They boast extended shelf lives, reducing waste and allowing 
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for cost-effective inventory management. Their lightweight, compact nature simplifies storage, 

shipping, and handling. 

In conclusion, lyophilized fruits and cheese play a pivotal role in modern culinary innovation 

and food manufacturing. Their concentrated flavors and practical benefits provide chefs and 

food professionals with a powerful toolset to craft exceptional and consistent taste experiences, 

while also addressing logistical concerns in the food supply chain. As essential components in 

flavoring, lyophilized fruits and cheese are poised to continue influencing the way we approach 

and savor food. 
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Abstract 

The quest for sources of antioxidant phenolic compounds has encompassed a wide array of 

plant materials, including vegetables, fruits, leaves, oilseeds, cereal crops, barks, roots, spices, 

herbs, and crude plant drugs. Among these, berries stand out for their exceptional phenolic 

content, particularly flavonoids and phenolic acids, known for their potent antioxidant 

properties [1]. Black chokeberry (Aronia melanocarpa), a valuable fruit crop within the Rose 

family (Rosaceae) and the Apple subfamily (Pomodieae) [2], is renowned for its rich 

composition of bioactive compounds, including anthocyanins, procyanidins, phenolic acids, 

flavonols, and flavanols [3]. Chokeberries, owing to their astringent taste, undergo various 

processing methods to yield long-lasting products such as juices, nectars, wines, and liqueurs 

[4]. In response to increased consumer demand and growing recognition of its nutritional 

benefits, chokeberry juice has gained popularity among juice manufacturers. The stability of 

polyphenolic compounds during processing is closely tied to the chosen processing technology 

[5]. Furthermore, for many years, traditional plant extracts, spices, and culinary herbs have been 

used to improve flavour and extend the shelf life of food products [6]. Grapefruit seed extract 

(GSE) is a naturally derived functional substance from the grapefruit plant (Citrus paradise 

Macf., Rutaceae). It has gained significant interest in the realm of food packaging applications 

because of its robust antioxidant properties and wide-ranging antimicrobial capabilities [7]. 

Grapefruit primarily contains the flavanones narirutin and naringin, along with their aglycone 

form, naringenin. These constituents have long been acknowledged as distinctive components 

of grapefruit. The distribution of phenolic acids indicates that the prominent hydroxycinnamic 

acids are ferulic and p-coumaric acids. As for hydroxybenzoic acids, vanillic and gallic acids 

are the primary ones identified [8].  

This study was conducted to assess the impact of different concentrations of grapefruit seed 

extract addition (0%, 1%, 2%, 3%) on the levels of anthocyanins and polyphenols in aronia 

juice subjected to heat treatment (60 ) at different times (5, 10, 30, 60, 120 min). The 

investigation included total anthocyanins testing, quantification of Total Phenolic Compounds 

(TPC), and the Ferric Reducing Ability of Plasma (FRAP) assay. Based on the results, FRAP 

values peak at 60 minutes, with 2% GSE at 1915.53 Ñ 217.94 mg/L and 1910.46 Ñ 376.74 mg/L 

with 3% GSE at 5 min. In addition, the presence of GSE has varying effects on TAC depending 

on the time point and concentration. For instance, in the 1% GSE condition, the TAC levels 

remain high at 60 minutes with 85.67 Ñ 2.62 mg/l, while in 2% TAC remains relatively stable 

across different time intervals: 69.08 Ñ 0.10 mg/l, 73.84 Ñ 4.33 mg/l, 69.86 Ñ 0.86 mg/l at 5, 30, 

120 min, respectively. This demonstrates the potential of GSE to mitigate the heat-induced 

decline in anthocyanins. Furthermore, the inclusion of GSE appears to result in higher Total 

Phenolic Compounds (TPC) levels, particularly with 1% GSE, compared to 2% and 3% GSE. 

Specifically, TPC levels with 1% GSE were measured at 6608.22 Ñ 227.75 mg/l, 7518.17 Ñ 

374.66 mg/l, and 6639.81 Ñ 241.85 mg/l at 10, 60, and 120 minutes, respectively. This suggests 

a potential enhancement of TPC by GSE, especially in the early stages of heat treatment. 

mailto:hamaidiameriemserine@gmail.com
mailto:szaloki-dorko.lilla@uni-mate.hu
mailto:mate.monika.zsuzsanna@uni-mate.hu


29th International Symposium on Analytical and Environmental Problems 

 
153 

 

In summary, 1% Grapefruit Seed Extract (GSE) concentration shows promise in preserving the 

compounds in aronia juice during heat treatment, particularly for Total Antioxidant Capacity 

(FRAP). For Total Anthocyanins content and Total Phenolic Compounds (TPC), both 1% and 

2% GSE concentrations are effective, with a slight advantage for 1% GSE, especially in the 

early stages of heat treatment. These findings have implications for enhancing the compounds' 

stability in aronia juice during processing. Further research is needed to explore these effects 

comprehensively and under different conditions. 

 

Keywords: Black Chokeberry, Aronia, Grapefruit Seed Extract (GSE), Anthocyanins, 

Polyphenols, TPC, FRAP. 
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Abstract 

The use of prostheses promotes the increase of well-being in the population and that is why 

nowadays we are trying to better understand the results and success in achieving 

osseointegration of these elements. This gives way to the use of biomaterials. In order to define 

the characteristics of these materials, analyses and tests are required to determine their 

behaviour when the material is to be used and applied as an implant. So this research mainly 

aims to evaluate how silicon influences the mechanical characteristics by comparing two novel 

titanium alloys. 
 

Introduction  

These days, new alloys with a low modulus of elasticity and low cytotoxicity are being 

researched and developed because of the hip's significant weight bearing capacity and the issues 

associated with the biomaterials currently in use. Consequently, the decision has been made to 

look into the potential biomedical uses of the S1 (62% Ti, 15% Mo, 7% Zr, 15% Ta, 1% Si) and 

S2 (57,25% Ti, 20% Mo, 7% Zr, 15% Ta, 0,75% Si) samples further. 
 

Experimental 

The arc remelting process was used in an argon environment to create the alloys. This method 

was used at the Gheorghe Asachi Technical University in Iasi, Romania, at the Faculty of 

Materials Science and Engineering. To achieve the required homogeneity, the alloys were 

melted, then remelted six times (three times in each face), and finally formed into an ingot. 

Furthermore, part of the ingots were given to Las Palmas de Gran Canaria University (Las 

Palmas de Gran Canaria, Spain) for their testing and preparation. 

 

To prepare the samples for metallography, they were polished with silicon carbide papers and 

0.1 silicon carbide papers and 0.1 micrometre alumina suspensi·n and after the first 

examination, the samples were subjected to a Kroll reagent attack. 

To perform the microhardness tests, 12 points were taken with forces of 1 gram, 5 gram and 10 

gram to calculate and express the Vickers hardness (HV), in accordance with ISO 14577-

1:2015.  For Electrochemical Tests, each sample was placed in an electrochemical cell with 

three electrodes for the electrochemical tests: the samples acted as the working electrodes, a 

saturated calomel electrode served as the reference electrode, and a platinum electrode acted as 

the counter electrode. 
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Results and discussion 

The compounds and phases that make up a metallic substance are arranged spatially in 

metallography, together with any impurities or potential mechanical faults. 

Vickers hardness versus scan length graphs for both samples exhibit widely spaced maxima 

and minima, indicating the presence of both soft and hard areas on their surfaces. It is also 

confirmed that the harder the sample, the higher the percentage of silicon and the applied load. 

Elechtrochemical tests show that Sample 1 is more stable as Sample 2.  

 

A semi-logarithmic scale of the current results shows the outcomes of the linear polarization 

technique, which was used to measure the alloys' rate of corrosion. Compared to the other 

samples under investigation, Sample 2 exhibits higher values of anodic corrosion potential and 

current (Ecorr and Icorr, respectively), which indicate how much the alloy has been oxidized. 

 

Conclusion 

The samples' surfaces displayed biphasic dendritic patterns following their exposure to the 

Kroll reagent. When silicon was added, the dendrites shrank because silicon is a potent grain 

refiner in titanium alloys. It encourages the development of fine grains that impede the spread 

of cracks and strengthen the material's resistance to fatigue. 

 

The potential values of both samples increased during the immersion period without decreasing. 

By creating a protective oxide layer on the alloy surface, silicon oxide slows down the rate of 

oxidation and increases the alloys' resistance to deterioration from bodily fluids. 

Two distinct phases, hard and soft, of the material's microstructure were found by measuring 

the hardness at various loadings. 

 

Overall, every sample exhibited favorable chemical and biological properties. So we could say 

that both samples would behave favourably in the human body. 
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Abstract 

Perovskites represent promising materials due to advantages such as chemical and photo- 

stability, low production cost, modifiable energy in the band gap, high absorption properties, 

long carrier lifetime and diffusion length, which can be used in green and sustainable 

environmental applications [1]. Despite the high dielectric constant and multifunctionality of 

perovskite materials, they possess high density, brittleness and low dielectric strength, as well 

as poor processability [2]. PVP is a water-soluble, non-toxic amorphous nonionic polymer, with 

high solubility in polar solvents, widely used in the synthesis of nanoparticles [3] acting as a 

nanoparticle dispersant, growth modifier, surface stabilizer, preventing agglomeration of 

nanoparticles [4]. Due to its amphiphilic nature, PVP can affect the morphology and growth of 

nanoparticles by providing solubility in various solvents, discriminative surface stabilization, 

controlled crystal growth, playing the role of a shape control agent and facilitating the growth 

of specific crystal faces, while preventing the growth others [4]. 

The aim of this research is to obtain a new hybrid material based on polyvinylpyrrolidone (PVP) 

polymer functionalized with perovskite structures of the LaMnO3 type doped with Pd, in 

aqueous medium at 80 . After mixing the precursors in a mass ratio of 20:1 (PVP:Perovskite) 

and dispersing them in distilled water, from the viscous mixture, thin films were obtained. 

These were triturated to obtain particles smaller than 1 mm. The powder was dried and analyzed 

using SEM/EDAX, X-ray diffraction, UV-VIS, RAMAN spectroscopy in order to completely 

characterize the nanocomposite. The combination between LaMnO3:Pd perovskite and PVP 

resulted in a multifunctional material, with favorable characteristics of inorganic perovskite 

nanofiller and organic polymer effectively integrated. 
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Abstract 

It is believed that the first warnings of scientists and various organizations about the 

development of harmful effects on the environment appeared in the middle of the 20th century, 

and all of this with the progress and accelerated development of industry. The concept of 

sustainable development represents a strategy that unites development and environmental 

problems and points to the simple fact that we are fully connected to what surrounds us. Almost 

all activities developed by humans depend on the environment. It is important in order to find 

a way so that what we consume has as little impact on the natural environment as possible. Only 

what nature itself is capable of regenerating can be taken from nature. 

As one of the solutions, the concept of circular economy was born, and represents a regenerative 

economic system within which production resources, waste, waste emission and energy outflow 

are reduced by slowing down and extending life cycles in production. This is achieved primarily 

by designing and creating products, in a way to extend their lifespan, but also by maintenance, 

servicing and recycling. 

However, although there is no clearly defined area of measurement of the circular economy, 

the term itself creates economic, environmental and social benefits. Recently, the Eurostat 

methodology has developed a methodology for measuring the development of the circular 

economy, which is the key importance for monitoring sustainable development. Accordingly, 

the aim of the paper is to point out the importance of CE development in the Republic of Serbia. 

According to the available indicators, CE Serbia recorded data in the categories of five 

indicators. A higher level compared to the EU was recorded in the indicators Waste generation 

per capita and Generation of waste excluding major mineral wastes per GDP unit, while a lower 

level was achieved in the categories Resource productivity, Generation of municipal waste per 

capita and Material import dependency. 

Keywords: Circular economy, sustainable development, Republic of Serbia. 
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Abstract 

Di-n-butyl phthalate (DBP) is a plastic additive known for its endocrine-disrupting and 

reproductive toxicity. DBP is metabolized by UDP-glucuronosyltransferase 1A9 (UGT1A9) in 

a glucuronidation reaction that takes place in the liver. The aim of our study was to determine 

whether DBP exposure disturbs UGT1A9 expression in rat hepatic tissue. A total of 24 female 

Wistar rats were divided into four groups and exposed to different DBP doses (100, 500, or 

5000 mg/kg diet) over 28 days. Formalin-fixed, paraffin-embedded liver tissue was cut into 5 

Õm thin sections and immunostained with anti-UGT1A9 antibody. We assessed UGT1A9 

levels using ImageJ software, measuring both the optical density (OD) of the immunolabeled 

UGT1A9, which indicates staining intensity, and the total number of positive cells through the 

ImageJ plugin IHC profiler. During the sections examination, UGT1A9 was found in 

abundance in cytoplasm of hepatocytes across all treated groups, as well as, in control group. 

Interestingly, while the OD remained unaffected by DBP treatment, we found significant 

changes in the percentage of cells exhibiting high positive and positive UGT1A9 expression. 

The number of positive cells decreased in the group treated with 500 mg DBP/kg diet while the 

reduction of high positive cells was observed in all experimental groups. Nevertheless, the total 

number of positive cells remained consistent. Our results indicate that subacute DBP treatment 

by changing the percent of high positive and positive immunopositive cells may have the ability 

to affect UGT1A9 expression. 
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Abstract 

Di-n-butyl phthalate (DBP), a common plastic additive, is prone to leaching and evaporating 

from plastic products due to its weak chemical bonds, resulting in its widespread presence in 

the environment. The aim of our study was to investigate whether DBP applied orally in various 

doses disturbs the activity and expression of antioxidant enzymes in rat liver . A total of 30 

female Wistar rats were divided into 4 groups and exposed to DBP in food in doses of 0, 100, 

500, and 5000 mg/kg diet, for 28 days. After the study period, tissue samples were collected for 

evaluating the antioxidant capacity and for RNA extraction. Total superoxide dismutase (SOD) 

and catalase (CAT) activities were measured spectrophotometrically by monitoring changes in 

absorbance over the 3min interval, while the expression of the Sod1, Sod2 and Cat were 

obtained by real-time RT-PCR. Our findings revealed that total SOD activity was notably lower 

in groups treated with 100 and 500 mg DBP/kg diet. Conversely, CAT activity significantly 

increased in groups exposed to 500 and 5000 mg DBP/kg compared to the control group. 

However, our RT-qPCR analysis showed no statistically significant changes in the expression 

of corresponding genes. Our results indicate that subacute dibytil phthalate treatment causes 

adverse effects on the activity of antioxidant enzymes, potentially leading to oxidative damage.  
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Abstract 

Packaging is an essential part of everyday life, protecting products, enabling transportation, and 

contributing to their market success. However, in the context of the growing focus on 

sustainable development, packaging becomes a key point for innovation and a change in the 

way we think about products and their protection [1]. Transitioning from a linear to a circular-

cyclic industrial system, discarded packaging becomes a raw material in the next production 

cycle [2]. This system, often referred to as the concept of a circular economy, represents an 

innovative approach based on sustainability and waste minimization in production and 

consumption processes. The circular economy connects economic and ecological aspects in an 

innovative way and sets an ambitious goal to reduce the environmental footprint of the industry 

[3]. The principle of sustainability applied in the packaging industry is reflected in the approach 

that considers the life cycle (LCA - life cycle analysis) with an emphasis on material 

optimization, water and energy savings, waste reduction, and achieving maximum recovery 

through recycling, incineration, or composting [1]. From an ecological perspective, biopolymer 

packaging offers a significant advantage, as it is often biodegradable and environmentally 

friendly [4]. The use of biopolymers helps reduce environmental pollution, lower harmful gas 

emissions, and supports the principles of a circular economy, making them environmentally 

friendly alternatives to conventional plastics. The social aspect is also significant, as the use of 

sustainable packaging and biopolymers can improve consumer health and create jobs in the 

sustainable industry sector [5]. Sustainable packaging requires collaboration and innovation in 

all sectors of the economy to achieve sustainable development. When it comes to consumer 

awareness, ecology, resource conservation, and environmental protection, sustainable 

packaging becomes a key element in the market. As such, packaging has the potential to play a 

significant role in achieving sustainable development goals and preserving the planet for future 

generations. 
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Abstract 

Superparamagnetic iron oxide nanoparticles (SPIONSs) are well-known for their great 

potential in biomedicine, such as active agents for drug-delivery, MRI contrast enhancement 

and hyperthermia, hence their possible diagnostic and therapeutic application has been the 

centre of many studies in recent years. Beside magnetite, nickel-ferrite nanoparticles also seem 

to have promising magnetic properties for utilization in magnetic hyperthermia. These SPIONs, 

however, require biocompatibilization by surface functionalization as they are unstable in 

biological fluids. Graphite oxide (GO) is a hydrophilic material, with high surface area and 

tunable pH-dependent surface charge properties. By synthesizing GO/MNP nanocomposites, it 

is possible to further enhance the heat production caused by an alternating magnetic field during 

hyperthermia sessions.[1][2]  

To study the effect of the nickel content and the various polymers used as protective layers 

on the surface of magnetic nanoparticles, nanocomposites were prepared with 1/5 and 1/10 

GO/MNP mass ratios. The nickel content was 0%, 10% and 20%, while two different polymers 

(PAM and PEGMA-AA) were used to fully coat the nanomagnets. The dynamic light scattering 

(DLS) data on the coagulation kinetics of the various nanocomposite samples showed that there 

are notable differences in their colloidal stability. The critical coagulation concentrations were 

higher when PAM polymer was used and the nickel ratio also seemed to have a significant 

influence when higher NaCl concentrations were applied. The five-minute-long exposure for 

an alternating magnetic field showed that increasing the frequency (at the same magnetic field 

strength) resulted in a higher level of heat production. 

Hemocompatibility tests of naked SPIONs were also performed in biorelevant media.[3] 

Peripheral blood smear experiments did not reveal any signs of coagulation or other damage in 

different blood cells. Development of remarkable protein corona around the nanoparticles was 

observed for bare ferritenanomagnets by DLS measurements. 
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Abstract 

The current global pandemic underscores the imperative for the development of more effective 

strategies in antimicrobial treatments [1]. Optical materials that exhibit ultraviolet-C (UV-C) 

emission possess the potential as viable choices for these applications. Y2SiO5:Pr3+ is regarded 

as one of the extensively investigated silicates exhibiting visible-to-ultraviolet upconversion 

emission [2]. The enhancement of UV emissions efficiency is a primary objective, and the focus 

of this study is to acquire and analyze various phases of silicate materials. 

 

Several synthesis methods have been documented in scientific journals for the production of 

Yttrium silicates, including solid-state reaction, sol-gel method, and hydrothermal route. The 

primary obstacles encountered in their acquisition pertain to the polymorphism and numerous 

phases of the oxides [3]. This study aimed to explore a novel hydrothermal method for 

synthesizing yttrium disilicate. The synthesis process involved two primary starting materials: 

SiO2 sol, which consisted of SiO2 nanoparticles dispersed in ethanol, serving as the silicon 

source, and an aqueous solution of Y(NO3)3³6H2O, providing the yttrium source. These starting 

materials were combined in a stoichiometric Y/Si molar ratio of 1:1. In order to acquire yttrium 

disilicate, a series of procedures were undertaken, including the production of a mixture 

consisting of the initial ingredients, subjecting the mixture to hydrothermal treatment within an 

autoclave reactor, and subsequently conducting thermal treatment (calcination) of the 

precursors. 

 

The parameters of hydrothermal treatment and calcination processes exhibit considerable 

variations in the primary and secondary phases detected through X-ray diffraction, as indicated 

by the obtained results. Hence, extended durations of synthesis reactions and calcination 

intervals resulted in the formation of a well-crystallized sample, whereby the predominant 

phase can be attributed to Y2Si2O7. 
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Abstract 

Green tea aqueous extract was prepared and characterized regarding total flavonoids and total 

phenolic contents as well as antioxidant activity (assessed by ABTS method). The characterized 

aqueous extract was used for dyeing and functionalization of 100% cotton and cotton/linen 

(47%/53% and 70%/30%) fabrics. Fabric color strength (K/S) values and their antioxidant 

activities before and after washing were compared. The obtained results revealed that 100% 

cotton (GTI), 47%/53% cotton/linen (GTII), and 70%/30% cotton/linen (GTIII) fabrics have 

K/S values ranging between 8.33 and 10.85. After one washing cycle, these values decreased 

significantly. On the other hand, dyed fabrics showed excellent (100 %) ABTS radical 

scavenging ability which remained excellent (GTII) or decreased to medium (GTI and GTIII) 

levels after one washing cycle. Based on the obtained results, it can be concluded that 47%/53% 

cotton/linen fabric is the most suitable for functional clothing capable of trapping the free radial 

of oxygen species. The current paper represents a step towards a more sustainable textile 

industry that could undoubtedly contribute to overcoming the environmental problems caused 

by the textile industry. 

 

Introduction  

Nowadays, water pollution represents one of the main environmental issues worldwide, 

wherein textile industries are known as the main contributors to water pollution. Namely, to 

produce one tonne of colored textile materials more than 200 tonnes of water were required. 

After the conventional textile dyeing and functionalization, high quantities of wastewater 

consisting of residual dyes, hazardous chemicals, heavy metals, microfibers, and mordants are 

returned to nature [2]. To overcome this mentioned environmental problem and at the same 

time minimize the textile workersô exposure to harmful chemicals, non-toxic and biodegradable 

natural dyes and colorants from sustainable sources were used for simultaneous fiber dyeing 

and functionalization [2-5]. 

 

In light of that, in this paper, cellulose fabrics (100% cotton, 47%/53% cotton/linen, and 

70%/30% cotton/linen) were simultaneously dyed and functionalized using green tea (Camellia 

sinensis) aqueous extract. The prepared aqueous extract of green tea is intensely colored, and it 

was reasonable to assume that it will be capable of dyeing textile materials. On the other hand, 

herbal teas are rich in polyphenolic compounds, mainly phenolic acids and flavonoids that are 

known for their antioxidant activities [6]. The stability of fabric color strength values and 

antioxidant activity was examined both before and after one washing cycle and based on the 

obtained results, the potential utilization of functionalized cellulose fabrics was proposed. 
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Experimental 

Preparation of tea water extracts  

The commercially available dried green tea (Camellia sinensis)bought from ĂTea Houseñ 

(Belgrade, Serbia) was ground into a fine powder using a mill. Green tea extract was prepared 

by immersing 20 g of tea in 1 L of distilled water. The temperature of the mixture was raised 

to a boiling point and kept at this temperature for 5 min. Thereafter, the mixture was allowed 

to cool for 2 h, and the solid parts were separated by filtration, while the obtained extract was 

immediately characterized and used for fabric dyeing and functionalization of cellulose fabrics. 

 

Characterization of the green tea aqueous extract  

The total flavonoid and total phenolic contents (TFC, and TPC) within the tea extract were 

determined spectrophotometrically according to the methods described by Pavun et al. [7]. 

The extract antioxidant activity was evaluated using ABTS assay following the procedure given 

by LaĽareviĺ et al. [8]. 

All spectrophotometric measurements were performed on a Beckman DU-650 

spectrophotometer. 

 

Dyeing and functionalization experiments  

One hundred grams of 100% cotton (sample I), 47%/53% cotton/linen (sample II) and 

70%/30% cotton/linen (sample III) commercially produced fabrics in the plain wave were 

functionalized with 1 L of prepared extract for one day with constant shaking on a Memmert 

water bath WNE 14 at 25 ÁC. After that, the fabrics were rinsed with distilled water, dried at 

room temperature for 48 h, and characterized. Depending on the chemical composition of 

undyed fabrics, dyed and functionalized fabrics were denoted as: GTI, GTII , and GTIII.  

 

Characterization of functionalized fabrics 

Kubelka-Munk equation[9] was used to calculate the fabricsô color strength (K/S) values based 

on the reflectances recorded on the UV-Vis spectrophotometer (Shimadzu UV-Vis 2600).  

The fabricsô antioxidant activity was determined according to the ABTS method described by 

Glaser et al. [10]. To confirm the differences between the fabricsô K/S values before and after 

washing, the dyed fabrics were washed according to ISO 105-C10 (2010), rinsed, dried at room, 

and marked as GT0I W, GTII W, and GTIII W. 

 

Results and discussion 

Before the utilization for fabric dyeing and functionalization, the prepared green tea aqueous 

extract was characterized regarding the total flavonoid (TFC) and total phenolic (TPC) contents, 

and antioxidant activity (using ABTS assay). TFC and TPC of the examined extract were found 

to be 689.7 and 5808 mg L-1, respectively, while it showed 100% antioxidant activity. 

 

Considering the green tea extractôs abundance of polyphenolic compounds as well as its 

excellent antioxidant activity, the prepared extract was used for simultaneous dyeing and 

functionalization of 100% cotton, 47%/53% cotton/linen, and 70%/30% cotton/linen fabrics. 

The fabricsô appearances after dyeing and after dyeing and one washing cycle are presented in 

Figure 1, while the fabricsôK/S values are listed in Table I. 
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Figure 1. Appearance of the fabrics after dyeing (GTI, GTII, and GTIII) and after dyeing and 

one washing (GTI W, GTII W, and GTIII W) 

 

Table I K/S values of studied fabrics before and after one washing 

Before washing K/S After washing K/S 

GTI 9.07 GTI W 1.33 

GTII  10.85 GTII  1.15 

GTIII  8.33 GTIII W 0.88 

 

From the fabricsôK/S values, it is evident that prepared green tea aqueous extract can dye 

cellulose fabrics, both 100% cotton and cotton/linen blends. FabricsôK/S values decreased in 

the following order: GTII > GTI > GTIII, Table I. The observed different color strength values 

are attributed to the fabricsô different chemical compositions and extractsô nature that dictate 

the possibility of diverse binding interactions between colored bioactive compoundsô functional 

groups and fabric surface groups. After washing with standard detergent, K/S values of all 

fabrics significantly decreased and accounted for 1.33, 1.55, and 0.88 for 100% cotton, 

47%/53% cotton/linen, and 70%/30% cotton/linen fabrics, respectively. 

 

During the utilization of cellulose fabrics as functional clothing, their antioxidant activity plays 

an important role since high antioxidant activity leads to the reduced production of free radicals 

that increase oxidative stress, leading to DNA damage. Moreover, they may also contribute to 

the anti-inflammatory effect. 

 

After dyeing with green tea aqueous extract, all studied fabrics showed maximum (100%) 

ABTS radical scavenging ability, Figure 2. Similarly, Ļuk et al. [11] and Islam et al. [12] 

concluded that cotton fabric functionalized with green tea aqueous extract having 90% 

antioxidant activity can be used for free radicalsô elimination. It is very important to note that 

after one washing cycle, functionalized fabrics showed excellent (GTII) to medium (GTI and 

GTIII)ability for trapping the free radial of oxygen species; i.e., inhibition of ABTS radicals 

present in testing solutions, Figure 2. 
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Figure 1. Antioxidant activity of fabrics before and after one washing 

 

Conclusion 

Treatment of cotton and cotton/linen fabrics with green tea aqueous extract seems to be very 

promising for fabric simultaneous dyeing and functionalization or only imparting antioxidant 

activity, i.e., the ability to trap the free radical of oxygen species, preventing cell deterioration 

and grow a new cell in the skin. Among all tested fabrics, 47%/53% cotton/linen fabric showed 

the most stable antioxidant activity after one washing cycle implying that it is the most suitable 

for functional clothing. The current paper represents a step towards a more sustainable textile 

industry that could undoubtedly contribute to overcoming the environmental problems caused 

by the textile industry. 
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Abstract 

Trichostrongylosis is a cosmopolitan parasitic disease affecting domestic and wild ruminants, 

equines, and last but not least, leporids. Three species of strongyles commonly parasitize the 

digestive tracts of leporids, the most prevalent being Trichostrongylus retortaeformis. This 

paper describes the first case of Trichostrongylus axei infestation in a wild hare in western 

Romania. A female wild hare carcass found in Timis County was examined at the Parasiology 

Department of the Faculty of Veterinary Medicine in Timisoara. A clinical, post-mortem and 

PCR examination was performed to establish a diagnosis, with molecular analysis confirming 

the presence of the nematode Trichostrongylus axei in European brown hare. 

 

Introduction  

The European brown hare (Lepus europaeus) is a species native to Europe and parts of Asia 

[1]. It can be regarded as one of the most important game animals in Europe [2]. In Europe, the 

brown hare is a major representative of small game and is widespread throughout our country, 

from the Black Sea basin to mountainous areas. In Europe since the late 1960s, a decline in the 

European hare population has been observed and has been the subject of numerous studies 

focusing on the role of habitat [3-5], agriculture [5-8], predation [9] and disease [10-13]. This 

unfavourable development has been reported in several European countries such as France [14], 

Denmark [9], Slovakia [15], Poland [16], Serbia [17] and Germany [18].  

Apart from common rabbit diseases with a significant impact on rabbit mortality, parasitic 

diseases are also considered to be a factor in rabbit population reduction [19]. Various parasites, 

mainly Eimeria spp., Trichostrongylus spp. and occasionally Dicrocoelium spp. and Linguatula 

serrata have been identified in European brown hares [10, 12, 15, 20-23].  

The aim of the present study was to identify via molecular analysis the Trichostrongylus species 

present in the European brown hare. 

 

Experimental 

Clinical examination  

The carcass of a female European brown hare of almost 2 years of age (Figure 1) was found in 

a forest area in the vicinity of a village in the north of Timis County and was examined in the 

Parasitic Diseases Clinic of the Faculty of Veterinary Medicine in Timisoara. 
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Figure 1. European brown hare 

 

After the clinical examination, where no changes were observed, the animal was necropsied. 

The heart, lungs, liver, spleen and mesenteric lymph nodes were removed and examined 

separately. Smaller organs were placed in a Petri dish with distilled water and examined under 

a microscope; the liver and lungs were sectioned into slices of approximately 5 mm to 1 cm and 

examined; and the intestine was sectioned longitudinally and examined under a 

stereomicroscope. Parasites found were isolated and preserved in 70% ethanol. 

 

DNA extraction and molecular analysis 

The PCR reaction was performed according to the technique described by Yong et al. in 2007 

[24]. Amplification was performed by classical PCR and was based on amplification of a ~450 

bp sequence for Trichostrongylus spp. modified for the requirements of the mixture. 

According to the protocol, the following primers were used: JHTSP (5ǋ- 

TTATGTGCCACAAATGAAGA-3ǋ forward primer) and NC2 (5ǋ-

TTAGTTTCTTTTCCTCCGCT-3ǋ reverse primer). A MyTaqTM Red Mix Master Mix 

(BIOLINEÈ) was used for the reaction. The final volume of the PCR reaction was 25 Õl, of 

which 12.5 Õl MyTaqTM Red Mix (BIOLINEÈ), 1 Õl primer 1 Forward, 1 Õl primer 2 Reverse 

(diluted to a concentration of 10 pmol/Õl according to the protocol described by the 

manufacturer), DNA extracted from the sample to be analysed and ultrapure water. The 

amplification program was carried out with the My Cycler thermocycler (BioRadÈ). This 

program included the steps of DNA denaturation at 95ÁC for 1 minute; 32 cycles of: 

denaturation at 95ÁC for 30 seconds, hybridization at 50ÁC for 30 seconds and extension at 

72ÁC for 30 seconds; followed by incubation at 4ÁC. Amplicon analysis and control was 

performed by horizontal electrophoresis in a 1.5% agarose gel electrophoresis submersion 

system with the addition of MidoriGreen flourescent dye (Nippon GeneticsÈ Europe) at 120 V 

and 90 mA for 60 minutes. After migration of the samples into the agarose gel, the image of 

the gel with migrated DNA fragments was captured using a UV photodocumentation system 

(UVPÈ). 

PCR results were sequenced at Macrogen EuropeÈ Company (Amsterdam, The Netherlands) 

and compared with those available in the GenBank database using BLAST alignment. 

 

Results and discussion 

Parasites found (n=21) were examined using a stereomicroscope (17 females and 4 males) 

(Figures 2 and 3). After analysis, two adults were preserved in 90% ethanol for molecular 

analysis. 
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Figure 2 Posterior extremity of a 

Trichostrongylus axei female 

Figure 3. Posterior extremity of a 

Trichostrongylus axei male illustrating the 

copulatory bursa and the spicules  

 

Samples examined by the PCR method were successfully processed. The first well contains the 

molecular marker at 100 bp and well 2 contains the positive DNA sample amplified from 

Trichostrongylus spp. adults (Figure 4). 

Samples were checked in GenBank, then compared with available sequences using BLAST. 

The sequencing results of the samples can be seen in Table 1. 

 

 
Figure 4. Image of 1.5% agarose gel electrophoresis of amplicons resulting from 

amplification of extracted DNA with specific primers 
 

Table 1 

Results of sequenced samples 

Crt. no.  Sample name Similar sequence Species 

1. 434 ON677948.1 Trichostrongylus axei 

2. 435 AY439026.1 Trichostrongylus axei 

 

Trichostrongylus axei is a ruminant-specific parasite and has never been found in naturally 

infected hares in western Romania. Experimental infections with Trichostrongylus axei and 

Trichostrongylus colubriformis have been performed in hares. Female hares have been shown 

to be more susceptible to infection with T. axei than males, the latter being more susceptible 

than females to T. colubriformis [25]. 

Natural transmission of some nematode species present in the digestive tracts of ruminants is 

possible but uncommon in domestic or wild hares. For example, Saulai and Cabaret (1998) 

reported ruminant-specific parasites, namely T. colubriformis and T. capricola in Oryctolagus 

cuniculus and Lepus capensis, respectively [26]. However, these infections were sporadic 

despite the large number of ruminant species. In Italy, T. colubriformis, T. axei, T. vitrinus and 

Ostertagia ostertagi have been reported in O. cuniculus in Sicily [27], while in Sardinia, T. 
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vitrinus and T. colubriformis have been reported in wild hares [28]. Regarding T. circumcincta, 

experimental infection of rabbits with larvae has been found to be difficult but reasonable in L. 

europaeus, and not in O. cuniculus [29]. 

 

Conclusion 

This is the first study to confirm the presence of the nematode Trichostrongylus axei in the 

digestive tract of the European brown hare (Lepus europaeus) in western Romania. 
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Abstract 

In this study, the application of an alternative, 3D-printed sample introduction system (SIS) is 

presented for single cell ICP-MS analysis. The SIS utilized in the experiments was designed by 

our group with the purpose to enhance single particle detection capabilities. It is able to provide 

higher transport efficiencies, increased sensitivity, lower background signals and a wider range 

of detectable particle size in single particle ICP-MS (spICP-MS) analysis compared to the 

standard SIS. Capitalizing on these features, two single cell ICP-MS (scICP-MS) experiments 

were done, using single cellular algae (Chlorella) and human endothelial cell suspensions, 

thereby demonstrating the SISôs ability to facilitate cell biology related studies such as 

determining the elemental composition/metal uptake of a single cell or monitoring its cell-to-

cell variation in cell cultures. 

 

Introduction  

Single particle ICP-MS is a relatively novel analytical technique, which was first proposed by 

Degueldre et al [1], in around 2003. It is able to provide information about the elemental and 

isotopic composition, size distribution, particle number concentration etc. of nano- and ï as 

later has been also shown ï microparticles [2]. Since then, the method has been utilized for 

various purposes in material science and cell biology [3, 4]. However, the efficiency and 

applicability of the technique are severely hindered by the inefficient operation of the 

commonly used ICP-MS sample introduction systems (e.g. a concentric nebulizer coupled with 

a double-pass or cyclonic spray chamber). These systems are designed to produce as stable and 

fine aerosol as possible, ensuring plasma stability. However, this comes with undesired features 

from the perspective of single particle analysis such as low transport efficiency and narrow 

transmitted droplet size range [5]. To tackle this problem, sample introduction systems (SIS) 

designed to facilitate efficient particle detection started to appear recently. These systems vary 

in design, however they usually operate with nebulizers with decreased nozzle dimensions that 

require lower sample uptake rate, and are often complemented with additional (sheath) gas 

flows to promote higher droplet transmission [6, 7]. Utilizing these alternative SIS, increased 

particle detection efficiencies, decreased limit of detections (LODs), and lower sample 

consumption were reported. However, they are not part of the general ICP-MS laboratory 

equipment, partly because they pose a significant expense. Last year we presented the design 
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process [8] and later, the application [9] of the first completely 3D-printed version of such a 

high efficiency sample introduction system for ICP-MS. The system consists of a 

microconcentric nebulizer coupled with a single-pass spray chamber equipped with an optional 

sheath gas flow. In this study our goal was to assess the applicability of this system for cell 

biological purposes, and to compare the capabilities of the 3D-printed SIS to that of the standard 

one. 

 

Experimental   

An Agilent 7700X inductively coupled plasma mass spectrometer was used, coupled with its 

standard sample introduction system (MicroMist concentric nebulizer coupled with a ñScott-

typeò double-pass spray chamber) or our custom, 3D-printed sample introduction system 

(microconcentric pneumatic nebulizer coupled with a single-pass spray chamber equipped with 

optional sheath gas flow). During spICP-MS measurements, the data acquisition software was 

set to time resolved analysis (TRA) mode, and the integration time was set to 12 ms. In every 

experiment the plasma was operated with 15 LĿmin-1 of plasma gas flow rate, 1550 W of R.F. 

forward power and 10 mm sampling depth. The standard SIS was used with its regular 1.05 

LĿmin-1 nebulizer gas flow and 750 ɛLĿmin-1 sample uptake rate with no sheath gas, whereas 

the 3D-printed SIS was operated with 1.35 LĿmin-1 nebulizer gas flow, 33.3 ɛLĿmin-1 sample 

uptake, and 0.1 LĿmin-1 sheath gas flow rate. 

The high efficiency sample introduction system was printed with a ProJet MJP 3600 

MAX type 3D-printer equipped with VisiJet M3 resin (3D Systems, Rock Hill, SC, USA). 

In all experiments, trace-quality de-ionized water was used as a diluant. which was 

obtained from a MilliPore Elix 10 device equipped with a Synergy polishning unit (Merck, 

Darmstadt, Germany).  

For experiments with algae cells, one strain of single cellular algae (d=3.6 Õm) was 

used, which was the Chlorella sp. (MACC-360), obtained from the Monsonmagyar·v§r Algae 

Culture Collection (MACC, Monsonmagyar·v§r, Hungary). The cells were cultivated in the 

form of cell suspensions at 25ÁC with continous shaking, in an incubator which provided 16:8 h 

light-dark cycles. Tris acetate phosphate (TAP) medium was used as the growth medium for all 

culture, which prior to the spICP-MS measurements was replaced with de-ionited water through 

5 repeated cycles of cell sedimentation via centrifuge and supernatant replacement. The extra 

nickel was added to the algae suspension using an analytical grade nickel standard solution 

(Merck, Darmstadt, Germany)  

In experiments involving endothelial cells, human vascular endothelial cells (d=15.4) 

were used, grown in a dedicated endothelial cell culture medium (ECM) complemented with 

5% of fetal bovine serum, 1% of endothelial growth supplement, and 0.5% of gentamincin, all 

obtained from ScienCell Research Laboratories (ScenCell, Carlsbad, CA, USA). After 

confluation, the cells were detached from the 60mm Petri dishes they were grown on using a 

trypsin-EDTA solution. The cells were washed with ECM and after centrifugation, resuspended 

in PBS (phosphate buffered saline), then fixed with 1% of paraformaldehyde. 

  

Results and discussion 

To demonstrate some of the benefits of our 3D-printed sample introduction system can provide, 

first an experiment was done on a series of cell cultures from the Chlorella algae strain. Four 

parallel cell cultures, with approximately 5Ŀ106 mL-1 cell number concentration, were prepared 

with different Ni2+ content in them, ranging from 0 (control) to 150 ÕM. The culturesô state was 

examined for 72 hours in every 24 hours via a series of spICP-MS measurements, monitoring 

the cell population, and cell-to-cell variation of the accumulated Ni2+ content. As Figure 1a 

shows, the added Ni2+ ions significantly affected the proliferation rate of the algae in the 
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concentration range used. The cell culture with 50 ÕM showed significantly higher growth rate 

as compared to the control sample. Maximum population growth factor could be observed on 

the culture with 100 ÕM of Ni2+, although its proliferation was temporarily suppressed initially 

by the elevated heavy metal content, whereas for the 150 ÕM culture, population growth was 

suppressed throughout the whole experiment. Accumulated nickel content in individual cells 

above detection limit (LOD) was only observable in the case of the culture with the highest 

concentration. Figure 1b shows the trends related to the heavy metal uptake. Nickel levels 

appears to be constant for the first two days, then it starts to increase further, whereas LOD 

values were increasing gradually due to the increasing Ni background in the samples, which 

probably originate from the cells, that released them after medium changes. 

 

 
 

Figure 1. a) Population growth of Chlorella cell cultures in media with different concentrations 

of Ni2+ ions. b) The extent of the accumulation of Ni content in individual Chlorella cells, 

cultivated in a media with 150 ÕM Ni2+ of ions. The presented statistical indicators were 

calculated from the Ni content distribution of a few hundred cells (AVG: average, MFV: most 

frequent value, LOD: limit of detection) 

  

In another experiment, we demonstrated the counting of human endothelial cells. The 

challenging part of carrying out such measurements comes from the relatively large size 

(d=15.4 Õm) and fragility of these cells.  

 

 
 

Figure 2. Correlation between the nominal and the determined cell number concentration of 

endothelial cell suspensions with different dilution rates. Cell detection was done based on the 

Ni content of the cells, measured at mass 58. 

 

Optical particle counter experiments revealed that this size is above the cut-off size for 

the standard SIS, whereas the new system has transmission even for droplets with diameters as 
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large as 25 Õm, thus making the detection of cells up to this size possible [9]. In the experiment, 

the endothelial cell dispersion with a cell number concentration of 1.15Ŀ106 mL-1 was diluted 

in multiple steps until a 12-fold dilution. The cell number concentration of each diluted sample 

was determined by scICP-MS measurements. The obtained concentation data shows a good 

linear correlation with the theoretical values (Figure 2), thus demonstrating that the counting of 

cells of this size is feasible with a decent precision using the new sample introduction system. 

 

Conclusion 

Both of the showcased cell biological experiments were made feasible by utilizing of the new, 

3D-printed, plastic sample introduction system, as it has provided greatly improved transport 

efficiencies (the cell fraction that could be detected) compared to what can be achieved with 

the standard SIS. Furthermore, nickel content of individual cells was only above LOD when 

the 3D-printed system was used, due to its ability to enhance sensitivity and suppress 

background signals. As these results indicate, a perfectly functional ICP-MS sample 

introduction system could be made ï for the first time in the literature ï using only 3D-printing 

techniques, that has substantial benefits when applied in scICP-MS measurements. 
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Abstract 

Different new groups of steroid compounds are the center of attention in a grate number of 

scientific publications since the majority of compounds are being researched as anticancer 

drugs. One of the most important feature of potential drug is its lipophilicity. Nowadays, ultra 

high-performance liquid chromatography (UHPLC) is used as one of the most sophisticated 

techniques for determination of the retention behavior determination of different biologically 

active compounds. The series of 18 newly designed O-alkylated androstane derivatives was 

investigated in reversed phase (RP)-UHPLC system using ternary mixture 

methanol/acetonitrile/water. A good agreement between experimentally observed and in silico 

lipophilicity was noticed given that coefficient of determination of 0.8406 was achieved. 

 

Introduction  

Improved anticancer activity of different steroid compounds originates from heterocyclic 

systems with a nitrogen atom in the steroid nucleus [1,2]. Nowadays, different steroids are taken 

as a relevant scaffold for new anticancer drugs development since they possess suitable 

physicochemical properties, high selectivity and reduced side effects when applied as drugs. 

Different steroid derivatives are proven to achieve results in the treatment of hormone 

independent tumors, reproductive tissues and a variety of tumor cell lines [3-5]. Scientist are 

constantly working on design and development of safer, effective and target-specific steroid 

drugs. 

Novel alkylaminoethyl derivatives of androstane 3-oximes were synthesized and their cytotoxic 

effects were evaluated [6]. In vitro cytotoxic activity was investigated against several common 

human tumor cell lines, as well as on normal fetal lung cells (MRC-5) and human foreskin 

fibroblasts (BJ). Additionally, in vitro screening against cytochrome P450 enzymes were 

conducted. Also, quantitative structure-activity relationship (QSAR) modeling of cytotoxic 

activity of these compounds towards malignant melanoma cells was conducted [7]. Univariate 

linear regression (ULR) and multivariate linear regression (MLR) models were presented as 

well as several support vector machines regression (SVM)-based quantitative structure-activity 

relationship (QSAR) models. Previously determined cytotoxic activity of the studied 

androstane 3-oximes against melanoma G-361 cells was used for molecular docking analysis 

and molecular dynamics of the most promising compounds. 

This study represent the extension of research of this group of 18 newly synthesized O-alkylated 

androstane derivatives in terms of characterization regarding their retention behavior and 

lipophilicity. Using ternary mixture methanol/acetonitrile/water in RP-UHPLC system the 

retention behavior of investigated compounds was tested and correlated with their in silico 

lipophilicity. 

mailto:mkaradza@uns.ac.rs
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Experimental 

The series of the analyzed compounds was synthesized at the Department of Chemistry, 

Biochemistry and Environmental Protection, Faculty of Sciences, University of Novi Sad [6]. 

The IUPAC names of the compounds are presented in Table 1. The studied O-alkylated 

androstane derivatives are generally divided into two series: the series I of 17ɓ-hydroxy-17Ŭ-

(pyridin-2-yl)methylandrost-4-en-(3E,Z)-one oximes (the compounds 1-9) and the series II of 

(17E,Z)-(pyridin-2-yl)methylideneandrost-4-en-(3E)-one oximes (the compounds 10-18). 

Table 1. The IUPAC names of the analyzed compounds 

No. The IUPAC name 

1 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one oxime 

2 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3Z)-one oxime 

3 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[2-(pyrrolidin-1-yl)ethyl] oxime 

4 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[3-(N,N-dimethylamino)propyl] oxime 

5 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[2-(N-methylpyrrolidin-2-yl)ethyl] oxime 

6 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[2-(piperidin-1-yl)ethyl] oxime 

7 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[2-(morpholin-4-yl)ethyl] oxime 

8 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[2-(N,N-diethylamino)ethyl] oxime 

9 17ɓ-Hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E)-one-O-[2-(N,N-dimethylamino)ethyl] oxime 

10 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one oxime 

11 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3Z)-one oxime 

12 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(pyrrolidin-1-yl)ethyl] oxime 

13 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[3-(N,N-dimethylamino)propyl] oxime 

14 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(N-methylpyrrolidin-2-yl)ethyl] oxime 

15 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(piperidin-1-yl)ethyl] oxime 

16 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(morpholin-4-yl)ethyl] oxime 

17 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(N,N-diethylamino)ethyl] oxime 

18 (17E)-(Pyridin-2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(N,N-dimethylamino)ethyl] oxime 

 

The chromatographic analysis was carried out by RP-UHPLC system on UHPLC Agilent 1290 

Infinity LC System with Diode Array Detector under isocratic conditions with the ZORBAX 

column Eclipse C18, 95¡, 2.1 Ĭ 50 mm, 1.8 Õm (1200 bar pressure limit, LC Platform, Low 

Dispersion UHPLC). Prior to analysis, the compounds were dissolved in methanol 

(concentration 0.5 mg/mL). Afterwards, the solutions were submerged into ultrasonic bath and 

filtered by Captiva Econofilter with nylon membrane (25 mm diameter, 0.45 Õm pore size, 

1000/pk). Temperature in the column was maintained at 25 ÁC. The injection volume was 10 

ɛL. The flow was set at 0.2 mL/min. The mobile phase used was ternary mixture of methanol, 

acetonitrile and water (45/45/10 v/v, respectively). The peaks were measured at 210 nm. The 

chemicals used in analysis are methanol (HPLC gradient grade, Baker), acetonitrile (for HPLC 

analysis, Acros Organics) and ultrapure water. The retention parameters of the analyzed 

molecules were expressed as capacity factor (logk): 

logk = log((tr ï t0)/t0) 

where tr is the retention time of a compound and t0 the dead time (the time of the first 

disturbance on the chromatogram). 

The lipophilicity parameters (logP) of the compounds were calculated by ChemBioDraw 13.0 

program [8] based on 2D molecular structures. 
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Results and discussion 

One of the representative chromatograms of the analysis of the compound 16 ((17E)-(Pyridin-

2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(morpholin-4-yl)ethyl] oxime) is presented in 

Figure 1, together with its structural formula. The peak detected as the compound of interest is 

clearly and unambiguously separated from other peaks on the observed chromatogram. 

 

 
Figure 1. The representative chromatogram of the analysis of the compound 16 ((17E)-(Pyridin-

2-yl)methylideneandrost-4-en-(3E)-one-O-[2-(morpholin-4-yl)ethyl] oxime) 

 

Retention and lipophilicity parameters obtained experimentally and in silico are presented in 

Table 2. For all eighteen compounds, dead time, retention time of a compound, capacity factor 

and lipophilicity parameter are given. It can be noticed that compounds from the series I of 17ɓ-

hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E,Z)-one oximes (the compounds 1-9) have 

lower values of logk and logP parameters, while compounds from series II of (17E,Z)-(pyridin-

2-yl)methylideneandrost-4-en-(3E)-one oximes (the compounds 10-18) have higher values of 

logk and logP parameters. According to logP parameter values, compound 7 occurs as the one 

with the lowest lipophilicity (4.07), whilst compound 17 stands out as the one with the highest 

lipophilicity (5.98). 

 

Table 2. Retention parameters and lipophilicity data of the analyzed androstane compounds 

Compounds t0 tr logk logP 

1 0.974 1.701 -0.127 4.210 

2 0.978 1.679 -0.145 4.210 

3 1.108 3.257 0.288 4.790 

4 0.960 4.296 0.541 4.580 

5 1.020 4.746 0.563 4.870 

6 1.101 5.328 0.584 5.200 

7 1.024 1.717 -0.170 4.070 

8 1.099 4.561 0.498 5.150 

9 1.054 3.377 0.343 4.470 

10 0.965 5.086 0.630 5.040 

11 0.963 5.037 0.626 5.040 

12 1.001 7.513 0.813 5.620 

13 1.000 9.059 0.906 5.410 

14 1.100 7.585 0.771 5.710 

15 1.100 11.113 0.959 6.040 

16 0.977 5.128 0.628 4.910 

17 1.009 10.857 0.989 5.980 

18 1.034 5.823 0.666 5.310 
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In Figure 2 the relationship between the lipophilicity (logP) and retention parameter (logk) of 

the analyzed series of androstane derivatives is graphically presented. An overview of the 

distribution of the points around the regression line as well as slope (0.5603) and intercept (-

2.3001) are presented.. Very high coefficient of determination (0.8406) indicates the presence 

of good concurrence between experimentally observed and in silico lipophilicity. 

 

 

 
Figure 2. The relationship between the lipophilicity (logP) and retention parameter (logk) of 

the analyzed series of androstane derivatives 

 

Conclusion 

In the present study, C18-UHPLC analysis of retention behavior of 18 newly designed O-

alkylated androstane derivatives in ternary mobile phases with methanol and acetonitrile as 

modifiers was conducted. This study was conducted in order to investigate chromatographic 

lipophilicity as one of the most important feature of the potential anticancer drug. Results of 

this study indicate that chromatographic lipophilicity of investigated compounds as future drug 

candidates of biomedical importance can be successfully correlated with in silico lipophilicity 

descriptor. The lipophilicity parameter can be presented as function of retention value and in 

that way it reflects the lipophilicity of investigated steroid derivatives. 

 

Acknowledgements 

The present research is financed in the framework of the project of the Ministry of Science, 

Technological Development and Innovation (Project No. 451-03-47/2023-01/200134). 

 

References 

[1] N. Zhu, Y. Ling, X. Lei, V. Handratta, A. M. H. Brodie, Steroids. 68 (2003), 603-611. 

[2] V.D. Handratta, T.S. Vasaitis, V.C.O. Njar, L.K. Gediya, R. Kataria, P. Chopra, D. 

Newman, R. Farquhar, Z. Guo, Y. Qiu, A.M.H. Brodie, J. Med. Chem. 48 (2005), 48, 2972-

2984. 

[3] S.X. Lin, J. Chen, M. Mazumdar, D. Poirier, C. Wang, A. Azzi, M. Zhou, Nat. Rev. 

Endocrinol. 6 (2010), 485-493. 

[4] N. Sharifi , J.L. Gulley, W.L. Dahut, Endocr. Relat. Cancer 17 (2010) R305-R315. 

[5] D.S. Jakimov, V.V. Kojiĺ, L.D. Aleksiĺ, G.M. Bogdanoviĺ, J.J. Ajdukoviĺ, E.A. Djurendiĺ, 

K.M. Penov Gaġi, M.N. Sakaļ, S.S. Jovanoviĺ-Ġanta. Bioorg. Med. Chem. 23 (2015) 7189-

198. 



29th International Symposium on Analytical and Environmental Problems 

 
180 

 

[6] J.J. Ajdukoviĺ, D.S. Jakimov, L. R§rov§, M. Strnad, Y.U. Dzichenka, S. Usanov, D.ĥ. 

Ġkoriĺ, S.S. Jovanoviĺ-Ġanta, M.N. Sakaļ, RSC Adv. 11 (2021) 37449-37461. 

[7] S. Kovaļeviĺ, M. Karadģiĺ Banjac, S. Podunavac-Kuzmanoviĺ, J. Ajdukoviĺ, B. Salakoviĺ, 

L. R§rov§, M. ņorĽeviĺ, M. Ivanov, J. Mol. Struct. 1283 (2023) 135272. 

[8] ChemBioDraw 13.0 program, PerkinElmer, https://perkinelmerinformatics.com/ 

  



29th International Symposium on Analytical and Environmental Problems 

 
181 

 

ISOLATION AND PURIFICATION OF LENTIL LECTIN FOR ANALYTICAL 

APPLICATION IN CARBOHYDRATES RESEARCH  

 

Marija Kostiĺ1, Branimir Bajac 1, Milica Peroviĺ2, Mirjana Antov 2 

 
1University of Novi Sad, Institute BioSense, Novi Sad, Serbia  

2University of Novi Sad, Faculty of Technology, Novi Sad, Serbia  

 e-mail: marija.kostic@biosense.rs 

 

Carbohydrates are highly diverse and ubiquitous natural molecules, with significant roles in 

many biological processes. Lectins, as carbohydrate-binding proteins that can specifically 

recognize and reversibly bind different mono- and oligosaccharides, and glycoconjugates, have 

proven to be an excellent analytical tool in investigating these glycans structures. 

The aim of this study was to introduce a relatively low-cost protocol for the isolation and 

purification of lectin from lentil seeds, whose agglutinating activity could be used in different 

glycans studies. To characterize samples after each purification step, the Bradford assay for 

determination of protein concentration, hemagglutinating activity analysis and PAGE 

electrophoresis were used.  After lentil extraction, lectin crude extract was purified by different 

purification steps including precipitation with ammonium sulfate and ultrafiltration. The 

highest results in terms of hemagglutinating activity and protein concentration were determined 

for fraction isolated after precipitation with ammonium sulfate (saturation 40-80%) and whose 

molecular weight exceeding 50 kDa. In addition, it was shown that isoelectric precipitation of 

contaminant proteins after precipitation and ultrafiltration enhanced both the agglutinating 

activity and the purity of the resulting lectin preparation.  
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Abstract 

The preparation of chiral N-substituted succinimides is highly important since they are 

widely used intermediates in the pharmaceutical industry. Such compounds can be obtained by 

the Michael addition of nucleofiles to different maleimides. Since the environmental awareness 

is rising nowadays, there is a huge demand for sustainable synthetic methods that can be applied 

industrially. Carrying out reactions using efficient alternative activation is key to achieve 

environmentally friendly procedures. Asymmetric catalytic processes have been developed for 

Michael additions on maleimides using organocatalysts under batch conditions. Our aim was 

to carry out the implementation of mechanochemical activation in these reactions because of 

its huge benefits over the conventional methods, i.e. solvent-free conditions and significantly 

reduced reaction times. In the present study, we examined the impact of milling parameters 

through the test reaction of isobutyraldehyde and N-methylmaleimide. We set the goal to 

achieve similar conversion and enantioselectivity values as were obtained using thermal 

activation but without the addition of a solvent and under much less time. As a result of our 

studies, optimal conditions were determined to carry out the preparation of an N-substituted 

succinimide, which may be a significant step in the development of sustainable industrial 

synthetic methods of important pharmaceutical fine chemicals. 

 

Introduction  

The synthesis of optically pure compounds is crucial for the pharmaceutical industry to 

produce effective drugs. For that reason, asymmetric catalytic methods have a huge significance 

and are often used in the production of chiral building blocks [1]. Among these catalytic 

procedures, because of their environmental benefits, numerous organocatalytic methods have 

been developed. Asymmetric Michael additions of aldehydes to maleimides catalysed by 

bifunctional organocatalysts result in products containing quaternary or tertiary stereogenic 

carbons, which are valuable pharmaceutical intermediates [2]. Outstanding conversion and 

enantiomeric excess values can be reached using amino acids, their simple derivatives and 

oligopeptides as organocatalysts in these reactions [3-9]. Out of several examined amino acids, 

L-phenylalanine (L-Phe) was found to be the most advantageous because of its natural 

occurrence and provided both great conversion and enantioselectivity. These experiments were 

carried out in conventional batch reactors, using various solvents and needed long reaction 

times. However, numerous alternative activation methods can be applied, such as microwave 

or ultrasound assisted reactions or mechanochemical energy transmission, in order to decrease 

the necessary time and to increase the sustainability of the processes. 

Mechanochemistry bears several advantages over the conventional thermal activation 

from which the significantly reduced reaction time and the solvent free conditions must be 

highlighted. It is considered to be a green chemical method; hence it implies great industrial 

relevance. In the last few decades mechanochemical activation was efficiently applied in 

performing various organic reactions [10,11]. In these methods the necessary activation energy 
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is provided by the collisions and friction between the grinding media, the components and the 

wall of the mixing jar. 

Although, a variety of asymmetric organic reactions, including stereoselective catalytic 

transformations, have been performed by milling [12-15], to our knowledge, enantioselective 

Michael additions to maleimides catalysed by simple bifunctional chiral organocatalysts, such 

as amino acids, have not yet been reported. Our aim was to examine the feasibility of 

asymmetric Michael addition reaction of an aldehyde to an N-substituted maleimide using 

mechanochemical activation. By screening the effect of different parameters, such as the 

number and size of the applied balls and the milling time and frequency, we hoped to reach the 

same conversion and enantiomeric excess values as under batch conditions but under 

environmentally friendly circumstances and significantly less time. 

 

Experimental 

The isobutyraldehyde (1), N-methylmaleimide (2), L-phenylalanine (L-Phe) and LiOH 

x H2O were obtained from commercial sources and were used as received. The conventional 

magnetically stirred batch reactions were carried out in closed glass vials. After the given time 

the reactions were quenched by addition of 1 cm3 aqueous NH4Cl solution and the products 

were extracted with 3 x 2 cm3 ethyl acetate (EtOAc). The combined organic phases were dried 

over Na2SO4 and analysed. Products were identified by mass spectrometry using a GC-MSD 

system. The conversion and enantiomeric excess (ee) were determined by gas-chromatography 

(GC-FID) using a chiral capillary column for the separation of the enantiomers. 

The mechanochemical reactions were carried in 10 cm3 ZrO2 grinding jars with milling 

balls of 3, 5, 12 and 15 mm diameter made from the same material. In a typical run L-Phe, LiOH 

x H2O were measured into to the jars, then the necessary number of balls were added, followed 

by introducing the given amount of 2 and 1. The mixture was agitated in a Retsch Mixing Mill 

MM 400 instrument at the desired frequency for the desired time. When the reaction was 

completed, the products were dissolved in 3 x 2 cm3 EtOAc, the combined solutions were 

washed with 1 cm3 aqueous NH4Cl solution, dried over Na2SO4 and analysed using the same 

methods as in case of batch reactions. 

 

Results and discussion 

As a test reaction we examined the addition of 1 to 2 resulting in the formation of the 

succinimide derivative 2-methyl-2-(1-methyl-2,5-dioxopyrrolidin-3-yl)propanal (3), using L-

Phe as organocatalyst (Scheme 1.). In a similar addition it was found that the amino acid should 

be in situ transformed by reaction with a base in order to obtain high conversion and ee values. 

A previous study showed that with a b-amino acid the best results are obtained in the presence 

of LiOH [16]. 

 

 
Scheme 1. Michael addition of isobutyraldehyde (1) to N-methylmaleimide (2) catalysed 

by L-Phe in presence of LiOH. 
 

Our first experiments were carried out in a conventional magnetically stirred system. 

Two different solvents, CH2Cl2 and ethyl acetate (EtOAc) were used to screen the necessary 

reaction time under the conditions shown in Table 1. Although the ee values do not differ much, 
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high conversions were achieved only in few hours in both solvents, moreover in the latter 

solvent 24 hours were needed to reach the desired full transformation of 2 (entry 4). Under 

solvent-free conditions in batch system, the ee was maintained at high level (96%) and in 30 

minutes 63% conversion was reached (entry 5). In order to reduce time and have the 

environmental benefit of a solvent-free method, it was worth trying to examine the test reaction 

using mechanochemical activation. By milling the reaction mixture for 30 minutes we have 

obtained over 90% conversion without loss in the enantioselectivity, i.e., 96% (entry 6). 

 

Table 1. Asymmetric Michael addition of isobutyraldehyde (1) to  

             N-methylmaleimide (2) catalysed by L-Phe in batch system.a 

Entry Solvent; amount 

(cm3) 

Time (h) Conv. (%)b ee (%)b 

1 CH2Cl2; 1 6 77 98 

2 CH2Cl2; 0.2 0.5 14 97 

3 EtOAc; 1 4 40 96 

4 EtOAc; 1 24 >99 97 

5  0.5 63 96 

6c  0.5 92 96 
a Reaction conditions: L-Phe 0.03 mmol; LiOH x H2O 0.033 mmol, 2 0.3 mmol, 

1 1.2 mmol.  
b Conversion (Conv.) and enantiomeric excess (ee) determined by gas-

chromatography (GC-FID), S enantiomer in excess. 
c Mechanochemically activated reaction using 25 pieces of Ï 5 mm ZrO2 

grinding balls and 12 Hz milling frequency. 

 

According to the above presented results, the mechanochemical realization of this 

asymmetric Michael addition is more efficient than the magnetically stirred reaction. Thus, in 

our further studies we attempted to improve the results of the reaction carried out in the ball-

mill by examining the effect of some milling parameters. In the first step, we examined the 

influence of the applied number of balls on the conversion and ee (Figure 1. a). For these 

measurements we used grinding jars with walls made from ZrO2 and grinding balls of the same 

material. We carried out the reactions using balls with the diameter of 5 mm. It was found that 

the conversion of 2 increased only slightly with the higher amount of grinding media starting 

from 91% with only 5 pieces (pcs) up to 95% with 35 pcs. However, the enantiomeric excess 

values reached a maximum of 96% by using 15 pcs. One can see that at high conversions 

obtained in our experiments the growing grinding surface that ensures the energy transfer has 

limited effect on the transformation of the maleimide, thus in our further experiments we have 

applied 15 pcs of balls, which afforded the best ee. 

The next step was to examine the effect of the diameter of the applied balls (Figure 1. 

b.). We chose the number of grinding balls as to have similar overall volumes, i.e.: 70 pcs of Ï 

3 mm, 15 pcs of Ï 5 mm, 1 pc of Ï 12 mm and 1 pc of Ï 15 mm balls. The stereoselectivity 

was found to be the same (96% ee) regardless of the size of the balls and the milling time. The 

conversion however differed with the diameter. We set two different milling times for each ball 

size under otherwise identical conditions and found interesting results (Figure 1. b). 
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Figure 1. Effect of the number of Ï 5 mm balls on the conversion (É) and ee (̧ ) (a), and effect 

of the balls diameter on the conversion (green and blue bars) and ee (red bars) (b) in the 

mechanochemical Michael addition of 1 to 2. 

Reaction conditions: L-Phe 0.03 mmol, LiOH x H2O 0.033 mmol, 1 1.2 mmol, 2 0.3 mmol, 

12 Hz, 30 min (10 min green bars). 

 

In the 10 minutes reactions, the conversions were the highest with the Ï 12 mm (67%) 

and Ï 15 mm balls (66%). However, after 30 minutes milling, the Ï 5 mm balls were found to 

be the most effective, reaching a conversion of 91%. From these results it may be concluded 

that by shorter milling the decisive factor was the energy of the collisions, thus, the heavier 

balls performed better. When longer milling was applied, the effect of the increased number of 

collisions, i.e., the increased number of the balls became more significant, except in case of Ï 

3 mm, which although ensured the highest collision number, due to their low energy were less 

efficient compared to the Ï 5 mm balls. 

After studying the impact of the balls on the conversion and ee, we have also examined 

the effect of the milling time (Figure 2. a). 

 

      
Figure 2. Effect of the milling time (a) and milling frequency (b) on the conversion (ß, ß) and 

ee (̧ , ¸) using 15 pieces of Ï 5 mm balls (ß, ¸) or one Ï 12 mm ball (ß, )̧. 

Reaction conditions: L-Phe 0.03 mmol, LiOH x H2O 0.033 mmol, 1 1.2 mmol, 2 0.3 

mmol, 12 Hz (a), 10 min (b).  
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From these measurements, it could be seen that with a reaction time of 40 minutes a 

conversion of 97% and an ee of 96% could be reached, the latter did not change significantly 

regardless of the milling time. Furthermore, we examined the influence of the milling frequency 

(Figure 2. b). We used 10 minutes reaction times in order to detect the influence of this 

parameter. The Ï 12 mm balls provided greater conversions than the Ï 5 mm balls at the same 

frequency however the shape of the curves was different, and at higher agitation speed the 

conversion obtained with the latter approaches the value reached with the former. The applied 

milling frequency did not have an impact on the stereoselectivity, the ee was maintained at 

95%. 

 

Conclusion 

In summary, we have developed a sustainable method to carry out the asymmetric 

Michael addition of an aldehyde to an N-substituted maleimide by using mechanochemical 

activation. Compared to the conventional batch systems, we managed to achieve full conversion 

of the tested maleimide and high enantioselectivity in significantly less time and solvent-free 

conditions. The use of a natural organocatalyst also adds to the environmentally friendly 

character of the procedure. In this study the impact of the milling parameters on the reaction 

results was demonstrated. Based on these, the optimal conditions may be concluded under 

which the addition of different aldehydes to various N-substituted maleimides can be carried 

out. Our study is a significant step to develop in the future a sustainable method for the 

environmentally benign preparation of chiral succinimides. 
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Abstract 

The retention behavior of newly synthesized O-alkylated androstane 3-oximes has been 

investigated applying reversed-phase ultra-high performance liquid chromatography (RP-

UHPLC) with octadecyl stationary phase and methanol/water mobile phase. The set of the 

analyzed compounds takes into account two groups of steroidal derivatives: 17Ŭ-(pyridin-2-

yl)methyl and (17E)-(pyridin-2-yl)methylidene derivatives. The retention behavior of the 

compounds in the applied chromatographic system was determined as logarithm of the capacity 

factor (logk). Afterwards, the logk values were correlated with in silico lipophilicity (logP) in 

order to establish the quantitative structure-retention relationship (QSRR) model and to confirm 

that the obtained retention parameters can be considered chromatographic (anisotropic) 

lipophilicity parameters. The obtained QSRR model successfully correlates the logk and logP 

parameters (the strong correlation has been determined). Considering the lipophilicity 

parameters, the analyzed compounds can be considered from moderately to highly lipophilic. 

 

Introduction  

Generally, steroid compounds are considered to be an excellent basis for development of new 

anticancer and anti-inflammatory drugs. Androstane derivatives are biologically active 

compounds whose biological role can be different depending on substituents present in their 

structure. The novel series of alkylaminoethyl derivatives of androstane 3-oximes possess 

significant anticancer activity towards various types of cancer (malignant melanoma - G-361, 

lung adenocarcinoma - A549 and colon adenocarcinoma - HT-29) [1]. Considering their 

biological potential, the characterization of physicochemical properties of these compounds, 

particularly the estimation of their lipophilicity, is of a great importance. Also, the set of these 

compounds was the subject of quantitative structure-activity relationship (QSAR) analysis and 

molecular docking and molecular dynamics studies that contributed to the better understanding 

of their anticancer potential [2]. 

Chromatography is one of the most used analytical techniques in estimation of anisotropic 

lipophilicity of biologically active molecules. The most applied techniques used for this purpose 

are high performance liquid chromatography (HPLC) and thin-layer chromatography (TLC). 

The retention parameters determined by HPLC and TLC are a good basis for the QSRR analysis 

in which their correlations with different molecular descriptors are investigated. Experimental 

determination of the chromatographic lipophilicity by RP-HPLC of the series of O-alkylated 

androstane 3-oximes provides the data about their retention behavior and reveals the retention 

mechanisms in the applied chromatographic system. The chromatographic system with C18 

stationary phase and methanol/water mobile phase is the most common system for 

determination of the chromatographic lipophilicity. 
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Lipophilicity is one of the most important molecular features of biologically active compounds. 

It determines the pharmacokinetic/pharmacodynamic properties and absorption, distribution, 

metabolism and excretion (ADME). Besides, it plays a significant role in toxic behavior of 

compounds. 

 

Experimental 

The general structures of the analyzed compounds are presented in Fig. 1. The series is divided 

into two groups of compounds: (1) the group I contains nine 17ɓ-hydroxy-17Ŭ-(pyridin-2-

yl)methylandrost-4-en-(3E,Z)-one oximes (compounds 1-9); (2) the group II contains nine 

(17E,Z)-(pyridin-2-yl)methylideneandrost-4-en-(3E)-one oximes (compounds 10-18). Prior to 

the RP-UHPLC analysis, the compounds were dissolved in methanol (0.5 mg/ml).  

 
Figure 1. The general molecular structures of the analyzed O-alkylated androstane 3-oximes in 

17Ŭ-(pyridin-2-yl)methyl and (17E)-(pyridin-2-yl)methylidene series 

 

The chromatographic analysis was performed on UHPLC Agilent 1290 Infinity LC System 

with Diode Array Detector under isocratic conditions, by using the column ZORBAX Eclipse 

C18, 95¡, 2.1 Ĭ 50 mm, 1.8 Õm (1200 bar pressure limit, LC Platform, Low Dispersion 

UHPLC) at 25 oC. The flow was set at 0.2 ml/min and the injection volume was 10 ɛL and. The 

analysis was carried out by using methanol/water (90/10 v/v) mobile phase. The peaks were 

recorded at ɚ1 = 210 nm. The capacity factor (logk) was calculated as follows: 

logk = log((t ï tm)/tm)       (1) 

where t is the retention time of a compound and tm is the dead time. 

The in silico lipophilicity parameter (logP) was calculated by using ChemBioDraw 13.0 

program. 

 

Results and discussion 

The obtained retention parameters indicate that (17E,Z)-(pyridin-2-yl)methylideneandrost-4-

en-(3E)-one oximes (group I) have higher retention in the applied chromatographic system than 

17ɓ-hydroxy-17Ŭ-(pyridin-2-yl)methylandrost-4-en-(3E,Z)-one oximes (group II). The reason 

for that might be the fact that the group II possesses higher lipophilicity. In Fig. 4 there are two 

chromatograms of representative compounds from group I. The compounds 1 and 2 have the 
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lowest retention since they do not possess highly non-polar substituents. The addition of more 

non-polar substituents induce the significant increase in the retention time, as it can be seen 

from Fig. 1. The compound 1 have relatively small retention time comparing to the compound 

4 that possesses N,N-dimethylaminopropyl substituent. The compounds 15 and 17 have the 

highest retention and the highest lipophilicity. 

 

a) 

 
b) 

 
Figure 2. The representative chromatograms of a) the compound 1 (17ɓ-Hydroxy-17Ŭ-(pyridin-

2-yl)methylandrost-4-en-(3E)-one oxime and b) compound 4 (17ɓ-Hydroxy-17Ŭ-(pyridin-2-

yl)methylandrost-4-en-(3E)-one-O-[3-(N,N-dimethylamino)propyl] oxime) 

 

The QSRR model that correlates in silico lip ophilicity parameters (logP) with capacity factor 

of the studied compounds is presented in Fig. 3. 

 

Figure 3. The relationship between the lipophilicity parameter (logP) and retention parameter 

(logk) determined in the applied chromatographic system 
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The obtained QSRR model indicate the strong linear relationship between logP and logk 

parameters. The determination coefficient is significantly high (R2 = 0.9042) and no outlier has 

been detected in the set of the compounds. The obtained model implies that logk values, 

determined in the applied chromatographic system, can be considered the lipophilicity 

measures of the studies series of novel O-alkylated androstane 3-oximes. 

 

Conclusion 

The retention behavior of the analyzed series of newly synthesized O-alkylated androstane 3-

oximes, determined in C18-UHPLC system with methanol/water mobile phase, is well 

correlated with in silico lipophilicity parameters. The experimental retention parameters, 

expressed as logk values, can be considered to be anisotropic lipophilicity of the studied 

androstane derivatives. 
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Abstract 

Four anaerobic fungi (AF) strains, isolated from faeces of anoa, giraffe, bison and 

moose, were assessed for their ability to degrade lignocellulosic biomass. The effects on biogas 

production of anaerobic fungi from these animal species were determined in two step batch 

experiments. The hydrolysis process during the AF incubation led to an initial increase of 

biogas production, an accelerated degradation of dry matter and an increased concentration of 

volatile fatty acids. Thus, a separate hydrolytic pre-treatment phase with anaerobic fungi, 

represents a feasible strategy to improve biogas production from lignocellulosic substrates. 

 

Introduction  

Degradation of lignocellulose-rich material into biogas is an attractive strategy to face 

growing energy demands and moderate greenhouse gas emissions from the exploitation of 

fossil energy resources. Lignocellulosic residues (e.g. crop residues, green waste, mill waste) 

are highly frequent (1), they are easily accessible, cheap and do not require additional land to 

grow on in this way do not trigger ñfood or fuelò conflicts. This biomass is composed of 

interwoven cellulose and hemicellulose, coated by recalcitrant lignin (2). This is the explanation 

why bacteria and archaea in the biogas reactor are not efficient in disintegration of the lignin, 

leaving a considerable portion of the more easily convertible sugars untouched. Current 

strategies to release this carbon rely on expensive enzyme cocktails and physicochemical pre-

treatment, producing inhibitory compounds that hinder subsequent microbial bioproduction. 

Microbial pre-treatment utilizing the fibre degrading potentials of aerobic fungi may be a much 

cheaper alternative but there are some drawbacks e.g. loss of carbohydrates by respiration and 

biomass build-up and the requirement of long pre-treatment periods (3). Anaerobic fungi (AF) 

from the phylum Neocallimastigomycota are natural inhabitants of the digestive tract of 

herbivorous animals (4), which decompose a big share of the ingested forage. The AF attach to 

the plant material and crack the fibres mechanically by growth and expansion of their rhizoids 

or bulbous holdfasts (5). In addition, AF possess cellulosomes which contain a multitude of 

lignocellulolytic enzymes. These fungi are an appealing solution as they hydrolyze crude, 

untreated biomass at ambient conditions into sugars that can be converted into value-added 

products by partner organisms. 

 

Experimental 

The objective of this study was the application of four newly isolated strains to the 

hydrolysis phase in order to improve hydrolysis of lignocellulosic biomass. The applied isolates 

were obtained from animals living on a high fibre diet, namely anoa (Bubalus depressicornis) 

(Fig.1.) and giraffe (Giraffa camelopardalis rothschildi), bison (Bos bonasus) and moose (Alces 

alces). The effects on biogas production of anaerobic fungi from these animal species were 

assessed in two step batch experiments, comprised by a hydrolytic/acidogenic stage, followed 
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by a methane production stage. Checking the enzyme activity in hydrolytic stage, beta-

glucosidase activity was measured by p-nitrophenyl-ɓ-D-glucopyranoside, for the 

endoglucanase concentration DNSA-method was used (3,5-dinitrosalicylic acid). The produced 

organic acids were measured by HPLC. Additionally, gas composition was analysed by GC 

during the methane production stage.  

 

 
 

Figure 1. Anaerobic fungi on soluble carbon substrate from anoa fecal sample. 

 

Results and discussion 

In this study, treatment with anaerobic fungi cultures (14-day) increased the total 

biomethane yield during the experimental period of 20 days.  

Methane yield from the same amount of organic total solids (oTS) of black locust and 

fresh wheatgrass with and without AF+M co-culture pre-treatment was presented in Figure 2. 

Black locust is a lignin-rich substrate that is difficult for biogas fermenter microbes to degrade. 

As a result of the AF+M pretreatment, the degradability of black locust increased in the case of 

the use of both isolates. When 3g of substrate were used, the amount of methane did not increase 

proportionally, which may indicate inhibition. 

In the case of using fresh wheatgrass, the AF+M pretreatment significantly increased 

the degradability of the substrate both when 0.5g and 1g of substrate were used, no inhibition 

occured (Fig. 2.). 
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Figure 2. Biomethane yield after the anaerobic fungi pre-treatment using anoa isolate. 

 

Pretreatment with anaerobic fungi significantly improved the degradability of substrates. The 

results for AF biomethane yields correlated well with the organic acid concentrations measured 

by HPLC (Fig.3.). From these it can be concluded that the anaerobic fungi degraded the 

substrate efficiently during the 14-day long treatment. As a result of the pre-treatment, acetic 

acid, lactic acid, glucose and cellobiose were produced in the highest amounts. These products 

could be used by methane-producing Archea producing methane during biogas fermentation. 

The efficiency of biogas fermentation was well characterized by the amount of biomethane 

produced as well as the concentrations of organic acid measured by HPLC (Fig.3.), which show 

that methanogens with otherwise slow metabolism were able to use the products of anaerobic 

fungi from the solution, so inhibition did not occur. 

 

 

 
Figure 3. Organic acid concentration at the end of the biogas fermentation using anaerobic 

fungi from anoa. 
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Conclusion 

Anaerobic fungi isolates from anoa, giraffe, bison and moose are excellent candidates 

for the conversion of agricultural waste products to biofuels. The four tested isolates efficiently 

pretreated the hard-to-degrade straw substrate to produce significant amounts of acetic acid, 

lactic acid, glucose, and cellobiose. The kinetics of the degradation were optimal for the slow 

metabolism of methanogenic microbes, which were thus able to efficiently utilize the 

aforementioned by-products and make biomethane from them. 

Based on these results AF isolates were effective in enhancing cellulose degradation and 

successfully increased biogas production. 
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Abstract 

Global challenges such as population growth, increasing urbanisation, climate change, and 

limited access to important plant nutrients have all contributed to the development of 

nanotechnology as a new innovation and its application in agriculture.  Nanoparticles can be 

synthesized through chemical, physical or biological synthesis methods. However, the applied 

approach can significantly affect their chemical properties, reactivity and biological activity 

[1]. In recent years, the use of green synthesis methods has received increasing attention due to 

their ease of characterization, lower toxicity and favorable production costs. In our work, we 

examined and compared the species-dependent effects of CuO nanoparticles produced by both 

chemical and green synthesis on three different microgreen plants. Seed-priming was used for 

seed treatment and the biomass, pigment, and protein contents of one-week-old plants were 

investigated. 

 

Introduction  

Nanotechnology in agriculture is a potential way to improve sustainable crop production. The 

use of nanoparticles in crop production is already known to increase germination rates, 

germination speed and growth. It has positive effects on chlorophyll content, increases cell 

elongation and enhances nutrient uptake [2]. Furthermore, the use of nanoparticles also plays a 

role in plant pathogen control, thereby reducing the use of chemical products and contributing 

to the further development of sustainable crop production [3]. Soilless and nanotechnology-

based crop production, including the cultivation of microgreens, could be a revolutionary 

innovation in traditional farming, which is increasingly important due to the increasing 

population growth and the reduction of cultivable land with urbanisation [4]. Microgreens are 

young and immature plants that have been recently introduced as a new category of vegetables, 

adapting their production at the micro-scale. Microgreens are typically harvested between 

10-14 days after their first leaves appeared. Their rapid growth and space-efficient nature make 

them especially appealing for modern agriculture [5]. 

The right amount of copper is essential for the proper functioning and development of plants. 

Copper (Cu) is involved in a number of morphological, physiological and biochemical 

processes and functions as a cofactor for many enzymes. It plays an essential role in respiration, 

photosynthesis and the electron transport chain. However, in excessive amounts, it negatively 

affects plant growth and productivity and has negative effects on mineral nutrition, chlorophyll 

biosynthesis and antioxidant enzyme activities [6].  

Related to this, the subject of these work was to synthesize copper-oxide (CuO) nanoparticles, 

using chemical and green methods, and then to determine the resulting particles physical and 

chemical properties. As their effects on microgreen plants have not been well investigated so 
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far, our aim was to characterize the concentration- and species-dependence of chemical and 

green synthesized NP effects on plants; therefore, experiments were carried out in three 

agriculturally important plant species, Brassica rapa cymosa, Lepidium sativum and Eruca 

sativa. 

 

Experimental 

NP synthesis and characterization 

CuO nanoparticles were synthesized through a precipitation method. Initially, copper nitrate 

(Cu(NO3)2Ŀ3H2O) was dissolved in 100 mL of deionized water to achieve a 0.2 M 

concentration. Subsequently, 25% ammonia solution was added drop by drop under vigorous 

stirring until the pH reached 12. The resulting black precipitate was washed with deionized 

water until the pH reached 7. Following this, the washed precipitate was dried at 60ÁC overnight 

to remove any remaining solvent and then calcined at 450 ÁC for 2 hours. Finally, the obtained 

powder was ground and stored at room temperature for further use.  

A similar procedure was employed for the green synthesis, with the exception that Virginia 

creeper (VC) extracts were used instead of ammonia solution. The leaf extracts were prepared 

by boiling the dry leaves in 100 mL of deionized water at 80 ÁC for 80 minutes. The extracts 

were then vacuum-filtered, and the filtrate served as both a reducing agent and a stabilizer for 

the as-synthesized CuO NPs. "Green" VC-CuO materials were synthesized by adding the plant 

extracts to the 0.2 M aqueous copper solution in a 1:1 volume ratio at room temperature, with 

continuous stirring for 24 hours. 

 

Characterization of CuO NPs: 

The morphological characteristics of CuO NPs were analyzed using transmission electron 

microscopy (TEM) with a FEI Tecnai G2 20Ĭ microscope at an acceleration voltage of 200 kV. 

To verify the crystal structure and phase of the nanoparticles, X-ray powder diffraction (XRD) 

was performed. The XRD scans were conducted with a Rigaku MiniFlex II powder 

diffractometer, utilizing Cu KŬ radiation and a scanning rate of 2Á min ĭ within the 10Áï80Á 2ɗ 

range. 

 

Seed nano-priming  

For the treatment of seeds with nanoparticles, seed nano-priming was used. To compare, a CuO 

NPôs prepared chemically and from wild grapes were used to prepare a stock solution at a 

concentration of 100 mg/l and then dilutions were performed. A nanoparticle suspension of 

100 mg/l was prepared as a treatment solution at dilution levels of 10, 25, 50 and 75 mg/l. Seeds 

soaked in purified water were used as controls. The nano-priming time was 6 h for broccoli and 

1 h for arugula and cress due to the hydrate coating on the seeds. After nano-priming, broccoli 

seeds were dried at room temperature for 24 hours and stored at 4ÁC until use. 

Microgreen cultivation  

Broccoli (Brassica rapa cymosa), cress (Lepidium sativum) and arugula (Eruca sativa) 

microgreen plants were grown on coconut fibre under hydroponic conditions. The plants were 

provided with a tomato nutrient solution containing: 1 M Ca(NO3)2; 1 M MgSO4 x 7 H2O; 0.1 M 

KH2PO4; 0.1 M KCl; 0.1 M Na2HPO4 x 2 H2O; 0.01 M Fe-EDTA and micro-elements. 

Microgreens were cultivated under a controllable lighting fixture, under LED light containing 

excess blue light for 7 days.  The illumination treatment of all three microgreen species provided 

the same total photon flux density (TPFD) of 190.3 ɛmol/m2/s. 
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Biomass measurement 

In each tray, 20 seeds were planted on coconut fibre and then grown for 7 days. After harvesting 

the plants fresh weight of the tray-grown plants was measured. 

  

Figure 1: Preparation and processing of plant samples 

Determination of protein content by Bradford Protein Assay 

Biochemical parameters and content values are determined as shown in the first figure 

(Figure 1). The shoot part of the plants is harvested at 7, 10 or 14 days of age, depending on the 

experiment, the plant sample is homogenized in buffer and absorbance is measured at the 

appropriate wavelength.  

A 200 mg plant sample was homogenized in a pH 7, 50 mM mixed phosphate buffer (KH2PO4, 

Na2HPO4). The mixed plant sample was collected in an Eppendorf tube and centrifuged for 

10 minutes at 4 ÁC and 12000 rpm. The supernatant (enzyme extract) of the centrifuged samples 

was pipetted into another Eppendorf tube. Using Bradford's method, the following reaction 

mixture was prepared: 900 Õl of purified water, 5 Õl of enzyme extract and 100 Õl of Bradford's 

reagent. After mixing the samples, the optical density of the samples was determined at 595 nm. 

 

Determination of pigment content  

20 mg of plant sample was rubbed in 95% ethanol. The wetted plant samples were centrifuged 

for 10 min at 4 ÁC and 12 000 rpm. 200 Õl of the supernatant was pipetted three times per 

sample into 96-well plates and the absorbance was measured at 664, 648, 470, 534, 643 and 

661 nm. We measured the amount of chlorophyll a, chlorophyll b and total chlorophyll and 

determined the ratio of chlorophyll a to chlorophyll b. 

 

Results and discussion 

XRD measurements were used to determine the crystal structure and the chemical composition 

of the synthesized nanoparticles.. The characteristic peaks located at 2ɗ = 32.53Á, 35.52Á, 

38.87Á, 48.74Á, and 68.24Á are assigned to (110), (002), (200) , (-202), and (220) plane 

orientation of monoclinic structure of CuO (JCPDS 892531). According to TEM images, the 

average size of this VC-CuO sample was around 30 nm, and polydispersity was observed as in 

case of the chemical sample. 

The treatment with nanoparticles can increase the yield/biomass. For this reason, we conducted 

an investigation to determine whether two types of nanoparticle treatments resulted in  

differences in biomass mass between species. The results showed a significant difference in 

arugula after seed nano-priming treatment with CuO nanoparticle concentration of 10 mg/l. 

(Figure 2, 3).  
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Figure 2: Changes in the biomass of three different plant species after differently synthesized 

nanoparticle treatments 

 

 
Figure 3: Effect of chemically and green synthesized CuO treatments on biomass by plant 

species 

However, the biomass of the treated plants also showed us that the LED illumination with an 

excess of blue light had a positive effect on broccoli growth, while the cress did not grow well 

under the chosen illumination. 

 

Conclusion 

Based on the measurements, we successfully synthesized CuO nanoparticles with using plant 

waste extract of VC. The properties of the obtained nanoparticles were similar to the 

conventional chemically synthesized nanoparticles. Subsequently, the particles were introduced 

into microgreens to investigate the concentration- and species-dependent effects of both 

chemically and green-synthesized nanoparticles on these plants. Our observations revealed 
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differences in the biomass of all three plant species. This finding provides a rationale reason for 

conducting further experiments to explore the impact of differently synthesized nanoparticles 

on other parameters, including vitamin C content, antioxidant enzymes activity and the 

nutritional values of these plants. 
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Abstract 

SO2 emissions are widely converted to sulphite through the flue gas desulphurization 

process, in which SO2 is scrubbed and then chemically absorbed as sulphite (SO3
2ī) in alkaline 

solutions [1]. Furthermore, the oxidation of SO3
2ī ions can produce additional benefits, such as 

generation of an energy carrier like hydrogen [2]. Sulphite electrooxidation occurs in both 

acidic and alkaline media, according to the reaction (1) and (2), respectively [3]: 

SO3
2
+ H2O ­SO4

2
 +  2H

+
 +  2e (1) 

    SO3 
2
 + 2HO ­ SO4

2
 + H2O + 2e (2) 

Several studies regarding the sulphite electrooxidation were performed using noble 

metals such as platinum [4] and gold [5] due to their good catalytic activity [6], but the high 

price of these materials is a major drawback for their widespread use, therefore the present 

paper targets low-cost electrodes such as AISI 420 and Incoloy 800. 

In this paper, the anodic oxidation of the sulphite ions on AISI 420 and Incoloy 800 

electrodes in neutral solution (1 mol L-1 Na2SO4) was studied to determine the relationship 

between the kinetic parameters and the sulphite concentration added in the electrolyte (10-3, 10- 

2, 10-1, 0.5 and 1 mol L-1). Due to their electrochemical stability in aqueous solutions, in acidic 

and neutral electrolytes, stainless steal electrodes can be a practical alternative as anode 

material. Also, their tendency to passivation can be an advantage both due to the high corrosion 

resistance and the catalytic effict on the anodic oxidation of sulphite [7]. 
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Abstract 

A convenient and efficient approach toward the synthesis of six 3-(4-substituted benzyl)-6,7-

benzo-1,3-diazaspiro[4.5]decane-2,4-diones (1 6) by Bucherer-Bergs reaction and further 

alkylation at position 3 of the hydantoin ring is reported. Further, their chemical structure was 

confirmed by melting points, elemental analysis, FT-IR, NMR and UVïVis spectroscopic 

methods.  To gain an insight into interactions which the investigated spirohydantoins establish 

with their environment, their absorption spectra were recorded in selected solvents of different 

polarity and the solvent effects on the UV-Vis absorption band positions, intensity and shape, 

were discussed. Substiuent effects on the solvatochromism of compounds 1ī6 were analyzed 

using the Hammett's equation. Considering the broad applications of hydantoin derivatives, as 

well as the fact that their relative importance may increase in the future, results obtained in this 

study serve as a basis for further investigations. 

 

Introduction  

The hydantoin (imidazolidine-2,4-dione) ring is an important structural fragment of a large 

number of pharmacologically active compounds [1]. Derivatives of this five-membered cyclic 

ureide are known anticonvulsants (Dilantin, Cerebyx, Peganon), nonsteroidal antiandrogenic 

agents (Anandron), antibiotics (Furadantin), muscle relaxants (Dantrium) [2], antiarrhythmics 

(Azimilide), keratolytics (Alantoin), astringents and antacids [3]. By introducing substituents 

in N3 and C5 positions of this bioactive nucleus, various analogs with potential 

pharmacological application are obtained. Structure-activity relationship (SAR) analysis of 3-

benzyloxy-5-alkylhydantoins revealed that substitution of benzene ring with chlorine and 

bromine atoms, as well as the presence of slightly longer lipophilic substituents such as 

isopropyl and isobutyl groups at C5 position, may be essential for its antiproliferative activity 

[4]. The antileukemic activity of 1-(3-bromopropyl)-3-methyl-5,5-diphenylimidazolidine-2,4-

dione and 1-(3-bromobutyl)-3-methyl-5,5-diphenylimidazolidine-2,4-dione towards human 

acute histiocytic lymphoma U937 cells and human promyelocytic leukemia HL-60 cells is 

based on temporary changes in the leukemia cell viability, volume and count [5]. Antiviral 

activity of 5,5-diphenyl-3-[3-(4-phenyl-1H-1,2,3-triazol-1-yl)propyl]imidazolidin-2,4-dione is 

based on prevention of adsorption and penetration of human metapneumovirus into host cells 

[6]. In vivo studies have shown that N-arylsulfonyl derivatives of imidazolidin-2,4-dione 

represent new hypoglycemic agents because they effectively reduce blood glucose levels 

compared to the standard drug glipizide [7]. Potentially pharmacologically active compounds 

often bear numerous functional groups capable of forming hydrogen bonds, making them 

soluble and giving them the ability to form specific interactions with their biomolecular targets 

[8]. Hydrogen bonding influences the interactions of potentially pharmacologically active 
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organic compounds at different levels of complexity, going from those with other small 

molecules, up to the highest supramolecular assemblies, e.g., proteins and membranes. These 

interactions considerably affect the pharmacological activity, pharmacokinetics and 

physicochemical properties of drugs, hence making hydrogen bonding an important subject of 

study in drug discovery and development [9]. Therefore, solvatochromic study gives an insight 

into possible different soluteïsolvent interactions mimicking the interactions of potentially 

pharmacologically active organic compounds with their environment. In continuation of our 

long-term research on the influence of chemical structure on the potential pharmacological 

activity of imidazolidin-2,4-dione derivatives, six 3-(4-substituted benzyl)-6,7-benzo-1,3-

diazaspiro[4.5]decane-2,4-diones were synthetized (Scheme 1). To gain insight into the ways 

in which those compounds interact with their environment, their absorption spectra were 

recorded in a selected set of solvents. The influence of substituents on the position of the 

absorption spectra was evaluated in detail using Hammett's equation.   

 

Experimental 

General procedure for the synthesis of compounds 1 6   

 The synthetic route was carried out according to Scheme 1. Starting from commercially 

available Ŭ-tetralone, the modified Bucherer-Bergs reaction was carried out by the use of 

ammonium carbonate and potassium cyanide to afford the 3',4'-dihydro-2H-

spiro[imidazolidine-4,1'-naphthalene]-2,4-dione [10]. In the following step, alkylation at 

position 3 of the hydantoin ring was conducted with various p-substituted benzyl-chlorides in 

the presence of K2CO3 in N,N-dimethylformamide (DMF) [11]. Their chemical structure was 

confirmed by melting points, elemental analysis, FT-IR, NMR and UVïVis spectroscopic 

methods.  

 

 
Scheme 1. Synthetic pathway of the investigated compounds. 

 

 The melting points were measured on an Electrothermal melting point apparatus. The FT-IR 

spectra of the synthesized compounds were recorded in the range of 400 to 4000 cmï1 using 

Bomem MB spectrophotometer. Elemental analysis of the investigated compounds were carried 

out using microanalyzer Elemental Vario EL III. Absorption spectra were recorded on a 

Shimadzu 1700 spectrophotometer in solvents of spectroscopic purity (Fluka) at a fixed 

concentration of 10ī5 mol dmī3. 1H NMR spectra were recorded on a Bruker Ascend 400 

spectrophotometer at 400 MHz in deuterated dimethyl sulfoxide (DMSO-d6).  

 

3-(Benzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-2,4-dione (1): White crystalline substance; 

m.p. 126ï129 ÁC; yield: 75 %; IR (KBr, ɜ/cm 1): 3246, 2931, 1770, 1701; 1H NMR (400 MHz, 

DMSO-d6): ŭ = 8.88 (s, 1H, NH), 7.66 (t, 1H, J = 8 Hz, Ar(benzyl)-H), 7.33 (t, 2H, J = 8 Hz, 

Ar(benzyl)-H), 7.27 (d, 2H, J = 8 Hz, Ar(benzyl)-H), 7.25ï7.22 (m, 1H, Ar(tetralin)-H), 7.19ï
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7.11 (m, 2H, Ar(tetralin)-H), 6.93 (d, 1H, J = 8 Hz, Ar(tetralin)-H), 4.57 (s, 2H; NïCH2), 

2.82ī2.79 (m, 2H; CH2), 2.10ī2.04 (m, 2H; CH2), 1.95ī1.81 ppm (m, 2H; CH2); Anal. Calcd. 

For C19H18N2O2: C, 74.49, H, 5.92, N, 9.14. Found: C, 74. 46, H, 5.95, N, 9.14.  

3-(4-Methylbenzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-2,4-dione (2): White crystalline 

substance; m.p.153ï156 ÁC; yield: 71 %; IR (KBr, ɜ/cm 1): 3269, 2945, 2876, 1756, 1703, 

1686; 1H NMR (400 MHz, DMSO-d6): ŭ = 8.89 (s, 1H, NH), 7.19 (m, 1H, Ar(tetralin)-H), 

7.21ï7.15 (m, 6H, Ar(tetralin)-H + Ar(benzyl)-H), 6.90 (d, 1H, J = 8.0 Hz, Ar(tetralin)-H), 4.56 

(s, 2H, NïCH2), 2.83ī2.77 (m, 2H, CH2), 2.45 (s, 3H, CH3), 2.11ī2.04 (m, 2H; CH2), 1.99ī1.85 

ppm (m, 2H; CH2); Anal. Calcd. For C20H20N2O2: C, 74.98, H, 6.29, N, 8.74. Found: C, 74. 96, 

H, 6.31, N, 8.74.  

3-(4-Methoxybenzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-2,4-dione (3): White crystalline 

substance; m.p. 136ï138 ÁC; yield: 56 %; IR (KBr, ɜ/cm 1): 3249, 3025, 2951, 1770, 1698; 1H 

NMR (400 MHz, DMSO-d6): ŭ = 8.90 (s, 1H, NH), 7.24 (d, 2H, J = 8.4 Hz, Ar(benzyl)-H), 

7.23 (m, 1H, Ar(tetralin)-H), 7.18ï7.13 (m, 2H, Ar(tetralin)-H), 6.93 (d, 2H, J = 8.4 Hz, 

Ar(benzyl)- H), 6.90 (d, 1H, J = 8.0 Hz, Ar(tetralin)-H), 4.55 (s, 2H, NïCH2), 3.75 (s, 3H, 

OCH3), 2.81ī2.78 (m, 2H, CH2), 2.13ī2.05 (m, 2H, CH2), 1.95ī1.81 ppm (m, 2H, CH2) [12]; 

Anal. Calcd. For C20H20N2O3: C, 71.41, H, 5.99, N, 8.33. Found: C, 71. 36, H, 6.04, N, 8.30.  

3-(4-Chlorobenzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-2,4-dione (4): White crystalline 

substance; m.p.130ï133 ÁC; yield: 82 %; IR (KBr, ɜ/cm 1): 3232, 3105, 2932, 1767, 1703; 1H 

NMR (400 MHz, DMSO-d6): ŭ = 8.91 (s, 1H, NH), 7.36 (d, 2H, J = 8.4 Hz, Ar(benzyl)-H), 

7.31 (d, 2H, J = 8.4 Hz, Ar(benzyl)-H), 6.92ï6.89 (m, 4H, Ar(tetralin)-H), 4.51 (s, 2H, NïCH2), 

2.89ī2.86 (m, 2H, CH2), 2.19ī1.94 (m, 2H, CH2), 1.92ī1.85 ppm (m, 2H, CH2); Anal. Calcd. 

For C19H17ClN2O2: C, 66.96, H, 5.03, N, 8.22. Found: C, 66. 94, H, 5.05, N, 8.22.  

3-(4-Cyanobenzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-2,4-dione (5): White crystalline 

substance; m.p. 182ï185 ÁC; yield: 83 %; IR (KBr, ɜ/cm 1): 3365, 2935, 2865, 2225, 1774, 

1708; 1H NMR (400 MHz, DMSO-d6): ŭ = 8.93 (s, 1H, NH), 7.55 (d, 2H, J = 8 Hz, Ar(benzyl)-

H), 7.43 (d, 2H, J = 8 Hz, Ar(benzyl)-H), 7.20ï7.15 (m, 3H, Ar(tetralin)-H), 6.88ï6.84 (m, 1H, 

Ar(tetralin)-H), 4.52 (s, 2H, NïCH2), 2.79ī2.75 (m, 2H, CH2), 2.12ī2.04 (m, 2H, CH2), 

1.90ī1.85 ppm (m, 2H, CH2); Anal. Calcd. For C20H17ClN3O2: C, 72.49, H, 5.17, N, 12.68. 

Found: C, 72. 51, H, 5.14, N, 12.68.  

3-(4-Nitrobenzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-2,4-dione (6): Yellow crystalline 

substance: m.p. 170ï173 ÁC; yield: 88 %; IR (KBr, ɜ/cm 1): 3204, 3097, 2933, 2840, 1770, 

1708; 1H NMR (400 MHz, DMSO-d6): ŭ = 8.94 (s, 1H, NH), 8.11 (d, 2H, J = 8 Hz, Ar(benzyl)-

H), 7.92 (d, 2H, J = 8.4 Hz, Ar(benzyl)-H), 7.22ï7.05 (m, 4H, Ar(tetralin)-H), 4.55 (s, 2H, Nï

CH2), 2.79ī2.75 (m, 2H, CH2), 2.12ī2.04 (m, 2H, CH2), 1.95ī1.90 ppm (m, 2H, CH2); Anal. 

Calcd. For C19H17ClN3O4: C, 64.95, H, 4.88, N, 11.96. Found: C, 64. 94, H, 4.89, N, 11.96.  

 

Results and discussion 

Solvatochromic analysis 

Solvatochromic properties of six synthesized compounds were investigated by recording the 

corresponding UV-Vis absorption spectra in a selected set of solvents of different polarity in 

the wavelength range 200ī400 nm. The values of the wavelengths originating from the higher  

energy absorption maxima are shown in Table 1, and a representative spectra recorded in 

ethanol are presented in Figure 1. The observed trends in the change in the intensity of the 

absorption maximum are in accordance with our previous results [13]. Namely, the absorption 

spectra of all investigated compounds are characterized by the presence of one dominant band 

originating from the ́Ÿ *́ transition and corresponding to the absorption maximum of higher 

lower energy. Figure 1 shows that the introduction of a substituent in the p-position of the 

phenyl ring results in a bathochromic shift of the absorption maximum in relation to the 
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unsubstituted compound (1) in all solvents. In general, with increasing electron-donor as well 

as electron-acceptor characteristics of the substituent, there is a shift of the absorption maximum 

towards higher wavelengths. Based on the described trends, it can be concluded that electron-

donor groups exert a significant influence on the shift of the electron density from the p-

substituted benzyl group to the hydantoin ring, contributing to the bathochromic shift [14]. The 

effect of electron-accepting substituents on the shift of the electron density in the studied 

molecules is opposite, and also results in positive solvatochromism compared to the 

unsubstituted compound 1. 

 

 

Table 1. The absorption spectra of compounds (1 6)  

in a selected set of solvents. 

 
Figure 1. The absorption spectra                                             

 of compounds (1 6) in ethanol. 

 

The position of the absorption maxima are more affected by the substitution pattern than the 

polarity of solvent.The dominant influence of substituents on the shape, intensity and position 

of the electronic spectra of compounds 1ī6 was analyzed using linear free energy correlation. 

The obtained results are represented by the diagram ɜmax = f (ůp) (Figure 2), as well as by the 

corresponding equations, especially for electron-donor (equation 1) and electron-acceptor 

(equation 2) substituents: 

ɜmax = 47.42(Ñ0.82) + 9.431(Ñ0.48)ůp    (R = 0.905; s = 0.854; F = 4; n = 3)  (1)                                                                                                                                                                

ɜmax = 47.91(Ñ2.03) ï 11.048(Ñ3.08)ůp      (R = 0.895; s = 2.45; F = 8; n = 3)  (2)                                                                                                                                                               

The obtained nonlinear dependence is an indicator of the different effect of substituents on the 

shift of the electron density in the analyzed series of compounds, where the electron-acceptor 

effect is significantly stronger compared to the electron-donor effect (ɟA = ï11.048; ɟD = 

9.431). 

 

Figure 2. The correlation of ɜmax and ůp for compounds 1ī6 in a selected set of solvents 

ɚmax (nm) 

Solvent/ 

Compound 
1 2 3 4 5 6 

Methanol 207 214 222 216 231 269 

Ethanol 212 215 225 218 232 270 

1-Propanol 216 218 229 221 230 272 

1-Butanol 215 216 228 219 234 273 

Acetonitrile 210 216 220 215 232 274 

Dietyl eter 214 215 228 218 233 273 

Cyclohexane 215 216 219 219 235 272 
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Conclusion 

In this study, we synthetized six 3-(4-substituted benzyl)-6,7-benzo-1,3-diazaspiro[4.5]decane-

2,4-diones and confirmed their chemical structure by melting points, elemental analysis, FT-

IR, NMR and UVïVis spectroscopic methods. Substiuent effects on the solvatochromism of 

compounds 1ī6 was analyzed using the Hammett's equation. The obtained nonlinear 

dependence showed that the electron-acceptor effect is significantly stronger compared to the 

electron-donor effect (ɟA = ï11.048; ɟD = 9.431). Considering obtained results, we can conclude 

that, the investigated spirohydantoins represent interesting starting point for the preparation of 

new pharmacologically active compounds and better understanding of the structure-activity 

relationship.  
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Abstract 

The present paper aims to provide an objective criterion for establishing the position of a dopant 

(Eu3+) in a given crystalline matrix (Zn3Nb2O8). Following the analysis of the general 

conditions, regarding the size of the doping ion correlated with the reticular distances and / or 

the size of the coordination polyhedra, it remains to be established the concrete place that it will 

occupy, substitutional or interstitial. The criterion is based on the principle of minimum energy 

of the system, as a condition of existence of doped structure, which is why the method is 

applicable for a large variety of crystalline materials.  

 

Introduction  

The design of the properties of a material is increasingly used, as a step prior to its synthesis. 

The most effective and direct method of modulating the properties of a material with a 

crystalline structure is to use a certain dopant. All its physicochemical properties are strongly 

influenced both by the nature and concentration of the dopant and by its position in the host 

crystal lattice. The development of computing power in the last 3 decades has made possible 

the emergence of a wide range of software used in materials design, as direct applications of 

ab-initio computational methods of quantum chemistry. DFT is one of these methods, which 

has gradually become a practical tool in engineering and modeling the properties of crystalline 

materials. As will be seen in this paper, the efficiency of the method is inextricably linked to 

the computing power available and inherently correlated with the complexity of the crystal 

structure analyzed. The convergence of the energy of a crystalline system towards a minimum 

value in order to achieve a state of stability is the fundamental criterion by which its existence 

is found. For calculating the energy of crystalline materials, DFT is an increasingly widely used 

method, providing a good correlation with experimentally determined values. At the outset, it 

should be emphasized the seemingly paradoxical fact that the calculation difficulties are greater 

the lower the level of doping. Also, the application of the method is simpler in the substitutional 

case than in the interstitial case. [3]  

Figure 1 shows the elementary cell of Zn3Nb2O8 in which 26 ions are identified: 4 Nb, 6 Zn and 

16 O with their 300 electrons. In order to refer to low-concentration doping, the elementary cell 

would have to be multiplied a certain number of times, thus obtaining a supercell. Only in the 

supercell can we speak of introducing an impurity element at a low concentration in relation to 

the host ions. The smallest supercell that complies with the spatial symmetry conditions 

corresponding to the space group C2/c (No. 15) to which Zn3Nb2O8 belongs contains 208 ions 

and a proportionally higher number of electrons, which makes the calculation unfeasible, 

assuming logistics that far exceed any justification for the case under consideration.However, 

ante-factum, it is possible to determine the place that the doping ion can occupy within the 

elementary cell, even in this case. 
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Figure 1. Elementary cell of Zn3Nb2O8 obtained by CRYSTAL 14 package 

 

Results and Discussions  

Note the coordination polyhedra of Nb and Zn. In the case of Zn we notice two distinct 

positions, irreducible from a symmetrical point of view, denoted by Zn1 and Zn2 respectively. 

We will be interested in what substitute positions are eligible for the Eu ion and whether 

interstitial positions are possible. The fact that the Eu ion originating from Eu2O3 is octahedrally 

coordinated allows us to assume that it can substitute Nb ions within the host network, also 

octahedrally coordinated. Here, however, begins another type of problem regarding the use of 

the software. The information it needs to build the elementary cell in the lattice refers to the 

symmetrically irreducible positions ï the asymmetric unit after which it is necessary to 

communicate to it the group of spatial symmetry with which it must operate. Since in the 

asymmetric unit there is only one Nb ion, after the reconstitution of the entire elementary cell, 

all Nb atoms will be replaced by  Eu! Basically, we are no longer talking about Zn3Nb2O8 but 

about the structurally equivalent network Zn3Eu2O8. The calculation of DFT converges towards 

a minimum energy, so this material possesses a thermodynamically stable structure. In 

conclusion, it is permissible for Eu to substitute for Nb. Because, for example, its forbidden 

band calculated for Zn3Eu2O8 is 2.5 eV, much smaller than the original compound's forbidden 

band of 3.7 eV [1], it is obvious that it will narrow after doping. Testing other substitution 

positions for both Zn1 and Zn2, similar substitution calculations reveal convergence towards 

energy minimums in both cases. The synthesis process allows the reaction to take place 

competitively between Eu and Zn ions, not successively; does not occur the initial formation of 

the Zn3Nb2O8 crystal matrix, after which the Eu3+ dislodge the Zn ions in the two positions. On 

the contrary, Eu with more available electrons in valence layers than Zn, is more reactive, will 

occupy the places in the network before Zn. In these cases, in which it is practically not a doping 

but a massive impurification, resulting in a compound of the type Zn3-xEuxNb2O8, the 

calculation of the band structure reveals the cancellation of the band gap, the material becoming 

conductor, fact due to a much more number large of weaker electrons tied in the Eu, which 

easily become mobile in the network.At the same time, Eu ionic radius R = 0,947¡ can find a 

place and interstitial, conserving the spatial symmetry.                                                                                                                                                                                                                                                                             
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a        b          

 

Figure 2 a. Eu3+  substitutes Zn  b. Eu3+ - interstitial position  

 

The calculation of DFT in the case of the figure above, with Eu ions placed median in the 

elementary cell, was not completed by convergence due to mutual influence in between .   This 

inconvenience is canceled in the case of low concentrations, specific to doping. As a 

experimental study, a series of samples of Zn3Nb2O8 doped with Eu3+ at various concentrations 

were obtained by solid-state thermal synthesis. The precursors used were niobium pentoxide 

Nb2O5 (99.9%), zinc oxide ZnO (99.9%) in molar ratio 3:1 to which europium (III) oxide Eu2O3 

(99.9%) was added in concentrations 0.01%, 0.02%, 0.05%, 0.1%, 0.2% and 0.5% respectively. 

[1]  
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 Figure 3. Samples and UV-VIS  spectra for Eu3-doped  Zn3Nb2O8. at these concentrations. 

 

Conclusion 

The DFT method used in CRYSTAL 14 software offers the possibility to determine the position 

of a dopant in a given crystal matrix. Its advantage lies in its general and objective character, 

overcoming the difficulties that arise in the case of dopants that do not bring significant changes 

in the crystal lattice, preserving its symmetry. Experimental arguments, of which the diffraction 

spectrum XRD being the most important, encounter some inherent difficulties for the following 

reasons. In the case of interstitial doping, in principle, some additional picks occur due to the 

appearance of new crystalline diffraction planes in the host matrix and some displacement of 

some of them due to cross-linking changes. In the case of substitutional doping, where no 

additional plans appear in the network, no additional picks occur, because only the distance 

between plans can be modified;  some picks move one way or the other, as distances between 

planes decrease or increase. But these effects depend decisively on the concentration of the 

dopant and its ionic size. 
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Abstract 

The paper aims at the development of an innovative technology for biomass utilization 

using artificial intelligence.For the elaboration of the technical solution a very important role is 

played by the efficient pre-treatment of the reed which is characterised by several criteria. 

Biomass preparation involved the following methods: physical and chemical methods of 

biomass pretreatment.The samples were mechanically prepared, followed by preliminary 

characterization analyses: moisture, total solids content, determination of total organic carbon 

content, qualitative analysis by FT-IR spectroscopy, SEM - EDAX scanning electron 

microscopy and metal concentration. 

The studies were performed using a PGZ 402 Radiometer Analytical potentiostat using 

a classical 3-electrode electrochemical study setup. To begin with we investigated the behaviour 

of both solutions obtained on the bright nickel electrode, platinum counter electrode and ESC 

reference electrode. 

Obtaining hydrogen in an electrolyzer without separation of the electrode spaces is 

possible. Depending on the working conditions and the electrolyte solution obtained from the 

enzymatic fermentation of reed - or cellulose extract - it is possible to obtain hydrogen without 

oxygen being released from the anode. This can only happen if there is ethyl alcohol in the 

electrolyte. The higher the amount of ethyl alcohol in the electrolyte, the more hydrogen can be 

obtained. As the electrode reactions proceed the ethyl alcohol is consumed. When its 

concentration becomes very low, the anode potential increases and the release of oxygen begins. 
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Abstract 

In this study, we present findings on mullite templating effect on microstructure and how the 

particle sizes of SiC and Al2O3 influence the thermomechanical properties of cordierite-mullite 

ceramic structure.  Initial SiC and Al2O3 were milled at 600rpm for 2 hours to synthesize 

submicron particles. Three sample sets consisting of CHS96, initial particle size and 600rpm 

2hr-milled particles were synthesized. Kaolin, clay, Al2O3, talc, mullite, chamotte and SiC were 

mixed in appropriate ratios for two hours and aged for 24 hours. Liquidity levels were adjusted 

within the range of 180-250, and the thixotropy set between 30-70. The green samples were 

moulded for one hour, dried between 30-50OC for 48 hours, and then fired at 1350OC for 3İ 

hours. The Field Emission Scanning Electron Microscope (FESEM) results showed the 

formation of acicular mullite with interspersed cordierite in the mullite phase. X-ray Diffraction 

(XRD) analysis of the fired samples confirmed the presence of distinct peaks corresponding to 

cordierite, mullite, SiC and Al2O3 phases at 2ɗ angles of 29.7
O, 31.2O, 35.7O and 43.8O, 

respectively. The coefficient of thermal expansion (CTE) in SiC samples reduced from 3.75 x 

10-6/ k to 3.50 x 10-6/ k. This was attributed to enhanced thermal conductivity, which rose from 

1.322 to 1.792 W/ mk in the SiC specimens. The thermal conductivity in Al2O3 samples was 

found to be lower compared to SiC samples. The CTE and Thermal conductivity were found to 

be independent of SiC particle size. Al2O3 particles enhanced flexural strength of the samples 

while SiC particles lowered the bending strength. Al2O3 particles that were milled at 600rpm 

for 2 hours resulted in a bending strength of approximately å40 MPa, while SiC particles, under 

similar conditions, yielded a bending strength of å34.8 MPa.    

 

Keywords: Templating Effect, Particle Size, Bending Strength, Thermal Conductivity, X-Ray 

Diffraction, FESEM 
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Abstract 

Quality and healthy nutrition is the goal of every consumer on the market. Blueberry 

(Vaccinium corymbosum L.) is a very healthy and attractive fruit, with high nutritional value 

and a rich content of antioxidants. Nowadays, producers are faced with the problem of the 

appearance of diseases and pests in their plantations, caused by a change in the climate, which 

favors the better development of fruit rot in the first place. The quality control of fruits that 

reach the market and in supermarkets is at a very demanding level, and there are only a few 

registered pesticides on the market that are used in blueberry protection treatments. Chemical 

analysis of fruits for pesticide residues is crucial when exporting blueberries to the European 

and world markets. In order for blueberry fruits to reach the market, chemical analyzes for 

pesticide residues must be carried out. As part of the analysis, blueberry fruits are tested for 

over 600 active substances, primarily active substances cyprodinil, azoxystrobin and fludixonil. 

Export is enabled only to those distributors whose fruits have passed a chemical analysis in 

which it has been confirmed that the pesticide residues are in the optimal amount. Botrytis 

cinerea has a major impact on fruit quality, where fruit infection during the growing season 

affects fruit quality after harvest. Correct and timely application of fungicides in disease control 

ensures the quality of the fruits, as well as the minimal risk of excessive amounts of fungicide 

residues on blueberry fruits. The aim of this research is to examine the content of pesticide 

residues on blueberry fruits, which were applied at different moments during the growing 

season. The results of the research will help agricultural producers in more efficient application 

of pesticides in their blueberry plantations, as well as the implementation of all measures to 

protect human health and the environment. 

 

Keywords: pesticides, blueberry, quality, health 
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Abstract 

The food industry faces the challenge of food safety, as well as food quality and standards. The 

change in consumer attitudes was largely influenced by incidents related to food quality and 

safety, where the conclusion was drawn that it is necessary to pay more attention to this issue 

globally. Consumers demand healthy, high-quality and biologically valuable food, they demand 

from producers responsibility in environmental protection, respect for workers on farms, as well 

as care for animals. However, in addition to consumers, the attitude towards food production 

also began to change in the food industry. The reasons for such relationships can be sought in 

changes in the food markets, which are increasingly oriented towards safe and healthy food. 

Food safety, food security and environmental sustainability are essential prerequisites for the 

well-being of societies around the world. Failure in food quality and safety cannot be the fault 

of only one member of the chain (producer - processor - consumer), where it is necessary for 

all these actors to work together and successfully eliminate the possibility of errors. The purpose 

of this paper is an analysis of the current representation of the use of Global G.A.P. in 

agricultural production, the conditions that need to be met in order for a product to be certified, 

what the certification process looks like and what the obtained certificate enables the producers. 

 

Keywords: global G.A.P., food safety, food quality, human health 
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Abstract 

Blueberry (Vaccinium corymbosum L.) belongs to the berry group, and due to the very thin skin, 

its fresh storage is very limited and the fruits deteriorate relatively quickly. Due to the 

deterioration of the fruits, blueberries lose their quality and nutritional value, and therefore their 

market value decreases, as well as the possibility of placing them on the market in general. By 

inhibiting the synthesis of the hormone ethylene in the fruit, the possibility of storing the fruits, 

in this case blueberries, is extended, as well as the preservation of quality, nutritional value and 

the possibility of better transporting the fruit to the market. 1-methylcyclopropene is an inhibitor 

of the hormone ethylene, and it has no negative effects on fruits and vegetables. 1-

Methylcyclopropene is a gas released in cold storages with normal or controlled conditions with 

the help of an activator. As part of this experiment, tests were carried out on blueberry fruits 

that were treated with 1-MCP and fruits that were not treated. The parameters that were 

monitored were the weight of the fruit, the content of soluble dry matter (ÜBRIX), the 

composition of total acids, the firmness of the fruit and the amount of released ethylene. The 

content of soluble dry matter was measured using a refractometer, and total acids were 

determined by titration. Differences were observed when measuring the released ethylene with 

the SCS56 device, expressed in ppm, and with the firmness of the fruit, which was measured 

using a hand-held penetrometer FT327. Differences in the obtained results were observed in 

the loss of fruit weight, where the dehydration of the fruits that were not treated was greater 

compared to the treated fruits, average by 9.6%. Significant differences were observed in fruit 

firmness, where treated fruits maintained a 14,3% higher average fruit firmness compared to 

untreated fruits. 

 

Key word: blueberry, ethylene, 1-MCP, sugar, acids 
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Abstract 

The reduction of water pollution represents one of the priority topics of the EUôs goal to achieve 

climate neutrality by 2050. Considering this, the concept of reusing the same dyebath for 

multiple dyeing cycles is proposed. For this purpose, two pyridinium-based azo pyridone dyes 

with improved solubility and affinity towards different fibers, are used for dyeing wool fabric. 

It is demonstrated that the dye concentration in wastewater could be reduced up to four times 

by recirculation of the same dyebath 5 times. The dyed fabrics obtained in each cycle are further 

characterized regarding color strength (K/S) and ultraviolet protection factor (UPF), while their 

antioxidant potential is evaluated by ABTS (2,2ô-azino-bis(3-ethylbenzothiazoline-6-sulphonic 

acid)) test. The results revealed that the proposed concept could be used for obtaining 

multifunctional wool fabrics by following the principles of sustainable development of reducing 

the effluent load in wastewater. 

 

Introduction  

The practices within the textile industry have given rise to numerous environmental and social 

issues, including high emissions, high water and/or energy consumption and heavy pollution 

[1]. Among them, the disposal of colored effluents from the textile industry into the natural 

ecosystem constitutes a major concern. It is estimated that textile production is responsible for 

about 20% of global clean water pollution from dyeing and finishing products. To tackle the 

adverse impact on the environment, the European Union aims to reduce textile waste and 

increase the life cycle and recycling of textiles as part of the plan to achieve a circular economy 

by 2050 [2]. The proposals encompass boosting sustainable products and empowering 

consumers to participate in the green transition.  

Moreover, much effort has been made to develop eco-friendly dyes from natural sources, but 

synthetic dyes are still superior due to their excellent dyeing capabilities and color fastness 

properties. Among them, azo pyridone dyes have gained wide commercial application due to 

the simplicity of their preparation, good color fastness, high tinctorial strength, thermal and 

optical stability [3]. Generally, they are applied to textile as disperse dyes, colorants 

characterized by low water solubility which are, in their colloidal form, suitable for dyeing and 

printing of hydrophobic fibers. Recently, it has been shown that the introduction of the 

pyridinium ring into pyridone molecule resulted in enhanced water solubility of the dyes and 

improved affinity towards various natural and synthetic fibers, especially wool and cellulose 

diacetate fibers [4].  

In order to address environmental issues caused by the textile industry, this work aims to reduce 

wastewater by using the same dyebath for multiple dyeing cycles while providing 

multifunctional wool fabrics at the same time. Two pyridinium-based pyridone dyes bearing 
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different substituents in para-position of the phenyl ring (Figure 1) were used for dyeing wool 

fabrics. The results show that the same dyebath can be efficiently used up to 5 times. In addition, 

the obtained fabrics from different cycles are further characterized by K/S values and UPF 

factor, while antioxidant activity is evaluated by ABTS test.  

 

 
Figure 1. Structure of the pyridinium-based azo dyes used for dyeing wool fabrics.  

 

Experimental 

Dyeing experiments 

Wool fabric (7 cm Ĭ 7 cm) was used for dyeing experiments. The dyeing of the wool was 

performed at pH 8.5 and 80 ÁC for 60 min under constant shaking. The dyebath was prepared 

by dissolving the corresponding amount of dye (1% o.w.f., i.e. on the weight of fiber) in distilled 

water (C0 = 0.2 mg/mL). After dyeing, the fabric was washed with warm distilled water and 

dried in the air at room temperature. The procedure was repeated four times for each dye using 

the previous dyebath. The dye exhaustion after each dyeing cycle was determined by UV-Vis 

absorption spectra on a Shimadzu 1700 spectrophotometer. 

Characterization of the fabrics 

Reflectance fabric spectra were recorded on the Shimadzu UV-Vis-Nir 3600 plus 

spectrophotometer using Datacolor ColorTools QC version 1.2.1 software. Thereafter, the color 

strength of dyed fabrics was calculated from the reþectance values (R) by using the Kubelka-

Munk equation [5]. The fabric UPF was determined according to the standard test method EN 

13758ï1:2001 + A1:2006 using the Shimadzu UV-Vis 2600 spectrophotometer. 

Determination of antioxidant activity 

The antioxidant potential of the wool fabrics was determined using ABTS test according to the 

procedure described in the literature [6].  

 

Results and discussion 

The dyes used in this study were characterized previously, and it has been shown that they exist 

in the hydrazone form in an acidic medium, while in an alkaline medium dyes exist in the 

equilibrium between hydrazone form (cationic form) and deprotonated (zwitterionic) form [4]. 

The screening of the dyeing process (by using multifiber fabric) showed that the best dyeing 

performance was achieved for wool and cellulose diacetate fabrics at pH of 8.5. Thus, in this 

study, two dyes bearing different substituents (methoxy group (1) or bromine atom (2), Figure 

1) are selected for the dyeing wool fabrics with the aim to reduce waterwaste by using the same 

dyebath multiple times.  

The dye exhaustion after each dyeing cycle was determined by UV-Vis absorption spectra 

(Figure 2). The results show that the dye exhaustion after the first cycle was relatively low (17 

and 20% for dyes 1 and 2, respectively). Thus, the remaining solution was further used for the 

next dyeing cycles. The dyeing experiments showed that the same dyebath could be efficiently 

used for dyeing wool up to 5 times for each dye. After the fifth cycle, the total exhaustion of 

the dyes was 79 and 82%, for 1 and 2 respectively, indicating that the dye load in the wastewater 

could be reduced up to four times by recirculation of the same dyebath. 



29th International Symposium on Analytical and Environmental Problems 

 
218 

 

 
Figure 2. UV-Vis spectra of the dye solutions after each dyeing cycle with dye 1. 

 

Dyed fabrics were further characterized by reþectance spectra that were further used for the 

calculation of the color strength (K/S), Table 1. The results listed in Table 1 show, as expected, 

that K/S values decrease with a higher number of dyeing cycles being the highest for the first 

cycle and the lowest for the fifth cycle. It should be emphasized that even though the decline is 

substantial, wool fabric K/S value after the fifth dyeing cycle is still satisfactory (> 1). 

Considering dyes, it should be pointed out that higher color strength is obtained for bromine-

substituted dye 2 for each cycle indicating better adhesion of this dye to wool fabric. 

 

Table 1. K/S values and the visual appearance of the dyed fabrics for different dyeing cycles 

 Dye 1 Dye 2 

I cycle 12.74 
 

23.65 
 

II cycle 5.43 
 

12.44 
 

III cycle 4.32 
 

6.46 
 

IV cycle 2.95 
 

3.91 
 

V cycle 1.62 
 

1.99 
 

 

Further, the fabrics are characterized by UPF factor. Obtained results revealed that wool fabrics 

dyed with dye 2 irrespectively on the dyeing cycle and fabrics dyed with dye 1 for the first three 

cycles have excellent UV protection (UPF values are 50+). Fabrics obtained after the fourth 

and fifth dyeing cycles with dye 1 show unsatisfactory UV protection.  

Figure 3 depicts the antioxidant activity of the dyed wool fabrics over the different dyeing 

cycles. The results show moderate radical scavenging ability of the fabrics dyed with 1 for the 

first three cycles, while fabrics dyed with 2 have low antioxidant potential. It can be also 

observed that increasing the number of dyeing cycles significantly reduces the antioxidant 

capability of the wool fabrics dyed with 1, while for fabrics dyed with 2, no significant changes 

in their activity could be observed.  

It can be summarized that most of the investigated dyed fabrics, besides good color strength 

have remarkable UV protection properties and moderate antioxidant activity (in the case of 



29th International Symposium on Analytical and Environmental Problems 

 
219 

 

samples dyed with 1 for the first three cycles) and therefore provide additional value to the 

textile, making them suitable for application as protective fabrics. 

 
Figure 3. Antioxidant potential of the dyed fabrics for different dyeing cycles.  

 

Conclusion 

In this study, two pyridinium-based pyridone azo dyes are used for dyeing wool fabrics. The 

same dyebath was used 5 times in order to reduce the concentration of the dye in the wastewater 

(up to 4 times) while providing multifunctional fabrics having different color shades. The 

obtained wool fabrics are characterized by excellent color strength and remarkable UPF factors 

(except fabrics dyed with 1, fourth and fifth cycles). Wool dyed with 1 for the first three cycles 

shows moderate antioxidant activity. All these properties provide additional value to the textile, 

making them suitable for protective fabrics. Reusability of the same dyebath for five dyeing 

cycles will ensure better source usage and recycling that will provide environmental benefits 

and cost effectiveness of the dyeing process and wastewater treatment. 
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Abstract 

With the development of the electronic industry, telecommunication, transportation, energy 

storage devices, and wireless technologies, the need for materials that are able to block 

electromagnetic waves (EMWs) in low-frequency regions of the spectrum is increasing. A new 

type of pollution named pollution by EMWs is an inevitable component of modern life. 

Although materials efficient in blocking the propagation of EMWs are developed, these 

materials show drawbacks regarding durability and mechanical properties, as well as a high 

production price and processability. Thus, new eco-friendly and durable materials are needed. 

Herein, we produced composites based on graphene oxide and silver nanowires to create an 

efficient shielding barrier for low frequencies (0-15 GHz) EMWs. 

 

Introduction  

The industrial progress and development of new electronic devices made everyday life more 

simple and conformable. At the same time, all devices that generate, transfer, and use electrical 

energy, emit in the area around them Electromagnetic Waves (EMWs). In this way, a new type 

of environmental pollution, so-called EMW pollution becomes an inevitable component of 

everyday life [1].  

Current research laboratories and researchers across the world are facing issues with EMW 

inferences which lead to prolonged measurements, shortening of the equipment lifetime,  and 

unwanted signal and noise [2].   

Thus, there is currently a large demand for efficient EMW shielding materials. The efficiency 

of the materials to block EMW propagation is related to reflected (SER), absorpted (SEA), and 

multiple reflected EMWs (SEMR) [3]. The total shielding efficiency of material (SET) is the sum 

of these three components and it is expressed in dB. Commercial applications demand a SET of 

20 dB is considered an acceptably efficient material since it blocks 99% of the total incident 

energy [4]. 

Common shielding materials are metals such as Cu, Al, and Ag [5], but they are hard to process, 

chemically unstable, and rigid which makes them unfavorable for current technological 

requirements. Another group of shielding materials is conducive polymers (CPs) with high SET, 

lightweight, good mechanical properties such as flexibility and resistance to humidity [6]. But, 

CPs showed the issues regarding processability [7]. Particularly interesting and highly efficient 

shielding materials are MXene due to its high electrical conductivity which is a key parameter 

for EMI shielding materials and it is between 5 S cmī1 to above 20,000 S cmī1 [8, 9].  

Considering mechanical, chemical, and electrical properties, but also ecological and economic 

aspects of production, graphene and its derivates, are one of the promising materials for EMI 
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shielding [10]. Thanks to its mechanical strength, elasticity, lightweight, chemical stability, and 

tunable electrical properties, graphene derivates become a spotlight of shielding material [11].  

Graphene was isolated from graphite using a simple experiment, an adhesive tape and graphite 

in 2004 [12], and later in 2010, Geim and Novoselov won a Nobel prize. Graphene is a single 

atomic layer of graphite and contains only sp2 hybridized C atoms [12].  

Since then, various methods for the production and modification of graphene have been 

reported, such as chemical vapor deposition (CVD), electrochemically exfoliated graphite, and 

Hummers oxidation of graphite followed by chemical reduction [11].  

Herein, we prepared graphene oxide by oxidizing graphite with an improved Hummers method 

[12] and produced silver nanowires (AgNWs) by chemical reduction of Ag ions with ethylene 

glycol in the so-called polyol method [13]. After, two separately produced nanomaterials were 

mixed in different mass ratios and deposited using vacuum filtration producing homologous 

and uniform free-standing films. The efficiency of these films in blocking EMWs was studied.    

 

Experimental 

For GO synthesis, graphite powder (KS6, TIMREXÈ, Bodio, Switzerland) was used as a 

starting material [12]. First, graphite powder was sonicated in ccH2SO4 in a concentration of 43 

mg mL-1, and then three times the larger amount of KMnO4 was carefully added while the 

temperature was kept at 4 ÁC, for 30 min, followed by heating at 40 ÁC for 30 min. In the next 

stage, a double volume of water was gradually added, and for another 15 min, the temperature 

was kept at 90 ÁC. The reaction was stopped by pouring the mixture into water. GO was cleaned 

from residual acid and ions using centrifugation (3500  for 30 min) till a pH of 7. The precipitate 

was then dried under reduced pressure and GO in the form of powder was collected.   

Separately, AgNWs were produced using a previously described method [13]. 

To produce GO-AgNWs composites, GO powder was dispersed in water at a concentration of 

1 mg mL-1, while AgNWs were sonicated shortly in ethanol at the same concentration. Then, 

different volumes of both dispersions were mixed at room temperature for 30 min. The mass 

ratio of GO and AgNWs varied from 20:80 to 50:50. Samples were named GO-AgNWs 20:80 

and 50:50. After mixtures were stabilized, they were transferred in a system for vacuum 

filtration to produce free-standing films. For each dispersion, the same volume (15 mL) was 

poured. After drying, samples were detached from the membrane surface.  

For reduction, films were heated at 90 ÁC for 8 hours in a water solution of L-(+)-ascorbic acid 

(AA, 15 mM) [11]. After reduction, films were washed in 400 mL of water and dried. 

To analyze the morphology of the surface of free-standing films, a scanning electron 

microscope (SEM) was used. All measurements were performed in a high vacuum. A high-

resolution scanning electron/focused ion beam (dual-beam) microscope TescanÈ LYRA 3 FEG 

/ XMH SEM was used. Images were captured using a secondary electron detector. The 

acceleration voltage was 10kV. 

Tetmogravimetic analysis of composites was conducted using the Mettler Toledo TGA/DSC 

3+ instrument.  The samples were heated from ambient to 700 ÁC at a scan rate of 5 K min-1, 

under nitrogen purge (20 mL min-1).  

Shielding properties of free-standing films were characterized in the microwave regime using 

a homemade dedicated coaxial test cell operating in reflection and transmission mode. In its 

essence, the test cell consists of two semi-rigid coaxial cables that sandwich the free-standing 

film. Special attention is paid to minimizing RF crosstalk and parasitic RF radiations using 

grounded metallic structures. The test cell is connected to a Keysight Technologies Streamline 

P5008A Vector Network Analyzer (VNA), with operating frequency set to 150 KHz-18 GHz, 

input RF power of -15 dBm, at 25 ÁC. The test cell is connected to the VNA using highly stable 

coaxial cables. 
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Results and discussion 

Morphology of samples was investigated using SEM and images are presented in Figure 1. In 

Figure 1a), a cross-sectional view of GO film is presented, showing lamellar morphology and 

a thickness of around 12.58 ɛm. In the case of composites GO-AgNWs, the bright, rodlike 

structures packed between graphene sheets could be observed. These images indicated that GO 

sheets are closely wrapped around AgNWs and located in the middle of the composite (Figure 

1c and d). TGA measurements (Figures 1e and f) showed better thermal stability of composites 

after reduction (red curves). The weight loss between 100 and 231 ÁC could be attributed to the 

removal of the labile oxygen groups (such as carboxylic and aldehydes groups) and residual 

water [15] and it is 13.67% for GO-AgNWs 50:50 and 4.73 % for GO-AgNWs 20:80. After 

reduction, these values were 2.52% and 1.05%, respectively. These changes indicated 

successful chemical reduction with AA. The second weight loss between 260 and 460 ÁC is a 

result of the decomposition of stable oxygen groups as epoxides [15]. At 460 ÁC weight loss 

for GO-AgNWs 50:50 was 71.87% and  90.50% after reduction, while for GO-AgNWs 20:80 

was 87.29%, and after reduction 95.46%. The results indicated the removal of epoxy groups. 

 
Figure 1. SEM images of GO (a), top (b) and cross-sectional view (c) of GO-AgNWs 50:50, 

and rGO-AgNWs 50:50 (d), TGA of (r) rGO-AgNWs 50:50 (e) and (r)GO-AgNWs 20:80 (f). 

  

Results obtained by investigating the shielding properties of rGO-AgNWs 20:80 are presented 

in Figure 2.   
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Figure 2. Measured amplitudes of the transmission coefficient of the coaxial test cell loaded 

with rGO-AgNWs 20:80 as shielding materials. 

 

The measured complex reflection coefficients vary from 0 to 3.5 dB. As the set-up is calibrated 

at the output of the coaxial cables, the microwave paths in the test cell (from coaxial input up 
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to the coaxial aperture are not taken into account by the calibration procedure). In addition, each 

sample is inserted between two cellulose papers (named PAPER) that need to be taken into 

account to isolate the signature of the sample only. In particular, the PAPER only shows a 

variation of the amplitude of the complex reflection between 0 to 5.5 dB. Therefore, better 

reflection is observed between PAPER only and PAPER loaded with the material. In addition, 

the amplitude of the transmission coefficient falls when the PAPER is loaded with the material 

under test. For instance, the amplitude is shifted from around 20 dB at 2 GHz. These results 

indicated that the obtained composite is an efficient shielding material, considering that the 

shielding efficiency of 20 dB is acceptable for commercial applications [4]. 

 

Conclusion 

A new type of environmental pollution caused by low-frequency range electromagnetic waves 

needs to be addressed urgently. In this paper, composites based on graphene oxide and silver 

nanowires were studied as a potential solution for the growing problem regarding EMW 

shielding. Composite rGO-AgNWs 20:80 showed a satisfying shielding efficiency to block the 

propagation of EMWs. 
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Abstract 

Differently-shaped TiO2 photo-nanocatalysts play a principal role in the remediation of 

environmental and pollution challenges considering their proven potential for treating organic 

contaminants in wastewaters [1]. However, increasing the photoactivity of TiO2 i.e. its optical 

response from UV into visible region is a constant challenge of many ongoing researchers [2]. 

An proceed towards this demand may be the creation of hybrid functional nanocomposites by 

coating the TiO2 nanocrystals (NCs) with electronically coupled conductive polymers (e.g., 

polyaniline (PANI), polypyrrole, etc.) [3]. By the carbonization process of mentioned 

conductive polymers at high temperatures, obtained final material possess carbon-like structure 

which impart additional properties [4]. Thus, the evolution  of carbonized PANI (CPANI)-

coated TiO2 NCs opens up the possibility for tailoring the photocatalyst with distinctive 

properties. This study implies development of new nanocomposites based on CPANI and 

colloidal TiO2 nanoparticles (NPs) (TPC) and CPANI and TiO2 nanotubes (NTs) (TTPC). Sol-

gel and hydrothermal synthesis paths were used to obtain TiO2 NCs. The influence of their size 

and shape on the photocatalytic activity of formed carbonized nanocomposites was estimated. 

TPC and TTPC nanocomposites were synthesized according to the steps: 1) the non-carbonized 

PANI/TiO2 class was firstly prepared by the chemical oxidative polymerization of aniline with 

ammonium peroxydisulfate in the presence of TiO2 NPs or NTs and 2) the subsequent 

carbonization process was applied (650 ÁC). Developed hybrid nanocomposites were 

morphologically and structurally characterized by TEM measurements and Raman 

spectroscopy, while their functionality was estimated through the photocatalytic degradation 

processes of Methylene blue and Rhodamine B. All TPC and TTPC nanocomposites showed 

excellent photocatalytic properties, however, shape-depending of used TiO2 NCs. 
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Abstract 

Strawberry tree fruits (Arbutus unedo L.) from Ericaceae family is plant originating from 

Mediterranean with promising bioactive content. Traditional use of A. unedo refers to jams, 

preserves, wines, and liqueurs. Due to confirmed biological activity (gastrointestinal, 

dermatological, and cardiovascular) natural deep eutectic solvent (NADES) extraction was used 

for obtaining high-quality extracts. This rapid and simple extraction is eco-friendly, due to use 

of non-toxic solvents with creating minimal waste streams. The main goal in this study was to 

investigate the most appropriate NADES solvents in regard to the highest content of phenolic 

compounds (TP) and antioxidative capacity. Twenty different NADES mixtures according to 

[1] were prepared and used on strawberry tree fruits. The extraction parameters were: 

temperature at 50 ÁC, solid/liquid ratio of 1:10 m/m, extraction time of 60 min, and stirring 

speed 600 rpm. The only independent variable was the solvent while the other four were held 

constant, which is known as the OFAT approach (one factor at a time). Analysis of variance 

(ANOVA) and post-hoc Tukey-test were used to determine the significant differences among 

NADES mixtures (p Ò 0.05). After NADES extraction, followed selection of the most suitable 

NADES solvents, where obtaining was based according to TP content and antioxidant activity. 

Results showed that NADES mixtures highly effected TP content and DPPH assay ranging 

from 2.23-19.99 mg GAE/g and 7.38-25.82 mg TE/g, respectively. Solvent mixture of choline 

chloride and glycerin, with a molar ratio 1:2 (N9) provided the highest content of TP. Moreover, 

N6 solvent (betaine-glycerin-water, with a molar ratio 1:2:1) stood out as the most convenient 

for neutralization of DPPH radicals. Therefore, NADES mixtures made of glycerin, choline 

chloride and betaine, such as N6 and N9, enabled the high isolation of polyphenols and 

antioxidants from A. unedo. In this way, it was confirmed that strawberry tree fruit represented 

a highly valuable raw material for isolation of phenolic compounds with antioxidant capacity. 
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But further optimization of NADES extraction will be necessary in order to obtain as high as 

possible contents of bioactives from this plant.  
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Nanocomposites of carbonized polymer dots (CPD) and polyurethane (PU) are promising 

materials. In order to use a material in a wide range of applications, it is necessary to know its 

mechanical properties. In this study, two CPD/PU nanocomposites, with different CPD, from 

citric acid/urea (CAUR) and from phloroglucinol (PHL), as well as the reference PU foil, were 

mechanically characterized. 

CAUR-CPD was synthesized by 2.1 g of citric acid and 1.8 g of urea, dissolved in 50 mL of 

acetone. PHL-CPD was synthesized by 500 mg of PHL mixed in 50 mL of acetone. Both 

solutions were transferred to a Teflon-lined autoclave for heating. After the condensation 

reactions, the products of CAUR-CPD and PHL-CPD were filtered and centrifuged to remove 

the unreacted precursors. The CAUR-CPD/PU and PHL-CPD/PU nanocomposites were 

prepared by dipping PU foil (0.2 mm thick) in CAUR-CPD or PHL-CPD solution in acetone. 

The swelling-shrink-encapsulation method was used to encapsulate the CAUR-CPD and PHL-

CPD in PU. The samples were dried in a vacuum furnace to eliminate acetone from the 

composites. 

The mechanical properties were determined on universal testing machine Shimadzu, AG-X plus 

10 kN. The samples were prepared in the form of plates with a width of 8 mm. The distance 

between the grips was 50 mm. The strain rate was set to 1 mm/min for determination of E 

modulus and to 50 mm/min until the end. Each sample was measured 5 times and the average 

values were taken. 

The reference PU sample showed the highest elastic modulus (33.3 MPa) and tensile strength 

(25.8 MPa). The nanocomposites, CAUR-CPD/PU and PHL-CPD/PU, showed similar 

mechanical properties: a lower elastic modulus (18.8 and 18.6 MPa, respectively) and tensile 

strength (14.6 and 16.9 MPa) but much higher strain at break (650 and 608 %) than the reference 

PU foil (434 %). 
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Abstract 

Chemicals that load the environment can be chlorobenzenes with massive chemical stability. 

They induce a dose-dependent toxic effect in the cells of affected tissues, and because of their 

high frequency of occurrence in the food chain, they can be used as expositors in environmental 

exposure models. In this work, we wanted to investigate the magnesium-dependent ATPase 

activity of chlorobenzenes in hepatocytes. 

 

Introduction  

Changes in material and energy transfer can be detected in cells exposed to chlorobenzenes 

(ClB) [1]. ClB affect homeostasis and/or its regulation, including psycho-immuno-endocrine 

regulation [2]. The known effects of ClB in toxic doses have been confirmed in embryogenesis, 

increased risk of spontaneous abortion, intrauterine growth retardation, premature birth, and 

lower birth weight [3]. Furthermore, their carcinogenic, and immunotoxic effects are known 

[4]. However, it is very important to emphasize that these agents can also generate changes in 

psychological processes, such as mental and psychomotor functions [5].  

Hepatocytes (HC) are significant cells in systemic relationships and xenobiotic transformations 

[6]. In the mentioned endodermal cells, the key of discrete energy transfer is Mg2+-dependent 

ATPase [7]. Mg2+-dependent ATPase is an integrated ectomembrane ATPase, its operation 

involves the hydrolysis of 3'-5'-adenosine triphosphate (ATP). These membrane units provide 

energy for many cellular biological processes by converting ATP molecules into 3'-5'-

adenosine diphosphate (ADP) and then to 3'-5'-adenosine monophosphate (AMP) molecules, 

{P3O10
5-} groups by generating {P2O7

4-} and {PO4
3-} groups [8]. Hydrolysis-controlled energy 

changes depend significantly on the pH, temperature, and metal ion concentration of the system. 

In this sense, Mg2+ plays a key role, as they are important substrates for the formation of [Mg2+-

ATP] complexes, which can be further cleaved by the Mg2+-dependent ATPase, and the 

mentioned transport process can take place [9]. The purpose of this study was to monitor the 

effects of different doses of ClB treatments on changes in energy transfer (Mg2+-ATPase) of 

HC. 

 

Experimental 

 

In vivo protocol 

Male Wistar rats (Charles River, Isaszeg, Hungary, medically certified) from different litters 

(weighing 120-250 g, aged 4-6 weeks at the beginning of the research) were used for cell culture 
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model systems. Animal care and research protocols were in full accordance with the guidelines 

of the University of Szeged, Hungary. During the research period, rats were kept under 

controlled relative air humidity of 55-65% and 22Ñ2ƺC ambient temperature. The experimental 

animals lived under automated diurnal conditions (12 h dark and 12 h light system). Standard 

pellet food (CRLT/N, Charles River, Magyarorsz§g) and tap water were available ad libitum. 

Male Wistar rats were treated with combined ClB (1:1 mixture of 1,2,4- trichlorobenzene /CAS 

number: 2199-72-6, Sigma Aldrich, USA, St. Louis) and hexachlorobenzene / CAS number: 

93952-14-8, Sigma Aldrich, USA, St. Louis), in 1 mL of 0.015% ethanol in distilled water was 

administered daily) in a dose of 0.1, 1.0 and 10.0 Õg/b.w. kg via a gastric tube. Rats were 

exposed to ClB for 30 (n=5), 60 (n=5) and 90 (n=5) days. Control groups were established: 

stress control (n=5, gastrostomy tube insertion group), absolute control (n=5, untreated group), 

positive control group (n=5, receives ClB solvent, 0.015% ethanol solution via gastric tube) and 

negative control group (n=5, receives water via gastric tube). At the endpoints of the experiment 

(30, 60 and 90 days), after pentobarbital anaesthesia (4.5 mg/b.w. kg, Nembutal, Abbott, USA) 

the animals were killed and decapitated. 

 

In vitro  protocol 

Rat HC were separated under a dissecting microscope. From liver tissue by enzymatical 

(trypsin: 0.2 % /Sigma Aldrich, USA, St. Louis/ for 30 minutes; collagenase / Sigma Aldrich, 

USA, St. Louis /: 30 ɛg/mL for 40 minutes; dispase / Sigma Aldrich, USA, St. Louis/: 50 ɛg/mL 

for 40 minutes, phosphate buffer was used /PBS-A/; temperature: 37ÁC) and mechanical 

dissociation (using a nylon-blutex filter with pore diameter of 48 ɛm), primary monolayer cell 

cultures were prepared. Monolayer HC cultures were maintained in Williams' Medium E 

medium (Sigma, Germany) [10]. Cell proliferation induction was performed on separate 

reference systems treated with 1 mg/mL benz[c]-acridine (BcA) for 168 h. In vivo HC 

pretreated with ClBs were treated with exposure of ClBs (0.1; 1.0; 10.0 ɛg/mL) for 168 h. 

 

Mg2+-ATPase activity determination 

The Mg2+-dependent ATPase activity after ClB treatment was measured using the modified 

method of Martin and Dotty to follow discrete energy changes in cell energy transfer. ATPase 

activity is expressed as control %. 

 

Statistical analysis 

To compare the means of different treatment doses (0.1, 1.0, 10.0 Õg/b.w. kg) to the controls 

during 30-, 60-, and 90-days long treatments (n=5 in each group of time and dose) two-way 

ANOVA was performed. Dose and time were used as the two factors for analysis. 

The two-way ANOVA showed a significant difference between the group averages overall 

(p<0.001). Statistical analyses were carried out using IBM SPSS Statistics, version 21 software 

(IBM Corporation, Armonk, NY, USA).  

 

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 state, in this case alterations in enzyme activity 

may be as direct effects. The results are presented to the absolute control group. 
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Number of tumour clones as a result of ClB treatments 

  Hepatocyte 

AC 0 

BcA 65.7Ñ5.1* 

Table 1. The number of tumour clones in response to the absolute reference control (AC) and 

benz[c]-acridine (BcA) treatment (number of cellsÑsem, *:p<0.001) 

 

From the data in Table 1, BcA significantly induced tumour clones in the model system, 

confirming that the experimental setup is suitable for the numerical detection of tumour cells. 

 

 Hepatocyte 

ClB treatment 30 days 60 days 90 days 

ClB 10.0 Õg/bw.kg 0 1.6Ñ 0.05* 1.9Ñ0.008* 

ClB 1.0 Õg/bw. kg 0 0.71Ñ0.05* 0.03Ñ1.39* 

ClB 0.1 Õg/bw.kg 0 0 0.54Ñ0.01* 

Table 2. The number of tumour clones in the different cell populations as a result of each ClB 

treatment (number of cellsÑsem, *:p<0.001) 

 

The data in Table 2 clearly show that the number of tumour clones in the HC cell cultures 

increased depending on the dose and time. 

 

Changes in Mg2+-dependent ATPase due to exposure to ClB 

The activity of Mg2+-dependent ATPase capable of AC group activity (100%) was significantly 

increased by benz-(c)-acridine treatment in HC (178.7Ñ8.19%).  

 

 
Figure 1. Effects of different exposures to the ClB mix on the activity of Mg2+-dependent 

ATPase in HC cell cultures (A: 0.1 Õg/bw. kg, B: 1.0 Õg/bw. kg, C: 10.0 Õg/bw. kg doses, *:p< 

0.001, n=5/group) 

 

The data in Figure 1 clearly show that the enzyme activity increased significantly (p<0.001) as 

a function of time and dose. After 90th day of the experiment, 1.0 Õg/bw. kg dose exposures 

(162.1Ñ7.8%) gave a value that approximates the effect of benz-(c)-acridine.  

Enzyme activity exceeded (181.7Ñ4.2%) the value of the reference system after 90 day by the 

effects of a dose of 10.0 Õg/bw. kg of ClB. 
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ClB can also be classified as artificial compounds created during chemical reactions, which can 

generate changes in many physiological processes. Living systems are affected by complex 

environmental exposures in vivo; however, if these exposures are very low (subtoxic 

concentrations), they can exert their effects in a latent manner for a long time. If the artificial 

ClB can generate changes in the central axis and in the peripheral elements, then in a more 

appropriate approach, we should call these agents homeostatic disruptor compounds. ClB-mix 

exposures caused a dose-dependent increase in cell proliferation, accompanied by an increase 

in Mg2+-dependent ATPase activity. However, extremely low doses of ClB treatments did not 

result in significant changes in transformation activity. According to our morphological 

observations, ClB treatments induced tumour clone formation in the first generations of primary 

cell cultures in a time- and dose-dependent manner. As a result of treatment with a higher dose 

of ClB, tumour clone formation was generated in all primary cell cultures we examined after 

only 60 days. The initiation effect of ClB was expressed less in the central regulatory elements 

but more intensively in the peripheral cells. HC cell cultures responded with a sensitive reaction 

to the chemical agents included in the experiment. If we examine Mg2+-dependent ATPase 

activity, which indicates the discrete energy transfer of cells, after 30 days all cell types showed 

an increase in the typical activity because of ClB treatment. The Mg2+-ATPase, located in cell 

membrane, provides energy through increased hydrolysis of ATP. The release of the energy 

inherent in the macroergic bond also led to protein production at the cellular level.  

 

Conclusion 

The Mg2+-dependent ATPase enzyme shows that the energy from ATP splitting is connected 

to the cell's own energy supply, and this also manifests itself in increased cell activity. Tumor 

cells can be characterized by increased cell proliferation activity and increased protein 

production [10]. This means that ClB included in the model study have an effect on both 

initiation and promotion. Thus, it can be established that ClBs exert a general effect on cells. 
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Abstract 

This study's main goal is to thoroughly compare the mechanical attributes and biocompatibility 

of the recently created titanium alloy Ti15Mo7Zr15Ta1Si (62% Ti, 15% Mo, 7% Zr, 15% Ta, 

1% Si) to that of the pure metal Mo. The samples underwent a series of meticulous preparation 

procedures, including chip preparation, polishing, grinding, and cutting, to enable a thorough 

evaluation. These preparation steps were essential for ensuring the samples' consistency and 

uniformity, which allowed for accurate and reliable analyses of their mechanical and corrosion-

related properties. The samples' microstructure and surface morphology were also investigated 

using metallographic techniques, allowing a thorough examination of any potential flaws, grain 

boundaries, or phase compositions. 

Additionally, electrochemical tests were used to investigate the materials' corrosion resistance 

and electrochemical characteristics in environments that mimicked physiological conditions. 

The samples were subjected to a variety of electrochemical analyses, such as polarization curves 

and impedance spectroscopy, in order for the researchers to fully comprehend the corrosion 

behavior of the materials and their suitability for biomedical applications. 

 

Introduction  

Titanium is a non-toxic element, even in large doses. Several studies have examined what would 

happen if humans consumed up to 0.8 mg of titanium daily, showing that Ti was eliminated 

without being absorbed or assimilated. A number of studies have demonstrated that titanium 

implants do not experience rejection because of its biocompatibility, favorable interactions with 

the host bone, and excellent corrosion resistance. 

Molybdenum is a substance that is frequently used to alloy titanium Since Mo is a stabilizing 

element, some research in the field has shown that a percentage of about 20% Mo can reduce 

the modulus of elasticity and result in proper mechanical properties, similar to those of human 

bone. With regard to Cr, Ni, and Co, it is also a biocompatible element with a low level of 

toxicity.  

The purpose of this experiment is to compare the degree of corrosion of molybdenum with that 

of the alloy and to observe if it is quite favorable for the medical environment, so the experiment 

is carried out in a liquid environment, namely in Ringer's solution.[1] 

 

Experimental 

Epoxy resin was first added to molds in a 4:1 ratio to prepare the surfaces of the two samples 

for embedding. In other words, four drops of resin were added for every one drop of catalyst. 
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The samples were then longitudinally cut at a thickness of 1 to 1.5 mm using a Buehler IsoMet 

4000 precision saw (Buehler, Lake Bluff, IL, USA). 

The cutting tool was also used to make roughly 0.5 mm thick vertical cuts. Next, grinding and 

polishing were carried out in two steps using the Struers TegraPol-11 polishing machine 

(Struers ApS, Ballerup, Denmark): first, using silicon carbide papers with increasing grit sizes 

between 280 and 1200, 

The samples, which contain Molybdenum metal and Ti15Mo7Zr15Ta1Si alloy, were cleaned 

and leveled to create a suitable surface for the experiment by using a "Struers" polishing 

machine at a speed of 150 rpm, for 3-6 minutes, with a force of 20N-40N. After using an 800P 

grit abrasive paper to remove impurities, they were cleaned with water and alcohol. 

The samples were then heated "Ultrasons-HD" ultrasonic equipment from J.P. Selecta (JPS, 

Barcelona, Spain) for ten minutes to remove any last traces of dirt or contaminants. 4 of 23 

surfaces were coated with an alpha alumina suspension to give them a mirror-like sheen. For 

peer review, see Bioengineering 2022, 9, x. The experimental techniques used to prepare 

samples for metallography were in accordance with ASTM E3-11(2017). The phases and 

compounds that make up a metallic material, as well as any impurities or potential mechanical 

flaws, are arranged spatially in metallography. 

In an electrochemical cell with three electrodesðthe samples served as the working electrodes, 

the reference electrode was a saturated calomel electrode, and the counter electrode was a 

platinum electrodeðthe samples were sequentially added for the electrochemical tests. 

The region of each sample was determined before the tests were carried out. The mmol/L values 

for the Grifols Laboratories' Ringer solution (Barcelona, Spain) were Na+ 129.9, Cl 111.7, 

C3H5O3 27.2, K+ 5.4, and Ca2+ 1.8. [1] 

The Corrosion Potential, Corrosion Rate, and Electrochemical Impedance Spectroscopy 

procedures were carried out using the BioLogic Essential SP-150 potentiostat from Seyssinet-

Pariset in France. The tests were carried out at 25ÁC in an aerated Ringer solution. 

By entering the sample surface area value and the 20-minute test period, the "Linear 

Polarization" approach used in these experiments was found to be viable. Data were collected 

every 0.50 seconds during the potential scanning, which revealed a 0.167 mV/s time-variation 

relationship between 0.025 and 0.025 V against the open circuit potential (OCP) and an 

intensity that remained at 100% throughout the procedure. These linear polarization curves 

were presented and the corrosion rate estimates for each sample were obtained using EC-Lab's 

"Tafel Fit" technique. The surface value and the five-minute measurement period were entered, 

and the impedance measurement method was selected as "Potential Electrochemical Impedance 

Spectroscopy". This measurement was carried out seven times for each sample at 300 mV vs. 

Ecorr in Ringer's solution, with 10 V being the highest and lowest potential values. To illustrate 

these data, equivalent circuits and Bode and Nyquist diagrams were used.[3] 

The Future Tech FM-810 hardness tester (Kawasaki, Japan) was used to take 10 measurements 

for each sample's applied load, in this case 1, 5, and 10 gf, in accordance with ISO 14577-

1:2015 [32]. The mark may contain fragments from various phases as the stress increases, 

providing an approximation of the material's overall hardness. When relatively light weights 

are positioned, it is possible that the mark will only be discovered in one phase, allowing one 

to gauge the difficulty of that phase. The Vickers microhardness values were then computed 

automatically by the iVicky software (v2.0, Sinowon, Dongguan, China) using the observed 

diagonal lengths. The number of indents made were plotted against the scan length.[2] 
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Results and discussion 

With reference to the corrosion potential depicted in Figure 1, it is clear that molybdenum and 

Ti15Mo7Zr15Ta1Si behave differently. A stable corrosion potential over time indicates that 

Ti15Mo7Zr15Ta1Si has a significant tendency to passivate, according to the data. By 

strengthening the material's resistance to corrosion, this passivation phenomenon which is 

typified by the creation of a protective oxide layer improves its longevity and performance in 

harsh environments. 

 
Figure 1. Corrosion Potential 

 

On the other hand, the graph shows that molybdenum corrodes gradually, indicating that it is 

susceptible to the corrosive effects of the surrounding medium. When using molybdenum in 

applications where exposure to corrosive agents is anticipated, this gradual corrosion tendency 

highlights the need for careful consideration. It also highlights the significance of implementing 

appropriate protective measures or investigating alternative materials with higher corrosion 

resistance for such environments. 

 

 
 

Figure 2. Bode-Phase in Ringer solution 

 

When analyzing the Bode spectra (Figure 2), we can see that Ti15Mo7Zr15Ta1Si has a large 

zone with a high phase angle (almost -80 deg.), indicating that it has high corrosion resistance 

properties, while Mo exhibits a narrow, non-point dense pit that may be related to a weak 

passivating effect that cannot adequately protect the material. 

According to the Bode-IZI spectra, which confirmed what had been stated previously in relation 

to the Bode-phase graph (Figure 2), Ti15Mo7Zr15Ta1Si exhibits high impedance levels, which 

are indicative of strong corrosion resistance. On the other hand, Molybdenum, characterized by 

its remarkably lower impedance level, significantly enhances its resistance to corrosion. This 
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property positions it as an invaluable asset in environments where the prevalence of corrosive 

agents poses a persistent threat to the structural integrity of materials. 

 

 
Figure 3. Nyquist spectra in Ringer solution 

 

Finally, it is evident from the data that the Ti15Mo7Zr15Ta1Si alloy, characterized by its 

remarkable stability, displays a propensity for passivation, a process in which it forms a 

protective oxide shield. This oxide shield acts as a formidable barrier against corrosion, further 

enhancing its resistance to the degrading effects of corrosive agents. In contrast, Molybdenum 

exhibits a different behavior, notably manifesting pitting corrosion phenomena when subjected 

to potential values of approximately 0.1 V versus the standard saturated calomel electrode 

(SCE). This observation underscores the vulnerability of Molybdenum to localized corrosion, 

emphasizing the importance of considering these materials' distinct corrosion characteristics 

when selecting them for specific applications. 

 

 
Figure 4. Corrosion Rate 

 

Linear polarization curves in Ringer solution 

 

Conclusion 

While molybdenum is typically known for its resistance to corrosion in specific environments, 

its behavior can change when complex solutions like Ringer's solution are present. This 

environment in particular, which is frequently used to simulate physiological conditions in 

biological experiments, contains a variety of ions and substances that may cause specific 
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reactions with molybdenum, resulting in gradual corrosion over time. Due to its exceptional 

qualities of strong corrosion resistance, remarkable stability, and innate passivating abilities, 

the Ti15Mo7Zr15Ta1Si alloy stands out significantly. These characteristics make it a very 

strong candidate for a wide range of biological applications. Its superior corrosion resistance 

highlights its potential for use in challenging biological and biomedical environments where 

corrosion can degrade the performance and longevity of materials. This corrosion resistance 

surpasses that of the commonly used materials. It is ideally suited for implantable medical 

devices, prosthetics, and other biomedical tools due to its resistance to the physiological 

conditions found inside the human body and impressive mechanical strength. 
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Abstract 

Peel of the pomegranate (Punica granatum L.) fruit takes up for approximately 50% of the total 

weight, is a byproduct which is usually discarded as waste. However, pomegranate peel (PP) is 

considered as a rich source of potent phenolic compounds, including ellagic acid and its 

derivatives which possess several functional and nutraceutical qualities, including lowering 

blood pressure, reducing oxidative stress, decreasing blood sugar and cholesterol levels, and 

restoring heart health [1, 2]. The main aims of this study were to develop preserved 

microencapsulated systems of the pomegranate peel (PP) extract by spray-drying using two 

biocompatible carriers (pectin and its mixture with HP-ɓ-CD) and to evaluate their physico-

chemical properties as well as in vitro antimicrobial, antioxidant, and antidiabetic activities. 

Obtained micro-sized powders were characterized with high values of powder yield (> 78%) 

and satisfied moisture content, flowability and cohesive properties. According to the DSC 

analysis, carrier addition showed favorable impact on the thermal stability (up to 200ÁC) of 

examined microencapsulated samples. Chemical analysis showed that total phenolic content in 

spray-dried powders of PP varied between 373.15 to 427.88 mg GAE/g DW, with the 

punicalagin, punicalin, gallic acid, and ellagic acid as the most abundant individual bioactive 

compounds. Despite dilution effect, comparable free radical scavenging ability in DPPH assay 

was observed for microencapsulated and carrier-free powders (IC50: 6.51-7.60 Õg/mL). 

Furthermore, examined samples showed great potential to control elevated glycemic levels 

demonstrating potent inhibition effects against Ŭ-amylase and Ŭ-glucosidase enzymes. 

Molecular docking analysis provided more deeper insight into molecular mechanisms of action, 

revealing high affinity of ellagic acid to inhibit Ŭ-amylase enzyme, while punicalagin and 

punicalin more selectively inhibited Ŭ-glucosidase. Antimicrobial activity assay revealed that 

the Gram-positive bacteria, including S. aureus and S. epidermidis as representative skin 

pathogens, were the most susceptible with the minimum inhibitory concentration of 1.75 

mg/mL. On the whole, valorization of PP through microencapsulation process with pectin and 

pectin/HP-ɓ-CD as coating materials represents a sustainable approach for the development of 

ellagitannin-rich products that have the potential to be developed into phytopharmaceutical and 

functional foods for the prevention and management of metabolic diseases. 
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Abstract 

There is a growing worldwide demand for healthy foods, such as fruit and vegetables, 

including beetroot (Beta vulgaris L. ssp. esculenta convar. crassa provar. rubra), with its 

extremely valuable content. During the measurements (amino acids, betanin and vulgaxanthin, 

polyphenol content, antioxidant capacity), the peel and flesh of commercially available 

spherical and oblong morphology beets as well as 4 organic beetroot juices of different origins 

(some with additional components) were examined. Based on the results, it was established that 

carrot root and biojuices have different amino acid compositions. It has been proven that the 

peel of beets is extremely rich in valuable components, which is also worth considering when 

consuming. When examining beetroot juices, added supplements, e.g. lemon juice, have an 

influencing effect on the measured parameters. 

 

Introduction  

Beetroot (Beta vulgaris L. ssp. esculenta convar. crassa provar. rubra) belongs to the 

Chenopodiaceae family, which includes about 1400 species [1,2,3]. It is rich in nutritional 

components, e.g. vitamins C, B1, and B2, due to its minerals (Fe, Mg, Ca, K), valuable amino 

acids (e.g. cysteine, methionine, glutamic acid), significant folic acid content, polyphenolic 

compounds [4,5,6,7,8,9.] and other bioactive components (betanin, vulgaxanthin) [10], it has a 

very beneficial physiological effect, e.g. on cardiovascular diseases, colon cancer, Alzheimer's 

disease and the list could go on [11,12,13,14,15.]  

Materials and methods 

For measurements, spherical and elongated morphological beets (Beta vulgaris L. ssp. 

esculenta convar. Crassa Provar. rubra) and organic beetroot juices were used, obtained 

commercially, and the following markings were used during measurements (Table 1). The 

chemicals used were purchased from Sigma-Aldrich. 

 

Analytical  methods 

 

Sample preparation 

The beets were peeled, then the peel and carrot root were homogenised separately 

(amino acid determination) and lyophilised (analytical measurements). From the lyophilised 

samples, a 20 mg/ml solution was prepared with distilled water. The solutions were placed in a 

cooled ultrasonic water bath for 1 hour, then after centrifugation (6000 rpm, 20 min10ÁC), the 

clean supernatants were stored in a refrigerator at -32ÁC until measurements. There was no 

sample preparation for beetroot juices. 
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Table 1: Markings used in measurements 

Marking  Meaning 

CHK  Elongated beetroot peel 

CHB Elongated beetroot carcass 

CGK Spherical beetroot peel 

CGB Spherical beetroot carcass 

C1 dm bio rote bete saft (100% beetroot juice) 

C2 
Nature's Blessing with Organic Beetroot Juice 

(99% beetroot juice, 1% lemon juice) 

C3 Spar Natur Pur Bio Rote R¿be (100% beetroot juice) 

C4 
Biopont Organic beetroot juice 

(99% beetroot juice, 1% cherry puree) 

 

Determination of amino acids: AAA  400 Automatic Amino Acid Analyzer operating 

on the principle of ion exchange column chromatography. Results are given in mg/kg. 

The extraction of samples was done with 10% trichloroacetic acid during 1 h agitation 

on a shaker at room temperature. After filtration through a 0.2 ɛm pore membrane filter, the 

detection of samples was done by an automatic amino acid analyser (Ingos Ltd., Czech 

Republic) equipped with an Ionex Ostion LCP5020 cation exchange column. The Li+-citric 

buffer system (Ingos Ltd., Czech Republic) was used for the stepwise separation of free amino 

acids. 

Determination of total phenolic contents (TPC) by Folin-Ciocalteu method: The 

Folin-Ciocalteu spectrophotometric method by Singleton and Rossi [16], at 760 nm is an 

electron transfer based on assay and shows the reducing capacity, which is expressed as 

phenolic content. Gallic acid (GA) was used to prepare the standard curve. The results were 

expressed as ɛM GA/g of dry matter (DM). 

Determination of antioxidant capacities by FRAP (Ferric Reducing Antioxidant 

Power) method: Measurement of ferric reducing antioxidant power of the peel extracts was 

carried out based on Benzie and Strain's procedure [17], at 593 nm. Ascorbic acid (AA) was 

used as a standard to prepare the calibration solutions. Results were expressed as ɛMAA/g DM. 

Determination of betanin- and vulgaxanthin: by spectrophotometric method (ɚ = 476, 

538, 600 nm) by Joachim [18]. Results were expressed as mg/g dry matter and mg/L.  

Results and discussion 

There is no significant difference between in the % distribution of the flesh and peel of 

different form beetroots (Table 2). 

 

2. Table: Flesh-peel ratio of different varieties of beets 
 Flesh % Peel % 

Long 84,80 1,89 14,88 1,85  

Spherical 81,54 4,22 18,11 4,23 

 

In total free amino acid content, the spherical and the C2 beetroot juice showed the best 

results (Figure 1). Based on the distribution of individual amino acids, cysteine and its 

precursor, cystathionine, are examined together, and based on the results, it can be stated that 

an average of 10.3 mg is contained in 1 kg of beetroot and 7.36 mg in 1 litre of beetroot juice. 
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Fig. 1. Total amino acid content of beetroot beets and organic beetroot juices 

 

 
Fig. 2. Distribution of some amino acids in beetroot beets and organic beetroot juices 

 

Examining the data of individual amino acids statistically, it can be seen that during the 

examination of beets, only the glycine content of the samples does not show significant 

differences (p=0.298). In the case of beetroot juices, samples C3 and C4 differ the least in 

glutamic acid, glycine and methionine content (p=0.239; p=0.185; p=0.183), while in cysteine 

content, they show even less significant difference, as we did not notice any significant 

difference at 95% significance level in samples C1-C2 (p=0.723), C1-C3 (p=0.281) and C2-C3 

(p=0.809). 

When examining the total polyphenol content (Figure 3), it can be stated that there is no 

significant difference between the corresponding parts of the two samples in the polyphenol 

content measured in the beet root and measured in the peel. Still, there is also a significant 

amount in the peel, which must be taken into account during kitchen processing. 
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Fig. 3. Total polyphenol content of the various parts of beetroot and beetroot juices 

  

 In the case of organic beetroot juices, it can be stated that sample C2 has a significant 

polyphenol content compared to samples C1 (p=0.005), C3 (p=0.022) and C4 (p=0.028). This 

outstandingly high value can be attributed to the 1% lemon juice content. 

Regarding the antioxidant capacity examined with FRAP (Figure 4), the carrot roots 

show a completely identical course as we saw for the polyphenol content. 

 

  
Fig. 4. Antioxidant capacity of beet carcasses and beetroot juices 

 

In the case of beetroot juice (Figure 4), beetroot juices show balanced antioxidant capacity.  

Among the colouring substances, betanin is present in higher amounts in all samples (carrot 

root and organic beetroot juice), which in some cases can mean a 4-fold difference. The betanin 

content in peels is much higher, about twice as high as in carrot roots (Figure 5).  

 

  
Fig. 5. The formation of betanin and vulgaxanthin in beet carcasses and beetroot juices. 
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Such a difference in vulgaxanthin content can not be observed; only in the case of the 

peel of the oblong beetroot sample an outstanding result can be observed. While in the case of 

peel, there was a significant difference between the measured values in the case of betanin 

(p=0.017) and vulgaxanthin (p<0.001) content, on the contrary, no significant difference was 

observed in the case of carrot roots (p=0.079; p=0.228). However, if  we take into account the 

peel-to-flesh ratio as before, it can be seen that the carrot body of the round sample has the 

highest value, both in the case of betanin and vulgaxanthin content. This is followed by the beet 

fleshpeel of the long beetroot and then the peels, with values about half as large. 

When examining organic beetroot juice samples (Fig. 4), interestingly, the C2 sample 

has the lowest value for the two colours, which is due to the dosed lemon juice. 

 

Conclusion  

 During the examination of beetroot varieties and organic beetroot juices, it was proven 

that the peel of beets is extremely rich in valuable components, which should also be taken into 

account when consuming them and possibly incorporating them into our diet with proper 

processing. The study of organic beetroot juices showed that it is worth knowing the exact 

composition of the product at the time of purchase or before consumption since the added 

additives can significantly influence the individual favourable development of nutritional 

values. 

 

References 

[1] N. Chhikara, K. Kushwaha, P. Sharma, Y. Gat, A. Food Chem. 272 (2019) 192ï200.  

[2] A. Kov§cs (ed.): Growing root vegetables. Agricultural Publishing House, Budapest (2011) 

[3] M.T. H§jos, T. Rub·czki, V. Raczk·, Int. J. of Hort. Sci., 21(3-4) (2015) 31-35. 

[4] Gy. Judge, K. Lindner: Nutrient table. Medicina Publishing House, Budapest (1999) 

[5] B. Nemzer, Z. Pietrzkowski, A. Sp·rna, P. Stalica, W. Thresher, T. Michağowski, S. 

Wybraniec, Food Chem. 127(1) (2011) 42ï53. 

[6] S.C. Chew, S. Loh, G.L. Khor, Int. Food Res. J. 19 (2012) 189ï197. 

[7] T. Vargas-Rub·czki, M. Tak§cs-Hajos, Acta Agr. Debr.sci. (2019) 115-119. 

[8] K. Tamilselvan, S. Nadanasabapathi, R. Kumar, Int. Food Res. J. 21 (2014) 1305-1312.  

[9] D. Babarykin, G. Smirnova, I. Pundinsh, S. Vasilyeva, G. Krumina, V. Ageychenko, 7(3) 

(2019) 61ï79. 

[10] T. Clifford, G. Howatson, D.J. West, E.J. Stevenson, Nutr. 7(4) (2015) 2801-2822. 

[11] U. Grºber, J. Schmidt, K. Kisters, Nutr. 7(9) (2015) 8199-8226. 

[12] R. Swaminathan, The Clin. Biochem. Rev. 24(2) (2003) 47ï66. 

[13] S.J. Moat, D. Lang, I.F. McDowell, Z.L. Clarke, A.K. Madhavan, M.J. Lewis, J. 

Goodfellow, The J. of Nutr. Biochem. 15(2) (2004) 6479. 

[14] B.A. Jennings, G. Willis, Cancer let. 356(2, Part A) (2015) 224ï230. 

[15] J.H. Yoo, G.D. Choi, S.S. Kang, Arterios., Throm., and Vasc. Biology 20(8) (2000) 1921ï

1925. 

[16] V.L. Singleton, J.A. Rossi, Am. J. of Enol. and Viticult. 16 (1965) 144-158. 

[17] I.F.F. Benzie, J.J. Strain, Biochem. 239(1) (1996) 70ï76. 

[18] H. von E. Joachim, Food. Chem. (1) (2011) F3.1.1 to F3.1.7 

 

  



29th International Symposium on Analytical and Environmental Problems 

 
245 

 

FRACTIONATED HIGH -PRESSURE EXTRACTION OF POLYPHENOLS FROM 

ELDERBERRY BY -PRODUCT 

 

Nataġa Nastiĺ1, Naiara Fern§ndez2, Jelena Ģivkoviĺ3, Zorana Mutavski1,3 Anita Miliĺ1, 

Katarina Ġavikin3, Senka Vidoviĺ1 

 
1Faculty of Technology, University of Novi Sad, Bulevar cara Lazara 1, 21000 Novi Sad, 

Serbia 
2iBET, Instituto de Biologia Experimental e Tecnol·gica, Apartado 12, 2781-901 Oeiras, 

Portugal. 
3Institute for Medicinal Plants Research ñDr Josif Panļiĺò, Tadeuġa Koġĺuġka 1, Belgrade, 

Serbia. 

e-mail: natasa.nastic@uns.ac.rs 

 

Abstract 

The main focus of this study was to propose new streams to use plant waste, specifically to put 

on the demonstration of the possibility to implement emerging, green and safe technology into 

food and pharmaceutical industries in order to enable more economical waste management. For 

the isolation of valuable compounds from elderberry press cake (by-product left after pressing 

of juice), solvents and techniques considered as ñacceptableò and ñgenerally regarded as safeò 

in the food and pharmaceutical industries have been applied. Polyphenols rich elderberry press 

cake extracts were obtained employing a fractioned high-pressure methodology, supercritical 

fluid (SFE) and enhanced solvent extractions (ESE). SFE-CO2+ESE comprising a first SFE-

CO2 step in order to remove the low polarity CO2-soluble compounds, and a second ESE step 

in order to extract polar compounds like anthocyanins have been carried out, as well as ESE 

without any pretreatment. The process kinetics of the extraction and increase of extraction 

yields (EY) were monitored at time intervals from 10 to 90 min, while EYs of ESE were 

measured after 30-220 min of extraction. Higher extract yield occurred in extract obtained by 

SFE-CO2+ESE (28.70%) showing its advantage over ESE. According to the kinetics results for 

the two-step extraction approach, extraction time of 100 min might be sufficient to achieve the 

similar final EY obtained after 220 min. HPLC of obtained extracts was utilized for 

quantification of polyphenolic compounds, showing cyanidin-3-O-sambubioside as a main 

compound, followed by rutin and cyanidin-3-O-glucoside. This work is the first to produce 

anthocyanin-rich fractions from black elderberry press cake using such high-performance 

technique. 

 

Introduction  

The importance of green chemistry application and its technologies in improving sustainability 

is growing, which is reflected in the reduction of water and energy consumption, and the use of 

hazardous materials, as well as in achieving sustainability in social, economic and 

environmental performance. Starting from the last decade of the 20th century until today, the 

efforts have been directed to development of new technologies that comply with strict 

environmental requirements, so most of the recent research focuses on the development of green 

technologies and their potential application in industry [1]. Since these are new technologies, it 

is necessary to constantly and rapidly work on the acquiring new knowledge and 

comprehensively expand it in all directions and in terms of all green technologies. 

Therefore, this study was focused on agro-food waste which is attractive in its composition and 

in that sense, its processing using green techniques can give a new product with added value 

and functionality. Black elderberry press cake (Sambucus nigra L.) is a byproduct from the 
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production of black elderberry juice. It is mostly composed of hemicellulose and cellulose, but 

it also represents an important source of polyphenolic compounds [2]. Namely, the recent 

studies reported that the main part of the black elderberry polyphenolics - anthocyanins remain 

in the press cake after juice pressing [3]. Plant-based products rich in anthocyanins have a 

pharmacological relevance and therapeutic application due to their antioxidant properties. 

Anthocyanins can reduce neurological diseases and heart diseases risk, and exert an anti-

inflammatory role related to obesity and diabetes [4,5]. However, despite the high nutrition and 

pharmacological value and economical interest in bioactive substances this by-product is 

underutilized. 

In the recent years, thanks to new scientific cognitions related to the mechanisms of separation 

of compounds from complex matrices, significant progress was made in the technology of 

pharmacologically active compounds of natural origin and their isolation. Special attention was 

paid to the development of chemical processes which make use of solvents that do not pollute 

the environment. Beside of these solvent characteristics, focus of the scientific community was 

directed to the solvents which are at the same time non-toxic and safer, but efficient enough for 

bioactive compounds extraction from various natural resources. Therefore, for the isolation of 

valuable compounds from elderberry press cake, with consideration to safety, low price, 

selectivity and solvating properties of solvents, this study investigated the possibilities of 

supercritical fluid extraction (SFE) and enhanced solvent extraction (ESE). These techniques 

will be used in order to improve polyphenolsô, specifically anthocyaninôs thermal stability 

without the need of employing high temperatures during isolation, limiting inactivation of the 

anthocyanins and generally achieving high extraction efficiency. The obtained extracts were 

analyzed by high performance liquid chromatography with diode array detection (HPLC-DAD) 

to identify and quantify the main phenolic compounds. 

 

Experimental 

Fresh black elderberry press cake (Sambucus nigra L.) was provided by a factory focusing on 

harvesting and processing forest fruits (NISHA d.o.o., Belgrade, Serbia). The raw material was 

dried using a vacuum dryer and ground in a blender. The average particle size (1.05 Ñ 0.16 mm) 

and moisture content (6.69 Ñ 0.13%) were determined. 

The fractionated high pressure extraction assays were performed using the extraction unit 

described by Seabra et al. [6]. Experiments were carried out with and without a previous 

defatting step with SFE-CO2 followed by ESE with CO2/EtOH-H2O mixture, to obtain 

polyphenols rich fractions in the second step. The influence of SFE-CO2 pretreatment was 

studied concerning the total extraction mass yield (EY). The EY was expressed as the mass of 

obtained dry extract (g) per g of dry plant material, i.e., percentage (%). The process kinetics 

of the extraction and increase of EYs were monitored at time intervals of 10, 20, 30, 45, 60, and 

90 min, while EYs of ESE were measured after 30, 40, 70, 100, 130, 160, 190, and 220 min of 

extraction. The ESE process conditions, pressure (20 MPa), temperature (40ÁC), and 

CO2/EtOH/H2O mixture proportion (80:1:19, %, v/v/v) were held constant. The same pressure 

and temperature were applied for SFE-CO2 pretreatment. Extraction conditions were selected 

taking into consideration the results obtained by Seabra [7] and the literature information 

concerning the anthocyanin stability Jackman et al. [8]. 

Analyses of individual polyphenolic compounds were carried out on an Agilent 1200 RR 

system (Agilent, Waldbronn, Germany) with a diode array detector. A reverse-phase 

Lichrospher RP-18 (Agilent) column (250 mm Ĭ 4 mm, 5 ɛm) was used, and the column 

temperature was maintained at 25ÁC. The mobile phase consisted of solvent A (10%, v/v 

solution of formic acid in water) and solvent B (acetonitrile), using gradient elution as follows: 

1% B, 0ï0.5 min; 1ï7% B, 0.5ï1 min; 7% B, 1ï4 min; 7ï10% B, 4ï7.5 min; 10ï14% B, 7.5ï
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11.5 min; 14ï25% B, 11.5ï15.5 min; 25ï40% B, 15.5ï18.5 min; 40ï75% B, 18.5ï22 min; 75% 

B, 22ï25 min. The injection volume was 10 ɛL, the flow rate was 1 mL/min and the detection 

wavelengths were set at 290, 350 and 520 nm. The contents of the compounds were calculated 

using calibration curves. The results are presented as micrograms per gram of dried extract 

(ɛg/g DE). 

 

Results and discussion 

Two different extraction approaches, namely fractionated high-pressure extraction (SFE-

CO2+ESE comprising a first SFE-CO2 step in order to remove the low polarity CO2-soluble 

compounds, and a second ESE step in order to extract polar compounds like anthocyanins) and 

only ESE, were exploited to isolate polyphenols from elderberry press cake. The elderberry 

press cake SFE (first step) and ESE (second step) in both extraction approaches exhibited a 

typical overall extraction curve profiles. For all SFE and ESE experiments, total extraction time 

was set to 90 and 220 min, respectively, to guarantee the diffusional period. Both experimental 

extraction kinetics curves regarding ESE and polar fraction isolation are clearly divided in two 

distinct zones (Figure 1). In the first zone, the yield increases with increasing extraction time, 

indicating a faster solubility of active compounds into the extraction media. In the second zone, 

the yield was maximized into the steady-state yield, indicating that mobility of active 

compounds from elderberry press cake into the extraction media approaches zero in the 

remaining time. In conclusion, extraction time of 100 minutes might be sufficient to achieve 

the similar final extraction yield obtained after 220 minutes. 

 

 
Figure 1. Kinetic curves regarding ESE and polar fractions in both extraction approaches. 

 

During the first SFE-CO2 step, essentially lipophilic compounds were extracted (Table 1). An 

extract fraction presenting a yellow color, without anthocyanins, was obtained during the first 

few minutes of the ESE continuous process (second step), for both extraction approaches. These 

fractions should contain the low polarity compounds. Higher yields of polar fractions were 

obtained for fractioned high-pressure extractions with ethanolic mixture in the second step 

(ESE) when compared to those obtained only by ESE. The main contribution to this difference 

was essentially due to the first step, wherein the less polar substances were extracted. Since 

anthocyanins are mainly located in outermost layer of elderberry skin cell walls wherein the 

fatty acids and waxes exist, an effective lipophilic substances removal, in a first SFE-CO2 step, 
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can make polar material more available for extraction. Higher yields of polar and non-polar 

compounds obtained by SFE-CO2+ESE show its advantage over ESE. 

 

Table 1. EYs of elderberry press cake extracts obtained by ESE and SFE-CO2+ESE. 

 

   ESE 
SFE-

CO2+ESE 

  Extraction time 

[min] 
EY [%] 

SFE-CO2 
non-polar 

fraction 

10 - 1.02 

20 - 2.71 

30 - 3.80 

45 - 6.78 

60 - 8.59 

90 - 9.08 

ESE 

non-polar 

fraction 
30 6.09 0.38 

polar 

fraction 

30 5.53 6.38 

40 13.91 16.32 

70 21.80 24.48 

100 24.22 26.27 

130 25.79 27.23 

160 26.70 27.88 

190 27.25 28.31 

220 27.72 28.70 

 

[1] The phenolic compounds in black elderberry press cake extracts were identified and 

quantified by HPLC-DAD analysis. The polyphenolic profile of elderberry press-cake extracts 

is presented in Table 2. A significant difference was observed in the concentrations of 

quantified compounds in ESE with and without pre-treatment, being the SFE-CO2+ESE more 

effienct in terms of phenolic compounds contet. The highest concentration had cyanidin-3-O-

sambubioside (2559.37 ɛg/g DE), followed by rutin and cyanidin-3-O-glucoside. 

[2]  

[3] Table 2. Characterized compounds in elderberry press cake extracts using HPLC-

DAD. 

[4]  

Sample 

C3Gal 

[ɛg/g 

DE]*  

C3Sam 

[ɛg/g 

DE]*  

C3Glu 

[ɛg/g 

DE]*  

RUT 

[ɛg/g 

DE]*  

IQ 

[ɛg/g 

DE]*  

p-KUM 

[ɛg/g 

DE]*  

PC 

[ɛg/g 

DE]*  

SFE-

CO2 + 

ESE  

60.66 Ñ 

3.50a 

2559.37 

Ñ 270.48a 

1187.17 

Ñ 81.38a 

1794.70 

Ñ 264.33a 

683.08 Ñ 

43.90a 

21.85 Ñ 

2.80b 

501.59 Ñ 

50.53a 

ESE tr tr tr tr tr 
97.68 Ñ 

5.02a 
tr 

*Different letters within a column indicate a significant difference between samples at p < 0.05; SFE - supercritical 

fluid extraction; ESE - enhanced solvent extraction; DE - dried extract; C3Gal - cyanidin-3-O-galactoside; C3Sam 

- cyanidin-3-O-sambubioside; C3Glu - cyanidin-3-O-glucoside; RUT - rutin; IQ - isoquercitrin; p-KUM - p-

kumaric acid; PC - protocatechuic acid. Tr ï trace. 
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Conclusion 

In this work, green-based extraction approaches were applied to extract mainly phenolic 

compounds from black elderberry press cake being a part of the zero-waste valorization 

concept. SFE-CO2+ESE has proven to be highly efficient for the extraction of polyphenolic 

compounds from black elderberry press cake. The highest concentration was reported for 

cyanidin-3-O-sambubioside, followed by rutin and cyanidin-3-O-glucoside. These results 

showed that two step extraction approach enabled the production of natural fractions from 

industrial elderberry press cake with acceptable characteristics to be used for the development 

of nutraceuticals and different food formulations. 
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Abstract 

Serbia, along with the broader Balkan region, is known for its abundance of various mushroom 

species. Some of these mushrooms are collected and used for food but remain relatively under-

researched in terms of their nutritional characteristics and potential pharmacologically valuable 

compounds. The objective of this work was to develop a sustainable process for the extraction 

of non-polar valuable compounds from wild edible mushrooms using for the first time 

supercritical carbon-dioxide extraction. The extractions were performed at the pressure of 30 

MPa, temperature of 40 ÁC and and extraction time of 4 h. Five selected types of wild edible 

mushrooms Lycoperdon saccatum, Pleurotus ostreatus, Craterellus cornucopioides, Russula 

cyanoxantha and Cantharellus cibariu were analysed. The results showed that the highest EY 

was measured in C. cornucopioides (3.32%), followed by C. cibariu (2.18%) and R. 

cyanoxantha (2.06%). The chemical characterization of these extracts was performed by 

GC/MS. The main compounds detected were free carboxylic acids, as well as some aldehydes, 

alcohols, steroids, and aromatic compounds. After transesterification, methyl esters of 

carboxylic acids were quantified using GC/FID analysis. Oleic (25.41-67.69%), linoleic (6.64-

40.25%) and palmitic acids (9.57-15.22%) were determined as the most abundant in all five 

species. The studied mushrooms species could potentially be used in well-balanced diets and 

as a source of valuable helath-promoting compounds. 

 

Acknowledgements 

The authors would like to acknowledge the financial support of the Ministry of Science, 

Technological Development and Innovation of the Republic of Serbia (451-03-47/2023-

01/200134). 

 

  



29th International Symposium on Analytical and Environmental Problems 

 
251 

 

ROLE OF ASPHALTENES IN THE CRUDE OIL EMULSION STABILITY  

 

Tibor  Istv§n ¥rdºg 1, Lilla  Balassa 2, S§ndor Pusk§s 1, Imre D®k§ny 2 

 
1Group Oilfield Development and Solutions MOL PLC. H-1117 Budapest, Domb·v§ri str. 28. 

2 Physical Chemistry and Material Science Department, University of Szeged, H-6720 Szeged, 

Rerrich B®la sqr.1. 

email:tordog5@gmail.com 

Abstract 

In the terciery crude production technologies the applied surfactant adsorption processes has to 

be clearly idetified. In this complex environment the asphaltenes has special role in the 

emulsion stabilisation. Asphaltenes covered solid mineral particles could stabilize the o/w 

emulsion in the crude oil/ brine environment.   

 

Introduction  

In naturally occurring crude oil, there are high molecular weight organic compounds in the 

crude oil phase, while the other phase of crude oil is an aqueous medium in which electrolytes 

(calcium, magnesium salts, water-soluble organic substances) are found. Depending on the oil-

water ratio, there are o/w (oil in water) and w/o (water in oil) dispersions. In this work, we 

report on the role of asphaltenes occurring in o/w type emulsions and dissolved in the oil phase, 

with the aim of obtaining information on the stabilizing effect of asphaltene dissolved in the 

organic phase. It should be noted that, in addition to electrolytes, the brine phase used as a 

dispersion medium also contains sand and clay particles from the reservoir rock - washed out 

by brine migration flows - which also affect the stability of the crude emulsion. 

 

Experimental 

The stability test is important because the crude oil emulsion that has come to the surface must 

be separated into an oil and water phase before being sent to the oil refinery. In this separation 

technology, the stabilizing layer created at the o/w interface, which consists of asphaltene, 

mineral particles modified by asphaltene, plays an important role [1]. The schematic diagram 1 

presented below shows the assumed so-called the structure of the interfacial layer of a 

Pickering-type emulsion droplet. 

 

 

 
Schematic Diagram 1. 

 

Results and discussion 

In this work, we want to provide information on the extent to which the amount of asphaltene 

adsorbed on the mineral components affects the stability of the emulsion, or concentration of 

surfactants - which are essential in petroleum production technologies - how does it affect the 
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mineral or the adsorption of surfactants on asphaltene-modified minerals. It is important to 

know this because in the case of crude oil displacement technologies with surfactants, it is 

necessary to know the adsorption processes from injected surfactant solutions in the rock pores 

of the reservoir layer. This means that we are studying surfactant adsorption processes occurring 

at the solid-liquid interface, and in order to study it quantitatively, surfactant adsorption 

isotherms were determined using sodium dodecylbenzene sulfonate (NaDBS) anionic 

surfactant. Figure 1. represents an example of Langmuir adsorption isotherm of untreated and 

partially treated reservoir layer rock sample. Figure 2. shows the adsorption isotherm and ce/ns 

representation of the 1.rock sample.  

 

 
Figure 1. Adsorption isotherm of 1.rock sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Adsorption isotherm and ce/ns representation of 1.rock sample 

 

We will provide quantitative information about the adsorption capacity and the adsorption 

mechanism of the reservoir rock or from the surface of the emulsion stabilizing particles. Figure 

3. represents the maximum adsorption capacity of NaDBS on the 1.rock sample. 
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Figure 3. Maximum adsorption capacity of NaDBS on the 1.rock sample 

 

Conclusion 

We found that asphaltene adsorbed on the surface of the  mineral particles in advance and in 

increasing amounts increases the amount of surfactant needed to displace crude oil. Knowledge 

of surfactant adsorption during practical application is important because it affects the costs of 

crude oil production. 
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Abstract 

In the present study it was investigated the groundwater quality and its suitability for drinking 

purposes in several urban and rural areas from Timis, Arad and Bihor counties (West Region 

of Romania). We have established general and specific techniques for the analytical 

investigation of the inorganic and organic matrix in the environmental components of water 

from underground sources, for the identification and quantification of persistent pollutants with 

toxic potential, especially considering the presence of chlorobenzenes and organo-chlorinated 

pesticides, organophosphorus pesticides, plant treatment agents (triazine pesticides), benzene 

and benzene derivatives, polycyclic aromatic hydrocarbons and toxic metals, specifically 

tracking the presence of arsenic in groundwater resources in the Western Region of Romania. 

 

Introduction  

Although groundwater is considered safe, high concentrations of heavy metals such as arsenic 

(As) can present potential problems and hazards to human health.  

With several newly affected regions reported in the last decade, a significant increase has been 

observed in the global scenario of arsenic contamination [1].  

Almost 108 countries are estimated to be affected by arsenic contamination in groundwater 

(with a concentration exceeding the maximum permissible limit of 10 ppb recommended by the 

World Health Organization) [2]. 

The largest of these are from Asia (32) and Europe (31), followed by regions such as Africa 

(20), North America (11), South America (9) and Australia (4) [3]. 

Arsenic, even if it is part of the class of metalloids, according to European Union legislation, is 

included in the category of heavy metals alongside other elements (antimony, cadmium, 

chromium (VI), copper, lead, mercury, nickel, selenium, tellurium, thallium and tin).  

Special attention must be paid to the monitoring and removal of arsenic from water, as it is 

known that long-term exposure to arsenic can cause health problems. 

Underground sources of drinking water are considered to be one of the most important causes 

responsible for chronic health problems related to arsenic poisoning of the population, at the 

world level, but also at the national level. Arsenic toxicity is a complex phenomenon and is 

generally classified into acute and subacute [4]. 

We pay special attention to the Pannonian Basin. This basin covers a large part of Hungary, the 

Western Plain of Romania, Northern Serbia, North-Eastern Croatia, a small part of Slovenia, 

Slovakia and Austria. It is in fact a large area of South-East Central Europe affected by arsenic 

contamination of natural water resources. 

According to a European study in 2011, it is considered that approximately 500.000 people 

living in Hungary and Romania are exposed to increased levels of arsenic in drinking water [5]. 
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The application of pesticides and other chemical agents for plant protection and to weeds 

control,  as well as the expansion of industrial production have led to land pollution and direct 

threat to groundwater, rivers and lakes that are sources of drinking water [6].  

Due to the critical role of groundwater in numerous fields of life, the dynamic changes in 

groundwater resources are among the main subjects of sustainable management of groundwater 

assets. 

Groundwater monitoring is nowadays mandatory in all member state level in European Union 

(i.e., Water Framework Directive (EU) 2020/2184 of the EUROPEAN PARLIAMENT and of 

the COUNCIL of 16 December 2020 on the quality of water intended for human consumption) 

[7].  

In this study, we mainly focus to act in accordance with the legal provisions of this directive 

adopted, whereas it is clearly specified on pct. 17: ǌWhen necessary in light of the identification 

of hazards, Member States should monitor pollutants which they identify as relevant, such as 

nitrates, pesticides or pharmaceuticals identified under Directive 2000/60/EC, or because of 

their natural presence in the abstraction area, such as in the case of arsenic, or because of 

information from water suppliers, for example regarding a sudden increase of the concentration 

of a specific parameter in raw waterǌ.  

For the purpose of appropriate monitoring, as mentioned in the first paragraph letter (c) of 

Article 8, we have proposed adequate conventional monitoring in groundwater, in the Western 

Region of Romania, in the catchment areas for abstraction points, or in groundwater sources, 

of some relevant parameters, substances or pollutants. 

 

Experimental 

Groundwater quality monitoring was carried out in 35 sampling points selected from the three 

different counties: Timis, Arad and Bihor, located in Western part of Romania. 

The sampling campaign took place during May 2023, the groundwater sources analyzed had 

varying depths, between 10 and 300 m, most of them being located in the rural area. 

To determine the degree of pollution of groundwater resources intended for human 

consumption in the Western Region of Romania, 35 representative drills were selected and 

analyzed: groundwater samples from TimiἨ County (14 locations: 6 communes, 8 villages), 

Arad County (8 locations: 7 cities, 1 commune), Bihor County (13 locations: 2 peri-urban areas, 

7 communes, 4 villages) (Figure 1). 

In addition to many physical-chemical water quality indicators analysed, for the identification 

and quantification of persistent pollutants with 

toxic potential, the presence of chlorobenzenes 

and organochlorinated pesticides, 

organophosphorus pesticides, plant treatment 

agents (triazine pesticides), benzene and 

benzene derivatives, polycyclic aromatic 

hydrocarbons were analysed by gas 

chromatographic methods (GC-ECD, GC-

FPD, GC-MS) and liquid chromatographic 

methods (HPLC-FLD, HPLC-UV). The 

detection technique used for Hg was Atomic 

Fluorescence Spectrometry (AFS) and for As 

was Inductively Coupled Plasma Optical 

Emission Spectrometry (ICP-OES).  

Figure 1. The sampling locations investigated  

           in the Western Region of Romania 
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Results and discussion 

The chemical status of groundwater is determinated with respect to the quality of groundwater, 

and concentrations in monitoring points selected must be compared to the European standards 

and Threshold Values (TV) which are considered the main objectives for a good status of the 

groundwater body status. The list of minimum parameters which must be considered for each 

groundwater body are stiplulated in Groundwater Directive (2006/118/EC) [8].  

In order to comprehensively evaluate the degree of pollution of groundwater, a wide range of 

physical-chemical indicators was analysed and the results of the present study are generally 

similar to what was reported in other studies, especially regarding the fluctuation of pH and 

electrical conductivity (Figure 2). 

 

 
Figure 2. The fluctuation of pH and electrical conductivity (EC) 

depending on the investigated areas 

 

Nutrients such as nitrogen, that are not taken up by plants, are lost to the environment and 

become pollutants when present in excessive amounts. This includes high levels of nitrate 

(NO3) in groundwater, which pose a threat to the environment and to human health. Reducing 

high levels of nitrate in groundwater has been a target of European Union (EU) policy since the 

adoption of the Nitrates Directive. Mineral fertilisers and manure are the main sources of nitrate 

concentrations in EU groundwaters and an estimated 80% of the nitrogen discharge to the EU 

aquatic environment stems from agriculture. The Groundwater Directive [8] and the Drinking 

Water Directive [7] set the maximum allowable concentration for nitrate at 50mg NO3/L and 

for pesticides at 0,1 Õg/L individual and 0,5 Õg/L total, in order to protect human health and 

water resources. 

The presence of chlorobenzenes (1,2,4,5-tetrachlorobenzene; pentachlorobenzene; 

hexachlorobenzene and organochlorinated pesticides (Ŭ-HCH; ɓ-HCH; ɔ-HCH; ŭ-HCH; 4,4ô-

DDD; 4,4ô-DDT; 4,4ô-DDE; heptachlor; heptachlorepoxide; aldrin; dieldrin; endrin; alachlor; 

Ŭ-endosulfan), organophosphorus pesticides (malathion; parathion; dichlorvos; diazinon; 

chlorfenvinfos; chlorpyrifos; metamidofos; mevinfos), plant treatment agents (triazine 

pesticides: simazine, atrazine, propazine), benzene and benzene derivatives (toluene, 

ethylbenzene, o-xylene, m-xylene, p-xylene, chlorobenzene, 1,2-dichlorobenzene, 1,3-

dichlorobenzene, 1,4-dichlorobenzene, 1,2,3-trichlorobenzene, 1,2,4-trichlorobenzene) and  

polycyclic aromatic hydrocarbons (PAHs) was analysed. 
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The contents for all types of pesticides, plant treatment agents and PAHs analyzed, nitrate and 

mercury content were within the maximum permissible limits for all the 35 representative drills 

analyzed.  

The groundwater sources from the West Region of Romania that require water treatment, are 

generally characterized by high concentrations of iron and manganese, also arsenic being 

present in fairly high concentrations (even about 400 ɛg/L in two isolated Timis County 

locations) and in certain situations exceedances may occur for ammonium (e.g the rural area 

around Ineu city, Arad County).  

This study provides a comprehensive review of these 35 groundwater resources selected  

according to their current status. More appropriate monitoring programs need to be designed to 

ensure the quantity and quality of data for the West Region of Romania.  

 

Conclusion 

Conventional groundwater quality monitoring methods depend on wells and site analysed, 

which is expensive, time-consuming, and labor-intensive, but these types of methods applied 

in this monitoring study provide point-in-time measurement and are accurate. 

This study results improve groundwater monitoring for a better quality of life in rural 

communities using local groundwater sources, contributing to the risk assessment and risk 

management of the catchment areas in the West Region of Romania, for abstraction points of 

water intended for human consumption. Concluding, the quality of the groundwater from the 

West Region of Romania is of good quality and applying specific treatment procedures, these 

groundwater sources can be used for drinking purpose. 
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Abstract 

Chemicals from various industries are dumped in the form of residual water and can be harmful 

for living organisms if they exceed certain concentrations [1]. Therefore, finding new and 

improved methods for their extraction from wastewaters and subsequent reuse represents a 

perpetual scientific and technical objective. For example, less expensive methods are based on 

adsorption using cheap substrates, where the adsorbent has to fulfill a number of criteria, like 

selectivity, efficiency and low production cost. 

Due to the high environmental risk sometimes posed by the huge amount of mollusk shells, 

naturally found on seashores or dumped as a result of food processing [2], a lot of interest was 

shown towards using these residues as useful natural cheap materials for building a circular 

economy. According to scientific literature, in some cases shells exhibit excellent metal 

adsorption properties. Their efficiency has been proven in both natural and modified form, i.e. 

by using thermal treatment, chemical treatment or added biomass [3]. 

This study involved the modification of Black Sea shells, which are commonly found on the 

Romanian shore, by using thermal treatment. Also, some preliminary results of phosphate 

removal efficiency from synthetic wastewater by the modified shells are presented. It was 

hypothesized that the thermal treatment increases the phosphate removal efficiency, so raw 

shells were tested for comparison. 

The protocol involved the washing and drying of seashells, and their fragmentation to specific 

sizes. Fragments with certain dimensions were then isolated through sieving and used for 

further modifications and testing. The modification of shellsô surface was performed by thermal 

treatment [3] and the results were evaluated by scanning electron microscopy. The phosphate 

removal efficiency was tested using synthetic water ran through a custom-made reactor of our 

own design and the results showed that both natural and modified shells are efficient. The best 

results were obtained for thermally treated shells when using the proper pH, which makes this 

material a promising path for wastes reintegration and reuse. 

 

Acknowledgements 

This work was supported by the Nucleu Program within the National Research Development 

and Innovation Plan 2022ï2027, carried out with the support of MCID, project no. PN 23 27 

02 01, contract no. 29N/2023. 

 

References 

[1] N.T.H. Nhung, V.D. Long, T. Fujita, Materials (Basel, Switzerland) 16 (2023) 1095. 

[2] A. Bucur, R. Banica, M.C. Pascariu, M. Poienar, C. Mosoarca, R. Bucur, A. Negrea, I. 

Hulka, Dig. J. Nanomater. Bios. 17 (2022) 153. 

[3] A.I. Bucur, M. Poienar, R.A. Bucur, C. Mosoarca, R. Banica, Braz. J. Chem. Eng. (2023). 

 

  



29th International Symposium on Analytical and Environmental Problems 

 
259 

 

INFLUENCE OF EXTERNAL NUCLEATION CENTERS IN THE 

SOLVOTHERMAL SYNTHESIS OF SILVER NANOWIRES  

 

Mihai -Cosmin Pascariu, Daniel Ursu, Cristina Mosoarca, Radu Banica 

 

National Institute of R&D for Electrochemistry and Condensed Matter, 

144 Dr. Aurel PŁunescu-Podeanu, RO-300569 Timisoara, Romania 

e-mail: mihai.cosmin.pascariu@gmail.com 

 

Abstract 

The influence of external heterogeneous crystallization active centers, such as nucleation 

centers on the glass surface, porous SiO2, and activated carbon, on the growth of silver 

nanowires [1] is a topic still in its infancy. For this reason, in this study, silver nanowires were 

synthesized in a microwave field, in the presence of external nucleation seeds other than AgCl, 

in order to observe the influence of temperature increase on the morphology of crystals obtained 

on various substrates in a pressurized reactor. The SynthWAVE 3000 microwave reactor was 

used to obtain metal nanocrystals with varied shape factors. SCS glass spheres, silica gel and 

activated carbon, were impregnated with the reaction mixture. The samples were placed in the 

reactor, pressurized to approx. 26 bar at 20 ÁC, heated to 160 ÁC, separated by filtration or 

centrifugation and washed with ethanol, after which the impregnated ones were dried in an oven 

and the others were kept in suspension. 

The samples were morphologically characterized by scanning electron microscopy (Figure 1). 

 
Figure 1. SEM images of microwave-grown silver nanowires (a) without substrate, (b) on the 

surface of glass spheres, (c) on the surface of activated carbon, and (d) in silica gel matrix 

 

The existence of external nucleation centers, other than AgCl, causes the crystallization of the 

metal in completely different morphologies. In their absence, a mixture of metal nanoparticles 

and nanowires, with thicknesses generally less than 100 nm and lengths of several micrometers, 

is formed. Silver nanoparticles of quasi-spherical shape and very small sizes are also formed in 

the case of glass spheres and silica gel, while when using activated carbon, silver microparticles 

are formed very uniformly distributed on the surface of the support. This shows that inorganic 

substrates represent heterogeneous nucleation centers, strongly competing with AgCl 

nanocrystals, while activated carbon, although it has a higher specific surface area, does not 

show a high density of nucleation centers for the metal. 
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