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Abstract 

Organic dyes resulted from industries such as textile, food, printing, and 

pharmaceuticals are the main contamination in wastewater. [1] In the last years, several 

physical, biological and chemical methods have been investigated for the treatment of 

industrial colored wastewaters. Among them, photocatalysis proved to be a useful method due 

to the degradation of colored pollutants into smaller, non-toxic compounds. [2] Coordination 

polymers may exhibit photocatalytic properties under UV or visible light irradiation due to 

their nature and structure properties [3]. 

Three new cadmium(II) coordination polymers [Cd3L(CH3COO)4]·H2O (CP-1), 

[Cd5L2(CH3COO)6] (CP-2) and [Cd2L(NO3)2]·CHCl3 (CP-3), where H2L stands for N,N’-

bis[(2-hydroxybenzilideneamino)-propyl]-piperazine were synthetized by direct metal-ligand 

reaction of the respective ligand with the corresponding cadmium(II) salts. The nature of the 

compounds was established based on elemental analysis, and structural information were 

obtained by IR and UV–Vis spectroscopy and single-crystal X-ray diffraction. 

The photocatalytic activity of the CPs 1 - 3 was investigated on the degradation of two 

anionic: Congo Red (CR), and Methyl Orange (MO). Photocatalytic studies were carried out, 

at room temperature, in a visible chamber with 500 W Hg lamp providing 546 nm irradiation, 

and the dye concentrations were determined by a UV/VIS spectrophotometry. 

 
Figure 1. Photodegradation efficiency of CPs for colored pollutants, under visible irradiation 

(50 mg/L dye, 1 g/L CP, 25oC, solution pH) 

 

For all investigated dyes the photocatalytic degradation efficiency increased in order: CP-1< 

CP-2< CP-3. The CPs were capable of photodegradation of anionic dyes, as evidenced by 

their decomposition efficiency up to: 88% for CR and 83% for MO. 
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Abstract 

Typical C16/20 concrete class has been studied in an accelerated carbonation experiments 

carried out under high CO2 concentration. The 100x100x100 mm cube specimens, prepared 

with natural aggregates and recycled aggregates, were stored for 28 days in water and have 

been tested (physical-mechanical characteristics). After 60 days of accelerated carbonation 

conditions test, in a protected environment - 50% carbon dioxide concentration, temperature 

25 ° C and humidity 75-80%, the specimens were cleaved to determine the carbonation depth 

by phenolphthalein test on the faces in the splitting zone, measuring the minimum and 

maximum carbon dioxide penetration values.  Correlation was made between the compressive 

strengths obtained for the studied specimens and the carbonation depth after the accelerated 

carbonation experiments in the protected environment. 

 
Introduction 

The construction industry plays an important role in the social and economic 

development. According to Eurostat, in July 2019, the construction sector in Romania 

registered an increase of 39.5%, being the first in the European Union. Only Hungary is 

approaching, with an increase of almost 33%, while in Bulgaria or Poland the increases are 

only a few percent and the average increase of the European Union is only 1.7%. [1] 

But, the construction sector has a negative impact on the environment, by large CO2 

emissions (contributing to global warming), by large amount of construction and demolition 

processes wastes generated (uncontrolled disposal), also leading to the depletion of natural 

resources by over-exploiting them. The only ways to reduce this negative impact of this sector 

is reuse, recycling and waste reduction [2]. 

 An option, for the concrete resulted from the demolition process is to be used as 

aggregates into a new concrete, instead of using as coarse aggregate and filler in road 

construction industry. [3]. 

 By recycling the materials are changed into new products, preventing this way, the 

waste of potentially useful materials, reducing the consumption of fresh raw materials, the 

energy usage and the air and water pollution. [4].  
 

Results and discussions 

 The study on the durability of recycled concrete was carried out in accelerated 

carbonation experiments, continuing the previous work on topic of RCA influence on 

carbonation depth, due to higher porosity (20-30%) of the concretes than those cast with 

natural aggregates in the mix. ([7],[8]).  
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The usual concrete class C16 / 20 cast with natural aggregate in the mixture, replaced 

by the recycled aggregate concrete (different granulometric fractions), obtained after an 

industrial building demolition has been studied into the experimental program (Table 1.) [8]. 

 

Table 1. Experimental mixture 

Concrete Class 

Mixture 
Water/cement  

ratio 
CEM I 42,5R 

[kg/m
3
] 

Mixture water 

[kg/m
3
] 

Admixture 

[kg/m
3
] 

Aggregate 

[kg/m
3
] 

C16/20 292 205 1,46 1694 0,7 

 

The concrete mixtures belong to the class of consistency S3, the maximum size of the 

aggregate of 16 mm and a super-plasticizing additive was used.   

It was proposed to replace 100% of the natural aggregate (NAT) with RCA (R1). The 

other mixtures R2, R3, R4 and R5 replace only certain granulometric fractions in the natural 

aggregate with the RCA, keeping the others granulometric fractions unchanged (Table 2). 
 

Table 2. Granulometric fractions 

 (100% NAT) (100% RCA) (NAT + RCA) 

M1 R1 R2 R3 R4 R5 

NAT: 0,0-16,0 mm - 
0,0-0,5 mm 

1,0-16,0 mm 

0,0-1,0 mm 

2,0-16,0 mm 

0,0-4,0 mm 

8,0-16,0 mm 
0,0- 8,0 mm 

RCA: - 0,0-16,0 mm 0,5-1,0 mm 1,0-2,0 mm 4,0-8,0 mm 8,0-16,0 mm 

 

As the previous experimental work, the 100x100x100mm cube specimens were stored 

for 28 days in water, tested (physical-mechanical characteristics) and subjected to accelerated 

carbonation experiments (fig.1) in a protected environment - carbon dioxide concentration 

(50%), temperature (25 °C) and relative humidity (75-80%) (figure 3).  

The three parameters - carbon dioxide concentration, relative humidity and 

temperature - were measured with the Testo 350XL analyzer (Fig. 2). [8] 

 

  
Figure 1.Experimental setup Figure 2.  Testo 350XL analyzer 
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Figure 3.Temperature and relative humidity evolution  

 

After being stored for 60 days under accelerated carbonation conditions, the specimens 

were cleaved to determine the carbonation depth after phenolphthalein test of the faces in the 

splitting zone, drawing the carbonated surface and measuring the minimum and maximum 

carbon dioxide penetration values (figure 4 and table 3).  

 

Figure 4. Phenolphthalein test - Carbonated surface [8] 

 

In the calculation of the average depth of theoretical carbonation, the developed C.Bob 

formula presented below [6] was used: 

 

 - average carbonation depth [mm] 

fc - concrete compression strength [MPa] 

t - time [years] 

c,k,d - coeficients 
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Table 3. Experimental results 

Samples 

Compression 

strength 

fc    [Mpa] 

c k d 
Time 

[years] 

x theoretic 

[mm] 

x-min 

exp. 

[mm] 

x-max 

exp. 

[mm] 

M1  (100% natural) 29 1 0,7 2,7 0,164 3,96 4,0 11,0 

R1  (100% RCA) 32,0 1 0,7 2,7 0,164 3,59 4,0 13,0 

R2 (natural+RCA) 23,0 1 0,7 2,7 0,164 4,60 8,0 13,0 

R3 (natural+RCA) 25,0 1 0,7 2,7 0,164 4,26 12,5 16,0 

R4 (natural+RCA) 26,7 1 0,7 2,7 0,164 4,15 11,0 16,0 

R5 (natural+RCA) 27,7 1 0,7 2,7 0,164 4,12 9,3 17,2 

 

 
Figure 5. Carbonation depth vs. compression strength evolution  

 
Conclusions 

The additive added additionally in the case of studied mixtures, positively influences 

the carbonation depth. 

As the grain size fraction replaced by RCA is larger, the compression strength is 

higher, but also the carbonation depth is greater. 

Due to a quality control, difficult to manage, the results obtained for compression 

strength correlated with the carbonation depth, exhibit a different behavior from the results 

obtained in other studied cases. 
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Abstract 

Metal complexes able to self-assembly in water into chromonic-type liquid-crystalline phases 

are progressively attracting attention because of their unique features consisting in the 

combination of properties deriving from liquid crystals (self-ordering, ease of alignment, 

sensitivity to changing conditions and additives) coupled with the optical and electro-optical 

properties brought by the metal centre. [1,2]  

In the last decade, rhodium (III) cyclometallated complexes were researched for their 

electrocatalytic activity, fluorescent properties and especially for medicinal applications as 

drug delivery and therapeutic agents. [3(a-d)] Therefore, supramolecular organized aqueous 

systems built up with these compounds should bring important developments in bio-related 

fields. Herein we report new Rh(III) cyclometallated complexes that show the ability to self-

assemble into chromonic-like phases at relatively low concentration in water. Their 

supramolecular arrangements in mesophase will be proposed based on optical polarization 

microscopy (POM), X-ray diffraction studies on single crystals and Small Angle Neutron 

Scattering (SANS) measurements in the mesophase. The role of different molecular moieties 

will be discussed in the self-assembling with respect to previous reported structurally 

analogues Ir(III) complexes [1,2]. 
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Dynamic chirality synchronization of supramolecular aggregates in liquids and liquid 

crystals is a new mode of mirror symmetry breaking, providing chiral fluids of non-chiral 

compounds with long-term stability even at high temperatures [1]. Formation of networks 

and, particularly, network junctions seems to be the key to the long-range propagation of 

homochirality [2, 3]. Depending on the lattice symmetry the cubic phases of rod-like and 

polycatenar molecules are achiral (double gyroid phase - Ia3d) or chiral triple network - 

Im3m); therefore, the molecular design play an important role for the achievements of new 

supramolecular structures with specific required properties. Here, we present the design, 

synthesis and characterization of first examples of fluorenone derivatives displaying 

bicontinuous cubic phases.  The synthetized compounds show columnar, double gyroid and 

the triple network phase. The Ia3d seems to be preferred at higher, and Im3m at lower 

temperatures.  

These fluorescent compounds also have the potential to be used as electro- or 

photoluminescent materials in devices that may emit circularly polarized light. 
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Abstract 

In our modern world, avoid wasting or keep it at low level is important for the food industry 

too. After the fruits pressing stay a lot of pomace, which is rich in vitamins, antioxidant, and 

polyphenols. It has a few further usages, like pectin commodity or soil conditioners. After 

drying and grinding, it becomes seed meal. 

In our experiment we try out the buckthorn (Hippophae rhamnoides L.) pomace further usage, 

in our case, we mixed with flour and baked cookie. We tested the level of polyphenol and 

antioxidants in the cookies. Furthermore, the whole polyphenol capacity (TPC), ferric 

reducing antioxidant power assay (FRAP) and the texture of biscuits have been tested. 

The results are favorable in case of TPC and FRAP. The buckthorn pomace has a positive 

impact regard to substance.  

 

Introduction 

There  more and more proof confirm the theory of the oxidative progress by radicals are 

contribute to arteriosclerosis, additionally, it was reported that antioxidant nutrients influence 

cell response and gene expression, which gives a new perspective to the mechanism of 

biological antioxidant activity [1-3]. Due to the modern way of life the consumption of the 

right quantity and quality antioxidant are essential to mitigate the harmful impact of radicals. 

In our busy world, there is increasing demand to fast food. As a result, the food industry tends 

to develop and produce such foods, which are good choice for health-conscious customer [4-

6].  

The sea buckthorn (Hippophae rhamnoides L.) is a rich source of antioxidant, 

polyunsaturated fatty acids, vitamins and minerals [7-10]. It is consumed in many forms in the 

food industry such as raw, syrup, canned, soda, jam and vitamin-rich processed concentrate. 

After squeezing the crop of sea buckthorn, the 75-85% of the weight of the berry is juice, 

other remaining after the press, like seed and peel in the most cases are used for forage or soil 

conditioner. However only a little percentage of total pomace mass is used in the food 

industry [11-14]. The sea buckthorn pomace in form of grist can be suitable for the mix with 

flour. While harvest the favorable physiological effect, it can be made a pleasant taste 

product. In today’s world, the usage of the higher and higher rate of material became very 

important, while mitigating the weight of waste.  

For this reason, the aim of our research is to successfully use the byproduct of buckthorn in 

the biscuits in order to make antioxidant-rich product. 

 

Experimental 

The „Ascola” sea buckthorn was collected from agricultural plots of Hungary in 2018. 

Chemicals were purchased from Sigma-Aldrich Chemie Ltd. All reagents used were of 

analytical grade. 
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Sea buckthorn was destemmed and then heated to 80°C, to inactivate enzymes. The material 

was squeezed, resulting in juice and pomace. Drying the pomace was the next step by an 

atmospheric dryer (LMIM, Hungary) at 80°C [15] until moisture content became lesser than 

10%. After this step, the pomace was grinded.  

 

In this experiment, three recipes were made with increasing sea buckthorn content (Fig. 1.) 

 
sugar (g) coconut oil (g) flour BL 55 (g) sea buckthorn (g) baking powder (g) 

water 

(ml) 

control 100 100 250 0 12 100  

2.5% pomace 100 100 243.75 6,25 12 100 

5% pomace 100 100 237.5 12.5 12 100 

The biscuits were baked for the same time (10 min, 190℃).  

 

Samples were stored at room temperature for 2 weeks in a sealed package, during which the 

following were examined at 3 sampling times: 

 Water content was determined by drying until constant weight at 121 °C using a MAC-50 

moisture analyzer (Radwag Waagen GMBH, Hilden, Germany). 

 Various spectrophotometric measurements were carried out. All spectrophotometry 

measurements were performed in triplicate: 

o TPC: Total Polyphenol Content was evaluated using a method by Singleton and 

Rossi [16]. The absorbance was measured at 765 nm. Results were specified in mg 

Gallic acid equivalent/ 100 g biscuit (mg GAE/100g). 

o FRAP: The ferric reducing antioxidant power method of the samples was determined 

by Benzie and Strain [17]. The reduction is followed by the measurement of 

absorption change at 593 nm. FRAP value was defined in ascorbic acid equivalent 

(mg Ascorbic acid equivalent/ 100g biscuit; mg AA/100g). 

 Texture was investigated by Brookfield, LFRA 4500 Texture Analyser. In the course of 

texture examination, hardness, adhesion, and elasticity were measured, because in the 

evaluation of the quality of biscuits these parameters are important aspects.  

 

Results and discussion 

Water content results during the two weeks storage period show on the Figure 1. 
  

 
Figure 1. Water content of the biscuits during the storage period 

 

At the beginning the control sample showed the highest level of water content, the 2.5 % 

pomace had lower and the 5% pomace had the lowest level of water content.  After the one-

week storage, the control and the 2.5 % pomace content sample had the same water content 

rate loss, while the water content of the 5% pomace was higher. In two weeks storage period, 
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water content of the 5% pomace showed a decrease and water content of the other two 

samples grew a little bit.   

 

 
Figure 2. Results of total polyphenol content from biscuits during the storage period 

 

The figure 2 shows the changes of total polyphenol content of biscuits during the storage 

period. At the first measurement, the 2.5% pomace sample had the lowest level of polyphenol 

out of the three sample (21.90 mg GAE/100g). In the case of control sample had a little higher 

value (23.70 mg GAE/100g), the 5% pomace sample had even higher value (26.75 mg GAE 

/100g). After one week the control sample had the lowest polyphenol content, the 5% pomace 

sample had a little higher value, while the 5% pomace sample had the highest measured value. 

At the next week, the measurement the ratio of the samples remained the same as before, but 

the values were raised a little bit. 

 

 
Figure 3. Results of antioxidant capacity (FRAP) from biscuits during the storage period 

 

On the figure 3. the results of antioxidant capacity can see. The control sample barely 

contained antioxidants and those were completely decomposed during the weeks of storage. 

The initial sample, which contained 2.5% pomace, had the highest measured value (3,512mg 

AAE/100g), the 5% sample had less FRAP value (2,654mg AAE/100g). After one week 

storage, the antioxidant level was raised in both of the samples meanwhile there ratio stayed 

the same. 

 

At the second week measurement, we experienced decreasing level in the 2.5% sample as 

well as in the 5% sample. Measured value of the 2.5% pomace sample was (1.720mg 

AAE/100g), while the 5% pomace had very low level FRAP (0.423mg AAE/100g).  
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Figure 4. Hardness values of samples during the storage period 

 

The results of texture examination are on the Figure 4.The hardness of the control sample had 

grown more during the storage, than the other two samples hardness. After one-week the 

value of hardness had double and after that, it continued to rise. In the beginning, we 

measured higher value in the case of 2.5% sample, unlike the control sample. A little growing 

could be observed after the first and second week. We measured double value in the 5% 

sample than in the beginning status of the control, the 2.5% sample had a little higher value as 

well. As the time moved forward, the hardness had grown a little bit of this sample. 

 

 
Figure 5. Adhesiveness values of sample during the storage period 

 

The adhesion had decreased as the time has passed in the control sample. In the 2.5% pomace 

sample this value doubled after the first week and after the second week, it has started to 

decrease. 

In the 2.5% pomace sample first got higher the adhesion level and after the second week, it 

has started to decrease. The adhesion level of 5% sample had moved just a little and mostly 

decreased a little. 

 

Conclusion 

One possible usage of the buckthorn pomace is to mix in products of the bakery. 

Whit that the antioxidant content is enriching and this antioxidant level can be preserved at a 

high level during one-week store in 25℃ as we observed in the research. 

The polyphenol concentration of the cookies was almost the same after two weeks at 25℃. 
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For those who follow health-conscious nutrition, the favorable physiological effect from the 

buckthorn is available by the cookies. It easily could become an enjoyable but healthy 

everyday snack for families with children. 
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Abstract 

Two differently substituted base porphyrins, one containing aliphatic unsaturated groups and 

one functionalized with basic effect at the periphery: 5,10,15,20-tetrakis-(4-allyloxyphenyl)-

porphyrin and 5,10,15,20-tetrakis-(4-aminophenyl)-porphyrin, were investigated for their 

capacity to complex with hexachloroplatinic acid from leaching solutions. Their different 

nature makes them interact differently with the hexachloroplatinic acid in solution, as 

aminophenylporphyrin is more capable to form more stable complexes, therefore it is suitable 

for the recovery of platinum from diluted solutions (removal capacity is large 86.6 %) 

whereas the amount of platinum that can be recovered by allyloxyphenylporphyrin is lower, 

only 74.07 %. 

 

Introduction 

The automotive industry uses large amounts of platinum salts as catalysts. As platinum is a 

rare metal and the natural resources are scarce, the recovery of platinum from leaching 

solutions has to be taken into serious consideration. This can be achieved based on the 

capacity of some materials to generate complexes with hexachloroplatinic acid. Some of the 

compounds capable to perform this task are base porphyrins, properly substituted at the 

periphery with functional basic groups, or metalloporphyrins, due to their capacity to 

coordinate ligands at the metal centers [1]. The following step is to obtain platinum colloid, 

by reducing the already coordinated systems.  

A couple of aliphatic- and amino-substituted porphyrin bases were investigated for their 

capacity of platinum absorption. 

 

 
Figure 1. Structure of the investigated compounds: 5,10,15,20-tetrakis-(4-allyloxyphenyl)-

porphyrin (1); 5,10,15,20-tetrakis-(4-aminophenyl)-porphyrin (2) 

 

Experimental 

Materials and methods. N,N-Dimethylformamide was purchased from Merck (Darmstadt, 

Germany), chloroplatinic acid hexahydrate was acquired from Sigma-Aldrich (St. Louis, 

USA). The porphyrins 5,10,15,20-tetrakis-(4-allyloxyphenyl)-porphyrin (1); 5,10,15,20-
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tetrakis-(4-aminophenyl)-porphyrin (2) were synthetized and characterized as published in 

previous papers [2]. 

The experiments were performed in 5 mL porphyrin solutions in DMF, to which increasing 

amounts of hexachloroplatinic acid solution in water (c = 1.03 x 10
-3

 M) were added. The 

mixtures were stirred for 30 seconds and then the UV-vis spectrum was recorded for each 

step. 

Apparatus. For recording UV-visible spectra, standard 1 cm pass quartz cells were used on a 

JASCO UV- V-650 spectrometer (Japan). 

 

Results and Discussions 

In order to have a precise measurement, without the effect of volatile solvents, the porphyrins 

were solved in DMF, a polar, nonvolatile solvent compatible with water. The platinum-

containing agent of use in the experiment was hexachloroplatinic acid solution in water 

(c=1.03 x 10
-3

 M).  

The absorption domain of the chloroplatinic acid solution does not interfere with the 

absorption wavelengths of the investigated porphyrins, as can be observed in Figure 2. 

 

 
Figure 2. Comparative UV-vis spectra of the investigated compounds 

 

The overlapped spectra for the successive adding of chloroplatinic acid to the solutions of the 

two porphyrin-base compounds of interest are presented in Figure 3. 

 

 
Figure 3. Comparison of the UV-vis spectra after adding chloroplatinic acid to 5,10,15,20-

tetrakis-(4-allyloxyphenyl)-porphyrin (1) and 5,10,15,20-tetrakis-(4-aminophenyl)-porphyrin 

(2). Details present magnification of Q bands and of isosbestic points. 

 

It can be noticed that the allyloxyphenyl porphyrin can only interact with small amounts of 

platinum from the solution, the intensity of the Soret band decreases drastically after adding 

2.2 mL chloroplatinic solution (Figure 3(1)). Nevertheless, some interaction between the 
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porphyrin molecule and the platinum ions takes place, as isosbestic points show: one on the 

descending branch of the Soret band, at 435 nm and one at 564 nm, on the Q3 band. 

The aminophenylporphyrin is able to better interact with platinum ions in solution, many 

intermediate species are present, as proven by the presence of numerous isosbestic points: one 

at 458 nm, on the Soret band, then on the Q bands, in increasing wavelength: 528 nm, 570 nm 

and 665 nm respectively (Figure 3(2)). The isosbestic point at 570 nm corresponds to the 

H2PtCl6 concentration interval of 2.023 x 10
-5

 M to 7.644 x 10
-5

 M. Also, a new peak appears 

at 784 nm, probably due to self- aggregation phenomena [3]. Besides, these isosbestic points, 

together with the appearance of the new peak, indicate a possible acid-base complexation 

between the weak hexachloroplatinic acid and the four amino groups at the periphery of the 

porphyrin molecule, that can be protonated. The presumed final complex can have the 

structure presented in Figure 4.  

 

 
Figure 4. The presumed structure for the complex formed between the tetra-

aminophenylporphyrin and the hexachloroplatinic acid 

 

The linear dependence between the intensity of absorption read at the Soret wavelength 

maxima and the H2PtCl6 concentration for the two porphyrins under investigation are 

presented in Figure 5. 

 

 
Figure 5. Linear dependence between the intensity of absorption read at Soret maximum 

wavelength and the H2PtCl6 concentration for allyloxyphenylporpyrin (1) and for 

aminophenylporphyrin (2) 

 

It can be observed that the capacity to recognize platinum ions is very poor in the case of 

allyloxyphenylporphyrin, as the intensity of absorption read at 422 nm is linear with the 

concentration of chloroplatinic acid only in the concentration domain of 7.6 x 10
-5

M to 29.5 x 

10
-5

 M, with a poor correlation coefficient of 76.61% and with low sensitivity. In comparison, 

the chloroplatinic acid concentration interval (2.023 x 10
-5

 M to 10.227 x 10
-5

 M) for which 
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the dependence between the intensity of absorption of aminophenylporphyrin and platinic 

acid concentration is linear, is represented by a high correlation coefficient of 98.42%. 

The capacity to remove platinum ions from a solution, with the aid of porphyrin molecules, 

was the purpose of this study. Therefore, according to [1] the quantity of platinum that can be 

retrieved by the porphyrins can be evaluated according to the equation:  

𝑄𝑒 =  
(𝐶0 − 𝐶𝑒) 𝑉

𝑚
 (𝑚𝑔/𝑔) 

Where, adapting the formula for our specific case and taking into consideration the variation 

of platinic acid: 

C0 is the concentration of Pt in the porphyrin solution at the end of the experiment expressed 

in ppm 

Ce is the concentration of the Pt in the porphyrin solution at the beginning of the experiment 

expressed in ppm 

V is the volume of the solution in L 

m is the quantity of porphyrin in the solution expressed in g 

The distribution coefficient (KD) shows the affinity of the porphyrin solution toward Pt 

colloidal particles and can be calculated according to the equation:  

𝐾𝐷 =
𝑄𝑒

𝐶𝑒
 (𝐿/𝑔) 

The removal capacity of Pt colloidal particles from solution can be calculated according to the 

formula:  

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) =
(𝐶0 − 𝐶𝑒)

𝐶0
 𝑥 100 

 

Table 1 presents the results obtained for the two porphyrins investigated.  
Porphyrin Qe [mg Pt/g porphyrin] KD [L/g] Rc [%] 

5,10,15,20-tetrakis-(4-allyloxyphenyl)-porphyrin 1175.208 78.809 74.07 

5,10,15,20-tetrakis-(4-aminophenyl)-porphyrin 581.75 293.8 86.6 

 

If the capacity to remove platinum from dilute solutions is the desired target, then the 

5,10,15,20-tetrakis-(4-aminophenyl)-porphyrin is the better material as given in Table 1, each 

NH2 base unit being capable to interact with the hexachloroplatinic acid. 

The platinum can be recovered as colloid or as platinum particles by reducing the novel 

generated complexes either with sodium citrate or with excess NaBH4, a more potent reducing 

agent and subsequent centrifugation of the solution. 

 

Conclusion 

Two differently substituted porphyrin-base compounds, one containing aliphatic unsaturated 

groups and one containing basic groups at the periphery: 5,10,15,20-tetrakis-(4-

allyloxyphenyl)-porphyrin and 5,10,15,20-tetrakis-(4-aminophenyl)-porphyrin, were 

investigated for their capacity to complex hexachloroplatinic acid from leaching solutions. 

Their different nature makes them interact differently with the platinum ions in solution. So, 

aminophenylporphyrin is more capable to bind hexachloroplatinic acid, therefore it is suitable 

for the recovery of platinum from diluted solutions. 
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Abstract 

Coumarin and 3-carboxycoumarinic acid, two fluorescent probes commonly used for HO• 

detection has been used during gamma radiolysis and heterogeneous photocatalysis. The O2 

dependency and the radiation yield of their hydroxylated flurescent products (7-hydroxy-

coumarin and 7-hydroxy-3-carboxycoumarinic acid) has been investigated during gamma 

radiolysis. The radiation yields were found to be 1.2(±0.2) % in O2-free solutions, while it 

was 2.9 (±0.06) % in the presence of O2, proving the importance of peroxyl radicals in the 

formation of these products. The results obtained from radiolysis experiments, were employed 

during heterogeneous photocatalysis performed with commercial TiO2 catalyst. The effect of 

dissolved O2 was also investigated, as its electron scavanging role during photocatalyis is also 

important. The formation rate of HO• during photocatalysis was calculated from the 

formation rate of the fluorescent products, and were found to be 1.8×10
-7

 mol dm
-3

 s
-1

, while 

the quantum efficiency for its formation is 0.0038. 

 

Introduction 

Advanced oxidation processes (AOPs) have been investigated in the last few decades for their 

possible use as an additional wastewater purification method. During AOPs different reactive 

species form, the most important one is the hydroxyl radical (HO•), due to its high reaction 

rate with most organic pollutants. However several methods can be employed, like time-

resolved spectroscopy, ESR, the determination of HO• formation rates is a complicated task. 

Fluorescent probes, like terephtalic acid or coumarines, have also been applied during 

heterogeneous photocatalyis to evaluate the formation rate of HO•. [1-5] 

In this study coumarin (COU) and coumarin-3-carboxylic acid (3-CCA) have been used as a 

fluroescent probe for determination of the HO• formation rate. They are reported to form 

highly fluorescent hydroxylated prodcts in their reaction with HO•, 7-hydroxy-coumarin (7-

HO-COU) and 7-hydroxy-3-carboxycoumarinic acid (7-HO-3-CCA), respectively. The 

formation rate of both hydroxylated products are reported to be dependant on dissolved O2. In 

the presence of O2 they form via peroxyl type radicals, while in the abscence of O2 they form 

via dismutation, significantly reducing their formation rate. [1-3] 

The application of COU and 3-CCA for HO• detection was investigated during two, different 

AOPs. In the case of gamma radiolysis the formation rate of all reactive species (HO•, eaq
-
, 

H•) is well determined, since the values of their radiation yields (G value) are well known. 

Heterogeneous photocatalysis is also a highly researched field of AOPs, but the reacton 

mechanisms are often not clear. The transformation of organic compounds is mostly related to 

the reactions with HO•. In addition, the reactions initiated directly by the photogenerated 

charges (hvb
+
 and ecb

-
) has to be taken into consideration too. The reactions take place on the 

surface or close to the surface of photocatalyst, and consequently the interactions between the 

photocatalyst and substrate may have an important role.  
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The aim of this study is to determine the radiation yields of 7-HO-COU and 7HO-3-CCA, and 

investigate the effect of dissolved O2 during gamma radiolysis. Based on these result, the 

formation rate of HO• and the quantum yield of the HO• formation (ΦHO•) may be determined 

during the heterogeneous photocatalysis. By comparing the transformation of the non-

adsorbed COU, and the well adsorbed 3-CCA, we may investigate the importance of 

adsorption on the reactions of these substrates with HO•. 
  

Experimental 

In the gamma-radiolysis experiments a 
60

Co gamma source was used in a panoramic type 

irradiator, the dose rate was 1.48 Gy min
-1

. The solutions of COU and 3-CCA were irradiated 

in sealed ampulles, which were saturated with either O2, N2O or N2. All experiments were 

performed in 10
-4

 mol dm
-3

 solutions of COU and 3-CCA in pH = 7.0 (in 0.01 mol dm
3
 

phosphate buffer). 

Photocatalysis experiments were performed in a glass reactor. 1.0 g dm
-3 

TiO2 Aeroxide P25 

(Acros Organics) was added to the 250 cm
3
 solutions, and irradiated using a fluorescent UV 

light source (GCL303T5/UVA, Lighttech) emitting in the 300-400 nm range. The photon flux 

of the lamp was 1.20×10
-5

 molphoton min
-1

, determied by ferrioxalate actinometry. Since 3-

CCA adsorbed on the photocatalyst surface (≈30 % adsorbed on TiO2), NaF was added to the 

samples, for the desorption of the analytes. All samples were centrifuged at 15000 RPM, and 

filtered using 0.22 µm syringe filters (FilterBio PVDF-L).  

The transformation of COU and 3-CCA (λ
COU

max = 277 nm, λ
3-CCA

max = 291 nm, ε
COU

=10300 

dm
3
 mol

-1
 cm

-1
, ε

3-CCA
=12170 dm

3
 mol

-1
 cm

-1
) has been followed using UV-Vis 

spectrophotometry (Agilent 8453). The formation of 7-HO-COU and 7-HO-3-CCA were 

followed using fluorescence spectroscopy (Hitachi F4500) at 455 and 447 nm, respectively. 

The initial transformation rates of COU and 3-CCA were determined from linear regression 

fits to the actual concentration versus the duration of irradiation, up to 15 % conversion. The 

initial formation rates of 7-HO-COU and 7-HO-3-CCA were obtained from the linear 

regression fits to the actual concentration versus the duration of irradiation. 

 

Results and discussion 

First the effect of O2 on the formation of 7-HO-COU and 7-HO-3-CCA was investigated. In 

the case of radiolysis mainly HO• and eaq
-
 forms from water. In the presence of O2 eaq

-
 

transforms into O2
•-
. Since both O2

•-
 and its protonated form, HO2

• 
have a low reactivity 

towards organic compounds, mainly HO• is responsible for the transformation of COU in this 

case. Moreover, from carbon centered radicals peroxyl radicals form immediately. The 

formation of peroxly radicals opens a new pathway for the formation of hydroxilated products 

via unimolecular HO2
•
 elimination. In O2-free solutions both the HO• and the eaq

-
 are able to 

initiate the transformation of COU. Without O2, the formation of 7-HO-COU happens via 

bimolecilar dismutation. The formation rate of HO• in the presence of O2, air or N2 can be 

calculated (r0
HO• 

= 6.91×10
-9 

mol dm
-3

 s
-1

). In N2O saturated solutions eaq
-
 transforms into 

HO•, and doubling the HO• yield (r0
HO• 

= 1.33×10
-8

 mol dm
-3

 s
-1

). 
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Figure 1. Concentration of COU (A) and 3-CCA (B) as a function of dose in O2 (■), N2O (■)) 

and N2 (■) saturated solutions, and the formation of 7-HO-COU during gamma radiolysis in 

O2 (◊), N2O (◊) and N2 (◊) saturated solutions. 

 

 

The effect of the different gases on the transformation rate of COU and 3-CCA were 

negligible. Despite the similar transformation rates, the formation rate of the hydroxylated 

products show significant differences. The lowest formation rate can be observed in O2-free 

solution, due to the lack of the possibility of peroxyl radical formation, and probably because 

of the significant contribution of eaq
-
 to the transformation of COU/3-CCA, which do not 

result in hydroxilated products. The formation rates in N2O saturated solutions are greatly 

increased, due to the increased HO• formation rate. The formation rates are even higher in the 

presence of O2, despite the lower HO• formation, proving the importance of peroxyl radicals 

in the formation of the hydroxylated products. (Figure 1. and Table 1) 

From the formation rates of the hydroxylated products and the formation rate of HO•, the 

radiation yield for both fluorescent product can be calculated. In N2 saturated solutions 0.94 

and 1.35 %, in N2O saturated solutions 1.16 and 1.29 %, while in O2 saturated solutions 2.99 

and 2.86% of HO• produces 7-HO-COU from COU and 7-HO-3-CCA from 3-CCA, 

respectively.  

 

 

Table 1. Initial transformation rates of COU and 3-CCA and initial formation rates of 7-HO-

COU and 7-HO-3-CCA during gamma radiolysis 

 

r0
COU

 
 

(× 10
-9

mol dm
-3

 s
-1

) 

r0
7-HO-COU 

(× 10
-10

mol dm
-3

 s
-1

) 

r0
3-CCA 

(× 10
-9

mol dm
-3

 s
-1

) 

r0
7-HO-3-CCA 

(× 10
-10

mol dm
-3 

s
-1

) 

O2 3.35 2.06 3.23 1.98 

Air 4.33 1.55 2.40 1.71 

N2 3.38 0.64 2.73 0.93 

 

 

During heterogeneous photocatalysis the main reactive species is the HO•. The 

photogenerated hvb
+
 and ecb

-
 pair may also react with organic compounds, especially when 

there is special interaction between the substrate and the catalyst surface. COU and 3-CCA 

have different adsorption properties, as COU do not adsorb on the catalyst surface, as opposed 

to 3-CCA, due to the strong interaction between its carboxyl groups and TiOH surface 

groups of phtocatalyst. 

 

A B 
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Figure 2. Transformation of COU (A) and 3-CCA (B) as a function of time, in O2 (■), air (■) 

and N2 (■) saturated suspensions, and the formation of 7-HO-COU during heterogeneus 

photocatalysis in O2 (◊), air (◊) and N2 (◊) saturated suspensions. 

 

 

O2 plays a crucial role as an electron scavenger, hindering charge recombination, and helping 

HO• formation via O2•
-
. In the case of COU there was no difference in the transformation 

rates determined in O2 saturated and airated suspensions. At the same time, the formation rate 

of 7-HO-COU is nearly 1.5 times greater in the case of higher dissolved O2 concentration. In 

the case of 3-CCA the transformation rate is also higher with 25% in the case of O2 saturated 

suspension, while the formation rate of 7-HO-3-CCA increased with 33 %. In N2 saturated 

suspensions the transformation of COU and the formation of 7-HO-COU is negligible. This 

suggests, that direct charge transfer reactions have a low probability, and HO• formation is 

negligible. The transformation rate of the well adsorbed 3-CCA is 47 % of the value measured 

in O2 saturated suspension, and there is no 7-HO-3-CCA formation. This suggest that, 3-CCA 

transformation can happen via direct charge transfer, but this way does not results in 

hydroxilated products. 

 

 

Table 2. Initial transformation rates of COU and 3-CCA and initial formation rates of 7-HO-

COU and 7-HO-3-CCA during heterogeneous photocatalysis 

 

r0
COU

 × 10
-8 

(mol dm
-3

 s
-1

) 

r0
7-HO COU

× 10
-9 

(mol dm
-3

 s
-1

) 

r0
3-CCA

× 10
-8 

(mol dm
-3

 s
-1

) 

r0
7-HO-3-CCA

× 10
-9 

(mol dm
-3 

s
-1

) 

O2 6.15 2.55 8.98 2.77 

Air 6.08 1.73 7.10 2.08 

N2 0.29 - 4.23 - 

 

 

Using the results obtained from gamma radiolysis, the formation rate of HO• in the case of O2 

saturated TiO2 suspension was found to be 1.78×10
-7

 and 1.86×10
-7

 mol dm
-3

 in the case of 

COU and 3-CCA respectively. Assuming that, TiO2 absorbs completly the emitted photons 

from the light source, the quantum yield for the formation of HO• is 0.0037 and 0.0039, 

respectively. 
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Conclusion 

 The formation of 7-HO-COU from COU and 7-HO-3-CCA from 3-CCA requires 

HO•, while dissolved O2 highly enhances their formation rate. 

 The radiation yield of 7-HO-COU from COU and 7-HO-3-CCA from 3-CCA were 

determined in the case of gamma-radiolysis 

 Based on radiation yields of the hydroxylated products, and the photon flux of the 

light source, the formation rate of HO• and its quantum efficiency has been 

determined during heterogeneous photocatalysis, using TiO2 as photocatalyst 
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Abstract 

The textile industry plays a role as the largest sources of the presence of dyestuffs in the 

environment, in which most of the dyes have toxic, mutagenic and carcinogenic properties 

[1]. About 10–15% of commercial dyes produced from the textile industries are discharged 

into the environment every year [2]. The direct discharge of colored and toxic wastewater into 

the environment affects its ecological status by causing various undesirable changes [1,3]. 

Dyes usually have complex aromatic molecular structures which make them more stable and 

more difficult to biodegrade [3]. Therefore, the removal of colored components from 

wastewater is one of the biggest issues of concern [4]. Adsorption is verified to be one of the 

most promising alternative techniques to remove the nonbiodegradable dyes from wastewater 

due to its simple 

operation, superior adsorption effectiveness, relatively low cost, almost harmless byproducts , 

and the possibility of reusing the spent adsorbent via regeneration [5,6]. 

Recently, magnetic nanocomposites are widely used as adsorbent in polluted water treatment. 

Such types of adsorbents have high adsorption capacity and selectivity as compared to 

traditional adsorbents, and shows an magnetic character which makes their separation easier 

after wastewater treatment [4,5]. 

In this study we set out to obtain nanoparticles which combines very good adsorption ability 

of the carbon-based materials with magnetic properties of the iron oxides, and to test them as 

potential adsorbents for the removal of , anionic: Acid Orange 7 (AO7), Chromazurol S (Ch-

S) and cationic: Methylene Blue (MB), Basic Red 1 (RB1) dyes from aqueous solutions. 

The synthesis of magnetic nanocomposites (CAN) was performed by the combustion method. 

This method is environmentally friendly and has many advantages such as simplicity, short 

reaction time, and low energy consumption. 

For the synthesis of nanocomposites, sample of activated carbon were impregnated with the 

precursor solution of iron nitrate nonahydrate and with arginine used as a fuel.  

The effect of experimental conditions, such as the specific surface of active carbon, reaction 

time and magnetite/carbon ratio, on the nanoparticles characteristics was investigated. The 

resulted powders were characterized by X-Ray diffraction (XRD), FT-IR, energy-dispersive 

X-ray spectroscopy(EXD), specific surface area(BET), N2 adsorption–desorption isotherms 

and thermal analysis (TG/DSC).  

The resulting nanocomposites had a magnetite/carbon ratio varying between 2/3 and 1/9. As 

the magnetite/carbon ratio decreased, the BET surfaces are an increased from 485 m2/g to 

1095 m2/g.  

In order to evaluate the potential application in dye wastewater treatment, the obtained 

nanocomposites are employed as the adsorbent for the removal of both anionic and cationic 

dyes from wastewater. 
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The adsorption process was optimized by studying the influence of solution pH (212), 

magnetite/carbon ratio, adsorbent dose (0.25  3 g/L), initial dye concentration (10300 

mg/L), and temperature (298, 318, 328 K) on the dye removal. 

The increase of the carbon content increases the removal efficiency. It is also evident that the 

removal efficiency increases with increasing dose of CAN, and temperature, and by 

decreasing the initial dye concentration for investigated dyes. 

Using an adsorbent mass of 1 g/L, and working at the natural solution pH, the synthesized 

compounds showed removal efficiency higher than 90.00% for all investigated dyes 

The first-order and pseudo-second-order kinetic models were used for the kinetic 

interpretations, and adsorption isotherm analysis was used to elucidate the adsorption 

mechanism. 

Adsorbents regeneration were performed using ethanol solution (1:1). Even after four 

adsorption-desorption cycles the nanocomposite presents a good efficiency (greater than 65%) 

for dyes removal from aqueous solution, indicating the possible industrial application. 

The experimental results suggest that the as-prepared nanocomposite with high  adsorption 

capacity, excellent separation capability and short equilibrium time has a potential application 

in the water purification management. 
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Biologically compounds can be detected using conducting polymers, compound capable to 

offer some practical advantages. Well-known conducting polymer is polyaniline (PANI) due 

to its stability electronic properties and strong interactions with analytes [1]. Various sensors 

and biosensors, such as enzyme sensors, DNA sensors and immunosensors based on PANI 

are reported in the literature. Most applications of PANI require good mechanical properties 

and proper workability. The basic polymers have the highest conductivities, but in return, they 

are difficult to process. To ensure proper workability most known ways are synthesis of 

mixtures, composite materials (with other polymers having the desired mechanical properties) 

or derivatization of the base polymers. These methods make a compromise between solubility 

and fusibility on the one hand and conductivity and stability on the other. In order to increase 

the processability of polyaniline, other methods have been proposed which involve either 

substituting aniline at the nucleus or a hydrogen at nitrogen with different groups such as 

alkyl, alkoxy, aryl or halogen, or copolymerizing it with other suitable momomers. However, 

the obtained polymers have the disadvantage of lower conductivity and small molar masses. 

The functionalization of aniline boronic grups generated poly(aniline boronic acid) PABA [2] 

a polymer which exhibits redox activity also in solutions with neutral pH. The 

polyaniline(PANI)/poly(3-aminophenyl boronic acid) (PABA)-film was obtained for the 

detection of diols. The study involved the electrochemical polymerization of 3-

aminophenylboronic acid (3-APBA) in the absence or presence of fluoride on the surface of 

non-noble electrodes.  The PANI/ PABA films were tested for detection of dopamine (DA). 

The electropolymerization conditions were optimized in order to enhance the sensing 

performance. Cyclic voltammetry was used for deposition and characterization of the 

PANI/PABA. The electrochemical impedance spectra describe the different phenomena 

occurring at the interfaces and were presented by Nyquist and Bode representations. The 

changes in the PANI/PABA capacitance and resistance properties was monitored by EIS. The 

film thickness was adjusted from the amount of charge that passes during the potentiostatic 

deposition process. After electrochemical deposition the polymer modified electrodes was 

washed with distilled water and with phosphate buffer pH 7.4.  The gradual change in 

impedance due to the effect of boronic acid complexation on resistance of polymer film was 

correlated with de DA concentration and the response was found to be linear between 10
-1

 to 

10
-10

 mol L
-1

. 
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Abstract 

A pivotal role in the brain development is played by the cellular membrane. Since glycolipids 

(GLs) are the predominant components of plasma membrane, a direct correlation of GLs with 

crucial processes and neurological disorders exists [1]. Therefore, GLs, formed by a ceramide 

moiety attached to an oligosaccharide chain, possibly mono- to polysialylated, are important 

biomarkers in early diagnosis of central nervous system (CNS) pathologies, being in the focus 

of our research as potential therapeutic targets [2]. Here, we have developed here an approach 

based on nanoelectrospray (nanoESI) Orbitrap mass spectrometry (MS) in combination with 

ion fragmentation by collision induced dissociations (CID) for profile comparison and 

structural characterization of native GL mixtures extracted and purified from 

histopathologically-defined anencephalic brain remnants originating from fetuses in different 

intrauterine developmental stages [3]. The native GL extracts dissolved in pure methanol up 

to a concentration of 5 pmol/µl were infused at 2µL/min flow rate on a LTQ Orbitrap MS. 

Based on high resolution mass spectrometry capability for a reliable determination of 

glycopatterns, changes in diversity and number of GLs with age were observed. Over 150 

distinct GL structures were identified in the three samples of anencephalic fetal brain 

remnants. The high resolution of the instrument and the newly developed methodology 

allowed not just the ionization and detection of low-abundance species, such as polysialylated 

GLs, but also revealed the presence of different components modified by fucosylation, 

acetylation and N-acetyl galactosamine attachment. Tandem MS (MS/MS) experiments 

carried out in the LTQ by CID in the manual mode of ion selection and fragmentation using 

variable collision energy within 25-30 eV confirmed the incidence of potential biomarker 

species in the investigated anencephalic fetal brain remnants.   
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Abstract 

Nickel complexes, especially with Schiff bases gain potential interest in various areas such as 

catalysis, luminescent probes in analytical chemistry, dye and polymer industry, food 

industry, magneto-structural chemistry, agrochemistry, biological fields and several 

miscellaneous applications. There are numerous reports on the biological activities of Schiff 

base ligands and their metal complexes, including their use for DNA cleavage, enzyme 

modeling, and as antimicrobial, antifungal and antitumor agents [1]. 

 In our research, new nickel complexes were synthesized with α-glyoximes, such as 

[Ni(Me-propyl-GlyoxH)2(imidazole)2], [Ni(Me-pentyl-GlyoxH)2(diisopropyl-amine)2], 

[Ni((4-benzyl-2-hydroxy-phenyl)-Me-GlyoxH)2], where GlyoxH = mono deprotonated 

glyoxime, and with Schiff bases, such as [Ni(3-heptanone)2A], [Ni(propiophenone)2A], A = 

ethylenediamine (en), 1,2-, 1,3-propylenediamine (1,2-pn, 1,3-pn), o-phenylene-diamine 

(o-fen). The Schiff bases were obtained with a simple condensation reaction between 3-

heptanone or propiophenone and the corresponding diamines. 

The molecular structure of our products was investigated by IR, UV–VIS 

spectroscopy, mass spectrometry (MS), thermoanalytical measurements (TG-DTG-DTA), and 

powder XRD. The biological activity was studied for a few bacteria, however, these 

complexes have shown no antibacterial activity so far. 

 

Introduction 

Nickel (Ni) is a naturally occurring element existing in various forms, and it is present in all 

compartments of the environment and, furthermore, is ubiquitous in the biosphere as its 

compounds and complexes. It is a silvery-white lustrous metal with a slight golden tinge. 

Nickel is a hard and ductile transition metal belonging to the 3d group. Nickel is one of the 

five ferromagnetic elements. Nickel is used in a wide variety of metallurgical processes such 

as electroplating and alloy production as well as in nickel cadmium batteries. Besides it plays 

a well defined role in the biological system and plants. It is also essential for the biosynthesis 

of hydrogenase, carbon monoxide dehydrogenase, and, moreover, it can be found in a number 

of genera of bacteria [2]. 

 The Schiff bases are widely used as N-donor ligands in the field of coordination 

chemistry. Due to the attractive physicochemical properties of metal complexes, extensive 

studies have been carried out on complexation of Schiff bases with different metal ions, 

resulting broad range of utilization in various areas of science. The toxicity of Schiff base 

http://www.ttk.mta.hu/en/home-featured/hungarian-academy-of-sciences-research-centre-for-natural-sciences
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derivatives of sulfane thiadiazole, 2-thiophene aldehydes, and salicylaldehyde, together with 

their some metal complexes,  has been tested against insects as well [3]. In general, the C=N 

linkage in azomethine derivatives is an essential structural requirement for biological activity. 

Several azomethines have been reported to possess remarkable antibacterial, antifungal, 

anticancer and diuretic activities [4]. 

 In the present paper we report the synthesis, characterization and biological evaluation 

of some Ni(II) complexes with Schiff bases and α-glyoximes. 

 

Experimental 
Used materials: NiSO4, EtOH, EtONO, 2,3-hexanedione, 4-benzyl-2-hydroxy-propiophenone, 

2-octanone, hydroxylamine hydrochloride, KOH, imidazole, diisopropylamine, 3-heptanone, 

propiophenone, ethylenediamine, 1,2-propylene-diamine, 1,3-propylene-diamine, ortho-

phenylene-diamine, sodium acetate. 

Methods: 

- Preparation of (4-benzyl-2-hydroxyphenyl)-Me-GlyoxH2, Me-propyl-GlyoxH2 and Me-

pentyl-GlyoxH2 

First, the (4-benzyl-2-hydroxyphenyl)-Me-dione-monoxime and Me-pentyl-dione-monoxime 

were prepared from 4-benzyl-2-hydroxypropiophenone and 2-octanone, respectively. The 

keton reactants were acidified with HCl, and, according to the isonitroso method, gaseous 

ethyl nitrite was bubbled into the cooled mixture. Then the obtained monoximes, and, 

furthermore, the 2,3-hexanedione, were reacted with hydroxylamine generated from the 

aqueous solution of the corresponding hydrochloride salt by addition of equimolar amount of 

KOH. The reaction mixture was heated for 2–3 hours, and then the precipitated product was 

filtered off. After recrystallization from EtOH or MeOH, it was dried on air. The reactions: 

 

R
1
–CO–CH2–R

2
 + CH3–CH2–ONO HCl

 R
1
–CO–C(=NOH)–R

2
 + CH3–CH2–OH 

R1–CO–C(=NOH)–R2 + H2N–OH·HCl + KOH → R1–C(=NOH)–C(=NOH)–R2 + 2 H2O + KCl 

C

N

C CH2

NO

H

O

H

H3C CH2 CH3
C

O

C CH2

O

H3C CH2 CH3 + 2 H2N-OH·HCl

KOH,  2 H2O

 
- Synthesis of [Ni(GlyoxH)2(amine)2] type  complexes 

(4-benzyl-2-hydroxyphenyl)-Me-GlyoxH2 or Me-propyl-GlyoxH2 or Me-pentyl-GlyoxH2 was 

dissolved in EtOH, then added to the aqueous solution of NiSO4 containing spatula tip 

amount of sodium acetate. In the latter case of Me-propyl-GlyoxH2 and Me-pentyl-GlyoxH2, 

imidazole and diisopropylamine, resp., were added. The mixtures were heated for 2–3 hours. 

After cooling the crystalline complexes were filtered, washed with EtOH–water mixture (1:1), 

and then dried on air. The reactions are shown below: 

CH2

HO

C

N

CH3C

N OO

CH2

OH

C

N

C CH3

NO

H

O

HNi
CH2

OH

C

N

C CH3

NO

H

O

H  H2SO4

+ NiSO4 + AcONa
2
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O

HNi

H3C CH2
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CH2
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CH3 H3C

CH2 CH3
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 H2SO4

+ NiSO4 + AcONa

 
- Synthesis of [Ni(3-heptanone)2(diamine)], [Ni(propiophenone)2(diamine)] complexes 

The Schiff bases were prepared by the condensation reaction between 3-heptanone or 

propiophenone, and the corresponding diamine (ethylenediamine, 1,2-,  

1,3-propylenediamine, o-phenylenediamine) in EtOH solution. The mixture was heated at 70–

80 °C for 2–3 hours. The solution obtained was directly used for the synthesis of complexes 

by adding the aqueous solution of NiSO4 containing slight amount of sodium-acetate. The 

product was filtered off, washed with EtOH–water mixture (1:1), and then dried on air. 

For example, the reactions below were performed for the synthesis of 

[Ni(3-heptanone)2(1,3-pn)]: 

 2 H2O

2
H2C C CH2 CH2 CH2 CH3

O

H3C
H2C

NH2

NH2
H2C

H2C

H2C
N

CH2C CH2 CH2 CH2 CH3H3C

H2C C CH2 CH2 CH2 CH3

N
H2C

H3C

H2C

 

H2C
N

CH2C CH2 CH2 CH2 CH3H3C

H2C C CH2 CH2 CH2 CH3

N
H2C

H3C

H2C
+ NiSO4 + AcONa

 H2SO4 OH2

OH2

H2C C CH CH2 CH2 CH3

N
H2C

H2C
N

CH2C CH CH2 CH2 CH3

Ni

H3C

H3C

H2C
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Results and discussion 

Microscopic characterization and the yield of prepared complexes are presented in Table 1. 

Table 1. Microscopic characterization, calculated molecular weight and the yield of 

prepared complexes. 

Nr. Compound 
Calc. mol. 

weight 
Yield (%) 

Microscopic  

characterization 

1. 
[Ni((4-benzyl-2-HO-phenyl)-Me-

GlyoxH)2] 
625.30 63 Light brown discs 

2. 
[Ni(Me-propyl-GlyoxH)2 

(imidazole)2] 
481.17 63 Red triangle-based prisms 

3. 
[Ni(Me-pentyl-GlyoxH)2 

(diisopropyl-amine)2] 
603.51 32 

Orange-red discs and triangle-

based prisms 

4. [Ni(3-heptanone)2(en)] 309.11 25 
Greenish-blue triangle-based 

prisms 

5. [Ni(3-heptanone)2(1,2-pn)] 323.14 15 
Greenish-blue irregular 

microcrystals 

6. [Ni(3-heptanone)2(1,3-pn)] 323.14 65 Green irregular microcrystals 

7. [Ni(3-heptanone)2(o-fen)] 357.16 28 Brown triangle-based prisms 

8. [Ni(propiophenone)2en] 349.09 44 
Light purple triangle-based 

prisms 

9. [Ni(propiophenone)2(1,2-pn)] 363.12 10 Light blue triangle-based prisms 

10. [Ni(propiophenone)2(o-fen)] 397.14 45 
Dark brown triangle-based 

prisms 

Infrared spectroscopic study 

The mid-IR spectra were recorded with a Bruker Alpha FTIR spectrometer (Platinum single 

reflection diamond ATR), at room temperature, in the wavenumber range of 4000–400 cm
−1

, 

and the far-IR range of 650–150 cm
−1

, respectively, on a Perkin–Elmer System 2000 FTIR 

spectrometer, operating with a resolution of 4 cm
−1

. The samples were measured in solid state 

(in powder form) and in polyethylene pellets, respectively. The data of the most characteristic 

IR bands for the selected complexes are presented in Table 2. 

 

 Table 2. IR data of the selected complexes. 

Comp. 

cm
-1

 
1 2 3 4 5 6 7 8 9 10 

O-H 3648 w - 3648 w - - - - - - - 

C-H 2940 m 2961 m 2926 s 2970 m 2971 s 2971w 2970 s 2970 w 2970 w 2970 w 

C=N 1609 s 1560vs 1560vs 1739vs 1739vs 1541vs 1738vs 1739vs 1739 s 1739 s 

CH2 1456 m 1454 m 1458 s 1425 s 1425vs 1417vs 1457vs 1456 m 1420 s 1436 s 

CH3 1366vs 1364 w 1366 s 1373 s 1374 m 1216 w 1374vs 1373 s 1374 m 1374 s 

N-O 1217vs 1239vs 1229vs - - - - - - - 

N-OH 1191vs 1117vs 1119vs - - - - - - - 

τO-H 1098vs 1049 s 1049 s 1068vs 1066vs 1057vs 1092 m 1063vs 1066vs 1078vs 

γC-H 616 vs 709 vs 731 vs 612 vs 612 vs 608 vs 755 s 610 vs 611 vs 743 vs 

Ni-N 488 s 516 vs 514 s 528 s 543 s 476 m 527 m 528 s 548 m 518 s 

(Abbreviations: vs = very strong, s = strong, m = medium, w = weak) 

Mass spectrometry 

Mass spectra of the samples were recorded using electrospray ionization (ESI).  In the spectra 

we could detect the molecular ions and some decomposition fragments. 

Thermoanalytical measurements (TG-DTG-DTA) 

Thermal measurements were performed with a 951 TG and 910 DSC calorimeter (DuPont 

Instruments), in Ar or N2 at a heating rate of 10 Kmin
-1

 (sample mass of 4–10 mg). 

 In the case of [Ni(GlyoxH)2(amine)2] type complexes the first decomposition steps are 

belonging to the leaving amine groups up to 300 °C. Subsequently, the decomposition of 

glyoxime groups takes place which is accompanied by big exothermic peaks. This behavior 
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can be explained with the presence of oxygen in the molecule. In the case of Schiff bases, first 

heptanone and propiophenone parts, respectively, are leaving, afterwards the diamine moieties 

eliminate. Two examples are presented in the figure. The general decomposition mechanisms: 

 

[Ni(GlyoxH)2(amine)2] → [Ni(GlyoxH)2(amine)] → [Ni(GlyoxH)2] → [Ni(GlyoxH)] → NiO 

[Ni(3-heptanone)2(en)] → [Ni(3-heptanone)(en)] → [Ni(en)] → NiO 

 

 
Figure. Thermal decomposition of [Ni(Me-propyl-GlyoxH)2(imidazole)2] and 

[Ni(3-heptanone)2(en)] 

Powder X-ray diffraction measurements 

The crystal structure of the complexes was studied with powder XRD measurements, carried 

out on a PANalytical X’pert Pro MPD X-ray diffractometer. As being new compounds their 

diffractograms are not deposited in the Cambridge database. 

UV–VIS spectroscopy 

The electronic spectra were recorded with Jasco V-670 Spectrophotometer in 10% 

EtOH/water solutions containing substrate in 10
–4

 mol/dm
3
 concentration. Using Sörensen 

buffer solutions the electronic spectra were also recorded as a function of pH, and then the 

acidity constants were calculated too. 

 

Conclusion 

In this work new nickel complexes were synthesized and their physico-chemical properties 

were studied. Decomposition mechanism was determined with the thermoanalytical method. 
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Introduction 

It is important to treat effectively the oil-contaminated waters, since they are produced in high 

amounts by several industrial activities [1], and their toxics compounds can significantly 

affect negatively the environment [2, 3]. To achieve excellent efficiency, the conventional 

techniques (such as flotation, centrifugation, skimming, etc.) are not enough because of the 

small emulsified oil droplets that cannot be removed by these methods [4]. The 

complementation of these techniques with membrane filtration can be a good solution to this 

problem, since, over the high achievable efficiency, it has other additional advantages, like the 

easy operation and integration. However, the generation of a hydrophobic cake layer – and the 

fouling of the pores – that reduce quickly and significantly the flux can make the utilization of 

this technology not feasible [5]. Thinking about this, many studies target to fix this problem 

by developing different promising solutions. One of them is the membrane modification, 

which can be achieved, for example, by using hydrophilic and photocatalytic nanomaterials. 

The present work shows a brief overview about the utilization of membrane filtration for 

treating oily wastewaters – explains the difficulties, the main problems and discusses 

promising solutions to improve this treatment method and to find feasible technologies, 

focusing on membrane modifications, mainly with hydrophilic and photocatalytic 

nanomaterials that can results in self-cleaning and antifouling properties.  

 

Main pollutants of oil-contaminated waters and their harmful effects 

Oils contain several harmful compounds: saturated straight and branched-chain hydrocarbons, 

cyclic hydrocarbons, olefins, aromatic hydrocarbons and others, such as sulfur compounds, 

nitrogen-oxygen compounds, and heavy metals. The harmfulness of the oil-contaminated 

waters depends on the type, volume, and quality of the polluting oil, but also on the place and 

conditions of the discharge. The oily wastewaters can cause harmful effects on organisms by 

coating, asphyxiation, poisoning or causing sublethal and stress effects, reducing the 

abundance and diversity of the fauna and flora [2]. The soils also can be affected by oil 

contaminations, reducing the bacteria activity, the life of earthworms and plant growth, by 

affecting the root elongation and germination [6]. In relation to animals and human beings, oil 

contaminations can be accumulated in the food chain, can damage the DNA, and can produce 

genotoxic, carcinogenic, mutagenic effects, and immune-suppression as well [3, 7]. 

 

Membrane technology to treat oil-contaminated waters 

Membrane filtration technique became a promising purification method to treat oily 

wastewaters due to its’ several advantages, i.e. no chemical addition, easy handling, low 

energy requirement, and high efficiency. The separation method consists of using a physical 
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barrier (membrane) that allows the water to flow by the action of a driving force while the 

contaminants are retained by the barrier [8]. Both micro- and ultrafiltration can be used to 

remove efficiently the oils, however, ultrafiltration shows higher efficiency to remove smaller 

droplets and to reduce the total organic carbon (TOC) content and chemical organic demand 

(COD) [9, 10]. The technology faces several challenges e.g. the reduction of fouling, which is 

the major limitation in several cases [5]. During the filtration, various compounds can be 

deposited or adsorbed on the membrane surface, such as salts, hydroxides, surfactants and oil 

droplets [11], causing the fouling of the pores and the formation of hydrophobic cake layer. 

These problems cause significantly reduced flux, permeability, productivity, decreased life 

span, and increased energy consumption and treatment costs. The fouling layer can be 

affected by different reasons [5]: 

i. characteristics of the feed water, e.g. concentrations and physicochemical properties;  

ii. characteristics of the membrane, e.g., surface roughness, charge properties, 

hydrophobicity; 

iii. operational conditions, e.g. cross-flow velocity, applied pressure difference, recovery and 

temperature. 

It is necessary to solve the major limitation and make the use of this technology feasible for 

treating oil-in-water emulsions. 

 

Potential solutions for fouling problems 

It is necessary to minimize the interaction between the wastewater’s contaminants and the 

membrane surface to reduce fouling and, for this, there are some possible solutions, i.e.: 

i. utilization of backflushing with air, water or permeate, to increase the efficiency and 

hydrophilicity [12]; 

ii. application of biological, physical or chemical pre-treatment for example, degasification, 

chemical softening, media filtration, ion-exchange softening, ozonation, etc. [13]–[15]; 

iii. Utilization of membrane modification by blending [16], by coating or by the deposition 

of nanomaterials onto the membrane surface [17]. 

The use of nanomaterials to modify the membrane has a huge potential to improve membrane 

efficiency due to its high surface area and high surface-active groups [8]. 

 

Membrane modification with photocatalytic nanomaterials 

Photocatalytic nanomaterials can also be used to modify the membrane, since  they have the 

ability to decompose several organic pollutants via their light-induced activation [18]. These 

UV and/or solar-light activated semiconductor materials can generate electron/hole pairs that 

can oxidize directly or indirectly the organic contaminants. Therefore, these photocatalytic 

nanoparticles can be used to prepare self-cleaning membrane, that can be activated and 

purified by photons regaining the permeability without shutdown the filtration, increasing 

costs or reducing the membrane life [19]. There are several well-known photocatalytic 

materials such as zinc oxide (ZnO), zinc sulfide (ZnS), tin oxide (SnO2), copper oxide 

(CuO2), cadmium sulfide (CdS), tungsten trioxide (WO3), and the most investigated, titanium 

dioxide (TiO2) due to its low cost, high chemical stability and photocatalytic activity, 

availability, etc. [18]. TiO2 can improve hydrophilicity, stability and anti-fouling properties of 

membranes, however, it can be activated mostly with ultraviolet light, which is a small 

fraction of the solar spectrum – 3 to 8%. Therefore, efforts have to be done to develop visible-

light sensitive photocatalytic material [20], [21], to form solar-light activable photocatalytic 

membrane. The addition of other nanomaterials to TiO2 to modify the membrane has gaining 

attention because of the enhanced properties of the coupled materials. The use of WO3, ZnO, 

BiVO4 and noble metals such as Ag, Au, Pt, and Pd are showing good results in relation with 

visible-light-driven activities [20, 22–25], but their effects on filtration properties are also 
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important, and not well investigated until now. It is possible to recognize the effort on 

research to find efficient photocatalytic composites that can be used to modify membrane 

used to the treatment of oily wastewater with higher efficiency and better anti-fouling 

properties, however, further investigations are necessary to be carried out for industrial 

utilization. 

 

Conclusions 

It is difficult, but necessary to find an excellent purification technology to treat oily 

wastewaters with high efficiency and economically friendly. Membrane filtration has been 

developed intensely in the last years, nevertheless, membrane fouling and flux reduction are 

still serious limiting factors in the case of oily contaminants. Membrane modification methods 

show good potential to further enhances because they can improve the hydrophilicity and anti-

fouling properties of the membranes. Photocatalytic nanocomposites can be used to reduce the 

adhesion of these kinds of pollutants on the membrane surface and to decompose 

photocatalytically the yet adhered organic pollutants. TiO2 has been widely investigated for 

membrane modification, but further investigations are necessary to be done in order to find 

photocatalytic nanocomposites that are able to combine the good filtration properties and high 

visible-light and solar-light activities to make the system more economical and efficient. 
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Abstract 

The Framework Directive (WFD) of the European Union (EU) aims to achieve good status 

for water bodies in EU, but there occurs a delay in its implementation related to priority 

pollutant substances. A key issue in water protection and management is that priority 

pollutants should be monitored not only in the water bodies, but also in sediments and the 

biota. Distribution between the water and sediment phases is strongly affected by numerous 

factors, including the polarity of the analytes, as well as amorphous organic matter and 

suspended matter content in the water body, and are often affected by methodological 

parameters. As a result, certain pollutants will be detected in the water phase, others in the 

sediment, again others in both, as indicated by reported cases in the scientific literature. This 

challenge is illustrated in the case of project “Sediment-quality Information, Monitoring and 

Assessment System” (SIMONA) (2018-2021) within the Danube Transnational Program. 

 

Introduction 

Water protection is one of the priorities of the European Commission. The European Water 

Policy aims to protect clean water in the European Union (EU) by preventing water pollution 

and to restore clean water from polluted sites. Thus, the EU Water Framework Directive 

(WFD), as one of the key EU policy measures, aims to reach a good status both chemical and 

ecological, for water bodies in Europe [1]. Water pollutants that jeopardize such good status 

represent a threat to the aquatic environment, and the WFD specified the most hazardous 

substances of these to be phased out. For this purpose, priority substances (PSs) presenting a 

significant risk to or via the aquatic environment were listed in 2008 [2]. The first watch list 

for European Union-wide monitoring of water bodies was published in 2015 [3] containing 

ten substances or groups of components, that was further extended in 2018 [4]. 

Nonetheless, the original goals of the EU water protection policy have not yet been achieved, 

and there appears a delay in the implementation of the objectives set in the WFD [5]. 

Previously monitoring at the point of discharge was typical to control the emission of specific 

pollutants (end-of-pipe). In turn, regulation has shifted lately towards systematic (integrated) 

thinking that focuses on sustainability, flexible water governance, determination of indicators, 

complex understanding of drivers, pressures, state impacts and responses in catchments. In 

addition to the determination of emissions and maximum limits, environmental quality 

standards (EQSs) have been set for certain substances, and management actions must account 

for the effects of multiple stressors. Monitoring and assessment need to better reflect 

improvement in the ecological status and long-term tendencies [6]. 
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Affecting factors that influence distribution of pollutants 

The current list of 20 PSs, 13 priority hazardous substances (PHSs) [2], 11 substances subject 

to review for possible identification as PSs or PHSs, and 8 substances on watch list [3] 

includes, among other groups of toxic compounds, pesticide active ingredients and their 

metabolites or contaminants. In addition, chemical intermediates, by-product polyaromatic 

hydrocarbons (PAHs), polybrominated biphenylethers (PBDEs), biocides, metals, as well as 

hormones and antibiotics are also found on the lists. 

These compounds are regularly measured in water bodies, their EQSs are intended also for 

sediment and biota, yet far less information is available about their substantive concentration 

in the sediment. Partition of the components depends on their polarity characterized by their 

octanol/water partition coefficient (Kow). On the other hand, higher organic matter content in 

the sediment bind more non-polar components compared to those with lower organic content. 

Therefore, the equilibrium constant is often given to organic matter content of soils (Koc). 

Distribution between the two phases results in different mobilities , which is strongly 

influenced by other factors e.g., suspended matter content. Worthy of note, that there is no 

equilibrium in the rivers between water body and the sediment. Based on the Kow, compounds 

having Kow < 3 are water pollutants, while components characterized by Kow > 5 are sediment 

pollutants. Other components (3 ≤ Kow ≤ 5) are present in both phases. Partition influences the 

analytical results and contamination levels determined in water. Analysis of the entire water 

body often fails as the water sample is filtered prior to sample preparation (solid phase 

extraction) or instrumental analysis (liquid chromatography) in numerous analytical protocols. 

Certain pollutants, however, are partially or completely removed by filtration. Faludi et al. [8] 

determined substituted phenols in both the Danube river and its suspended matter. Yet e.g., 

priority substance pentachlorophenol was detected only in the suspended phase, which is 

rarely analyzed. 

Temporal variation of the analytes is high in the water phase, but less variable in the 

sediment. If a spot sample is taken, only the concentration currently present in water can be 

measured. Nowadays, pollutant levels on a longer time-scale can be determined in surface 

water by the use of passive samplers. These keep collecting pollutants for one or two weeks, 

but the derived information differ from the results obtained for spot samples. Both 

information are important as not only the maximum, but also the average concentrations are 

often regulated for certain pollutants. Grab sampling and collection by polar organic chemical 

integrative sampler (POCIS) for organic compounds with a 0 ≤ log Kow ≤ 5 were 

simultaneously applied, and the results were compared [9]. Pollution patterns reflect the land 

use and loads, but also the presence of persistent components. For example, herbicide active 

ingredient atrazine is still detected, despite of its ban in the EU in 2004. A partial cause of this 

water polluting characteristics is accumulation and practically no decomposition of the 

compound in the anaerobic soil zones, and subsequent leaching to surface water. 

Unfortunately, illegal use of this prohibited pesticide active ingredient also occurs: fresh loads 

of atrazine were confirmed by its high concentration together with its low metabolite levels 

(desethyl atrazine). Atrazine was detected by us in Hungarian water and soil samples as well 

at around 2010, after its ban in 2007, but it did not appear any further during monitoring of 

the Danube river in 2015, indicating that its level decreased below the detection limit of our 

method [10]. 

Comparison of pollution patterns and contamination levels of sediment and water samples 

[11] showed significant spatial variations in water and sediment. Seasonality in concentration 

was observed in water, but not in sediment, although sediment concentrations varied 

substantially among different years. Average measured non-equilibrium distribution 

coefficients exceeded equilibrium hydrophobic partitioning-based predictions for 5 of the 7 

detected contaminants by at least an order of magnitude. Agreement increased with 
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hydrophobicity and persistence. These observations indicate non-equilibrium conditions 

between water and sediment phases and slow rate of adsorption. Among detected compounds, 

the distribution of more polar and degradable components showed greater variability, 

probably due to their degradation. On the other hand, non-sorptive components (based on 

their log Kow values) were found also in the sediment indicating the importance of other 

processes (e.g. complex formation). 

Inorganic components of the sediment may occasionally be equally important, as it was 

observed for example in the case of glyphosate and iron-oxide. Gama et al. [12] studied the 

distribution of different herbicides. Non-polar compounds with high log Kow and Koc values 

were more likely to be found in the inorganic fraction of the sediment, whereas more polar 

herbicides with high solubility and low Koc values were dispersed between both the organic 

and inorganic fractions. The interaction between chemicals and amorphous organic matter 

(e.g., humic and fulvic acids, proteins, lignin, polysaccharides) might also modify the 

partition process. 

Partition among the water-dissolved phase (DP), suspended particulate matter (SPM) and 

sediment may also become characteristic. Montuori et al. [13] measured pollution by 

organophosphate pesticides (OPP) in the Sarno river (Italy), and detected these compounds in 

DP, SPM and sediment samples simultaneously. Total OPP concentrations ranged from 5.58 

to 39.25 ng L
−1

 in the water phase as the sum of the DP and SPM, and from 0.19 to 3.98 ng 

g
−1

 in the sediment samples. Their conclusion has been that chlorpyrifos is a pseudo-persistent 

pollutant, and that higher levels of chlorpyrifos found in DP than in SPM samples and 

sediment samples indicate fresh inputs. 

 

The SIMONA project 

Sediment quality is an existing problem in the Danube River Basin (DRB), and countries in 

the region lack sufficient institutional capacity, including information, guidelines and 

methods, to build a transnational sediment monitoring network for trend assessment of 

hazardous substances. The international project SIMONA (Sediment-quality Information, 

Monitoring and Assessment System) was launched in 2018, as a part of the Danube 

Transnational Program (DTP), to support transnational cooperation for joint DRB water 

management by harmonized sediment monitoring [14]. The main objective of project 

SIMONA, carried out by the participation of 17 full consortium partners and 12 strategic 

associated partners from 12 DRB countries, is to respond to the current demand for effective 

and comparable measurements and assessments of sediment quality in surface waters in the 

DRB by delivering a ready-to-deploy sediment quality information, monitoring and 

assessment system to support transnational cooperation for joint DRB water management. For 

this purpose, project SIMONA aims to develop an improved, harmonized and coordinated 

sediment quality monitoring system of the water body status in the DRB. Together with 

experts trained in sediment quality management by SIMONA, the project will also generate 

international cooperation between stakeholders concerning the monitoring of PHS 

concentrations in water, in sediments and in biota. The immediate and middle term benefit of 

the project will be a transparent method supported by an online platform information 

technology tool (SIMONA-tool) for sediment quality monitoring that will encourage the 

cooperation in transnational water management, as well as the sediment quality assessment. 

Working groups in the project collect currently existing protocols and develop transnationally 

harmonized guidance in the field of sediment sampling, laboratory measurement of PSs and 

data evaluation, including quality assessment and quality control procedures. Outputs of the 

project will be integrated into the SIMONA-tool developed, containing a sediment quality 

evaluation protocol for PHSs, three harmonized protocols (sampling, laboratory and 
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evaluation), as well as earlier monitoring data for sediment. Evaluation of data will be based 

on predefined formula and display of the information (e.g. for decision-making authorities). 

 

Conclusion 

As demonstrated by the scientific results reported, equilibrium between the water and 

sediment phases is a complex issue, and actual distribution of pollutants depends on numerous 

factors. More accurate assessments of exposure and risk to surface water ecosystems can be 

performed by improving the prediction of fate and transport processes. This requires a dual 

solution. On the one hand, there is a knowledge gap in exploring the affecting factors related 

to the partition of PHSs in the sediment that requires further investigations. On the other hand, 

a harmonized protocol is necessary to compare the monitoring results and to determine the 

background levels in the DRB. 
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Abstract 
In the present work, composites of BiOI with multi-walled carbon nanotubes (MWCNTs) of 

different compositions (0.5%, 1%, and 2% in weight percentage) were synthesized via 

hydrothermal synthesis at different time and temperature conditions (4:30 and 6:30 hours at 

120°C and 150°C each). The composites were characterized by X-Ray diffraction (XRD), 

Scanning Electron Microscopy (SEM) and Diffuse Reflectance Spectroscopy (DRS) for their 

structural, morphological and optical properties. The morphology of the composites varied 

with different temperature conditions. The nano-plates/sheets-like structure was observed at 

120°C while microflowers were observed at 150°C. However, no significant results were 

observed in overall photocatalytic efficiency of the composites with change in morphology. 

BiOI/MWCNT showed enhanced photocatalytic degradation of phenol under visible light as 

compared to BiOI.  

 

Introduction 

In recent past, enormous energy crises and water pollution instances have risen and has 

threatened the sustainable development of human beings. Wastewaters containing organic 

pollutants are of major environmental concern. Apart from being toxic and carcinogenic in 

nature, they persist in the environment for a long time and therefore, adversely affects the 

human health. Heterogeneous photocatalysis have now emerged as one of the most effective 

and “greener” technique to eliminate such organic pollutants by complete mineralization [1-

2]. Bismuth oxyhalides (BiOX) are among one of the efficient photocatalysts in addition to 

TiO2, to decompose pollutants into non-toxic molecules for environmental remediation [3-4]. 

Several classes of visible light photocatalyst are being investigated and modified, but bismuth 

oxyhalides, (BiOX, X= Cl, Br, I), due to their unique layered structure, suitable band gap 

values, and stability has shown promising visible light response. They have relative stability 

under UV/visible light irradiation, show visible light active response and superior 

performance compared to Evonik Aeroxide P25 (titania) under UV irradiation [5-6].  

Among BiOX, BiOI is known to have narrow band gap (1.72-1.9 eV), therefore shows a high 

rate of utilization of visible light. However, BiOI suffers from drawbacks such as easy 

recombination of e
-
/h

+
 pairs, weak photo-oxidation ability and low quantum yield. Different 

methodologies have been adopted to improve the photocatalytic response: building a 

hierarchal structure, composite formation, heterojunctions, dye sensitization etc. In the past 

BiOI/carbon composites (BiOI/g-C3N4, BiOI/activated carbon, BiOI/graphene) have been 

reported to show enhanced photocatalytic response [7-8]. Carbon nanotubes composites due 
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to their hollow structure, excellent electronic properties and good adsorbent properties, are 

one of the promising nanomaterials effective in improving the charge transfer between the 

nanostructure interfaces and they also exhibit high catalytic activity. 

 

Experimental 

Materials 

 

 Bismuth nitrate pentahydrate [Bi (NO3)3·5H2O] purchased from Sigma–Aldrich, 

98.0%, glacial acetic acid, 100% purchased from Molar Chemicals Kft. and potassium 

bromide [KBr], 99.0 % purchased from Reanal, Phenol (VWR extra pure, 100%) was 

purchased from VWR. Deionized water was used for the entire study. All the reagents were of 

analytical grade and were used without further purification. 

 

Synthesis of BiOI 

 

 For the synthesis of BiOI, bismuth nitrate pentahydrate (1 mM in the final synthesis 

mixture, 3.0 g) was dissolved in 3 mL glacial acetic acid with slight heating (40 - 45 ºC) to 

decrease the dissolution time. This solution was added to 25 mL deionized water (marked as 

solution A) and was stirred until it was well dispersed. For solution B, potassium iodide (1 

mM in in the final synthesis mixture, 0.78 g) was dissolved in 25 mL deionized water under 

magnetic stirring until it was completely dissolved. Further, solution A was added to solution 

B dropwise and the mixture was stirred for 20 minutes to ensure completion of the reaction. A 

yellow precipitate appeared which was transferred to a stainless-steel, Teflon lined autoclave 

and subsequently heated at two different time and temperature conditions (120 ºC & 150 ºC 

for 4:30 hours and 6:30 hours each.). It was then cooled down to room temperature (naturally) 

and the product was collected and washed with ethanol and deionized water three times each 

using centrifugation at 4400 rpm for 5 minutes. The final product was dried at 60-80 ºC in a 

vacuum furnace overnight. 

 

Synthesis of BiOI/MWCNT composite 

 

 BiOI/MWCNTs composites were prepared in a similar manner, except the MWCNTs 

were added to solution A prior mixing of the two solutions (A and B). Therefore, after adding 

desired % content of MWCNTs (0.5%, 1%, 2% - values in weight percentage), solution A 

was sonicated for 2 hours, during which a black colored suspension was formed. This was 

now solution A with MWCNTs, while solution B was prepared similarly as mentioned before 

and the same procedure follows. 

 

Results and discussion 

X-Ray diffraction: The composites were characterized by X-Ray diffractometer for their 

structural analysis. All the peaks corresponds to the tetragonal phase (JCPDS Card No. 10-

0445) and no additional characteristic peaks were observed which implies pure BiOI. The 

diffraction peaks for MWCNTs were not visible due to their low content. Fig. 1 shows the X-

Ray diffraction of composites prepared at different time and temperature conditions with 

0.5% and 1% MWCNTs content (by weight). In some of the cases, diffraction peaks of (001) 

and (101) facets were appearing. This suggests some structural changes have occurred.  
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Figure 1. XRD patterns of BiOI/MWCNT composites with different amount of CNTs, 

prepared at different hydrothermal time and temperature conditions  

 
Figure 2. XRD patterns of BiOI prepared at 120°C and 150°C at 4:30 and 6:30 hours 

 

N2 adsorption: The BET calculated specific surface areas of the samples varied with changes 

in hydrothermal synthesis parameters (time and temperature). These measurements confirmed 

that all the samples have low surface area in agreement with the higher crystallite size as 

calculated from XRD data. The specific surface area ranges from 2.6 m
2
/g to 9.2 m

2
/g. 

Scanning Electron Microscopy (SEM): The morphology of the composites varied with 

different hydrothermal temperature conditions. The nano-plates/sheets-like structure was 

observed in case of 120°C (Fig. 3 (a),(b)) while microflowers in case of 150°C as shown in 

Fig. 3 (c), (d). 
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Figure 3. SEM micrographs of samples prepared at two different hydrothermal temperature 

conditions (120C and 150C) depicting two different morphologies 

 

Diffuse Reflectance Spectroscopy (DRS): The optical properties of the prepared samples were 

studied via UV-vis absorption spectra in the wavelength range of 200-800 nm. The band gap 

energy value of the BiOI/CNT composites fall in the range 1.62-1.89 eV. The color of the 

samples gradually changed from red to brick-red to brown with the increasing carbon content. 

The darker the sample is, the more light it will absorb. Therefore, the BiOI/CNT composites 

may exhibit enhancement in absorbing visible light compared to pure BiOI. 

Photocatalytic Test: Photocatalytic activity of BiOI and BiOI/CNT were evaluated by 

photodegradation of phenol under visible light. The experimental results were shown in Fig. 

4. BiOI/CNT composites showed enhanced photocatalytic activity as compared to pure BiOI.  

 

 
Figure 4. Photocatalytic degradation of phenol under visible light by BiOI/CNT composite 

 

Conclusion 

Composites of BiOI/CNTs were prepared at various hydrothermal time and temperature 

conditions. Different morphologies were observed. Nanoplates were derived at 120°C and 

microflowers were obtained at 150°C. However, no significant effects were observed on the 

overall photocatalytic efficiency of the composites. BiOI/CNT composites resulted in the 

photodegradation of phenol under visible light. Pure BiOI showed the least photocatalytic 

activity. Therefore, to some extent CNTs played a role of charge separation in the 

photocatalytic process. 
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Abstract 

The aim of this work is to study the effect of ultra-sonic pretreatment effeminacy prior to 

microwave (MW) irradiation on dairy sludge characterization and biogas yield. Pretreatment 

experiments were performed as batch process with 250 mL of sludge placed in ultra-

sonication and followed by MW irradiation. Results revealed in higher trend of soluble 

chemical oxygen demand (SCOD) and dissolved organic carbon (DOC), both, are considered 

as index for evaluating the efficiency of sludge solubilization. However, further investigation 

is needed to determine the potential enhancement of methane production after this combined 

process. 

 

1. Introduction 

Unlike conventional heating, heating via Microwave irradiation is delivered directly into the 

material through a molecular interaction with electromagnetic field and converted into 

thermal energy. Therefore, emerging research has focused on the effect of MW irradiation on 

sludge dewaterability, solubility and biogas production. Microwave irradiation is expected to 

increase the surface area of the biomass and decrease the polymerization and crystallinity of 

the cellulose and therefore, improve the enzymatic degradation of the organic matter and 

consequently the digestion itself (Sapci, 2013). The effect of microwave occurs as a result of 

the interaction between the electrical field with dipolar molecules such as water, proteins, fats 

and other organic complexes. Hence, changing dipole orientation in the polarized side chains 

of the cell membrane macromolecules, and results in a breakage of hydrogen bonds and 

subsequently leading to the disintegration of floc matrix and changes the protein structures of 

the microorganisms (Appels et al., 2013). Therefore, MW irradiation is expected to enhance 

the solubility of proteins and volatile fatty acids, while reduce the solubility of sugars (Qiao et 

al., 2008). Kavitha et al. (2016) evaluated the effect of MW irradiation on COD solubilization 

and SS reduction and reported a significant enhancement of 22% and 17%, respectively. 

Other studies have evaluated the effect of MW treatment as a function of temperature such as 

Toreci et al.  (2009) which reported high degrees of sludge solubilization after microwave 

irradiation when sludge temperature exceeds 175 °C. On the other hand, the study of 

Eskicioglu et al., (2007) investigated the effect of MW irradiation on waste activated sludge 

(WAS) in low temperatures (50–96) °C and claimed an enhancement of biogas production up 

to 16%. Other studies such as Apples et al., (2013) has reported an enhancement of biogas 

production up 50% in low temperatures by energy input of 336 (KJ/Kg). An interesting 

findings of the latter study stated that while MW irradiation significantly enhanced the 

solubilization of the organic materials to the aqueous phase; it did not affect the degradation 

of the major organic component at temperatures below 80 °C. Therefore, microwave 

irradiation is expected to increase the conversion of organic into easily accessible compounds 

(Kovács et al., 2018). Destruction of microorganisms occurs generally due the thermal effects 
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of microwave exposure, however, several studies have investigated whether such irradiation 

has athermal effect (Tyagi & Lo, 2013). 

The prime effect of MW irradiation leverages dielectric parameters such as temperature, 

radiation time, and penetration depth (Kavitha et al., 2016). The major disadvantage of MW 

pretreatment is the energy consumption during the pretreatment process. However, the high 

energy requirement of microwave can be downsized by combining with other disintegration 

methods to disrupt the flocs such as ultra-sonication (Pilli et al., 2011). Sludge exposure to 

ultra-sonication is expected to cause higher rate of Extracellular Polymeric Substances (EPS) 

release. As a result, disrupting the flocs through the release of EPS will enhance the 

disintegration efficiency. Hence. the main objective of the present study was to disrupt the 

flocs with ultra-sonication, then evaluate its disintegrattion through subsequent microwave 

pretreatment.  

 

2. Experimental  

2.1 Ultrasonic pretreatment 

Ultrasonic pretreatment was carried out using Hielscher UP200S ultrasonic homogenizer 

(Germany) with operating frequency of 50-60 kHz, rated voltage of 200-240 V, and rated 

current of 2 A. 250 mL of sludge were placed in a glass beaker without temperature 

adjustment and an ultrasonic probe was submerged in the sludge to a depth of 2 cm. The 

effect of this pretreatment, which mainly depends on the treatment time, was evaluated by 

taking samples at different times (10 s, 20 s, 30 s, 40 s, 50 s, 1 min, 2 min, 3 min) to study the 

effect of sludge disintegration. Specific energy was considered as a main variable parameter 

for evaluation of disintegration performance of the sludge. It is determined by using ultrasonic 

power (P), ultrasonic time (t), sample volume (V) according to the following Eq. (1): 

E=P(W)×t(s)/V(L)          (1) 

2.2 Microwave pretreatment 

Pretreatment experiment was performed as batch process with 250 mL of sludge in a 

microwave oven (2450 MHz frequency). The experiments were carried out in 

Polytetrafluoroethylene (PTFE) vessels for effective microwave diffusion and a cover was 

employed to evade sludge losses caused by hot spot formation during the disintegration 

process.  

2.3 Analytical methods 

COD, SCOD, Volatile Fatty Acids (VFA) were estimated as per standard methods (APHA, 

2005). 

2.4 Statistical analysis 

Statistical analysis was performed to determine differences between each parameter on the 

investigated characteristics. First-way ANOVA was performed in Excel 2016 at 95% 

confidence level; when a significant difference was detected post hoc pairwise multiple 

comparisons were calculated. 

 

3. Results and discussion 

3.1 COD solubilization and SCOD release 

Ultra sonication pretreatment was done to improve the bioavailability of sludge particulate 

material by increasing the rate of Extracellular Polymeric Substances (EPS) release. As the 

ultra-sonic treatment increased from 10 s to 3 min, an increase in COD solubilization was 

observed. COD solubilization increased by 21.87% to the value of 2500 mg/L after 3 min 

(data not shown). COD solubilization increased rapidly with the increase in sonic treatment 

time up to 1 min, after that, the increment in COD solubilization was in a slower rate. The 

rapid disintegration obtained at the beginning of the study was attributed to the availability of 

biomass for the action of cavitational forces. In the period between 1-3 min, and even though 
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cavitational effect remains the same, it releases less amount of SCOD. This attributed to the 

depletion of easily disintegradable organics and the presence of more recalcitrant organics 

after the initial period of 1 min treatment (Gayathri et al., 2015).  

The behaviour of COD solubilization and SCOD release after microwave pretreatment 

followed a simple role; when higher specific energy was performed, the increment of COD 

solubilization to the aqueous phase occurs in higher rates. This increase can be explained by 

the hydrolysis of the large organic molecules, the lysis of the cell walls and the disintegration 

of sludge floc, which was intensified by the applied microwave irradiation. Interestingly, 

ultrasonic pretreatment resulted in higher SCOD initial values, and higher trend of SCOD 

release when higher MW intensities and/or longer contact times were applied.  

Soluble COD of the raw sludge was found to be about 2005 mg/L and it went up to 7040 

mg/L prior to the boiling point that occurred at specific energy of 1250 KJ/L. However, for 

the utlrasound followed by MW; the initial value of SCOD started at 2360 mg/L and raised to 

8000 mg/L prior to the boiling point preforming same MW energy; suggesting higher SCOD 

release caused by the ultra-sonication. The increase of SCOD concentration after microwave 

pretreatment of dairy sludge is attributed to the transfer of organic substances from non-

soluble materials into soluble materials. Nonetheless, the intracellular organic materials may 

have been released into the medium as a result of cell wall disintegration, indicating that; the 

effect of microwave irradiation was significant in disintegrating sludge floc.  
 

Table 1 SCOD, DOC and Volatile fatty acids concentrationsn for dairy sludge after MW irradiation and ultra-sonic 

pretreatment at 700 KJ/L input energy. Statistical differences are indicated by different superscript letters. 

Parameter Raw sludge MW irradiation Ultrasonic+MW 

    
SCOD 2005±100

a
 7042±340

b
 8000±160

c
 

DOC 

 
Volatile Fatty Acids (VFA) 

2000±200
a 

 

 

7321±520
a 

 

 

8918±211
b
 

 

 

Acetic acid (ppm) 370±21
a
 790±43

b
 810± 16

b
 

    

Propionic acid (ppm) 

 

5±0.1
a
 23.0±0.1

b
 29.3±0.1

c
 

Butyric acid (ppm) 61±7.8
a
 306±6.8

b
 308±1.8

b
 

Butyric acid (ppm) 

Caproic acid (ppm) 

32±4.2
a
 

14±0.8
a 

50±8.3
b
 

44±5.4
b
 

91±5.1
c
 

33±9
b
 

 

Conclusion 

This study explored the upshot of ultra-sonication as a pretreatment an addition of microwave 

pretreatment for waste activated dairy sludge on the basis of COD solubilization. The 

effective floc disruption was achieved at a specific energy input 52.8 kJ/L. This novel 

pretreatment process reduces the energy consumption significantly with enhanced COD and 

DOC solubilization. However, a follow up biodegradability studies are needed to determine 

the potential methane production relatively to MW irradiation alone. Conclusively, this novel 

process may possibly be entitled as a plausible pretreatment process. 
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Abstract 

The influence of physic-chemical properties of soils on retention of insecticides belonging to 

carbamate pesticides was studied. The recoveries determination was done in three soils for all 

pesticides applying QuEChERS method. Identification and quantification were done by LC-

MS/MS. Except methiocarb, recovery values for multiple analysis of different soil samples 

spiked at 1.0 and 10.0 mg/kg of each of the pesticides ranged from 70.2 to 109.1%. The 

statistical analyses emphasized high statistical differences among pesticides and obtained 

recoveries.  

 

Introduction 

Carbamate consists of a wide spectrum of biologically active pesticides used worldwide to 

control insects and nematodes [1]. Carbamate insecticides are derivatives of carbamic acids 

and the first carbamate insecticide, carbaryl, was introduced in 1956 [2]. They inhibit the 

AChE enzyme and cause overstimulation of nervous system. Carbaryl (1-naphthyl N-

methylcarbamate), broad spectrum carbamate insecticide is extensively used worldwide in 

more than 120 different crops and ornamental plants [3]. Because of its very low mammalian 

toxicity together with the short half-life carbaryl is the most popular insecticide and it 

effectively acts against 160 harmful insects. Carbaryl is the second most widely detected 

insecticide in surface waters in the United States [4]. 

Carbamate pesticides usage in agriculture is increasing significantly compared with other 

organohalogen pesticides, due to the fact that carbamate compounds have been considered 

stable in the environment in term of their application for preventing disease attack in case of 

plants’ leaves and fruits [5]. Soil acts as one type of a "filter", providing sufficient time for 

biological or chemical degradation of pesticides before they reach groundwater. Carbamate 

pesticides have a low persistence in soil. When they are applied to crops or directly to the soil 

as systemic insecticides, carbamates generally persist from only a few hours to several 

months. However, they have been fatal to large numbers of birds on turf and in agriculture; 

the negative effect is seen on decreased breeding of the birds who have been consumed the 

treated seeds or plants [6].  

In general, measurement of trace compounds such as pesticide residues is highly difficult due 

to time consumption, while the long procedure causes losses of the analytes [7]. The aim of 

this study was to determine the recoveries of investigated carbamates depending on the 

physic-chemical properties of three different soils. For the extraction of the aldicarb sulfone, 

aldicarb sulfoxide, carbaryl, methiocarb, methomyl, fenoxycarb, propoxur and thiodicarb the 

QuEChERS method was used, followed by liquid chromatography tandem mass spectrometry 

(LC-MS/MS). 
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Material and method 

Chemicals and apparatus - The analytical standards of aldicarb sulfone, aldicarb sulfoxide, 

carbaryl, methiocarb, methomyl, fenoxycarb, propoxur and thiodicarb were parched from dr. 

Ehrenstorfer. The stock (≈ 1.0 mg/mL) and working solutions (10 μg/mL) were prepared in 

acetonitrile (HPLC purity, J.T. Baker). As an internal standards (10 μg/mL) carbofuran-D3, 

atrazine-D5 and isoproturon-D6 were used. Three soil types with different physical-chemical 

characteristics (Table 1) were used.   

 

Table 1 Soil characteristics 

 

LC-MS/MS analysis. LC-MS/MS with electrospray ionization. 6410 Agilent Technologies. 

The separation was performed using a Zorbax Eclipse XDBC18 column (50 mmx4.6mm id 

1.8 µm.) at 25 ºC. The mobile phase (0.4 mL/min): methanol with 0.1% formic acid and 0.1% 

formic acid in water in the gradient mode. Total run was 30 min. The injection volume was 5 

µL. The target ion transition with highest intensity (primary ion transition) was used for 

quantitation, where as the second target ion transition was used for confirmation. The 

instrument uses MassHunter software version B.06.00 for the quantitation and confirmation.  

Method validation - recovery was determined according to SANTE/11813/2017. Recovery 

was obtained by spiking soil samples in the concentrations 1.0 and 10.0 mg/kg. Limit of 

detection (LOD) was estimated in the MRM mode analysis as the lowest concentration level 

that yielded S/N ratio of five.  

Pesticides extraction from spiked soil samples was carried out using a modified QuEChERS 

method [8].  

Statistical analyses. In order to determine the statistical differences among obtained recovery 

values as the dependent variables and the pesticides and soil types as independent variables 

the factorial and one-way factor analysis of variance (ANOVA) were applied using Statistica 

13.2 (TIBCO Software Inc. University license). The calculated differences were tested by 

Fisher’s LSD post-hoc test. 

 

Results and Discussion 

Before accessing qualitative analysis or quantification of pesticides it is necessary to set the 

acquisition parameters of the mass spectrometer - to set the multiple reaction monitoring 

mode (MRM). MRM-MS sensitivity is dependent upon the appropriate tuning of instrument 

parameters such as collision energy (CE) and energy of fragmentation (Frag) in order to 

generate maximal transmission of the pesticide product ions (Table 1). 

 

  

Soil pH 

(Н2О) 

CaCO

3 % 

Organic 

matter 

% 

Send 

2-0.2 mm, % 

Send 

0.2-0.02 mm, % 

Powder 

0.02-0.002 mm, 

% 

Clay 

<0.002 mm, % 

1.  8.71 30.66 0.11 1.58 91.7 3.4 3.32 

2.  8.16 7.45 3.76 10.25 22.45 25.03 42.27 

3.  7. 65 1. 02 0. 88 0. 53 21. 39 29.04 49.04 
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Table 1. MRM transitions with retention times of the tested pesticides 

 

Pesticide Formula Rt 

(min) 

Precursor 

ion (m/z) 

Product 

ion  (m/z) 

Frag 

(V) 

CE 

(V) 

Aldicarb 

sulfone 

C9H10Cl2N2O2 16.01 249 

249 

182.3 

160.1 

100 

100 

8 

20 

Aldicarb 

sulfoxide 
C12H12D3NO3 

13.28 225.1 

225.1 

165 

123.1 

94 

94 

10 

22 

Carbaryl 
C12H11NO2 

19.38 202.1 

202.1 

145 

127 

100 

100 

20 

35 

Methiocarb 
C11H15NO2S 

23.86 226.1 

226.1 

169 

121 

62 

62 

6 

18 

Methomyl 
C5H10N2O2S 

5.75 163.1 

163.1 

106 

88 

80 

80 

5 

5 

Fenoxycarb 
C17H19NO4 

25.93 302.1 

302.1 

116.1 

88 

100 

100 

5 

20 

Propoxur 
C11H15NO3 

17.00 210.1 

210.1 

168.1 

111 

60 

60 

5 

10 

Thiodicarb 
C10H18N4O4S3 

20.87 355.1 

355.1 

108 

88 

80 

80 

10 

15 

 

The obtained recoveries with RSD (%) values are given in the table 2. The obtained RSD 

values represent the precision of the method. 

 

Table 2. Average recoveries of investigated pesticides (%) 

 

Pesticide Soil 1 Soil 2 Soil 3 

Aldicarb sulfone 109.1 (16.33) 102.7 (17.96) 98.4 (12.04) 

Aldicarb sulfoxide  101.6 (12.72) 94.8 (19.02) 90.7 (14.25) 

Carbaryl 75.0 (9.43) 73.8 (6.23) 70.2 (10.32) 

Methiocarb 50.8 (15.1) 46.1 (8.64) 44.7 (10.51) 

Methomyl 104.2 (16.65) 94.9 (12.46) 88.3 (10.46) 

Fenoxycarb 73.7 (9.57) 70.4 (8.92) 71.4 (5.98) 

Propoxur 96.4 (10.16) 91.5 (4.78) 90.1 (7.49) 

Thiodicarb 96.4 (9.93) 91.8 (4.55) 89.9 (8.69) 

*RSD, % were given in brackets 

 

The factorial ANOVA did not show any statistical significances regarding the influence of the 

paired values of different pesticides and soil types. The same result was obtained by one-way 

ANOVA calculated for different soil types and the values of average recoveries (ps=0.694684 

for p˂0.05). However, the applied statistical analyses emphasized high statistical differences 

among pesticides and obtained recoveries (pp=0.000000 for p<0.01). Fisher’s LSD test 

distinguished aldicarb sulfone, aldicarb sulfoxide and methomyl as the pesticides with the 

highest values of average recovery values and high statistical significances compared to the 

other prospected pesticides (Graph 1). 
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Graph 1. Statistical analyses 

 

Conclusion 

The influence of main physic-chemical properties of three soils on carbamate insecticides 

recoveries in this matrix were studied applying QuEChERS soil sample preparation followed 

by LC-MS/MS determination. 

The organic matter and clay content affected the recovery of studied pesticides. The obtained 

dependence indicates that with increasing organic matter and clay content (soil 2 and 3), the 

recoveries were lower than in soil 1.  

The applied statistical analyses emphasized high statistical differences among pesticides and 

obtained recoveries (pp=0.000000 for p<0.01). Fisher’s LSD test distinguished aldicarb 

sulfone, aldicarb sulfoxide and methomyl as the pesticides with the highest values of average 

recovery values and high statistical significances compared to the other prospected pesticides. 
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Abstract 

Resveratrol, a natural polyphenol, has numerous biological activities such as anticancer, 

antioxidant, anti-inflammatory. Resveratrol is highly oxidisable due to its chemical structure, 

and reacts with reactive oxygen species or free radicals resulting in new metabolites that are 

also potentially bioactive. Oxidation of resveratrol in various conditions resulted in mixtures 

that exhibited greater lipoxygenase inhibitory activities compared to the parent compound. 

This, together with the complex chromatographic fingerprints of the mixtures suggests that 

several oxidized metabolites of resveratrol may exert greater biological activity than their 

parent compound. 

 

Introduction 

Resveratrol is a well-known polyphenol with plethora of pharmacological activities such as 

anticancer, antioxidant, anti-inflammatory, cardio-protective and neuroprotective [1,2]. Most 

polyphenols are not stable, especially under oxidative conditions and often lead to the 

accumulation of new metabolites in living systems [3]. These new metabolites have been 

suggested to mediate at least some biological effects of the parent compound [4]. One of such 

studies showed a greater lipoxygenase (LOX) inhibitory activity of Fe-catalyzed oxidation of 

resveratrol and led to the identification of some active metabolites that, however, did not fully 

explain the increase in bioactivity [5]. 

LOX accelerates lipid oxidation by converting arachidonic, linoleic and other polyunsaturated 

fatty acids into biologically active metabolites, which are implicated in the pathogenesis of a 

variety of human diseases. Therefore, it is a promising therapeutic target for the prevention  

and/or treatment of a wide spectrum of human diseases [6]. 

Thus, we aimed at preparing oxidized resveratrol metabolites through various chemical 

reactions including biomimetic approaches, and to study the lipoxygenase inhibitory activity 

of the mixtures obtained. 

 

Experimental 

Resveratrol with a purity 97%, was purchased from Career Henan Chemical Co., China. 

Several oxidative reactions were carried out on resveratrol as shown in Table 1. The reactions 

were monitored by TLC at regular intervals. At the end of each reaction, the mixtures were 

evaporated, extracted with ethyl acetate and evaporated. As a prepurification step, each 

residue was filtrated through silica with hexane – acetone (1:1, v/v). A ten microliters aliquot 

of each mixture dissolved in CH3CN was analized by HPLC (PU-2080 pumps; AS-2055 Plus 

autosampler; MD-2010 Plus PDA detector, Jasco Co., Tokyo, Japan) under the following 

conditions: column, Kinetex XB-C18 (250 x 4.6mm, 5μ); solvent system, water (solvent A) 

and CH3CN (solvent B): elution, linear gradient from 25% solvent B to 75% solvent B for 25 

min and then isocratic mode for 75% solvent B for 2 min; flow rate, 1mlmin
-1

; detection, 

199nm – 650nm. 
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Table 1: Oxidative conditions applied on resveratrol. 

 

Lipoxygenase inhibition of the reaction mixtures was determined using the Lipoxygenase 

Inhibition Screening Assay Kit (760700, Cayman Chemical, USA) according to the leaflet 

instructions, with absorbance measured using a plate reader (BMG Lambtech GmbH, 

Germany) 

Percentage inhibition was calculated as;    

       % inhibition = (IA – inhibitor)/IA x 100 

IA = absorbance of the  100% initial activity wells (containing LOX and solvent used to 

dissolve the reaction mixtures). 

Inhibitor = absorbance of the inhibitor wells (containing LOX and reaction mixture). 

 

Results and discussion 

Results show resveratrol had little or no inhibitory activity on 15-LOX, which corroborates 

several reports [5]. Lipoxygenase is a key pro-inflammatory enzyme with a central role in 

various diseases; therefore, lipoxygenase inhibitors have attracted much interest in medical 

science [7]. Our data indicated that various oxidized resveratrol mixtures exhibited significant 

activities while resveratrol itself was inactive. Similar increase in the increased LOX 

inhibitory following Fe-catlaysed oxidation was found as previously reported [5]. In our case, 

mixtures obtained with periodic acid and iodine exerted the greatest LOX inhibitory activities 

that were ca. 50% at 4mM concentration; chromatographic fingerprints of these samples are 

shown in Figure 1.  

 

ID Oxidants Experimental conditionsa 

Rox1 2 eq. (Diacetoxyiodo)benzene (PIDA) EtOH, r.t., 2h 

Rox2 2 eq. (Diacetoxyiodo)benzene (PIDA) CH3CN, r.t., 5h 

Rox3 1 eq. (Bis(trifluoroacetoxy)iodo)benzene (PIFA) EtOH, r.t., 2h 

Rox4 1 eq. (Bis(trifluoroacetoxy)iodo)benzene (PIFA) CH3CN, r.t., 5h 

Rox5 1.5eq. (Diacetoxyiodo)benzene (PIDA) CH3CN, r.t., 2h 

Rox6 1 eq. 2,2'-Azobis(2-amidinopropane) dihydrochloride  EtOH, 65°C, 72hc 

Rox7 1.5 eq. 2,2'-Azobis(2-amidinopropane) 

dihydrochloride, 1 eq sodium periodate 

EtOH/H2O(3:1), 65°C, 

24hc 
Rox8 1.5eq. 2,2'-Azobis(2-amidinopropane) 

dihydrochloride, 10eq hydrogen peroxide 

EtOH/H2O (2:1), 65°C, 

24hc 
Rox9 1 eq. Iodine EtOH/H2O  (1:1), r.t, 24hb 

Rox10 2 eq. Iodine EtOH/H2O  (1:1), r.t. 24hb 

Rox11 1 eq. periodic acid EtOH/H2O  (3:1), r.t, 24hb 

Rox12 2 eq. 2,2-diphenyl-1-picrylhydrazyl (DPPH) EtOH, dark/r.t., 0.5h 

Rox13 2 eq. 2,2-diphenyl-1-picrylhydrazyl (DPPH) CH3CN, dark/r.t., 0.5h 

Rox14 2 eq. 2,2-diphenyl-1-picrylhydrazyl (DPPH) MeOH, dark/r.t., 0.5h 

Rox15 0.001 eq. FeCl3 EtOH, r.t., 20 days 

Rox16 0.01 eq. FeCl3 EtOH, r.t., 20 days 

Rox17 0.31eq. iron (III) meso-tetra (p-hydroxyphenyl) 

porphine chloride, 10eq, hydrogen peroxide 

MeOH/Acetate buffer 

(4:1) r.t., 48h 
a
Experimental conditions are given as solvent, temperature, time, respectively. 

b
reactions were stopped using aq. sodium thiosulfate 

c
reactions were stopped using ice-bath. 
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Figure 1. HPLC fingerprint of samples ROX9 and ROX11 that exerted near 50% inhibition of 

LOX in our experimental setup, while their parent compound resveratrol was inactive at the 

same concentration. 

 

We plan to perform metabolomic studies of the reaction mixtures in the near future to assist 

the identification of compounds with a high LOX inhibitory potential. 

Previously, resveratrol was found to moderately inhibit cell proliferation and viability in 

MCF-7 and MDA-MB-231 cancer cell lines [8,9]. Evaluation of the anti-proliferative 

activities of the oxidized resveratrol mixtures is currently ongoing. 

 

Conclusion 

The oxidation of resveratrol led to the accumulation of metabolites that showed favorable 

LOX inhibitory as compared to the parent compound. Isolation and purification of the 

individual metabolites in these complex oxidized mixtures could result in the discovery of 

compounds with potentially greater pharmacological activity. 
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Context: Ducrosia anethifolia (DC.) Boiss. (Apiaceae), is an Iranian medicinal plant and 

traditionally used as analgesic and remedy of anxiety and insomnia in Iranian folk medicine. 

Eremurus persicus (Jaub. & Spach) Boiss. (Xanthorrhoeaceae) is widely grown in diverse 

regions of Iran. The leaves have been traditionally used for treatment of constipation and 

diabetes, and to remedy of different disorders of liver, stomach and the genitourinary system 

[1,2]. 

 

Objective: This study was aimed at the isolation and identification of the secondary 

metabolites of E. persicus and D. anethifolia and the evaluation of the antitumor and anti-

multidrug resistance activities of some of the pure compounds. 

 

Materials and methods: Diverse chromatographic methods were applied to isolate the pure 

phytoconstituents from plant materials. Bioactivities were tested on multidrug resistant and 

sensitive mouse T-lymphoma cell lines. The inhibition of the cancer MDR efflux pump 

ABCB1 was investigated by flow cytometry (at 2 and 20 mM). A checkerboard microplate 

method was also utilized to study the interactions of furocoumarins and doxorubicin. Besides, 

toxicity was studied using normal murine NIH/3T3 fibroblasts. 

 

Results: From D. anethifolia, thirteen isolated pure compounds were isolated, nine 

furocoumarins including pabulenol (1), (+)-oxypeucedanin hydrate (2), oxypeucedanin (3), 

oxypeucedanin methanolate (4), (-)-oxypeucedanin hydrate (5), imperatorin (6), isogospherol 

(7), heraclenin (8), heraclenol (9), along with vanillic aldehyde (10), harmine (11), 3-hydroxy-

a-ionone (12) and 2-C-methyl-erythrytol (13) were identified [3]. From E. persicus, 

corchoionoside A (14), isoorientin (15), auraptene (16), and imperatorin (6) were isolated. 

Oxypeucedanin showed the highest in vitro antiproliferative and cytotoxic activity 

against parent (IC50: 25.98 ± 1.27, 40.33 ± 0.63 mM) and multidrug resistant cells (IC50: 28.89 

± 0.73, 66.68 ± 0.00 mM), respectively, and exhibited slight toxicity on normal murine 

fibroblasts (IC50: 57.18 ± 3.91 mM). 

 

Discussion and conclusions: Compounds 2, 3, 5, 7, 10–13 were identified for the first time 

from the Ducrosia genus. All the compound isolated from E. persicus are reported for the first 

time from this taxon. From the tested furocoumarins, oxypeucedanin is a promising 

compound for its anticancer effects. 
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Abstract 

There is an increasing issue in the agricultural application of sewage sludge obtained from 

wastewater treatment plants, due to the possibility of recycling valuable components; organic 

matter, and plant nutrients. The objectives of the pot experiment were to determine the effects 

of sewage sludge treatment on rye plant growth and the physicochemical soil properties of rye 

rhizosphere for 9 weeks. Kovárvány brown forest soil from Nyíregyháza was used and treated 

with various rates of sewage sludge (Control soil (0), 20, 40, 60, 100 (sludge) %). Different 

soil parameters were studied such as pH, soil moisture, fluorescein diacetate (FDA) activity, 

carbon dioxide release and rye plant growth. The results indicated that after the application of 

sewage sludge, the soil retained its moisture content for a longer period than the control. Also, 

soil pH was maintained to be favourable for plant growth. In addition to exhibiting healthy 

growth and development, the plants also produced the greatest dry matter mass on soils with 

the largest proportion of sewage sludge (60–100%). The enzymatic activities in the soil 

samples treated with sewage sludge were increased in soil with higher sludge doses. Finally, 

soil treatment with sewage sludge stimulated rye plant growth, improved the biochemical and 

microbial properties of the rye plant rhizosphere, promoted the retention of soil moisture and 

raised the soil pH, which also had a favourable effect on rye plant growth. 

 

Introduction 

Demographic growth and western economic model seriously menace these vital resources: 

soil scarcity, soil losses through erosion, natural disasters and contamination; water scarcity 

and contamination; and limitation and exhaustion of mineral resources and fossil energies. 

One of the most pressing environmental and environmental problems of our day is the 

increasing volume of waste, including waste water treatment, sewage sludge treatment, 

utilization and disposal. Sewage sludge is used as possible way of organic fertilization and 

also of the utmost importance because it is not only nutrient input into the soil, but it also 

improves soil structure and induces useful microbiological processes. Nowadays, it is vital to 

ensure that all kinds of organic matter can be preserved. Sewage sludge is, on the one hand, 

environmentally polluting and, on the other hand, is suitable for organic farming as fertilizer. 

From an environmental and soil protection point of view, it is important that the sewage 

sludge used does not restrict the production of safe food raw materials. Biodegradation of 

organic matter in soil is basically the result of microbial and biochemical processes, therefore 

all factors that have an effect on the structure, function and enzymatic activity of 

microorganisms affect the rate of degradation. 

In the case of agricultural utilization it contributes to increasing the content of organic matter 

of the soil and has a favourable effect on the physical and chemical properties of the soils. 

Sewage sludge increases the water absorbing ability of soils, promote aggregation of the 

medium on sandy soils and increase the cation exchange ability. During the present work, we 

investigated the effects of sewage sludge on the some soil properties such as soil pH, moisture 

content, CO2-release, FDA activity and the rye plant growth at different levels of sewage 

sludge treated in two soil types. 
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Experimental 

The origin of soil samples was Kovárvány brown forest soil (KBET) collected from the 

Center for Agricultural and Technical Sciences at the Nyíregyháza Research Institute of the 

University of Debrecen. Soil samples were collected from the upper layer of 0-25 cm. Some 

chemical properties of communal sewage sludge from the municipal wastewater treatment 

plants (Nyíregyháza) and soil samples are presented in Table 1. 

 

Table 1 

Properties of the soils and sludge used in the model experiment 
Parameters Soil type: KBET Wastewater sludge: NySzv 

pH(KCl) 5.78 6.71 

a) Dry matter content, % na 53 

b) Organic matter, % na 21.7 

c) Humus content, % 2.54 na 

d) Total-N, mg·kg
-1

 na 7470 

NO3-N, mg·kg
-1

 23 na 

NH4-N, mg·kg
-1

 5.6 na 

Mg, mg·kg
-1

 214 2507 

Na, mg·kg
-1

 64 994 

P2O5, mg·kg
-1

 318 28720 

K2O, mg·kg
-1

 412 3171 

Zn, mg·kg
-1

 1.7 537 

Cu, mg·kg
-1

 1.4 110.4 

Mn, mg·kg
-1

 55 421 

Fe, mg·kg
-1

 945 11308 

Cd, mg·kg
-1

 1.7 2.3 

Pb, mg·kg
-1

 1.3 66.9 

na: no data available 

 

The air dry soil was thoroughly mixed with sewage sludge so that the final mixture 

contained sewage sludge in the soil sample was as following percentages: 0% (sewage-free 

control soil), 20, 40, 60 and 100% (sewage sludge only, without soil). Rye (Secale cereale L.) 

seeds were sterilized and planted in plastic containers of 3 kg of tested soil as prepared above. 

After ten days of germination, young plants were reduced for 10 plant densities/pot. 

Soils pH was measured by Pérez De Mora et al. [1] at various sewage sludge doses. The 

pH of the untreated and treated soil was tested in a 1: 2.5 (soil: 1 mole KCl) g ml
-1

 ratio after 

shaking for 60 minutes. The moisture content (%) of the treated and untreated soil samples 

was modified by the method of Brzezinska et al. [2] (measured at 48 hours at 28°C, 

incubation). The relative dry weight of the rye plants samples was determined after 9 weeks 

of cultivation at 75°C, drying cabinet, to constant weight. For the measurement of CO2 

emissions, 0.5 kg of sewage sludge treated soil was poured into 2 l glass containers and in the 

middle of the soil were placed a plastic tube containing 50 mL of 1.0 mol of NaOH solution 

to bind the developing CO2, then the containers are tightly closed. The NaOH solution was 

titrated with 1 mol of HCl solution and calculated the volume of CO2 released during the soil 

respiration [3, 4]. Enzyme Activity: Measurement of FDA activity was performed by the 

method developed by Zelles et al. [5], modified by Schnürer and Rosswall [6]. Fluorescein 

concentration (μg hydrolyzing fluorescein/g
-1

 dry soil/h
-1

), in all samples was determined 

using spectrophotometer at 490 nm. The experimental work was done in triplicates. 

 

Results and discussion 

The results in Figure (1) showed that application of sewage sludge increased the pH 

values as well as the soil moisture content (%). These increases reach the significant level 

high doses in comparison with control values, although, it was found that the high applied 
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dose extend the moisture time in sewage treated samples and the moisture content remained 

for longer than in the controls. 

 

  
Figure 1. Effect of sewage sludge application on pH and moisture content in soil 

samples 

 

The addition of sludge to soil significantly increased rye plant dry matter content 

(Figure 2) for each soil sample. Growth and development of plants were faster and healthier. 

The total biomass mass of the plants increased proportionally with the increase in the amount 

of sewage sludge added to soil. Growth and nutritional needs were uniform on the basis of 

morphological characteristics during the vegetation period. Adverse symptoms were not 

observed on either control plants or plants derived from sewage sludge treated soil. The 

morphological characters of all plants (leaves, shape, color and size) were normal and healthy. 

 

 
Figure 2. Effect of sewage sludge application on rye plant dry weight in two soil 

samples 

The maximum dry matter of rye plants was obtained at sewage sludge 60. According to 

the results, the increases in pH values were favors for the growth of rye plants and reduce or 

inhibit the harmful effects of heavy metals. The degree of microbial activity can be 

determined by the amount of CO2 released from the soil samples. It was found that the value 

of soil respiration compared to the control increased significantly by increasing the sewage 

sludge dose. Figure 3 shows that the amount of CO2 released in the soil of brown forest soil 

from Nyíregyháza amended with different sludge doses. 
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Figure 3. Effect of sewage sludge application on the amount of CO2 released in soil 

samples 

 

Such rate of respiration can provide valuable information on the increased metabolism 

activity of the soil biotas. The enzyme activity of FDA hydrolysis is shown in Figure 4. In soil 

samples amended with sewage sludge had high FDA activities and these activities are directly 

proportional with the rate of sewage sludge applied to the soil. The results show that the 

amount of fluorescein produced by FDA hydrolysis is in direct proportion with microbial 

growth, and the hydrolytic activity of FDA shows a close correlation with soil respiration. 

The equilibrium effects of sewage sludge did not only significantly increase the soil 

microbial population, but also the activity of the soil enzymes investigated, soil respiration 

and FDA activity. 

 
Figure 4. Effect of sewage sludge application on the activity of FDA enzyme in soil 

samples 

 

Evaluation of results: 

Eid et al. [7] mentioned that the application of sewage sludge significantly increased the 

soil organic matter content and most plant growth parameters, as well as the biomass of 

treated wheat, were significantly increased with the amendment of sewage sludge. The use of 

sewage sludge in agriculture will make the land in the inadequate regions more efficient in 

terms of organic matter for the soil [8]. Sewage sludge application in forest plantations is an 

interesting complementary alternative practice to sewage sludge reutilization and 

recycling,with a significant and sustainable net effect in climate change mitigation [9]. The 

study demonstrated the possibility of sludge application as a soil fertilizer in urban areas. In 

most of cases city landscapes are covered with poor soils, sludge application provides soil 

amendment and additional nutrient supply for planted trees, as it had been shown in the study 

of Soudani [10]. Chu et al. [11] suggested that a reasonable rate of sewage sludge compost 

addition can enhance M. persiciforma growth without causing the contamination of 

landscaping soil by heavy metals. When proper sludge products quality attained and recycling 

is feasible many objectives connected with sustainability of the soil. In pot experiment we 
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found that beside rye growth, the plant health was better than control. So the plant utilized the 

micro and macro nutrients necessary and easy to apply from the immediate environment. Our 

results are in agreement with the Pierzynski et al. [12] that soil quality is determined mainly 

by physical, chemical properties which can strongly affect fertility, biological activity, or 

other important soil factor. The degradation of the organic material of the sewage sludge can 

be monitored well in the soil based on the measured amounts of the releasing of CO2. 

Previous studies [13] have shown that soil respiration has increased due to addition of sewage 

sludge. In summary, the treatment of soil samples with sewage sludge stimulates the 

development of plants, improves the physical, biochemical and microbial properties of the 

rhizosphere, helps to maintain soil moisture and increases soil pH, which is favorable for 

plant development. 

 

Conclusion 

The present study is considered as a short-term study, so the selected variables are indicative 

for future long-term studies, which will allow technical definitions to create specific 

legislation for the use of this effluent in agricultural production. The results of pot 

experiments support the above mentioned works that the plant dry matter is related to the 

amount of sewage sludge mixed with the soil samples, increases the fertility rate, the crop 

production and soil biological activity by increasing the proportion of sewage sludge mixed 

with soil. At the same time, due to the aspects of food safety, the use of continuous state 

monitoring methods is recommended. We consider it important to continue the research, and 

to study the process with other long-term observations in addition to other soil conditions.  
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Abstract 

The evaporation of liquids from porous films is a very complex phenomenon, which can be 

followed by simultaneous weight monitoring, electric resistance measurement and infrared 

imaging. The appropriate evaluation of these measurement results can carry both quantitative 

and qualitative analytical information. The aim of our recent work is to demonstrate this 

opportunity through the example of the evaporation of simple solvents from the porous 

buckypaper prepared from carbon nanotubes.  

 

Introduction 

Recent developments in nanotechnology have highlighted the importance of the classical 

topics of wetting, droplet spreading and evaporation due to their pronounced effect in 

technological applications (e.g., air/fuel premixing, micro-fluidics, oil recovery, etc.) [1,2]. 

Multiple phenomena take place simultaneously when a liquid droplet contacts a porous 

surface: wetting, spreading, capillary filling, gravity induced convective flow, adsorption, 

evaporation from the surface, evaporation from the pores, etc. The evaporation of a sessile 

droplet can be studied by several experimental methods: transmission electron microscopy, 

environmental scanning electron microscopy, contact angle measurement, high speed camera 

recordings, thermal imaging, just to name a few. The evaporation of sessile droplets can be 

followed by an equipment assembled at the Department of Applied and Environmental 

Chemistry, University of Szeged: this equipment can guide simultaneous weight monitoring, 

electric resistance measurement and infrared imaging at a controlled temperature (typically at 

50 °C). There are several experimental results characteristic for the evaporation process, the 

most important ones being the total evaporation time, time of evaporation only from the 

surface, full width at half maximum of the time-dependent mass and resistance curves, 

evaporation rate, initial area of the droplet, and the wetted area at the moment of total 

evaporation from the surface, etc. [3-5]. 

The main goal of this work was to demonstrate the analytical possibilities of this method 

through the example of sessile droplet evaporation (water, 1-propanol, ethanol, heptane, 

acetonitrile) from porous buckypapers prepared from pristine non-functionalized carbon 

nanotubes (nf-CNT) and –COOH functionalized CNT (f-CNT). 

 

Experimental 

Materials: The multiwall carbon nanotubes were synthesized by 2 h of catalytic chemical 

vapor deposition from a C2H4:N2 (30:300 cm
3
/min) gas mixture at 650 °C over Fe,Co/Al2O3 

catalyst (metal loading: 2.5-2.5 m/m%). The synthesized materials were purified by repeating 

4 h of refluxing in 10 mol/dm
3
 aqueous NaOH, then 4 h in cc. HCl solution four times. Some 

pristine non-functionalized carbon nanotubes (nf-CNT) were subjected to oxidative chemical 

functionalization (8 h reflux of 4 g CNT in 500 cm
3
 cc. HNO3 solution) to facilitate surface 

carboxyl group formation and improve their hydrophilicity to get so called functionalized 

carbon nanotubes (f-CNT). The typical length of CNTs was over 10 µm and their outer 

diameter fell in the 15-25 nm range as determined from TEM image analysis. CNTs were 
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converted into buckypaper (BP) by filtering 70 cm
3
 of their 0.1 g/dm

3
 suspensions through a 

0.45 mm nominal pore diameter Whatmann nylon membrane filter. The nf-CNTs and f-CNTs 

were suspended by 40 min ultrasonication in N,N-dimethylformamide and water, respectively 

[3,4]. 

Methods: Liquid droplet evaporation (1-propanol, distilled water, ethanol, acetonitrile, 

heptane) was studied from both nf-CNT and f-CNT buckypaper films. The droplets (3-10 µL, 

25 °C) were instilled with an Eppendorf Xplorer electronic pipette on the heated surface of 

the porous films (50 °C). The temperature, the electric resistance and weight variations were 

simultaneously monitored.  

Buckypaper was placed onto a purpose-built sample holder and kept in place by a top piece 

that had a 0.7 cm diameter circular opening in it for placing the liquid droplet. The setup 

included a type K thermocouple in contact with the non-wetted part of the BP. The distance 

between the porous film and the heater was 1 cm. Data from the thermocouple was fed back 

to the temperature controller that maintained a base BP temperature of 50 ± 0.5 °C by 

continuously adjusting the heater power using fuzzy logic control.  

The sample holder was placed on a Sartorius Cubis microbalance with 0.01 mg readability 

and the weigh variation during droplet evaporation was recorded.  

For thermal imaging a FLIR A655sc infrared (IR) camera was used. This unit has a thermal 

sensitivity of 30 mK, an accuracy of ±2 °C for temperatures up to 650 °C at 640x480 

resolution. Its uncooled microbolometer detector has a spectral range of 7.5-14.0 µm. The IR 

camera is equipped with a 2.9x (50 µm) IR close-up lens, with 32x24 mm field of view and 

50 µm spatial resolution. The recorded images are transferred to a PC with FLIR ResearchIR 

Max software. Sessile droplet evaporation movies were acquired at maximum resolution with 

50 Hz frame rate. Each CNT film's emissivity (film) was determined by calibration at the 

initial film temperature (50 °C) with a black electrical tape ( = 0.95). During liquid surface 

evaporation the temperature was determined by taking into account the emissivity of the 

liquid (L = 0.95); after surface evaporation, the emissivity of the wetted film was calculated 

as the average between the emissivities of the studied liquid and the porous film.  

The sample holder plastic plate with the 0.7 cm radius gap in the center was equipped with 

two copper electrical connections at the opposite edges of the gap on the bottom of the sheet. 

The BP was fixed to the bottom of the plastic section with magnetic clips. The copper 

electrodes were contacted to the source meter by 0.3 mm diameter copper wires. The rigidity 

of these wires did not affect the balance because of the large inertia of the whole assembly 

mounted on the balance plate. This was confirmed by independent experiments before the 

evaporation profile (electrical resistance variation as a function of time) measurements. The 

computer recorded the electrical resistance of the buckypaper as measured by a Keithley 

2612A Source Meter.  

Before the measurements, the BP film was mounted in the assembly and heating at initial 

temperature was applied until the electrical resistance and the sample weight both stabilized. 

Then all three recordings (resistivity, IR imaging and sample weight) were started a few 

seconds before dropping. The evaporation was studied by dropping a single droplet of a 

selected solvent to the center of the BP film and simultaneously recording the IR video, the 

mass and electrical resistance until they returned to their original values.  

The schematics of the equipment is presented in Fig. 1. The ambient air temperature and the 

relative humidity of the ambient atmosphere were kept constant (at 25 °C and 55 RH%, 

respectively) [3-5]. 
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Figure 1. Evaporation monitoring equipment schematic. 

 

Results and discussion 

In general at the moment we drop the liquid on the buckypaper film (t0), the liquid starts to 

diffuse immediately into the pores of the BP, but a part of it remains spread on the surface of 

the film. The evaporation of this liquid from the surface takes place together with the 

diffusion. Once all liquid evaporates from the surface, namely the primary surface 

evaporation is complete (ts), liquid is left only in the pores. The solvent gradually evaporates 

from the pores as well because of the continuous heating. The complete evaporation of the 

solvent (tt) was confirmed by the fact that the electrical resistance and mass of the buckypaper 

returned to the baseline. 

One typical mass variation is illustrated in Fig. 2. where t0 marks the time when the drop was 

instilled. The mass of the BP increased as soon as the solvent was dropped to the film and this 

is followed by a quasi-linear weight decrease. Once the primary surface evaporation is 

complete (ts), the mass of the buckypaper decreases as linear (within experimental error) 

functions of time due to the continuous evaporation of the solvent. The total evaporation time 

(tt) was at the moment when the mass of the BP returned to the baseline. At the linear weight 

decreasing ranges, the rate of evaporation (dm/dt) is constant. The change of dm/dt value 

suggests the change of the dominant evaporation process, e.g., evaporation of the droplet 

sitting on the surface of the BP, evaporation of the condensed water from the porous system 

or the evaporation of the adsorbed water from the microscopical surface of the porous system 

(see the linear ranges in Fig.2.). From this type of measurement, the typical experimentally 

determined data are the shape of the curve: mmax, area, FWHM; the ts and tt, the evaporation 

rate dm/dt and its change. These data are characteristic for the measured system and can be 

used to identify them [3-5].  

The electrical resistance of the BP increased as soon as the solvent was dropped to the film. 

One typical resistance variation is illustrated in Fig. 2 where t0 marks the time when the drop 

was instilled and ts marks the time needed to surface evaporation. In case of typical organic 

solvents (e.g., 1-propanol, acetone, ethanol, etc.) the electrical resistance increases 

continuously between t0 and ts, because in this interval the solvent fills the pores of the BP 

film and the resistance of its solvent occupied section is higher than the liquid-free one. Once 

the primary surface evaporation is complete, the electrical resistance of the BP decreases as 

linear (within experimental error) functions of time due to the continuous evaporation of the 

organic solvent. Evaporation takes place both within the BP pores (resulting in vapor 

diffusing to the atmosphere) and from the surface where capillary forces continue to deliver 

liquid from the inside of the BP (secondary surface evaporation). Summarizing, when a 

droplet of solvent contacts a heated porous film, the electrical resistance of the film exhibits a 

very characteristic change as a function of time, which can be named as evaporation profile. 
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The shape of this curve is slightly different for every solvent and the fine details of the curve’s 

shape can be described by the Rmax, area, FWHM, ts and tt, etc. These data are characteristic 

for the measured system, too. For example, the shape of the evaporation profile depends 

strongly on the solvent in case of fixed solid, temperature and liquid volume (see Fig. 3.) or it 

depends strongly on the porous solid in case of fixed solvent, temperature and liquid volume 

(see Fig. 4.) [3-5]. 

 

 
Figure 2. Weight and electrical resistance variation of the buckypaper as functions of time. 

 

 
Figure 3. Evaporation profiles: solvent dependence. Evaporation of different organic solvents 

from nf-CNT buckypapers (5 µL, 50°C). 

 

 
Figure 4. Evaporation profiles: solid dependence. Evaporation of distilled water from nf-CNT 

and f-CNT buckypapers (5 µL, 50°C). 

 

Infrared imaging is suitable to monitor the evaporation of the solvent from the porous film in 

our case from a vertical perspective. To improve the infrared contrast, solvents were kept at 

room temperature before the experiments. Therefore, there was a temperature difference 

between the initial 5 μL drops and the porous film kept at 50 °C. The temperature of the liquid 

and the solid is changed continuously during the experiment because of the initial difference, 
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the heating of the solid layer, the endotherm evaporation process, etc. The videos were 

evaluated at selected representative moments, such a typical series of images is shown in Fig. 

5. [3-5]. The temperature change profile is characteristic for each measured solvent. It is 

possible to determine the spot area and average temperature of the drop (Sd, Td) and of the 

wetted region (Sw, Tw) as a function of time. Usually, we use relative timescale (trel = t/ts) for 

comparable representation. Some data extracted from infrared videos are characteristic for the 

evaporation of a selected liquid/solid system: surface evaporation time (ts), total evaporation 

time (tt), initial area of the drops (Sd(t0)), area of the wetted region at the end of the surface 

evaporation (Sw(ts)). The change of Sd as a function of time can give information about the 

mechanism of the evaporation (e.g., constant contact radius mode - CCR) and the relationship 

between Sd and Sw can describe the wetting degree of the porous system. 

 

 
Figure 5. Images exported pro rata from the IR video correspond to t0, ts, tt and several 

representative intermediate times (nf-CNT, 5 µL H2O, 50°C).  

 

Conclusion 

The simultaneous weight monitoring, electric resistance measurement and infrared imaging of 

the evaporation of liquids from porous films can provide information about the mechanism of 

wetting and vaporization which is a significant area of the basic researches. Furthermore, it 

can be proved by using appropriate statistical methods (e.g., matrix of Pearson correlation 

coefficients, hierarchical cluster analysis, functional analysis, etc.), that the experimentally 

determined characteristic values are specific for the physical properties of the solvents, and 

they are also dependent on the quality of the solid materials, therefore, they can be used for 

qualitative chemical analysis via the estimation of physical properties. The results allow us to 

presume the possibility of this experimental setup and theoretical approach for a potential 

future application in the field of analytics. 
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Abstract 

In addition to decades of efforts on making the word sustainable, the achievements are often 

powerless. Attitudes to business and its social responsibility are continuously evolving. 

Changing personal attitudes is a key issue in the field. The research question of this paper is 

whether a change in attitudes is to find among higher education students in recent years in 

Hungary. The sample consists of 150-150 students from the academic years 2014/2015, 

2016/2017 and 2018/2019. The survey asked to rate statements about the characteristics of 

corporate social responsibility (CSR). However, the results suggest a remarkable change, the 

statistical analysis confirms only a few of them. General experience of the survey is that the 

proportion of uncertain respondent (who gave middle-value ratings) has increased. These 

results show that the change has started, and it proposes that the efforts must be continued. 

 

Introduction 

Defining the responsibility of a corporation is an interesting issue. The stakeholder theory [1] 

interweaves management concepts even nowadays. Endeavors to achieve and sustain the 

satisfaction of various corporate stakeholder groups is generally accepted. However, there 

may be a conflict of interests between the stakeholders because they need to share both the 

available resources and the outcomes of the corporation. A famous concept of social 

responsibility by Friedman [2] limits the responsibility of corporations in making money to 

the shareholders. Any actions are only acceptable if those strengthen the future or wider 

abilities for making money. An early concept of corporate social responsibility (CSR) by 

Bowen [3] stated it “refers to the obligations of businessmen to pursue those policies, to make 

those decisions, or to follow those lines of action which are desirable in terms of the 

objectives and values of our society”. The development of the concept clearly shows that the 

key focus has moved from the businessman to the business and the organization. E.g. the 

International Organization for Standardization defines social responsibility as “responsibility 

of an organization for the impacts of its decisions and activities on society and the 

environment, through transparent and ethical behavior…” [4]. Braun [5] highlights that CSR 

initiations seem to give the answer on a corporate level since it incorporates stakeholder 

values and interests in the business. 

However, we cannot neglect that the staff of organizations is made up of persons. Dealing 

with personal competencies is popular recently [6] [7] [8]. According to higher education 

students, even though their knowledge and opinion may be different from the professional 

approach, it is essential to explore their characteristics since they are the future employees and 

managers. Both organizations and higher education programs can learn from the experience. 

The conceptual diversity in the field proves that there is a continuous improvement in line 

with the development of society. Several factors influence the impact of attitudes on behavior 

(see [9] [10]). The model of Doob [11] suggests that learning is inevitable. Attitudes are 

learned predispositions to responses and related actions. Based on this idea, changing the 

attitude needs the breakdown of the old one and build up the new. Since sustainability is a 

complex challenge, changing related attitudes requires much effort and time. 
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Experimental 

I launched a survey to explore the attitudes towards sustainability and corporate social 

responsibility (CSR) among higher education students in 2013. The continuous data collection 

allows a follow-up on the changes in these attitudes.  Data collection uses a voluntary survey 

with an online questionnaire. Data collection is supported by Evasys Survey management 

system, statistical analysis is executed in IBM SPSS. 

The present study focuses on the question ‘How much do you agree with the following 

statements about CSR?’. The respondents are asked to evaluate 7 statements from strongly 

disagree to strongly agree (Figure 1). Since the evaluation scale was modified from 6-point to 

a 5-point one, the results are denominated to a 0 to 100 scale. 

The research sample consists of 450 randomly selected respondents of the survey, uniformly 

from the three data collection periods. The respondents are business students of various 

Hungarian higher education institutions. Gender, level of studies or type of studies is not 

filtered. However, the limitations due to the sampling method do not allow the general 

interpretation of the results, the random methods may suggest wider experience. 

The research question is whether the attitudes have changed during the examination period to 

CSR. According to the Introduction, the hypothesis says that the changes are not relevant. 

 

Results and discussion 

The mean values of the responses by years is presented in Figure 1. 

 

 
Figure 1. Mean values of rating by academic years, measured on 0-100 scale (own edition) 

 

The respondents feel CSR an excellent marketing communication tool.  Based on the mean 

values, CSR is moderately evaluated as a tool of profit generation or the tool of greenwashing. 

The belief that it helps to achieve a more sustainable world shows a higher mean value than 

previously mentioned statements but the value is decreasing. At the same time, statements 

about feasibility show similarly declining values. However, the respondents still consider the 

implementation expensive, the results are lower in later periods than in 2014/2015. 
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Beyond the mean values, it is expressive to compare the ratio of agreeing (over the value 60 

in the 100-point scale) and disagreeing (under 40 in the 100-point scale) answers. Figure 2 

presents the relationships. The results support the experience shown in Figure 1. 

 

 
Figure 2. The relative proportion of agreeing and disagreeing responses (own edition) 

 

Years 2014/2016 2016/2018 2014/2018 

Indicator 
Chi-

Square 
df 

Asymp. 

Sig. 

Chi-

Square 
df 

Asymp. 

Sig. 

Chi-

Square 
df 

Asymp. 

Sig. 

Helps achieving 

sustainablity 
6.478 1 0.011 2.255 1 0.133 16.567 2 0.000 

Another tool for 

companies to 

generate profit 

0.162 1 0.687 0.047 1 0.829 0.200 2 0.905 

Tool of greenwashing 1.156 1 0.282 1.922 1 0.166 1.969 2 0.374 

Excellent marketing 

communication tool 
1.969 1 0.161 1.229 1 0.268 6.072 2 0.048 

Help companies to 

coordinate and bring 

together various 

initiations 

0.001 1 0.977 1.445 1 0.229 1.986 2 0.370 

Successful only in the 

case of large 

companies 

0.413 1 0.521 0.008 1 0.930 0.723 2 0.696 

Implementation is 

expensive 
9.350 1 0.002 0.102 1 0.750 12.312 2 0.002 

Table 1. Results of significance test (Kruskal-Wallis H test, based on SPSS output) 

 

Comparing the mean values between the years can confirm the research hypothesis. Since the 

responses fail the normality test (significance level of Kolmogorov-Smirnov test is 0.000 in 
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each case), the non-parametric Kruskal-Wallis H-test is conducted for the analysis of 

variance. Significant differences in Table 1 are marked bold. 

Figure 2 shows a remarkable change in attitudes in case of some statements, but the mean 

values and the analysis do not confirm if significant. The role of CSR in achieving 

sustainability is an increasingly and significantly popular idea. Similarly, the expanding cost 

commitment shows significantly more agreeing respondents. The results related to the role of 

CSR as a profit-generator and greenwashing tool are not significant.  

Moreover, a surprising experience is that the most visible difference between the years is to 

find related to the statement ‘CSR help companies to coordinate and bring together various 

initiations’. Due to the high share of the middle-value ratings (44.6% in 2014; 31.3% in 2016 

and 35.3% in 2018), the difference of mean values is not significant (see Figure 3). 

 

 
Figure 3. The proportion of agreeing and disagreeing responses (% of all responses, own 

edition) 

 

Conclusion 

The research question asked whether the attitudes have changed during the examination 

period to CSR. Since changing the attitudes require much effort and time, the hypothesis is 

formulated in a negative form. Statistical analysis confirmed only a few significant 

differences between the samples taken from different years. Based on these results I have to 

find that the attitudes have not been changed fundamentally. 

Ignoring the strict statistical approach, it can be concluded that there are remarkable changes 

in attitudes towards CSR among higher education students in recent years. This permissible 

approach can be justified by the need that education and training actions are required in the 

present, based on the available information. 

The experience of the survey includes both favorable and distressing elements. There is rising 

trust in CSR considered. Even more students think that it is achievable (cost and opportunities 

for non-large companies). Nevertheless, a growing proportion of the respondents think that 

CSR is about money and greenwashing. The increase in the occurrence of middle-value 

ratings is typical in the survey; it shows uncertainty. These results suggest that the change has 

started, and the efforts must be continued. 
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Abstract 

Synthetic cannabinoids (SCs) has hundreds of street names for instance “Spice”, “Spice 

Gold”, “K2”, “Black Mamba”, “Feek Weed,” “Genie”. SCs are group of designer drugs that 

mimic the natural cannabinoid effects. However, SCs have significantly higher binding 

affinities to the CB1 and CB2 cannabinoid receptors than the well-known Δ⁹-

tetrahydrocannabinol (THC) thanks to their special pharmacodynamic properties. In clinical 

and forensic practices only detecting the mother compound of SCs cannot provide reliable 

confirmation of their consumption due to their rapid metabolism. The aims of this study were 

in vitro (human liver microsome, immortalized human hepatocytes), in vivo (human urine and 

blood) and ex vivo (isolated rat liver perfusion) analysis of metabolites of the newest designer 

drugs in 2019. After optimizing the sample preparation (liquid-liquid extraction), new 

targeted LC-MS/MS method was developed for detecting the parent molecule and its phase I 

metabolites. Currently, the most commonly used SC is the 5F-MDMB-PICA. The importance 

of identifying metabolites can be well demonstrated by extracted ion chromatogram of 

positive urine sample (Figure 1), which shows that the ester hydrolysis metabolite of 5F-

MDMB-PICA (363.2082 m/z, tR: 1.86 min) has 150 times higher intensity than the parent 

molecule.  

 

 
Figure 2. Positive urine sample 
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Abstract 

Investigation of enantiomers is a common and important task in the pharmaceutical industry. 

In vast majority of the cases direct HPLC methods are used with polysaccharide-based chiral 

stationary phases [1-3]. The reason behind their versatility is the fact that many different 

chiral environments are accessible on them, due among others to their multimodal nature.  

In continuation to our studies about the characterization [4] and the practical assessment of 

some history dependent chiral chromatographic systems in the polar organic (PO) mode, we 

extended our investigations to normal phase (NP). 

We found that an amylose tris(3,5-dimethylphenylcarbamate) (ADMPC) based column in the 

alkane-IPA systems exhibited hysteresis phenomenon. The effect can be observed both in 

heptane-IPA and hexane-IPA systems, and it is in close alignment with the known cost-

increasing issue in chiral HPLC, namely that the reproduction of the retentions after swapping 

the modes is often problematic with polysaccharide-based columns. To avoid this undesirable 

consequence, column manufacturers advise to dedicate polysaccharide-based chiral columns 

to eluent modes. 

However, we discovered that by a quick rinse with a particular alcohol mixture the normal 

phase column test of the manufacturer can be reproduced after using the column in polar 

organic mode. We also found that heptane/IPA mixtures can be used indefinitely, without 

losing the purchased selectivity, if the IPA content does not exceed 70%. 
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Abstract 

Arsenic uptake by tomato (Solanum lycopersicum L.) and potato (Solanum tuberosum L.) 

plants was studied by cultivating the plants in silt and sand soil and irrigating them with water 

containing arsenic at concentrations of 0.05 and 0.2 mg As L
-1

.  

 

Introduction 

Aquifers in the Pannonian basin contain naturally occurring arsenic (1-174 µg L
-1

), and the 

water from these aquifers is utilized for drinking and irrigation purpose, which affects a 

million people at levels greater than the recommended 10 μg L
-1

 WHO standard (Varsanyi et 

al., 2006). The transfer of arsenic in soil–plant systems represents one of the principal 

pathways for human exposure to arsenic (Lu et al., 2010). As uptake by vegetables depends 

on its availability in soil and the ability of the crop to take up and translocate As (Huang et al., 

2006). 

 

Experimental 

Arsenic uptake by tomato and potato was studied in sand and silt soil by applying irrigation 

water containing As, mimicking the groundwater As concentration. Arsenic was supplied in 

the form of sodium arsenate, at concentrations 0.05 and 0.2 mg L
-1

. Arsenic accumulation in 

root, shoot, and fruit was analyzed at the fruiting stage. Plants were grown in a pot-soil 

system in open greenhouse, supplied with Hoagland’s nutrient solution and irrigated once a 

week.  

Upon harvest plant samples were thoroughly washed with Milli-Q water and oven dried at 

40°C for 48hrs. The dry homogenized samples were digested in a microwave-assisted acidic 

digestion system using 7 cm
3
 67 % nitric acid and 3 cm

3
 30 % hydrogen-peroxide. The 

resultant solutions were diluted with deionized water up to 25 cm
3
. Concentration of As and 

certain nutrients (P, K, Mg, Fe, Mn, Cu, Zn) were determined by inductively-coupled plasma 

mass spectrometer.  

Results and discussion 

 The As content of the sand  and silt soil was  4.32 mg kg
-1

 and  9.02 mg kg
-1

, 

respectively. 

 Increase in As concentration of the irrigation water caused an increase in the As 

accumulation in the plant, and in both plants maximum As concentration was found in 

the roots and minimum in the fruit. 

 Vegetables grown in sandy soil had the maximum As concentration and minimum 

biomass productivity.  
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 At 0.05 mg As L
-1 

potato displayed a positive biomass production in silt soil. At 0.2 

mg As L
-1 

treatment, both plants displayed a negative biomass production in both soil 

types. 

 As accumulation in edible part was higher in potato.  

 Arsenic intake for a person consuming 450g (FW) of tomato would be 0.99 µg (sand) 

and 0.54 µg (silt). İn case of potato the As intake would be 2.79 µg (sand) and 1.26 µg 

(silt).  

 

Conclusion 

Considering the FAO-WHO recommended maximum tolerable daily intake limit of 2 µg kg
-1

 

body weight, and the biomass production, both plants grown in irrigation water containing up 

to 0.2 mg As L
-1

 are safe for consumption. But considering the biomass production it is 

advised to cultivate plants at 0.05 mg As L
-1 

treatment and in silt soil. 

This work was supported by the Hungarian Scientific Research Foundation (NVKP_16-1-

2016-0044) granted to GZ and the Stipendium Hungaricum scholarship to SS.  
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Abstract  

In recent years, membrane separation processes in dairy industrial wastewater treatment offers 

several advantages: it runs with much less ecological footprint, more economical, more 

energy efficient, ease of operation and better possibilities of integration with other processes. 

Moreover it gives the possibility of water reuse However, these processes suffer from 

concentration polarization and membrane fouling which limit the membrane flux during 

filtration and negatively impact production efficiency with corresponding increases in energy 

consumption and is a major factor in determining the practical application of these techniques 

in water purification, wastewater treatment and desalination. Solving the problem of fouling 

through membrane modification by nano-materials has been attracting the attention of 

scientists. The aim of this work is to identify the factors affecting the membrane fouling 

during treatment of dairy wastewaters and present the recent development of research in this 

field. 

Keywords: Membrane separation processes, dairy wastewater, fouling, nano-materials, 

membrane modification 
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Abstract 

While noble metals’ excellent catalytic properties are undeniable, they are scarce and 

expensive materials, hence the research for new options is of great interest. One fairly 

appropiate solution is to use as litte noblemetals as possible while maintaining or improving 

catalytic performance. This approach emphasises the role of support materials greatly. In this 

study the role and mechanism of mesoporous support materials were examined by conducting 

ex situ x-ray photoelectron spectorscopy on the pretreated and the spent catalysts.  

In this study our catalysts’ were cobalt-oxide samples with different structures. The 

catalytic reactions were carried out in the modified pre-chamber of our XPS instrument. The 

standard pre-chamber was expanded with a quartz tube, a thermocouple, a heating element 

which provided uniform heating and a programmable control unit. During the pretreatment of 

the sample and during the reaction continous gas flow was provided. 

The reaction of CO2 hydrogenation may take many reaction paths and these paths may 

yield different products and by-products, depending on what type of catalyst was used. And 

depending on reaction conditions the surface of the catalyst undergoes changes. The main 

purpose of my research was to track these changes by aquiring the spectra for the Co 2p and 

O 1s regions and evaluate the results. 

The gathered and processed data helps to evaluate the role of different surfaces in the 

given catalytic process. Furthermore, studying their behaviour enables the design of new 

catalytic systems, reducing the trial-and-error nature of these experiments. 
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Abstract 

The European Union’s ambitious legislative package was accepted in May 2018 setting many 

challenges to the member states. One of the potential tools to foster the needed transition in 

this respect is to applying circular economy solutions. Some material is only just a waste to 

the company, but another company can utilize it as a secondary raw material. We have to 

track down these possibilities and need to promote the industrial symbiosis connections in 

favor also of our environment. Many barriers exist from feasibility to economical interest, but 

the strongest key factor is the commitment to protecting the environment. CE is not only a 

waste management law, but it requires new product development methodologies and new 

business models. 

 

Introduction 

The CIRCE2020 – Expansion of the CIRcular Economy concept in the Central Europe local 

productive districts – Interreg Central Europe project aims to facilitate a larger uptake of 

integrated environmental management approach in five specific Central European industrial 

areas by changing patterns from single and sporadic company recycling interventions to an 

integrated redesign of industrial interactions based on the concept of circular economy 

(CE). The goal is to introduce innovative cross-value chain waste governance models and 

transnational analytic tools to improve capacities of concerned waste public-private sector to 

reduce dependencies from primary natural resources within industrial processing. The project 

should also provide robust evidences about environmental and economic benefits from 

shifting to enhanced industrial symbiosis. That is why the main objective of the project is to 

test and work out a decision supporting tool analyzing the alternative options from different 

perspectives. 

 

Results and discussion 

In the Hungarian pilot area, two relevant waste flows and their amounts were identified by 

using material flow analysis to target two critical material flows. One of them is a plastic 

composite from a medical tool producing company containing several types of ingredients, 

such as polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET), 

polyvinylchloride (PVC), polyamide (PA), ethylene vinyl acetate (EVA) and some starch. 

The currently applied waste management technology of the critical amount (yearly 5000 

tonnes) of plastic waste is incineration with energy and steam recovery. 

 

The following phase was a detailed research about the possible alternative solutions, 

technologies and recipient companies. The aim was to change the present waste management 

system and develop the present treatment choice to a higher and more efficient level or - 

being a critical material- to produce valuable products from these waste plastics as a 
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secondary raw material. Due to the complexity of the composition and because of the quantity 

it is quite a challenge to identify producers who can deal with this material. Continuous, long-

term and sustainable relation is needed. 

 

During the project a rating system has been developed for identifying the impacts of the 

currently used and  the circular economy based solutions. The following figure shows the 

essence of the methodology. 

 

 
Figure 1. Methodology of the developed rating system 

 

Experts of Bay Zoltán Nonprofit Ltd. for Applied Research developed a special process. 

Technological Rating Methodology (TRM index) represent an instrument which allows to 

user to assess the identified circular solution considering the three most significant driver for a 

circular business: technology, environment and economy.  

 

In the process a weighted evaluation of the following factors was required: 

 technology readiness level index; 

 references in the market; 

 reliability of technology provider; 

 circularity level of the technology; 

 operational experience; 

 technical limitations; 

 others. 

 

In the following definition can be seen the calculation of the TRM, where TRMi is i
th

 specific 

TRM aspect and Wi is the i
th

 specific weighting factor. 

 

 
 

After the rating method a life cycle assessment (LCA) and life-cycle cost analysis (LCC) were 

followed. The purpose to applying the tools was to: 
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1. support decisions among different choices; 

2. measure the environmental and economic impact of the changes. 

 

In order to test the environmental sustainability of the pre-selected circular economy cases 

and quantify the relevant environmental impacts of products, a life cycle assessment was 

performed based on the latest Environmental Footprint (PEF) methodological requirement. 

LCA required a detailed and strict rules in connection with the quality and documentation of 

the collected data, modelling of transportation processes, applied allocation rules and methods 

of environmental impact assessment. Environmental evaluation focused on the main 

environmental aspects (soil, air, water) and considering for impact assessment robustness, 

inventory covery completeness and inventory robustness. Because of that Climate change, 

Particular matter, Acidification, Eutrophication (terrestrial) and Resource use (minerals and 

metals) categories had been selected during the process. 

 

General patent or detailed regulated reference are not exist in case of LCC, but it has to be 

comparable with the LCA-PEF assessment within same system boundaries and functional 

units.  

 

At the end the CE decision matrix summarizes the main weighted results of the TRM, LCA-

PEF and LCC with respect to each circular economy based solutions. According to the TRM, 

environmental and economical index a qualitative evaluation and a final score were given 

where we can see that the analyzed technology is „not recommended“, „partly not 

recommended“, „recommended“ or „highly recommended“.  

 

In the final section the user can summaries the evidences deriving from the analysis of the 

three main drivers for CE. The last assessment would synthetize all the information, leading 

to the choise of adopting or discarding the identified solution for the selected flow. It is 

significant to see the whole picture which contains all the information about advantages, 

disadvantages and feasibility before chosing the best alternative technology. 

 

Conclusion 

In case of plastic composite waste, the chosen technology was to make granulate and after 

that produce valuable product. It was a big challenge to find partners for that.  

According to the preliminary researches the team defined the TRM numbers in each above 

mentioned category and performed the weighting. The final number belonged to the limited 

recommended category – since we face many challenges in this respect. 

Environmental driver was given by LCA-PEF assessment in the 5 categories. In the present 

scenario there were some impact categories where the energy recovery had the biggest 

environment impact, but is case of the other categories the CE stage had bigger effect. Overall 

it can reach environmental benefit with another/better waste disposal or recycling alternative, 

because the qualitative evaluation result was highly recommended in case of CE scenario. 

 

Regarding the LCC final score, both scenario produced almost the same result. However, we 

need to acknowledge that the system boundary of the analysis is only the production of 

granulates. This could then be transformed into new, more value added products in the 

market. With this and with long term contracts regarding transportation and treatment, these 

costs could be decreased. Getting back to the rationale behind the qualitative scores, since 

with the new CE solution the environmental sustainability could be increased plus the 

dependency hence the risk of the company could be decreased. 
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Abstract 

Environmental heavy metals should be a concern of the entire world due to its impact on the 

animal and human population. "Heavy metals" is a generic name used for metals characterized by 

relatively high atomic weight, density, and atomic number. Some of the heavy metals are essential 

nutrients for animals and humans, but when their ingested concentration exceeds the needs, their 

homeostasis is unbalanced and health status is impaired. Non-essential heavy metals are minerals 

that are harmful to the environment and living organisms. The environment is the main source of 

minerals provided by soil, water and air. Any deficiency or excess of minerals in the environment 

will be transferred to the living organisms. Plants, meat and water – are ingredients of humans' 

diet, and because of that, any overload affects the minerals' homeostasis that could lead to 

accumulation in target organs – mainly in the liver and kidney, also in the brain, heart, lungs, and 

other organs. Ecobiochemistry and xenobiochemistry are two complex sciences that are trying to 

find correlations between the biochemical processes related to the minerals’ needs, intake, and 

excretion to assure a good health status.  

Key words: environment, heavy metals, health 
 

Introduction 

Health status for animals and humans is a very complex subject that involves the environment, 

lifestyle, and biochemical characteristics. Lately, more and more concerns are related to the 

environment and pollution, in order to ensure a healthy environment for all living organisms.  

Thus, one major concern is focused on heavy metals, which are much spread and could suffer risk 

assessment due to the trophic transfer and/or biomagnification. “Heavy metals” is a generic name 

that characterizes natural chemical elements with high atomic mass (usually higher than 23) and 

high density (higher than 5g/cm
3
) [1]. Heavy metals are found wild spread, but their concentration 

in environment and organisms is relatively low. Ecobiochemisty as a term, was mention in a 

research experiment that studied the adenine nucleotides in the deep-water pelagic community as 

an estimator of energetic metabolism, and also it was mentioned in a USPA Program – which has 

studied sub-Antarctic habitats [2]. It’s a science that evaluates the organisms’ metabolic processes 

related to the quality of the living environment – which most of the time is assessed in order to 

found out if there is any contamination of air, water or soil. Thus, the main chemical reactions 

from animal and human organism are evaluated in terms of efficacy in the presence of excessive 

amounts of organic chemicals (ex. pesticides, insecticides) or inorganic chemicals (such as metals 

with toxicogenic potential), finally referring to the quality of soil, water and air. 

Xenobiochemistry studies the foreign compounds in plants, animals or human organism, or 

studies the chemical compounds that are essential for the living organisms but are found in too 

high concentrations. Specialized functions in the body identify the presence of toxic substances or 
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essential substances in concentrations that exceed the tolerance of the body, block their 

absorption, and are transported to the liver to be annihilated. For example, heavy metals bind to 

various chelators which make them impossible to be absorbed, and thus their action is blocked, 

after which they are transferred to the renal function in order to be excreted through the urine [3].  

The chelation process in the body is a very easy process and is often used by enzymes that have 

metal cofactors. These chelators have two or more chemical bonds between metal and the organic 

molecule, which are coordination bonds formed between metal ion and chelator. The strength of 

the coordination bond and the accessibility of chelation process are depending on various 

characteristics, such as: accessibility of the chelators and metal ions in the tissues; the metal ion 

and chelator concentration; the strength of the metal ion already bound to other chemicals; and the 

strength of the bound formed between the chelator and the metal ion. The most important 

chelators are metallothioneins and glutathione – enzymes that play the role of biomarkers, being 

involved in the cellular response of the presence of toxic heavy metals, in mobilization, transport 

and renal excretion (in urine). Dietary fibers can also help in detoxification processes, playing an 

alternative role in reducing the quantity of toxic metals in the body, absorbing chemicals and 

excreting them via digestive tract (in feces). USA (US Environmental Protection Agency, World 

Health Organization) and Canada (Environment Canada, Canadian Institute of Health Research, 

Canadian Poison Control Centers) developed and funded different divisions that are specialized in 

treatments using chelators regarding the most heavy metals exposure, such as: arsenic, cadmium, 

mercury, and lead among their population, especially for the children [4,5]. 

If we talk about the possibility of eliminating the heavy metals from the organism through 

chelation we must remember that along with the main elimination pathways (the renal and 

digestive pathways) it is necessary to take in consideration the excretion of these chelated 

substances also by sweat. But having in view that for any organism there are tolerance limits to 

concentrations of certain substances, we must emphasize that living organisms are capable of 

evolving over time and tolerating increasing amounts of pollutants [4]. 

  

Heavy metals in environment 

The environment is a very important source for heavy metals, in which water plays a key role in 

translocation. Humans’ activities could be also important factors that can influence the quantity of 

heavy metals from the environment. The heavy metals released in the eco-biosphere come from 

agriculture, industries, technologies, automotive and medical uses and applications. Proper use of 

these chemicals does not harm the environment, but we are increasingly witnessing disasters 

caused by improper use (quantitative and qualitative), uncontrolled discharges and pollution, that 

have serious consequences on the environment in the very long term. 

Biomagnification is a process that occurs when some chemicals (such as heavy metals or organic 

pollutants) accumulate in the internal organs and tissues of plants, animals and/or humans. The 

biomagnification processes are characterized by bioaccumulation, biodilution and 

bioconcentration. Bioaccumulation is referring to accumulation on some chemicals along the 

trophic chain that lead to increased concentration in specific organs and tissues. Biodillution is the 

process in which the chemicals concentration is diluted due to an increase in trophic level [6]. 

Humans and animals are at the top of the trophic chain and from this point of view 

biomagnification has become a subject extensively studied in recent years. Biomagnification of 

toxic, polluting substances - such as heavy metals, increases the risk of serious diseases such as 

various types of cancer; liver, kidney and heart failure; birth disorders; and brain irreversible 

damage [7,8].  

Environmental decontamination and de-pollution are the main target of environmental 

researchers, biologists, and biochemists, who are trying to find new solutions to reduce the degree 

of environmental contamination. Thus, recent studies have shown that a system that combines 
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functional bacteria with absorbent materials (sponge, cotton treatment) has a direct effect of 

removing copper, cadmium, and chromium; and indirectly on lead and chromium [9]. 

For decontamination of water polluted by heavy metals, there are more options to take into 

consideration, such as physical, chemical or thermal treatment, but the best and effective 

traditional solution remains the alkaline lime precipitation. This method is effective for treatment 

of contaminated wastewater where the heavy metals exceed 1g/L [10]. 

Phytoremediation is another method very useful for biodillution of the heavy metals. There are 

some specific plants that have the ability to chemically transform the heavy metals into 

chemically bioavailable form for the plant, with the final effect of decreasing the concentration of 

metal pollutants or high concentrations of essential metals, in the soil. This method is a recent 

technology, being a cost-effective, efficient, safety ecologic method, and available for 

decontamination of soils and waters. The phytoremediation is a very good option to “clean” the 

environment of different chemical hazardous substances, with the help of some plants that are 

capable to upload thousands of ppm of heavy metals [11,12].  

  

Ecobiochemistry and heavy metals 

For living organisms, there are different essential minerals and even heavy metals – which are 

important for metabolic processes. Between the heavy metals, arsenic, cadmium, lead, mercury, 

and chromium have the highest toxicity, chromium being essential for carbohydrates metabolism 

– but in very small amounts. Regarding the quantitative needs of heavy metals in living 

organisms, they are necessary in trace amounts, less than 10ppm or even ppb. The quantity of 

heavy metals is significant for environmental pollution characterization, but it has to be taken in 

account their bioavailability that it is influenced by physical factors (such as temperature, 

absorption, sequestration, phase association) and chemical factors (water or lipid solubility, the 

chemical form, concentration, pH) [13]. 

The classification of minerals into heavy metals with toxic effect must be done careful because 

there are recent studies that have shown the beneficial effect of toxicogenic metals in the 

treatment of serious diseases, such arsenic used as cancer cell apoptosis in the case of leukemia.  

In the following we will make some references to toxic effects of some minerals with essential 

role in the human and animal organism. 

Chromium is an essential trace element directly involved in carbohydrates and cholesterol 

metabolism. Lately, due to the technological food and feed processes, nutritional chromium intake 

is lower and thus become a very popular dietary supplement. The key role of chromium in the 

organism is to facilitate the intracellular access of glucose, involved in the processes of 

energogenesis. Also, chromium is taking part in lipid metabolism, and influence the cholesterol 

level into the bloodstream. Due to its implication in energy metabolism, chromium has become an 

important nutrient in the weight loss programs, and also in diabetic patients. From chemically 

point of view, chromium occurring in environment and organism in different valence states, as 

Cr(
2+

) to Cr(
6+

), but Cr(
3+

) compounds are the most stable, followed by Cr(
6+

). Hexavalent 

chromium is known as industrial pollutant, classified as carcinogenic. Cr(
3+

) naturally occurs in 

soil, water, air and other biological sources. Ingesting or inhalation of chromium leads to 

reproduction damages, gastrointestinal irritation, anemia, liver and kidney failure, neurological 

and hematological damages [14]. 

Lead is a naturally mineral in the environment. Lately the industrial used of lead was significant 

reduced, but the largest source of lead contamination is contaminated soil, dust and chips of old 

paint from deteriorated houses – especially for children [15]. In children there are many studies 

that demonstrated that lead exposure diminish the intelligence; leads to growth retardation; brain, 

kidney, and heart damages; gastrointestinal diseases, and disturb the central nervous system [16].       

Cadmium has essential role in the metabolism of various microalgae from Diatomophyceae class 

[17]. Sedimentary rocks and marine phosphates accumulate the highest level of environmental 
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cadmium, in concentration of about 15mg/Kg [18]. Also some dietary products can be important 

sources of cadmium for human organism, such as crustaceans, mollusks, leafy vegetables, 

mushrooms, potatoes, seeds, grains, cacao powder, and organs like liver and kidney [19,20]. The 

metabolic pathways of cadmium toxicity is poorly known and understood, but researchers 

speculate that the main damage of cadmium is generation of reactive oxygen species inside the 

cells that lead to single-strain DNA, disrupting the DNA and proteins synthesis [21]. Cadmium 

quantitative determination from different biological samples can reflect the acute or chronic 

exposure. Thus, cadmium determination from blood reflects acute or recent exposure, while 

cadmium from urine reflects the chronic or accumulation of cadmium (usually the rate between 

cadmium/creatinine is calculated). Lately, due to the industrial applications, cadmium 

environmental contamination has dramatically increased.    

In humans arsenic exposure is associated with carcinogenic and systemic health effects, and the 

main exposure source is the diet and drinking water, and much less important the soil and air. 

Arsenic contamination is associated with pesticides use, wood preserving technologies, 

semiconductor manufacturing, glass and ceramic factories and smelting [21]. The toxicogenic 

effects of arsenic are difficult to estimate because it is highly influenced by exposure dose, 

frequency and duration, by organism characteristics, by solubility, by its oxidation state, and by 

nutritional factors. Experimental studies demonstrated that exposure of trivalent arsenite (As
3+

) is 

2-10 times more toxic compared to pentavalent arsenate (As
5+

) [22]. Experimental studies 

demonstrated that arsenic can also be used in the treatment of promyelocytic leukemia, which can 

be achieved by the administration of arsenic trioxide – compound approved for pharmaceutical 

use by the Food and Drug Administration which provide cancer cell apoptosis [23]. 

But the quantity and the chemical form of some heavy metals are the major characteristics in 

being necessary or harmful for organism. Most of these minerals have been demonstrated that 

have carcinogenic (antimony, arsenic, hexavalent chromium, cobalt, mercury, nickel, vanadium), 

teratogenic (arsenic), and mutagenic (arsenic, vanadium), allergenic (nickel), and/or endocrine-

disrupting (cooper, selenium, silver, zinc) effect. Other less known heavy metals, such as thallium 

– are harmful to the nervous system – especially in children. Mercury, lead, tin, and thallium are 

toxic to the body, affecting the central nervous system, the bone marrow, the immune system, and 

also the hearth, liver and kidney – organs that are involving in detoxification and excretion of 

excess or toxic chemicals [23].  

 

Conclusions 

Heavy metals are chemicals naturally present into the environment, and some of them are even 

essential for metabolic pathways.  

Ecobiochemistry and xenobiochemistry are sciences that evaluate the metabolic processes from 

animal or human organisms, regarding the contamination from diet, soil, air, water. 

Biomagnification is the accumulation of some chemicals in internal organs, and could be 

characterized by bioaccumulation and biodillution. 

Body chelation process and phytoremediation are the best methods to decontaminate the 

environment and the living organism.  

Arsenic, cadmium, chromium, lead, magnesium, manganese, mercury, molybdenum – are 

considered heavy metals, but some of these are essential nutrients for animal and human 

organism, being involved in metabolic processes. The toxic effect of heavy minerals has to be 

evaluated related to other minerals, to the environment concentration, chemical form, 

bioavailability, temperature, pH, and also to the environmental type: water, soil or air.   
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Abstract 

During technological processes, pollutants are emitted into factories, pollute the working 

environment and transferred to the environment. Many pollutants emitted do not remain in 

one segment of the environment, but are transmitted from one medium to another and also 

affect the quality of air, water and soil. This paper describes the technological process of 

applying paints and coatings to aluminum rolled sheets and the procedures undertaken to 

remove and minimize organic volatile compounds - VOCs.  Waste gas testing was conducted 

twice a year, in three individual samples, under the highest workload of stationary sources, 

over a period of 5 years. Based on the measured concentrations of total organic carbon, it was 

concluded that all values obtained were within the permitted limits prescribed by the Air 

Protection Act of the Republic of Serbia. 

 

Key words: Aluminium rolled sheet, painting, pollutants emission, VOCs 

Introduction 

VOC is any organic compound having an initial boiling point equal to or less than 250°C at a 

standard pressure of 101.3 kPa. It can be natural or artificial. Emissions of highly volatile 

organic compounds - VOCs, have a short-term and / or long-term adverse effect on humans 

and the environment [1]. For this reason, the industry is taking a number of measures to 

reduce the emissions of these gases. The aluminum rolled sheets dyeing line consists of: 

degreasing of rolled sheets intended for dyeing, chemical preparation, application of dyes and 

dyes fired. The Bylaws of the Air Protection Act set the limit values for the emission of 

harmful and dangerous substances in the air at the place of the source of pollution, the manner 

and deadlines for measuring and recording data on the performed measurements of emissions. 

Permissible exposure limit (PEL) is the highest permissible level of pollutant in the air, 

established on the basis of scientific knowledge, in order to avoid, prevent or reduce harmful 

effects on human health and / or the environment. The conditions for performing the emission 

measurements (appropriate sampling points, safe access to sampling points, necessary facility 

data, etc.) are provided by the operator, and the measurements themselves are carried out by 

expert organizations authorized to measure emissions [2]. 

In the degreasing technological operation, the unpainted strip passes through 4 tubs cascaded, 

so that water from tub 4 is used to replenish tub 3 and from it when 2 and then 1 [3]. At the 

end of the degreasing process, there is a dryer that serves to completely dry the tape after 

exiting the squeeze roller. After drying, a defined layer of chemical to passivate the unpainted 

tape is applied to the horizontal device for chemical preparation in a closed system. After 

passivation, the tape is dried, cooled and switched to a technological dyeing operation [3].  A 

primer is applied to one or both surfaces of the tape by rollers with a rubberized coating in a 

paint application chamber, in the thickness of 5-15 µm. In the coating process, polyester, 

polyurethane, PVDF and epoxy paints, varnishes, solvents, and thinners are used for the 

coating process. After application, the primer is fired in furnaces (in four zones) at a 
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temperature of 216-241 °C [3]. Figure 1 shows a technological diagram of the process of 

dyeing aluminum sheets. 

 

 
Figure 1. Technological scheme of dyeing aluminum rolled sheets 

1 - sheet entry, 2 - degreasing, 3 - chemical preparation, 4 - dyeing chamber, 5 - firing 

furnaces, 6 - output 

 

The firing temperature is achieved with the help of a natural gas burner. Part of the air used 

for the operation of the burner is supplied by a ventilation system from the chamber to apply a 

wet coating. The chamber air contains VOCs compounds that evaporate at ambient 

temperature as the paint rolls and cleans. Exhaust gases generated during the coating process 

are routed to the incinerator. The main function of incinerators is to control the process after 

combustion of waste gases and to reduce VOCs emissions. The temperatures at which 

incineration is carried out are between 590-1200 °C. Based on the data at a gas holding time 

of 0.75 seconds, 98% of the VOCs would be combusted and thus the VOC emission level 

would reach 20 mg / m
3
, the incineration temperature should be 870 °C. According to the 

regulations in force in the Republic of Serbia, the limit value for the emission of VOCs into 

the atmosphere is 50 mg/Nm
3
. By reducing the incineration temperature, the degree of VOCs 

conversion of the compound decreases exponentially [4]. 

 

Experimental 

Measurement of VOCs emission was performed by measuring devices (GLOBUS, Italy) 

using prescribed and documented methods of measurement and standards - the continuous 

method of flame ionization detection (SRPS EN 12619: 2013 [5]). The basic goal of any 

sampling and measurement technique is to provide an air sample that is representative. 

Comparison of measured pollutant concentrations with emission limit values is a key element 

in any emission measurement. Accurate and reliable documented results are necessary to 

accurately determine measures to reduce the adverse environmental impact of the plant or 

broadcasters [2]. The results of the emission measurements, reduced to dry waste gas, 

standard conditions and reference oxygen content, are compared with the emission limit 

values. For comparison with the emission limit values, the measurement results expressed as 

mass concentrations of pollutants in the flue gas are calculated per unit volume of dry or wet 

flue gases, normal conditions (273.15 K and 101.3 kPa) and the oxygen reference fraction in 

the flue gas, unless otherwise specified [2]. 

Measurements were made twice a year (in the first half of the year - measurement I and in the 

second half of the year - measurement II), three samples were taken for each measurement. 
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Table 1. Overview of pollutant limit values [4] 

Pollutant  Design value 

VOC (organic compound expressed as total 

carbon) 

<30 mg/Nm
3
 

 

Pollutants measured in waste gas from the dye line emitter were determined on the basis of 

the Decree on the list of industrial plants and activities controlling the emission of volatile 

organic compounds, the emission values of volatile organic compounds at a given solvent 

consumption and the total allowable emissions, as and emission reduction schemes (Annex 5, 

Item 7, Coating Solvent Consumption Coils> 25 t/year) [6]. Table 2 shows the results of 

periodic measurements on the emitter of the dye line from 2013 to 2018 at the Impol Seval 

plant in Sevojno. 

 

Table 2. Results of periodic measurements of VOC emission at the emitter of the Dye Line [4] 

Period of time 

measurements 

Sample 1 

(mg/Nm
3
) 

Sample 2 

(mg/Nm
3
) 

Sample 3 

(mg/Nm
3
) 

GVE [6] 

(mg/Nm
3
) 

I period 2013. 9 0,45 11 0,55 14 0,70 50 

II period 2013. 6 0,30 10 0,50 16 0,80  

I period 2014. 3,50 0,14 3,90 0,16 4,10 0,16 

II period 2014. 6,10 0,30 6,90 0,35 7,50 0,38 

I period 2015. 1,76 0,09 2,10 0,11 2,60 0,13 

II period 2015. 5,45 0,27 6,10 0,31 6,30 0,32 

I period 2016. 21,5 11,5 21,2 11,5 20,1 11,5 

II period 2016. 7,32 0,37 7,08 0,35 5,76 0,29 

I period 2017. 7,52 0,49 8,86 0,57 7,15 0,46 

II period 2017. 19,1 1,2 10,5 0,7 14,4 0,9 

I period 2018. 38,0 2,5 46,1 3,0 43,6 2,8 

 

Table 2 shows an increase in the measured values of VOCs emissions since during this period 

the beginning of the heating season and the increased combustion of furnaces, the operation of 

car engines and industrial plants contributes to the increase of the values of volatile organic 

compounds. The air quality assessment is done by the Environmental Protection Agency on 

the entire territory of Serbia and is done by analyzing the average annual values of pollutants. 

Along with the average annual values, the exceedances of the daily and hourly limit values of 

individual pollutants are monitored, and these results are good indicators of cleaner 

production. 

The process of dyeing aluminum sheets carries out the process of cleaner production and with 

the aim of saving, reducing the environmental impact and fulfilling the legal obligations in the 

field of environmental protection. Cleaner production in production processes involves the 

more rational use of raw materials, water and energy, the replacement of hazardous raw 

materials by more environmentally friendly ones, and the reduction of emissions and toxicity 

of emissions and waste into water, air and soil. The emission values in the flue gases 

according to the above regulation for the consumption of solvents greater than 25t/year are 50 

mg/Nm
3
 and from the presented results it has not exceeded the permitted value in any 

measurement in the period of 5 years. It is observed that the concentrations in the last year of 

measurements are significantly higher than the previous measurements. 
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Conclusion 

The Law on Air Protection (“Official Gazette of the RS” No. 36/2009 [7] and No. 10/2013 

[8]) industrial pollutants in Serbia are obliged to report annually on emissions of harmful 

gases released into the environment and to pay certain environmental taxes accordingly. In 

particular, Article 45 of this Law defines the use of organic solvents. A legal entity and an 

entrepreneur using organic solvents in their production process is obliged to implement 

measures to reduce the emission value of volatile organic compounds below the prescribed 

values. 

Based on the results of the test of the waste gases on the dyeing line for a period of 5 years, 

there was no exceeding of the prescribed emission limit value. The techniques used for the 

removal of volatile organic compounds are sufficient to purify the waste gases and avoid the 

pollution of atmospheric air at this stage of processing of aluminum and its alloys. Reducing 

the amount of pollutants released today is a basic form of air protection. The installation of 

filters and special exhaust and smoke purification plants at factory plants can produce good 

results. A special group of air protection measures are greening actions in the area where the 

air pollution occurs. 
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Abstract 

Two Zn-metalloporphyrins, both containing at least one-pyridyl group, were studied 

regarding their capacity to complex hexachloroplatinic acid comprised in leaching solutions 

and resulted after hydrometallurgical processes on spent automotive catalysts. The number of 

pyridyl groups and the steric and electronic influences from surrounding groups determine a 

different type of coordination with the hexachloroplatinic acid from solution, and 

surprisingly, although containing only one group of basic pyridyl, the unsymmetrical Zn(II)-

5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl)-porphyrin had a removal capacity of 98% 

higher than that of Zn(II)-meso-tetrakis-pyridylporphyrin, substituted with four pyridyl 

groups, but with only a removal capacity of 84 % . 

 

Introduction 

The platinum is an expensive and rare element, so that its recovery must be appropriately 

considered. Several compounds are able to generate complexes with hexachloroplatinic acid. 

Among them, metalloporphyrins, due to their capacity to coordinate ligands at the metal 

centers [1], have to be analyzed. In this study, Zn(II)-tetrakis-pyridylporphyrin and Zn(II)-5-

pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl)-porphyrin were investigated for their capacity 

to form complexes with hexachloroplatinic acid. 

 

           
 

  (a)                                                             (b) 

Figure 1. Structure of the investigated compounds: Zn(II)-tetrakis-pyridylporphyrin (a); 

Zn(II)-5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl)-porphyrin (b) 

 

Materials and methods  

Reagents.The Zn(II) metalloporphyrins were obtained in our laboratory and reported 

previously [2, 3]. N,N-Dimethylformamide was aquisited from Merck (Darmstadt, Germany), 

hexachloroplatinic acid was obtained from Sigma-Aldrich (St. Louis, USA).  
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Methods. In the first case of Zn(II)-tetrakis-pyridylporphyrin, the experiments were 

performed by taking 5 mL porphyrin in DMF (c = 4.49 x 10
-6

 M) and adding at each step 0.05 

mL hexachloroplatinic acid solution in water of 1.03 x 10
-3

 M concentration. Each mixture 

was stirred for 2 minutes and after, the UV-vis spectrum was recorded. 

In the second case regarding Zn(II)-5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl)-

porphyrin the method was similar but the porphyrin concentration was 1.192 x 10
-5

 M in 

DMF. The hexachloroplatinic acid concentration was the same. The amounts of 

hexachloroplatinic acid that were added differed from one sample to another. 

Apparatus. For recording UV-visible spectra, standard 1 cm pass quartz cells were used on a 

JASCO UV- V-650 spectrometer (Japan). 

 

Results and Discussions 

The superposed spectra for the successive adding of chloroplatinic acid to the solution of the 

Zn(II)-tetrakis-pyridylporphyrin (Zn-TPyP) are presented in Figure 2, and to the Zn(II)-5-

pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl)-porphyrin (Zn-Py-3,4diMeOPP), respectively 

in Figure 3. 

As can easily be seen, the UV-vis spectrum of Zn-TPyP (figured in black) has the main 

characteristics of a metalloporphyrin, the Soret band around 425 nm and only two Q bands 

(due to higher symmetry), located at 575 nm and 625 nm respectively. In the course of 

increasing the hexachloroplatinic acid concentration, some changes are occurring, as follows: 

all the absorption bands are blue shifted with around 15 nm, and all the bands are suffering a 

hyperchromic effect. 

Many isosbestic points are accompanying these changes (at 412 nm, 545 nm, 605 and 615 

nm), proving that a lot of equilibrium processes are taking place and the complex formation 

can be explained on the pyridyl groups protonation, that are alternatively forming and 

breaking. 

 

 
Figure 2. Overlapped UV-vis spectra after adding H2PtCl6 solution in water to Zn-TPyP 

solution in DMF. Details of the Q bands 

A completely different phenomenon is produced regarding Zn-Py-3,4diMeOPP. In this case 

by increasing the hexachloroplatinic acid concentration the Soret band decreases in intensity 

and also the two Q bands. Only three isosbestic points are appearing at 405 nm and around 

440 nm, on both branches of Soret and on the Q band at 640 nm (Figure 3). 
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Figure 3. Overlapped UV-vis spectra after adding H2PtCl6 solution to a solution of Zn-Py-

3,4diMeOPP in DMF. Detail of the isosbestic point at 640 nm  

 

The dependences (polynomial and linear) between the intensity of absorption read at 

the Soret wavelength maxima and the H2PtCl6 concentration for the two Zn-

metalloporphyrins porphyrins studied here are shown in Figure 4 a and b.  

 

  
(a)       (b)  

  

Figure 4. Polynomial a) and linear b) dependence between the intensity of absorption read at  

Soret maximum wavelength and the H2PtCl6 concentration in case of using Zn(II)-tetrakis-

pyridylporphyrin (a) and Zn(II)-5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl) porphyrin 

(b) 

 

It can be observed that the plateau is obtained by Zn(II)-tetrakis-pyridylporphyrin at a very 

low concentration of hexachloroplatinic acid up to 5 x 10
-5 

M, but the interference between 

the unsymmetrical Zn(II)-5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl) porphyrin and 

H2PtCl6 has a twentyfold wider domain up to 100 x 10
-5

 M. 

 

The removal capacity of Pt colloidal particles from solution can be calculated according to the 

formula [4]:  

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) =
(𝐶0 − 𝐶𝑒)

𝐶0
 𝑥 100 

 

y = -0.019x2 + 0.229x + 1.255 
R² = 0.976 
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In our case the removal capacity is 84.867 % for Zn(II)-tetrakis-pyridylporphyrin and 98% for 

Zn(II)-5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl) porphyrin, result that is surprising, 

due to the large number of basic molecules of the Zn(II)-tetrakis-pyridylporphyrin.   

 

The obtaining of the desired Pt nanoparticles from the complexes that were formed with Zn-

metalloporphyrins, was done in each case, by adding 4.55 mL of NaBH4 solution in water (c 

= 7.077 x 10
-3 

M) (a tenfold more concentrated NaBH4 solution than the expected 

concentration of Pt) to 5.5 mL of each complex solution. When NaBH4 was added under 

stirring, almost instantly an intense brown colloidal solution was formed. After a few seconds, 

the particles of Pt were observable with the naked eye.  

 

Conclusion 

Two Zn-metalloporphyrins, both containing pyridyl groups, were tested regarding their 

capacity to complex hexachloroplatinic acid resulted in leaching solutions after 

hydrometallurgical processes on spent automotive catalysts. Although it was believed that the 

bigger number of pyridyl groups will be a benefit for complexation, it was surprisingly found 

that the loss of planarity, the steric and electronic inductive donor influences from the 

surrounding -OCH3 groups determine a better coordination with the hexachloroplatinic acid 

for the unsymmetrical Zn(II)-5-pyridyl-10,15,20-tris-(3,4-di-methoxy-phenyl)-porphyrin that 

had an excellent removal capacity of 98%, based on axial coordination on Zn atom. 
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Abstract 

In the last years, an increasing number of oxides were investigated for detection of low 

gases concentrations from environment. More binary oxides with energy band gap between 2-

4 eV (TiO2, Nb2O5, Ta2O5, ZnO, SnO2 and WO3), when used with large specific surface area, 

present an n-type behavior like response to introduction of gases in small concentrations in 

ambient air. Other binary oxides as NiO, CuO, Cr2O3, Co3O4 and Mn3O4, and also the 

crystalline structures type perovskites (BaTiO3, SrTiO3, LaFeO30) or crednerite (ABO2, ex. 

CuMnO2) presents an p-type characteristics for detection of gas traces in the environment. 

The synthesis methods of heterostructured oxide materials, used in the specialized 

literature, have sought to obtain perfect structures with a high degree of homogeneity. As the 

morphology and structure of oxide material play an important role in their functional 

properties, lately, many efforts have been focused to choose the best synthesis method and the 

“design” of heterostructures of different architectures. The reason of these researches is 

mainly to demonstrate the fact that studied materials can be obtained by different methods, so 

to present interesting properties for proposed application field and to lead to achieving of new 

devices with new and improved functionality, and also synthesis technologies for sensitive 

modules. 

In this study, we report the synthesis and characterization of n-type (TiO2, ZnO) and p-

type (CuMnO2) semiconducting components, by hydrothermal methods at low temperatures 

and pressures using different precursors soluble in water. For obtaining oxide powders and 

crednerite materials, with morphology and desired size (nano and micro) for crystallite, will 

be used different synthesis conditions, varying the precursors, temperatures, pressures, 

synthesis times and/or solution pH. The obtained materials will be characterized by specific 

methods: crystalline phase of TiO2 particles will be identified by X-ray diffraction (XRD), 

surface morphology and qualitative analysis by atomic force microscopy (AFM) and scanning 

electron microscopy (SEM), band gap determination with UV-VIS spectroscopy, and thermal 

stability by TG-DTA analysis. Based on these materials will be obtained some 

heterostructures p-n for development to a sensor with characteristics of diode. 
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Abstract 

In this paper was studied the adsorption-desorption of CO2 and the effect of temperature 

on amino-functionalized mesoporous materials by using temperature programmed desorption 

– TPD method. The adsorption of CO2 and its TPD method was investigated using 

thermogravimetric analysis coupled with a Pfeiffer-Vacuum-Thermo Star mass spectrometer. 

For this purpose MCM-41, SBA-15 and SSBA-15 functionalized mesoporous materials were 

prepared and investigated at different adsorption-desorption temperatures: 50, 60, 70 and 

80°C. These composites were also characterized from the structural point of view: FT-IR 

spectroscopy and nitrogen physisorption at 77K. 

 

Introduction  

Mesoporous molecular sieves have been used as adsorbents, catalysts support, and 

heterogeneous catalysts in various applications [1, 2]. MCM-41 has great properties like 

uniform hexagonal cylindrical pore system, tunable pore size (15-100 Å), high surface area 

(>700 m
2
/g), large pore volume (≥0.7 cm

3
/g), large number of silanol groups (∼40–60%), 

negligible pore blocking effect, high surface reactivity and good hydrothermal, chemical and 

mechanical stability [3,4]. Due to investigations from previous years SBA-15 like MCM-41, 

presents also interesting properties like large surface areas (600–1000 m2/g), well-defined 

pore structure with variable pore diameters (50-300 Å) [5] and a highly ordered hexagonal 

mesostructure. 

Modifying these materials with different organic groups (thiol, vinyl, amine, phenyl, 

propyl) has attracted much attention in recent years [6, 7]. Supported amine functionalized 

mesoporous silica presents a very great interest for CO2 capture process due to very high 

selectivity towards CO2 at low partial pressure, wide range of temperature [8, 9], adjustable 

uniform pore size, and facile surface functionalization schemes available [10, 11].  

These materials have recently emerged as a promising class of solid adsorbents that 

can effectively adsorb CO2 and regenerated using variety of approaches [12]. The present 

study was carried out to see how the temperature influences CO2 adsorption-desorption 

process on these amino functionalized materials.  

 

Experimental 

Preparation of molecular sieves 

MCM41 and SBA15 molecular sieves were tested from the adsorption-desorption point 

of view using TPD method. These molecular sieves were prepared by grafting, using 3-

aminopropyl triethoxy silane as functionalization agent. MCM41 and SBA15 were 

functionalized by 3-aminopropyl-triethoxysilane. In a typical reaction, 1g of MCM41 or 

SBA15 was added in 50 mL toluene and the mixture was stirred for an hour. After that an 

excess of 3.39 mmol of (C2H5O)3Si(CH2)3NH2 was added and refluxed overnight. The white 

solid was removed from solvent by filtration washed with toluene and water and finally dried 

for 8 h under reduced pressure at 70 °C. A different sample named SSBA15 was prepared by 

the hydrolysis of tetraethyl orthosilicate using as surfactant a P123 block copolymer and 1-
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phenyldecane as swelling agent. The synthesis of SSBA15: 4.6 g of Pluronic P123 was 

dissolved in 145 mL of HCl solution and stirred at 40 °C until the solution became clear. 

Then, 9.0 g of 1-phenyl-decane was added to the solution with stirring at 40 °C for 1 h. 

Finally, 0.05 g of NH4F was added under stirring, followed by 9.0 g of TEOS. The above 

mixture was stirred at 40 °C for 24 h and then transferred to an autoclave for further reaction 

at 100 °C for 48 h. 

The difference between the synthesis of SSBA15 and the synthesis of SBA15 is the 

presence of 1-phenyl-decane used as swelling agent. Modified SSBA15 was functionalized 

first by a silane coupling agent 3-glycidyl-oxypropyl-trimethoxysilane and finally by an 

amination reagent: ethylene diamine (N2). The role of the amine used was to improve the CO2 

adsorption performance. 

 

Methods 

The resulted composites were characterized by thermal analysis using TGA/SDTA 

851-LF 1100 Mettler apparatus. The thermal analysis system was coupled with a Pfeiffer— 

Vacuum—Thermo Star mass spectrometer by silica capillary at temperature of 200 °C. 

Adsorption measurements were carried out using the same thermogravimetric analyzer 

connected to a gas delivery manifold. High-purity CO2 and 30%CO2 in N2 at 1 atm. was used 

for the adsorption runs, and N2 was used as a regenerating purge gas for CO2 desorption. In a 

typical adsorption –desorption run, a blank test of the empty sample container was performed 

at 25 °C in N2 stream with a flow rate of 50 mL min
-1

 . Afterwards, the sample are weighed 

and placed in the sample container. The samples with mass of about 20 mg were placed in 

alumina crucible of 150 µL. The measurements were performed in dynamic air atmosphere 

with the flow rate of 50 mL min-1, in the temperature range of 25–650 °C with a heating rate 

of 10 °C min-1. Each sample was first pretreated in flowing N2 at 150 °C, then cooled to the 

desired adsorption temperature (50-60-70-80°C), and exposed to 30% CO2/N2 (70 mL/min-1) 

for 120 min. The CO2 adsorption capacity of the adsorbent in milligrams of CO2 per gram of 

adsorbent was calculated from the mass gain of the sample in the adsorption process.  

The FTIR absorption spectra were obtained with: Jasco 430 spectrometer in the 4000 - 

400 cm
-1

 range, using KBr pellets.  

 The results in case of textural characteristics of the outgassed samples were obtained 

using Nova 2000 Quantachrome instrument series, N2(g) adssorption-desorption technique. 

 

Results and discussion 

Infrared spectroscopy 

The FTIR spectra of each sample were recorded and confirmed that SBA15 sil was 

successfully functionalized with ethylene diamine (not shown). The typical band of stretching 

vibration of Si-O-Si group in the silica structure appears at 1080, 800 and 461 cm
-1

. The broad 

absorption band centered around 3440 cm
-1

 and a weak absorption band at 1630 cm
-1

 

indicates the presence of water due to the absorbed water molecules in the sample, and 

belongs to the bending vibrations of H-O-H .The present bands at 1636–1522 cm
-1

 on the IR 

spectra of SSBA15sil+N2 were assigned to N–H stretching vibrations and N–H bending 

vibrations, respectively, providing evidence of the successful grafting of ethylene diamine 

onto SSBA15sil.  

 

Specific surface area 

 The pore parameters of amino-functionalized molecular are listed in Table 1. The 

data reveal that the surface areas of MCM41 and SBA15 decreased after modification with 3- 

aminopropyltriethoxy silane (SBA15 sil and MCM41 sil samples). The reductions in surface 
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areas can be attributed to the increase in agglomeration of silica particles and/or occupation of 

pores after modification. 

 
Table 1. Textural properties of the studied composites 

No. 

 

Sample Specific surface 

area (m
2
/g) 

Pore volume BJHDes 

(cc/g) 

Average pore diameter 

BJHDes (nm) 

1. SBA15 725.0 1.19 6.64 

2. SBA15 sil 288.8 0.664 6.63 

3. SSBA15 766.5 1.294 6.62 

4. SSBA15 sil +N2 224.8 0.337 5.49 

5. MCM41 1299.7 0.695 3.30 

6. MCM41 sil 655.8 0.611 3.25 

 

Thermal analysis 

From thermal analysis in case of SSBA15 sil+N2 the endothermic effect at 64 °C 

corresponds to the removal of small amounts of physically adsorbed water (Figure 2.). The 

mass loss represented by the peaks at 248 °C and 301 °C is due to the oxidation and the 

decomposition of amino propyl functional groups meaning that this material could be used for 

adsorption of CO2 at temperatures below 250 °C.  

 
Figure 2. TG-DTG-DTA curves of SSBA15 sil + N2 composite. 

 

For a possible use of these amino-functionalized molecular sieves as sorbents for CO2 

removal, their adsorption–desorption properties towards CO2 were also investigated by TPD 

method. The adsorption-desorption of CO2 and its TPD method using thermogravimetry were 

studied for amino-functionalized molecular sieves (Figure 3.) 
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a)                    b) 

Figure 3. CO2 adsorption-desorption steps of functionalized composites with isotherms at 60 

°C (a) and MS analysis spectra of MCM41 sil at 60 °C(b). 

 

Table 2. The amounts of the captured CO2 on molecular sieves at different temperatures. 

 

No. Sample 
𝑛𝐶𝑂2

/g SiO2/mmol/g SiO2 

50°C 60°C 70°C 80°C 

1. MCM41sil  3.01 3.32 2.18 2.88 

2. SBA15 sil 0.86 1.23 1.09 0.79 

3. SSBA15 sil+N2 1.77 1.96 1.73 0.16 

 

The CO2 adsorption capacity of the adsorbent in mmol of CO2 per gram of adsorbent 

could be seen from the mass gain of the sample in the adsorption process (Figure 3a) and was 

calculated more accurate from the mass loss during the desorption step. In Table 2, the 

amounts of the captured CO2 on the composites are shown. The best result was obtained with 

MCM41 sil and SSBA15 sil+N2 samples and the optimal temperature for CO2 adsorption–

desorption by TPD results to be 60 °C. 

The evolved gases during the adsorption–desorption of CO2 on amino-functionalized 

molecular sieves were identified by online mass spectrometry coupled with 

thermogravimetry. As expected, the main compound observed in the evolved gases on MS 

spectra of amino-functionalized molecular sieves is CO2 (Figure 3b).  

 

Conclusion 

In this paper was investigated the temperature influence over adsorption-desorption of 

CO2 on amino-functionalized mesoporous materials using TPD method.  

CO2 adsorption–desorption of functionalized samples was studied for samples 

temperature ranging between 50-80 °C. The best result was obtained with MCM41 sil and 

SBA15sil+N2 composites and the optimal temperature for CO2 adsorption–desorption by 

TPD results to be 60 °C.  

The mass loss of SSBA15 sil+N2 above 250 °C is due to the decomposition of amino 

propyl functional group. This means that these amino-functionalized mesoporous materials 

are thermally stable below this temperature and can be used as sorbents for CO2 as resulted 

from the mass spectroscopy. 
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Abstract 
The knowledge of the behavior of the nitrifying microorganisms is of real use, because the 

microbial activities related to the nitrogen circuit and especially the nitrification determine the 

results of the agronomic practices. In this paper, the influence of the Lotus corniculatus L. (I-

IV culture years) on the nitrifying bacteria and the correlation between the growth of these 

bacteria and soil moisture was studied.The soil samples were taken during the flowering 

period (summer season), from the rhizosphere of the pottery, but also from the uncultivated 

plots (control), placed in the western part of the country. Studies have shown that plants and 

soil moisture have influenced the evolution of nitrifying bacteria. 

 

Key words: nitrifying bacteria, Lotus corniculatus L., rhizosphere, Nitrobacter, Nitrosospira 

 

Introduction 

Nitrogen is one of the most important nutrients for plant growth, limiting the primary 

productivity in many terrestrial ecosystems. For this reason it is applied in large quantities in 

agricultural systems, in the form of chemical fertilizers. The dynamics of this chemical 

element depends on some key microbial activities, such as: molecular nitrogen fixation, 

ammonification, nitrification, denitrification. Through nitrification, the conversion of 

ammonium to nitrites, is essential for soil microbiota and plant nutrition. Oxidation of 

ammonia to nitrites is accomplished by bacteria and arhebacteria, and oxidation of nitrites to 

nitrates is the result of nitrate-bacterial activity [1]. There are two groups of bacteria involved 

in the nitrification process (Nitrobacter and Nitrospira).The increase of agricultural 

production by applying chemical fertilizers results in the loss of significant amounts of 

nitrogen through leaching [6], a process followed by eutrophication of water with an 

important effect on biodiversity. It also produces emission of nitrogen oxide, greenhouse gas, 

which contributes to global warming of the Earth [2]. Therefore the knowing of this process 

provides important information on nitrogen availability, an essential element for agricultural 

crops and soil livestock. As a result, researchers use alternatives that could reduce these 

unwanted effects, including growing leguminous plants [15].The positive effects of legume 

cultivation lie in the fact that, if nitrogen loss is reduced, the nitrifying microorganisms would 

not be blocked by the nitrogen introduced through the anthropic pathway and would not affect 

the availability of nitric nitrogen for large nitrogen-consuming crops. The same researchers 

point out that the process of nitrification depends on the composition of the nitrifying 

community. It is also appreciated that the structure of this bacterial segment is influenced by 

soil moisture, water being an essential factor for the development of enzymatic activity [7,9] 

appreciate that the thermal and hydrological regime are the main factors responsible for the 

evolution of the microbiological and biochemical parameters of the soil. The rhizosphere is 

the soil that surrounds the roots system, through which plants release a large amount of 

metabolites that act on the one hand as chemoreceptors for microorganisms, and on the other 

hand they are essential nutrients for plant growth [5,12]. Based on all of this information in an 
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initial step we evaluated the abundance of nitrifiers from the soil cultivated with pods in 

relation to the uncultivated soil and followed the effect of soil moisture on the nitrifying 

bacteria. We consider that these results will provide a viable ecological alternative that will in 

turn provide the necessary nitrogen for plants, without loss and without affecting the 

nitrifying microbial flora. It should be mentioned that nitrification is particularly important for 

soil fertility. 

 

Materials and methods 

Our studies were performed on a soil from the perimeter of Arad County, which is located 

between 20045'- 22030 'east longitude and 45 0 58'- 460 38' north longitude, with a moderate 

continental temperate climate and soils consisting mostly of sedimentation parental materials 

[20]. Soil samples were collected from the root growth depth of Lotus corniculatus L., from 

the rhizosphere area (Rh1-Rh4), but also from the uncultivated plots, used as a control (Mt1-

Mt4), during the flowering period (the growing season - summer). The soil from 4 years of 

culture was microbiologically analyzed in the same calendar year. 

The soil samples processing and the setting up of experiments was carried out in the 

Microbiology laboratory, University of Agricultural Sciences and Veterinary Medicine of the 

Banat "King Michael I of Romania" in Timisoara and was accompanied by the determination 

of humidity by using the thermo-gravimetric method, with Sartorius scale MA-50 at 105°C, 

as described by Bordean et al. 2011 [3]. Isolation of nitrifying bacteria from soil samples was 

performed on liquid mineral nutrient medium, supplemented with color indicator. The 

principle of the method was according with Saratchandra, taken over by Stefanic (2006) . The 

growth temperature of the bacteria was 28°C with an incubation time of 8 weeks. 

 

Results and discussions 

The availability of nitrogen from the soil influences the abundance and composition of 

nitrifiers. Nitrifying bacteria occupy different ecological niches and their abundance varies 

with the amount of ammonium in the soil [14]. 

Nitrifying bacteria were found in large numbers in the control plots during the first 2 years. 

The number of nitrifiers decreased with the passage of years; the number of nitrifiers was 

lower in the years III- IV and the smallest number was highlighted in the control version from 

year IV.The highest number of nitrifying bacteria was isolated from the rhizosphere of the 

culture from the year II, compared to the other experimental variants. Depending on the 

abundance of the nitrifiers the experimental variants follow one another in descending order: 

Rh2˃Rh1˃Rh3˃Rh4. 
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A. 

U –Soil moisture;  

1-4 = control, years 

I-IV of culture 

(Mt1-Mt4);  

5-8 = rhizosphere, 

years I-IV of culture 

(Rh1-Rh4) 

B. 

Number of nitrifiers 

in relation to 

humidity 

Mt1-4 – control, 

years I-IV of 

culture; 

Rh1-4 – 

rhizosphere, years I-

IV of culture 

Figure 1 The abundance of nitrifying bacteria from experimental variants depending 

on soil moisture (%) 

 

Compared to the control variants, it was observed that an increase of the nitrifiers in the 

rhizosphere of plants, in the I-III years of culture, except for year IV when the number of 

bacteria in the rhizosphere (Rh4) was lower compared to the control (Mt4). Plants have 

influenced nitrifying bacteria, as demonstrated by many studies [13, 18]. Another important 

factor that can determine the variation of the bacterial community is the vegetation type. 

According to Attard et al., 2010, nitrification depends on the methods of processing and 

treating the soil [1], but also on the changes in the genera Nitrosospira and Nitrobacter. 

The soil moisture from the experimental variants is high in the Mt1 variant, followed by Rh1, 

Rh2 and the other experimental variants (Figure 1A). The samples with the lowest water 

content come from Rh4, where the lowest number of nitrifying bacteria was recorded (Figure 

1B). 

Humidity influences the evolution of nitrifiers in the soil, but the plant also makes a 

significant contribution, as the evidence that the largest number of nitrifying bacteria is found 

in soil samples from the rhizosphere of plants (fig. 3,4B). The results are in concordance with 

some authors who report that excessive soil moisture causes low microbial biomass [17], and 
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low water content disrupts soil homeostasis. In contrast, [4] observed that soil moisture 

influenced soil microbial and biochemical activity to a lesser extent than soil type. Other 

studies have shown that the microbial and biochemical activity of the soil is closely related to 

the physical and chemical properties of the soil [10]. 

 

Conclusions 

Soil microbial activities are determined by a variety of factors, including moisture and the 

plant. This influence is seen in the evolution of nitrifying bacteria from the rhizosphere of 

Lotuscorniculatus L. plants in the first years of culture. The highest number was recorded in 

the rhizosphere of the plants of the second year followed by the rhizosphere of the first year of 

the culture. The smallest number of nitrifiers was highlighted in the rhizosphere of plants 

from the fourth year of cultivation.The number of nitrifiers in the 8 experimental plots 

decreased simultaneously with the year of culture and the water content. 
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Abstract 

The electrochemical behavior of nicotinamide, a vitamer of vitamin B3, was studied 

employing adsorptive stripping chronopotentiometry. Mercury film electrode was used as the 

working electrode, whereas the Ag/AgCl (3.5 mol/l KCl) and a platinum wire were used as 

the reference and the auxiliary electrode, respectively. The most important experimental and 

instrumental parameters were optimized and proposed method was validated. Citrate buffer of 

pH 6 (0.05 mol/l) was used as the optimal supporting electrolyte. The analytical signal of 

vitamin B3 was the highest and sharpest in quiescent solutions, leading to the conclusion that 

no stirring during the accumulation step was needed. The appropriate experimental conditions 

were as follows: accumulation potential of -1.405 V, accumulation time of 15 s in a quiescent 

solution and oxidation current in the range of 1.4 – 15.1 μA. The thickness of the mercury 

film was investigated and optimized as well, with the optimal value being 129.82 nm, which 

corresponded to the deposition time of 240 s from a 0.2 g/l Hg
2+

 ion solution. A well-defined 

oxidation wave belonging to nicotinamide appeared at about -250 mV. The linearity of the 

analytical signal was achieved in two concentration ranges: 5 – 25 mg/l and 10 – 100 mg/l. 

The calculated limit of detection (LOD) and limit of quantitation (LOQ) values were 2.20 

mg/l and 6.66 mg/l, respectively. The precision of the developed method was acceptable 

(relative standard deviation (RSD) < 3.90%). Further study is in progress to apply proposed 

method to the determination of nicotinamide in pharmaceutical preparations. 
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Abstract 

 (K,Na)NbO3 based perovskites are considered promising materials as alternative 

environmental friendly piezoelectrics, envisioned to replace current lead based materials 

Pb(Zr,Ti)O3 [1, 2]. Sodium and potassium niobate (K0.5Na0.5NbO3) is a ferroelectric 

perovskite that crystallizes at room temperature in the orthorhombic symmetry. For this 

compound, a series of temperature dependent phase transitions are known: rhomboidal → 

orthorhombic at – 150⁰C, orthorhombic → tetragonal at 200⁰C and tetragonal → cubic at 

400⁰C [3]. As some authors pointed out [4], the improvement of the piezoelectric properties 

can be achieved by shifting the polymorphic phase transition toward room temperature, or by 

using chemical alteration (doping, substitutions or sintering aids) near a morphologic phase 

transition. Since the chemical modifications leads to temperature independent piezoelectric 

properties [5], such techniques are often preferred for piezoelectric devices that operate at 

different temperature than room temperature. 

 Lead-free perovskite (K0.5Na0.5)1−xLixNbO3 (with x=0.065) doped with 1 mol% (Gd-

Sm)BO3 (B=Co, Mn, Cr, Fe, Al) were prepared by a conventional solid-state method. The 

research was conducted with interests on the effects of (Gd-Sm)BO3 content on the crystalline 

structure (x ray diffraction with PanAnalytical X’Pert Pro MPD diffractometer), dielectric and 

piezoelectric properties of the ceramics. The dielectric measurements (from room temperature 

up to 420⁰ C, at 10 kHz, 100 kHz and 1MHz, with an Impedance/LRC meter TEGAM model 

3550) reveals shifting of the orthorhombic to tetragonal phase transitions and Curie 

temperature. A full set of the piezoelectric properties were obtained using the resonance 

method with an impedance analyzer Agilent E5100A. Owning to the increase of the coupling 

factor and piezoelectric constants, such ceramics can be considered as viable candidates for 

piezoelectric devices used for electric energy generation. 
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Abstract 

Lead-free piezoceramics aiming at replacing the market-dominant lead-based ones 

have been extensively searched for more than a decade worldwide [1].
 
From the beginning, 

the goal was obviously to develop lead-free piezoceramics whose properties are no less than 

those of the market-dominating lead zirconate titanate (PZT). With the functionality of 

interconverting mechanical and electrical energy, piezoelectric materials have the versatility 

to address a wide range of applications, including actuators, sensors, and transducer devices 

[2]. Multiferroics have been known to have ferromagnetic and ferroelectric properties at the 

same time, with interesting physical properties as well as the possibility of the practical 

applications for new memory devices. Multiferroic piezoceramics maintain considerable 

piezoelectricity, whilst presenting challenges in terms of processing of single-phase material. 

The synthesis of high-purity of BiFeO3 (BFO) ceramic using solid-state reaction is known to 

be very difficult due to inevitable formation of the secondary phases, mostly mullite-type 

Bi2Fe4O9 and sillenite-type Bi25FeO39 [3]. 

In this study, we report the synthesis and characterization of BiFeO3 by hydrothermal 

methods using Bi(NO3)3 5H2O and Fe(NO3)3 9H2O as precursors with a solution of 2M 

NaOH as mineralizer at a 200 ̊C temperature for 48 hours. In typical synthesis process, the 

precursors were mixed in 30 ml of water. a temperature of 200 ̊C, 48 hours. The structure of 

BiFeO3 was determined by powder X-ray diffraction (XRD) PW 3040/60 X’Pert PRO using 

Cu-Kα radiation with (λ=1.5418Å), in the range 2θ = 10-80°, at room temperature (Fig. 1a). A 

Scanning Electron Microscope InspectS (SEM) was used to observe the morphology of 

synthesized nanocrystals (Fig. 1b). The diffuse reflectance spectra (DSR) was obtained using 

a Lambda 950 UV-Vis-NIR Spectrophotometer with 150 mm integrating sphere in the 

wavelength range of 300–800 nm. 

 

 

 

 

 

 

 

 

 

Figure 1. a)  X-ray diffraction patterns and b) SEM image of BiFeO3 obtained frrom 

hydrothermal methods using Bi(NO3)3 5H2O and Fe(NO3)3 9H2O as precursors with a 

solution of 2M NaOH as mineralizer at a 200 ̊C temperature for 48 hours. 
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Abstract 

The medicinal properties of willow bark can be attributed to the presence of salicylic 

glycosides, mainly salicin and salicortin. Salicin is the metabolic precursor of salicylic acid 

and has a similar action in the human body. Preparations containing willow bark extract are 

popular herbal remedies and have been used for anti-inflammatory, anti-rheumatic, 

antipyretic, antihypertensive, analgesic, antiseptic and astringent properties but many of them 

are not chemically standardized. The aim of this work was to investigate the presence of salicin 

in some commercially available food supplements (willow bark for tea, capsules containing 

willow bark, capsules and tablets containing willow bark extract). Salicin content in six Salix 

supplements, was quantified through HPLC-DAD analysis. According to the information 

provided by the manufacturer, only for two of the selected food supplements there is specified 

the content of salicin. The presence of salicin was monitored at 266 nm. Prior to 

chromatographic analysis, all products were extracted with methanol for 2 hours under 

heating and stirring. The highest salicin content was identified in capsules of Salix alba 

extract from Rotta Natura.  
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Continuing our previous studies [1,2], the present experimental procedure is focused 

on the hydrothermal decomposition of the Fe(II)-EDTA complex in the presence of urea at 

temperatures between 140ºC and 200ºC after 4 h of high pressure-temperature treatment time. 

Fe2O3 particles with dimensions between 1 and 2 micrometers were obtained. The 

experiments were repeated in identical concentrations by progressive decreasing temperature 

from 200ºC to 140ºC 20 to 20 degrees. The molar concentrations were identical in all cases. It 

was found that the lowest temperature at which the hematite synthesis process takes place is 

140ºC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

a)                                                                        (b)  

 

                Figure 1: SEM Images of micrometric Fe2O3 (a) and EDAX spectrum (b)  

 

In the EDAX spectrum of these samples, only iron and oxygen maxima can be seen, 

which unequivocally indicates that the final product is pure Fe2O3, without traces of S, Na, C, 

N which could have resulted from the precursor’s decomposition. The diffraction spectrum 

(not presented here) showed distinct maxima for hematite only. 

 

Keywords: hematite, crystalline, micrometric. 
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Abstract 

 

Over the past few years, Li-ion batteries (LIBs) have been widely applied in mobile 

devices, electronic vehicles (EVs) and energy storage systems in our daily life [1,2]. The 

cathode material is a critical part in LIBs which determines the electrochemical properties. 

Among this family, Mn-based layered cathode materials, considered as one of the most 

promising candidates in next-generation rechargeable batteries, have been attracting 

significant attention due to their extraordinarily high specific capacity of 280 mA h g
-1

, 

potential in improving the working voltage to 4.8 V and relatively high Li-ion diffusivity 

compared with LiFePO4 and LiMn2O4. Materials such as: Li1.2Ni0.13Co0.13Mn0.54O2 and 

Li1.2Mn0.56Ni0.16Co0.08O2 have been investigated intensively, however, the progress of the 

commercialization has been slow due to voltage fade, insufficient rate capability and 

structural degradation during long-time cycling, which are considered as the bottlenecks for 

further promotion [5].  

According to the literature reports, the layered Li2MnO3 belongs to the C2/m 

symmetry where Li and Mn ions occupy the octahedral interstices of a cubic close-packed 

oxygen lattice [6]. Forming composite phase of Li2MnO3 with other polymorphs of lithium 

metal oxides is also of great interest. For example, Li2MnO3–LiMO2 M = Mn, Co, Ni, Cr, etc. 

etc. composite electrode materials were reported where the Li2MnO3 in the composite can 

stabilize the monoclinic structure of LiMO2 upon cycling [7]. 

In this paper, we report the successful hydrothermal synthesis of LiMnO2/Li2MnO3 

obtained from hydrothermal method at 250 °C for 48 hours using 10mL H2O and Na2S208 as 

oxidant.   The structure of products was determined by powder X-ray diffraction (XRD) PW 

3040/60 X’Pert PRO using Cu-Kα radiation with (λ=1.5418Å), in the range 2θ = 10-80°, at 

room temperature (figure 1a). A Scanning Electron Microscope InspectS (SEM) was used to 

observe the morphology of synthesized nanocrystals (figure 1b). The diffuse reflectance 

spectra (DSR) was obtained using a Lambda 950 UV-Vis-NIR Spectrophotometer with 150 

mm integrating sphere in the wavelength range of 300–800 nm. 

     
Figure 1. a)  X-ray diffraction patterns and b) SEM images  of LiMnO2/Li2MnO3 obtained 

from hydrothermal method at 250 °C for 48 hours. 
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Abstract 

The photocatalytic materials absorb the photons having energy equals to or more than the 

band gap energy between the valence and conduction bands of the photocatalyst. The positive 

holes in the valence band either oxidize the water to produce hydroxyl radical or pollutant, 

whereas excited electrons reduce the adsorbed oxygen on the photocatalyst in the conduction 

band [1]. Till date a wide range of metal oxide/semiconductor-based nanomaterials have been 

explored for the photocatalytic degradation of harmful and toxic organic pollutants into the 

non-toxic products [2,3]. The aim of this work was to investigate removal of the herbicide 

fluroxypyr from double distilled water in the presence of novel TiO2, MgO and ZnO 

nanoparticles under UV and simulated solar irradiation. It was found that TiO2 photocatalyst 

showed higher photocatalytic activity for removal of fluroxypyr from water compared with 

MgO and ZnO. However, a major drawback of photocatalyst is that it has higher rate of 

recombination of photogenerated electron-hole pairs, which suppressed its catalytic potential 

[1,4]. Because of that it was investigated the photodegradation behaviour of fluroxypyr in 

aquatic systems using UV and simulated solar irradiation in the presence of TiO2/(NH4)2S208. 

The efficiency of elimination the herbicide from double distilled water was monitored by 

UFLC–DAD technique. 
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Abstract 

Quercetin is one of the most abundant flavonoid compounds with a broad spectrum of health 

beneficial properties. In this study electrochemical behavior of quercetin on boron-doped 

diamond electrode as a working electrode was investigated in different supporting 

electrolytes. Experiments embraced 0.1 mol/L acetate buffer, citrate buffer, phosphate buffer, 

0.04 mol/L Britton-Robinson buffer and 0.05 mol/L solution of HCl, while studied quercetin 

concentration were in the range from 2 mg/L to 30 mg/L. Voltammograms recorded in 

different supporting electrolytes revealed one sharp and well-defined oxidation peak of 

quercetin at the potential of about +0.70 V, and it was chosen for quantification of quercetin, 

although in some buffers one additional protracted peak was observed. In comparison to 

differential pulse voltammetry, square-wave voltammetry showed higher sensitivity, so this 

technique could be more suitable for further development. Even though high values of 

correlation coefficients (> 0.9900) were obtained for all studied supporting electrolytes, the 

best results in terms of sensitivity were observed for citrate and Britton-Robinson buffers. 

These preliminary results demonstrated that boron-doped diamond electrode can be used as a 

sensitive sensor for precise determination of quercetin in real samples. 

 

Introduction 

Polyphenols are naturally occurring compounds produced as plant secondary metabolites that 

serve as protecting agents from pathogens and UV radiation. Several classes of polyphenols 

can be found in nature, and flavonoids represent one of the major groups of these substances 

widely present in many fruit and vegetables species. Quercetin (3,3’,4’,5,7-

pentahydroxyflavone) is one of the most abundant flavonoid compound. A broad spectrum of 

health beneficial properties are associated with quercetin consumption including: antioxidant, 

anti-inflammatory, and antimicrobial activity, while it can be used as a protecting agent 

against cancer, pulmonary, cardiovascular diseases and neurodegenerative disorders as well 

[1].  

Owing to its favorable health effects on human health, quercetin is not used only from its 

naturally sources, but also as a nutritional food ingredient and dietary supplement. Therefore, 

development of simple and sensitive analytical methods that can be used for its accurate 

determination in different matrixes is attracting great attention. A variety of methods for 

determination of quercetin have been reported including high pressure liquid chromatography 

(HPLC) [2, 3], gas chromatography (GC) [4, 5], spectrophotometry [6, 7] and capillary 

electrophoresis [8]. However, most of these methods are lengthy, complicated and require 

expensive instrumentation and skilled analysts. Due to numerous advantages that are 

providing electroanalytical methods, such as easy instrumental manipulation, low operating 
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costs, short analysis time, they can be used as an alternative techniques for quercetin 

determination. Voltammetric determination of quercetin was performed using different 

electrode materials: glassy carbon electrode (GCE) [9, 10], platinum electrode [11], but also 

the use of different modified electrode materials in order to increase sensitivity and selectivity 

was evident lately [12-14].  

Boron-doped diamond is an electrode material with excellent properties including: wide 

potential window, low background current, exceptional inertness and stability that distinguish 

it from other electrode materials, and it has been proven as a versatile electrode material for 

the detection of the numerous analytes with low detection limit, excellent precision and 

stability [15, 16]. Only few reports describe the electroanalytical analysis of quercetin using 

boron-doped diamond electrode (BDDE). Permpool et al. [17] characterized the oxidation of 

quercetin using BDDE by cyclic voltammetry, and compared it to GCE. In the study 

published by Abdullah et al. [18] square-wave stripping voltammetric method with the 

presence of cationic surfactant cetyltrimethylammonium bromide in the electrolyte was 

developed for determination of quercetin in apple juice.  

In this study we compared electrochemical behavior of quercetin in different electrolytes on 

bare BDDE. Cyclic voltammetry (CV), square-wave voltammetry (SWV) and differential 

pulse voltammetry (DPV) were used as voltammetric techniques. The best performance in 

terms of linearity, sensitivity, sharpness of oxidation peak was achieved in citrate and Britton-

Robinson buffer. These preliminary results are promising and can be used for developing a 

sensitive voltammetric method for determination of quercetin in real samples. 

 

Experimental 

Chemicals 

Standard stock solution of quercetin (1 g/L) was prepared by dissolution of the proper mass of 

standard (Sigma-Aldrich) in the ethanol, and stored in the dark at 4°C. The solutions of lower 

concentrations were prepared by dilution with the supporting electrolyte. 0.1 mol/L citrate 

buffer, 0.1 mol/L acetate buffer, 0.1 mol/L phosphate buffer, 0.04 mol/L Britton-Robinson 

(BR) buffer and 0.05 mol/L HCl were used as the supporting electrolytes. Doubly distilled 

water was used throughout the experiments. 

 

Instrumentation 

For voltammetric measurements PalmSens 4 potentiostat (GA Houten, Netherlands) 

connected to a personal computer using the PSTrace 5.4 softwer and standard three-electrode 

system were used. A three-electrode system consisted of BDDE diameter 3 mm (Windsor 

Scientific, Slough, UK), as a working electrode, platinum wire as a counter electrode, and an 

Ag/AgCl (3.5 mol/L KCl) as a reference electrode. 

 

Voltammetric procedures 

A 15.0 mL of the supporting electrolyte was added to the process glass. Before the analysis 

the working electrode was firstly wiped off with filter paper soaked with acetone, doubly 

distilled water, and then electrodes were rinsed with doubly distilled water and dried. 

Voltammograms were recorded in the presence of dissolved oxygen in quiescent solution in 

the anodic potential range from 0 V to +1.4 V. Cyclic voltammograms were recorded using 

potential step of 0.05 V and scan rate 0.3 V/s. Square-wave voltammograms were recorded 

after 10 s of equilibrium time using step potential of 0.01 V, amplitude 0.075 V and frequency 

of 25 Hz. Equilibrium time of 5 s, step potential 0.05 V, pulse potential 0.1 V, pulse time 0.05 

s and scan rate of 0.06 V/s were used for performing DPV. 
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Results and discussion 

In order to develop a sensitive and precise method for voltammetric determination of 

quercetin, the primary step is the choice of the optimal supporting electrolyte. Apart from 

having a great influence on the height of the analytical signal, the composition of the 

supporting electrolyte also affects the electrochemical processes conducting at the working 

electrode. Therefore, this study was based on the choice of the optimal supporting electrolyte 

for voltammetric determination of quercetin. According to the studies performed by other 

authors for voltammetric determination of quercetin by using BDDE as a working electrode, 

acetate buffer and phosphate buffer were used as the optimal supporting electrolytes [17, 18]. 

In this study 0.1 mol/L acetate buffer, citrate buffer, phosphate buffer, 0.04 mol/L BR buffer 

and the 0.05 mol/L solution of HCl were tested as the supporting electrolytes. To study 

electrochemical behavior of analyte, different voltammetric techniques were applied including 

CV, SWV and DPV and after recording voltammograms for blank, measurements were done 

in the presence of quercetin (2-30 mg/L). 

Cyclic voltammograms of quercetin in different supporting electrolytes showed one oxidation 

peak in the potential range from +0.65 V in 0.1 mol/L phosphate buffer pH 7 to +0.80 V in 

0.1 mol/L acetate buffer pH 4, with no reduction peaks in reversed scan. 

SWV performed in tested electrolytes showed one well-defined oxidation peak in the 

potential range at similar values as obtained by CV (+0.59V - +0.73 V), while second 

protracted oxidation peak (+1.23 V) was observed only in 0.05 mol/L HCl.  

Similar behavior of quercetin was observed by applying DPV, with one well-defined 

oxidation peak (+0.55 - +0.65 V), and one protracted oxidation peak (+1.05 - +1.15 V), 

whereas in phosphate buffer only the first oxidation peak was notable. Considering that the 

shape and intensity of the first peak were much better for all studied electrolytes, this peak 

would be more suitable for quantification of quercetin.  

Linear relationships between the current for first oxidation peak and studied concentration 

range in tested electrolytes for SWV and DPV measurements are showed on Figure 1. Good 

linearity was obtained for all studied electrolytes with both SWV and DPV techniques with 

correlation coefficients higher than 0.9900. From Fig.1 it is evident that the values for 

analytical signal were much higher by applying SWV than DPV, therefore this technique was 

recommended as more suitable for quantification of quercetin in real samples. Obtained 

slopes and intercepts for calibration curves indicated the highest sensitivity by using citrate 

and BR buffers. 

 

 
Figure 1. Plots between peak current vs. concentration of quercetin obtained using SWV and 

DPV. 

 

Conclusion 

In this study preliminary results for voltammetric determination of quercetin by using boron-

doped diamond electrode as a working electrode were presented. Voltammetric behavior of 

quercetin was investigated by CV, SWV and DPV in different supporting electrolytes. For 
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developing a voltammetric method a well-defined oxidation peak at the potential of about 

+0.70 V was selected. The analytical signal of SWV was much higher than for DPV, therefore 

this technique would be more suitable for further optimization and validation of analytical 

method for quercetin determination in real samples. Although good linearity was obtained for 

all studied supporting electrolytes, the best sensitivity was expected to obtain for citrate and 

Britton-Robinson buffers. Based on these preliminary results, further experiments will be 

focused on the optimization of pH value and concentration of the buffer, as well on 

optimization of the instrumental parameters of the SWV. 
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Abstract 

Hemp (Cannabis sativa L.) is an herbaceous annual dioecious plant recognizable for their 

characteristic spiky leaves from the Cannabaceae family. C. sativa L. is a complex plant with 

more than 480 compounds which can be divided into diverse phytochemical classes such as 

cannabinoids, terpenoids, flavonoids, noncannabinoid phenols, hydrocarbons, nitrogen-

containing compounds, carbohydrates. The most studied class is the cannabinoids, but C. 

sativa  

is a significant source of polyphenols, also.  

The effect of different water/ethanol mixtures (30, 50, 70, and 90%) and pure water on the 

polyphenol content and antioxidant activity of C. sativa L. extracts obtained by classical 

extraction at room temperature for 24 h was investigated. Two different samples were used, 

aerial parts of young hemp and aerial parts of mature hemp. Young hemp present stage of 

plant growth before the plant has a reproductive organ, and a mature plant is one which is an 

incomplete stage of growth with flowers as reproductive organs. The extraction yield, 

qualitative and quantitative phenolic profiles, total phenols content, total flavonoids content, 

antioxidant activity, and reductive capacity were determinate in the obtained extracts. TP was 

from 5.76 to 17.05 mg GAE/g dw for aerial parts of young hemp, and from 5.00 to 10.48 mg 

GAE/g dw for aerial parts of mature hemp. TF content was from 2.37 to 4.82 mg CE/g dw 

and from 1.67 to 3.58 mg CE/g dw for aerial parts of young hemp and aerial parts of mature 

hemp, respectively. Sinapic acid, protocatechin acid, vanillic acid, syringic acid, epicatechin 

acid, ferulic acid, isovitexin, rutin, cinnamic acid, naringenin, and apigenin were detected in 

hemp extracts. Antioxidant activity in obtained extracts was determined by the DPPH assay. 

IC50 values were from 0.1600 to 0.6700 mg/mL and from 0.2500 to 1.7900 mg/mL for aerial 

parts of young and mature hemp, respectively. Reductive capacity was expressed by EC50 

values. EC50 were in the range from 0.5800 to 0.9700 mg/mL for young hemp extracts, while 

for mature hemp extracts were from 0.7200 to 1.5800 mg/mL. 
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Abstract 

Rhodamine B is a red, water-soluble synthetic dye with multiple uses in cosmetics, textiles, 

medicines, food, plastics. Nevertheless, the colorant is toxic causing irritation of the skin, 

eyes, and airways. For this reason, the control of foods and cosmetics is a must. The present 

study reports a simple and fast UV-vis spectrophotometric method for the detection of 

rhodamine B by using as sensitive material Pt(II)-tetra-(4-allyloxy-phenyl)-porphyrin. The 

method is viable in the range of rhodamine B concentrations from 1.94 x10
-6

M to 4.26 x10
-

5
M with very good accuracy. 

 

Introduction 

Rhodamine B, represented in Figure 1a, is a red, water-soluble synthetic dye that is part of the 

xanthine class [1]. Due to its intense color, rhodamine B has been extensively used as a dye in 

industrial applications such as cosmetics, textiles, medicines, food, plastics [2]. Besides, being 

a strong fluorescent compound, rhodamine is also used in biotechnological applications such 

as fluorescence microscopy and flow cytometry [3]. Rhodamine B dyes are generally toxic to 

humans and animals, causing irritation of the skin, eyes, and airways [4] and is soluble in 

polar solvents, such as: water, methanol and ethanol. Due to its harmful effects it is of great 

importance to develop a simple and fast method for recognizing and determining of 

rhodamine content in different samples. 

Various techniques were used in the last years for the specific determination of rhodamine as 

follows: rhodamine content in tap water by UV-VIS spectroscopy with a limit of detection of 

1.47µg/L [3]; rhodamine presence in ballpoint pen inks by high performance liquid 

spectrophotometry [5] and the presence of unauthorized rhodamine B colorant in foods (curry 

paste and chili sauce) by capillary chromatography [6]. The purpose of our study was to 

achieve a simple and efficient method for the detection of Rhodamine B as unauthorized 

colorant in different foods and tap waters, by using as sensitive material a novel synthesized 

Pt-porphyrin, namely Pt(II) tetra-(4-allyloxy-phenyl)-porphyrin (Pt-TAPP) (structure 

presented in Figure 1b). 

 
Figure 1. a) The structure of rhodamine B; b) the structure of Pt-TAPP metalloporphyrin 
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Materials and methods  

Reagents 

Dimethyl sulfoxide (DMSO) was purchased from Merck (Darmstadt, Germany), rhodamine B 

is provided by Polske Odczynniki Chemiczne (Gliwice, Poland). The platinum 

metalloporphyrin Pt(II)-5,10,15,20-tetrakis-(4-allyloxyphenyl)-porphyrin was synthesized in 

our laboratory by classical metallation reaction performed in chlorobenzene [7] using as salt 

the platinum soluble complex PtCl2(PhCN)2 an a molar ratio of 1:1.5 between the porphyrin 

base and the platinum salt. 

Method 

The experiments were performed in 5 mL porphyrin solutions in DMSO with concentration of 

9.93 x 10
-6 

M, to which for the first 5 experiments 0.05 mL of rhodamine B solution with 

concentration of 2.004 x 10
-5

 M, were added and for the next, the rhodamine B additions were 

increased to 0.1 mL. The mixtures were stirred for 1 minute and then the UV-vis spectrum 

was recorded for each step. 

Apparatus  

For recording of the UV-visible spectra a JASCO UV- V-650 spectrometer (Japan) and 

standard 1 cm pass quartz cells were used.  

 

Results and Discussions 

The UV-vis spectroscopy, presented in Figure 2, displays the porphyrin base electronic 

spectrum, typical for a metalloporphyrin, having the intense Soret band located at 409 nm and 

the Q band at 513nm. Besides, the rhodamine B spectrum is represented having a large 

absorption band with its main peak located at 560 nm, accompanied by two shoulders the first 

one at 475 nm and the second at 513 nm. 

By increasing the rhodamine B content, the spectra change as follows: a continuous decrease 

of the intensity of the Soret bands is accompanied by a continuous increasing of a new band 

located at 550 nm. All these phenomena are associated by the appearance of three isosbestic 

points, one on Soret band (see Figure 2) and two on the Q band, as represented in Figure 3. 

 
Figure 2. Overlapped UV-vis spectra monitoring the changes during rhodamine B addings 
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Figure 3: Isosbestic points located on Q band at 493 nm and 521 nm (the first 8 samples) 

 

The dependence between the intensity of the new generated band from 550 nm and the 

rhodamine B concentration was represented in Figure 4. The dependence is linear in the 

rhodamine B concentration range from 1.94 x 10
-6

 M to 4.26 x 10
-5

M, that is a large domain 

relevant for both food content analysis and for cosmetics control and toxicity of released 

waters after dyeing processes. The correlation coefficient is very good of 98%. 

 

 
 

Figure 4. The dependence between the intensity of the new generated band from 550 nm and 

the rhodamine B concentration 

 

Test on real samples 

Tests were performed on two water samples from two different regions (Romania and France) 

and on a cosmetic sample (lipstick). 

Following the analysis, the lack of rhodamine B was recorded in the water samples, but in the 

sample from cosmetics the presence of rhodamine B was identified. 

 

Conclusion 

We obtained a simple and fast UV-vis spectrophotometric method for the detection of 

rhodamine B applicable in the control of different foods by using as sensitive material Pt(II)-
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tetra-(4-allyloxy-phenyl)-porphyrin. The method is viable with very good accuracy in the 

range of rhodamine B concentrations from 1.94 x 10
-6 

M to 4.26 x10
-5 

M. 
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Abstract 

Based on the potential toxicity of rhodamine B, the purpose of this study was to realize a 

novel UV-vis spectrophotometric method for the rapid and not expensive detection of this dye 

from water, soft drinks and various foods, using as sensitive material Pt(II) 5,10,15,20-tetra(4-

methoxy-phenyl)-porphyrin (Pt(II)-TMeOPP). The method was successful in the detection 

domain 2x10
-8

M up to 1.2x10
-7

M. The second achievement was the application of this 

complex formed between Pt(II)-TMeOPP and rhodamine B as potential sensitive agent for the 

sensing of hydrogen peroxide, and it proved to be efficient in the medical field relevance (5-

14x10-8 M).  

 

Introduction 

Rhodamine B is an organic dye having as scaffold the xanthene structure (Figure 1a) and is 

often used for measuring absolute fluorescence quantum yields [1], as biomarker and tracer 

for wildlife studies [2,3]. The organic chloride salt rhodamine b with IUPAC name N-[9-

(ortho-carboxyphenyl)-6-(diethylamino)-3H-xanthen-3-yli-dene] diethyl ammonium chloride 

is very soluble in water and gives a powerful reddish coloration. The xanthene dye is also 

used as a colorant in textiles, food industry and as water tracer [4]. Based on the knowledge 

that Rhodamine B inhibits the proliferation of human lip fibroblasts KD cells that are essential 

for the maintenance of the healthy lip tissue, so that the application of this compound as 

coloring agent in cosmetics such as: lipsticks and soaps, has to be strictly monitored. There 

are also studies that report the toxicity of rhodamine B which leads to liver damage, 

erythrocyte hemolysis, mutagenicity and carcinogenicity [5]. 

Based on the potential toxicity of rhodamine B, the purpose of this study is to realize a novel 

spectrophotometric method for the rapid and not expensive detection of this dye from water, 

using as sensitive material  Pt(II)-5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin (Pt(II)-

TMeOPP), with the structure presented in Figure 1b.  

 
Figure 1. a) The xanthene-type structure of rhodamine B; b) the structure of Pt(II)-TMeOPP 

The second aim was to use the complex formed between Pt(II)-TMeOPP and rhodamine B as 

potential sensitive agent containing two active fluorescent dyes,   for the sensing of hydrogen 

peroxide.  
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Experimental 

Apparatus. For the spectrophotometric determinations we used a UV-visible JASCO V-650 

spectrophotometer with Perkin Elmer quartz cuvettes with 1 cm pitch. 

Reagents. The Pt(II)-5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin was synthesized and fully 

characterized, in our laboratory, as previously reported [6]. 

Tetrahydrofuran (THF) was acquisited from MerkK GaA (Darmstadt, Germany). The 

rhodamine B origin is from Polskie Odczynniki Chemiczne (Gliwice, Poland). 

Spectrophotometric method for rhodamine B detection. The experiment is based on the UV-

vis spectrophotometric titration of 5 mL Pt(II) 5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin 

solution (c=1.592x10
-5

M) in THF, with portions of 0.5 mL rhodamine B solution 

(c=2.004x10
-5

 M). After each addition of rhodamine, the mixture was stirred with 

electromagnetic stirrer for 30 seconds and the UV-vis spectrum was performed. 

The second experiment consisted in stepwise addition of 0.03 mL of H2O2 to the sample 7 

from the previous experiment, under stirring. 

 

Results and discussions 

Figure 2 is showing the overlapped UV-vis spectra after adding rhodamine B to the solution 

of Pt(II)-5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin. The metalloporphyrin displays the 

characteristic spectrum for a Pt-porphyrin with the Soret band located at 405 nm and the Q 

band placed at 511 nm. The rhodamine B has the main characteristic peak at 560 nm. The 

emergence of a new band blue shifted relative to the bare rhodamine B band at 550 nm, 

together with the appearance of two isosbestic points on the Soret band at 386 nm, 

respectively at 421 nm, associated with the decrease of the Soret band and the increase of the 

new band proves that a new complex was formed. 

 
Figure 2. Superposed UV-vis spectra proving the obtaining of the complex between Pt(II)-

TMeOPP and rhodamine B. 

Besides, the graphical representation between the intensity of absorption measured at Soret 

band and the concentration of rhodamine B is linear with a fair correlation coefficient of 

98.66% (Figure 3), in a domain from 2x10
-8 

M up to 1.2x10
-7 

M, a field that is relevant for the 

monitoring of soft drinks, red wine grape juice and chili oil [7]. As a conclusion, Pt(II)-

TMeOPP can act as sensitive compound for the detection of rhodamine B in several drinks 

and foods. In order to achieve a real optical sensor, further studies will be performed 

regarding the effect of different analytes interference.  
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.  

Figure 3. The linear dependence between the intensity of absorption measured at Soret band 

and the concentration of rhodamine B 

 

The second part of this investigation, was focused on the capacity of the complex formed 

between the Pt(II)-TMeOPP and rhodamine B to detect hydrogen peroxide. As can be seen 

from Figure 4, by increasing H2O2 concentration, the intensity of the Soret band of the 

complex is continuously decreasing, while the main band of the complex, located at 550 nm is 

increasing. 

 

 
Figure 4. The overlapped UV-vis spectra of the complex Pt(II)-TMeOPP - rhodamine B 

showing the influence of adding H2O2  

This phenomenon, going to the complete disappearance of the Soret band and the 

hyperchromic effect of the band at 551 nm, can be explained by the capacity of the rhodamine 

B partner to decompose the porphyrin ring in the presence of H2O2. Nevertheless, the 

dependence between the intensity of absorption measured at 551 nm and the H2O2 

concentration (Figure 5) is linear in a field (5-14x10
-8

 M) that is of medical relevance for 

oxidative stress tests [8].  
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Figure 5. The dependence between the absorption intensity of the complex between Pt(II)-

TMeOPP and rhodamine B and the concentration H2O2 read at 551 nm 

 

Conclusion 

This work comprised many steps: the obtaining of a new complex complex between 

rhodamine B and Pt(II)-TMeOPP; the potential application on the spectrophotometric 

detection of rhodamine B from foods and drinks in the field 2x10
-8 

M up to 1.2x10
-7 

M using 

the Pt-porphyrin as sensitive material; the application of the complex for the detection of 

minute amounts of hydrogen peroxide with relevance for medical tests. The work has to be 

continued with the study of different analytes interference in order to set up the real sensors. 
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Abstract 

Experimental investigations on the action of ethanol were performed on pregnant female rats 

and their fetuses. The Wistar strain pregnant rats were included into an experimental (E) and a 

control (C) group. Animals of experimental group received ethanol and thecontrol group 

consumed tap water. At the end of the experiment blood samples and liver samples were 

taken for analysis. In the present study there were pursued values of some biochemical 

parameters, i.e. maternal and fetal hepatic DNA concentration, maternal serumproteins and 

electrophoretic fractions (albumins as well as α-, β- and γ-globulins). The obtained data 

revealed a statistically non-signifiant increase of hepatic DNA both in mothers and fetuses of 

experimental group. Serumproteins concentration in the pregnant rats showed a significant 

increase. Regarding the electrophoretic fractions, a decrease of albumins and increase of 

globulins were observed . As to globulin subfractions a hyper-α-globulinemia, hypo-β- and 

hypo-γ-globulinemia were revealed. 

 

Key words: ethanol, pregnant rats, biochemical parameters  
 

Introduction 

The harmful action of ethanol on mammalian conception products is manifested by 

morphological and biochemical disorders during prenatal development (embryonic and fetal 

periods) and also on postnatal development (Kissin, 1971; Sokol, 2003). Clinical observations 

and experimental research on laboratory animals have led to the circumscription of the 

concept of fetal alcohol syndrome (FAS), also called alcoholic embryopathy or alcoholic 

fetopathy (Henderson et al., 1979; Gârban, 1993; Scott, 2014). Our investigations pursued the 

changes induced by ethanol on the maternal and fetal hepatic DNA as well as on the maternal 

serum proteins of rats.   

 

Experimental 

General design. Investigations were performed on pregnant female rats (Wistar strain) with an 

average weight of 180-200 g. Rats were included in two groups: one experimental (E) – 

animals receiving 20%  v/v ethanol ad libitum in drinking water and one control (C) - animals 

consuming only drinking water. Each group comprised 8 animals and had the same feeding 

and environmental conditions. On day 20th of pregnancy the animals were euthanasied by 

overdosage of an anesthetic agent. By punction of the vena cava caudalis blood samples were 
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collected from the pregnant rats and afterwards a hepatic sample was excized for analysis. 

Liver samples were taken also from fetuses after fetal laparatomy in order to determine the 

hepatic DNA concentration. Requirements for the protection of animals used in scientific or 

other experiments were respected (Council Directive 86/609/EEC).   

Biochemical investigations. Maternal and fetal hepatic DNA were determined by 

Spirin`s method (1958) adapted to an UV Vis spectrophotometer (C.Zeiss-Jena). Maternal 

serum proteins were determined spectrophotometrically based on a reaction with copper 

sulfate 

(λ 550 nm), while the electrophoretic fractions by using paper electophoresis (Kaplan and 

Pesce, 2010) .  

Statistical evaluation. All the obtained experimental data were statistically processed, 

mean values (X) and standard deviations (SD) were calculated. For this purpose the ANOVA 

(Analysis of Variance) test was used. 

 

Results and discussions 

Experimental data revealed the effects of ethanol - considered as a xenobiotic - on the hepatic 

DNA biosynthesis and indirectly the disturbance of proteins biosynthesis (Mandal et al., 

2017; Gârban, 2018). These aspects give an image on the subcellular mechanisms disturbing 

the morphogenesis processes triggered by chronic alcohol intake. 

Understanding the effects induced by ethanol and its metabolites involves the knowledge of 

the mechanism of ethanol biodegradation (fig.1). It occurs in two steps: initially ethanol is 

transformed to acetaldehyde in cytosol in the presence of the enzyme alcohol dehydrogenase 

(ADH), afterwards acetaldehyde is converted into acetate in mithocondria under the action of 

the enzyme aldehyde dehydrogenase (AlDH). The first step of ethanol oxidation, i.e. 

acetaldehyde formation, can occur in two ways: by the Peroxisomal Ethanol Oxidizing 

System (PEOS) in which the peroxisomal catalase is involved and by Microsomal Ethanol 

Oxidizing System (MEOS) in which the CYP2E1 enyzme is acting.  

Our experimental data regarding maternal hepatic DNA (Table 1) reveal an increase of 

the DNA concentration in group E, under the action of ethanol. 

 

Table 1. Concentration of maternal hepatic DNA 

 

Group Number of 

gestant 

females 

Hepatic DNA 

(µg/mg tissue) 

X + DS 

ΔX 

XC - XE 

Concentration range 

C 8 2.95 + 0.20 - 2.69 – 3.16 

E 8 3.01 + 0.23 + 0.06 2.73 – 3.19 

 

CH2 OHCH3 CHOCH3 COO-CH3

ADH AlDH

Ethanol Acetaldehyde Acetate

+ H + Blood stream

NADH

NAD+

NADH

NAD+

 

Fig.1. Ethanol biodegradation - general mechanism 

 

https://en.wikipedia.org/wiki/Microsomal_ethanol_oxidizing_system
https://en.wikipedia.org/wiki/Microsomal_ethanol_oxidizing_system
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In literature studies regarding the action of ethanol on fetal and maternal DNA gained 

more and more extention. Thus, Dreosti et al. (1981) observed the decrease of DNA in rats 

brain under the action of ethanol. Investigating the DNA content in various organs: brain, 

liver, heart, Henderson et al. (1978) decelated also, decreases, mentioning the quantitative 

depresion on the whole organ and augmentation in the determination in µg/mg hepatic tissue 

(dosage, possible by lumbar tissue sampling). 

Investigations on fetal hepatic DNA – data presented in Table 2 – reveal 

modifications, i.e. increase (non significant from statistical point of view). 

 

Table 2. Concentration of fetal hepatic DNA 

 

Group No of 

gestant 

females 

No of 

conceptuses 

No of 

living 

fetuses 

Hepatic DNA 

(µg/mg tissue) 

X + DS 

ΔX 

XC - XE 

C 8 73 72 3.08 + 0.38 - 

E 8 71 65 3.11 + 0.46 + 0.03 

 

Table 3. Serumproteins and electrophoretic fractions in pregnant rats 

 

Specification Unit 

Group C Group E 
ΔX 

XC - XE 
No. 

anim. 
XC+ DS 

No. 

anim. 
XC+ DS 

Proteins * g% 8   5.47 + 0.42 8   5.64 + 0.59 + 0.17 

Albumins  

% 8 

56.30 + 6.12 

8 

55.20 + 8.32 - 1.10 

Globulins – total 43.70 + 6.12 44.80 + 8.32 + 1.10 

α-globulins** 22.70 + 4.26 25.50 + 5.63 + 2.80 

β-globulins** 15.20 + 3.08 14.20 + 3.96 - 1.00 

γ-globulins   5.80 + 1.60   5.10 + 1.82 - 0.70 

*0.95 ˂ p ˂ 0.99    ** 0.90 ˂ p ˂ 0.95 

 

Results obtained for group C are between characteristic range of species (He et al., 

2017). In Group E one can observe the increase of the serum proteins concentration, decrease 

of albumin fraction and augmentation of globulin fraction, as well as modifications of the 

globulin subfractions. 

Albumins and globulin fractions are involved in the material metabolism. Thus, 

albumins take part in trophic processes and circulation of diverse inorganic compounds 

(anions, cations) and small molecule organic compounds. Globulins take also part in trophic 

and immune processes. 

 

Conclusions 

1. Chronic alcohol consumption in case of pregnant rats showed a statistically non-significant 

increase of their hepatic DNA concentration. 

2. Fetuses of the experimental animals revealed also a non-significant increase of the hepatic 

DNA concentration. 

3. A significant increase of serum proteins in pregnant female rats from experimental group 

was found.  
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4. Electrophoretic fractions in group E evidenced a decrease of albumins and increase of total 

globulins. As to globulin subfractions a hyper-α-globulinemia and hypo-β- and hypo-γ-

globulinemia were revealed. 
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Abstract 

The objectives of this study were to determine the physico-chemical characterization of 

Magenta printing effluent treated with homogeneous Fenton process, as well as kinetic model 

that best describes degradation process of organic pollutant. Physico-chemical 

characterization of printing effluent before and after homogeneous Fenton treatment included 

measurements of pH, electrical conductivity, temperature, turbidity, chemical oxygen 

demand, biochemical oxygen demand, total organic carbon and toxicity test. Three kinetic 

models (first-order, second-order, and Behnajady-Modirshahla-Ghanbary) were evaluated in 

order to best describe Magenta degradation process. Results indicated that dye degradation 

process is followed with the increase of conductivity and biological oxygen demand due to 

the formation of various by-products and release of inorganic ions. The obtained results are in 

accordance with the established dye mineralization degree on the basis of chemical oxygen 

demand and total organic carbon content.  However, treated printing effluent is characterized 

as nontoxic due to the Vibrio fischeri inhibition of 18.16%. 

 

Introduction 

In last two decades, researchers have emphasized the use of advanced oxidation processes 

(AOPs) as techniques that take prominence among various treatments, in order to reduce the 

concentration of inorganic and organic pollutants in industrial effluents. The advantages of 

these processes are reflected in the generation of hydroxyl radicals (HO
•
), powerful oxidizing 

agents, with a pronounced tendency for degradation of difficult biodegradable compounds, or 

transformation of pollutants into less toxic products of small molecular weight through rapid 

and non-selective radical reactions. The most commonly AOPs used in wastewater treatment 

are ozonization, photocatalysis, electrochemical oxidation, Fenton and Fenton-like processes 

[1]. In our previous work [2], the homogeneous Fenton process (FeSO4/H2O2 treatment) was 

applied in order to examine the possibility of Magenta dye removal from flexo printing 

wastewater. The process was optimized and maximum decolorization efficiency of 95.91% 

was achived. The aim of this study was to determine physico-chemical characterization of 

Magenta printing effluent treated with homogeneous Fenton process. Further more, three 

kinetic models were used to describe degradation process of Magenta dye in printing effluent.  

 

Experimental 

Materials. Experiments were performed on Magenta printing effluent obtained from 

flexographic printing facility located in Novi Sad, Serbia. Magenta dye (C.I.: PR57:1, CAS 

number: 5281-4-9, chemical formula: C18H12N2O6, molar mass: 352 g/mol; λmax = 573 nm) 

was produced from Flint Group and belongs to the group of azo dyes. 
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Physico-chemical analysis of printing effluent before and after Fenton treatment. Physico-

chemical characterization of printing effluent before and after homogeneous Fenton treatment 

included determination of pH, electrical conductivity, temperature (AD110 Adwa instrument), 

turbidity (Turb 430 IR WTW), chemical oxygen demand (COD), biochemical oxygen demand 

(BOD), total organic carbon (TOC) (LiquiTOC II - Elemental, Germany), as well as toxicity 

evaluation. COD measurement was conducted using the potassium dichromate volumetric 

method - SRPS ISO 6060: 1994 [3]. Determination of BOD after 5 days at 20 °C was carried 

out by the manometer method - H1.002 (Velp Scientifica Italia, Lowibond and WTW), while 

the method SRPS ISO 8245:2007 [4] was used to determine the TOC value, which was used 

to estimate the mineralization degree of treated effluent according to the equation (1): 

 

    𝑇𝑂𝐶 (%) =  
𝑇𝑂𝐶0−𝑇𝑂𝐶

𝑇𝑂𝐶0
∗ 100                          (1) 

 

where: TOC0 represent total organic carbon content in the printing effluent before the 

homogeneous Fenton treatment, and TOC is the total organic carbon content in the printing 

effluent after the homogeneous Fenton treatment. 

Determination of anionic surface active substances (dodecylbenzene sulfonate - DBS) was 

measured by the index of methylene blue spectrophotometric method based on SRPS EN 

903:2009 [5]. Chloride content was determined according to ISO 9297/1: 2007 [6], while the 

phosphorus content was determined with spectrophotometric method with ammonium- 

molybdate according to the SRPS EN ISO 6878:2008 [7]. 

Standard ISO 11348-3:2009 method was applied to test the toxicity of printing effluent before 

and after treatment, in order to evaluate negative impact of printing wastewater on living 

organisms [8]. 

 

Kinetics of homogeneous Fenton process. Numerous mathematical models have been used to 

describe the degradation kinetics of organic pollutants, based on the equilibrium state 

approximation. The main assumptions are based on the facts that the concentration of HO
•
 

radicals is correlated with the concentration of hydrogen peroxide, or that the HO
•
 radicals 

formation rate is equal to their consumption rate  [9, 10]. Since the whole dye degradation 

process cannot be described by simple kinetic model, the first-order, second-order and 

Behnajady-Modirshahla-Ghanbary (BMG) models were used to study Magenta degradation 

kinetics by the homogeneous Fenton oxidation process [11, 12]. The mathematical models of 

the first and second order reaction kinetics, as well as the BMG model are present in 

equations 2 - 4 [13]: 

 
𝑑𝐴𝑡

𝑑𝑡
= −𝑘1𝐴𝑡                  (2) 

𝑑𝐴𝑡

𝑑𝑡
= −𝑘2(𝐴𝑡)

2               (3) 
𝐴𝑡

𝐴0
= 1 − ( 

𝑡

𝑚+𝑏𝑡
)              (4) 

 

where A0 and At represent the initial dye absorbance over a period of time from zero to t, k1 

and k2 are the first and second order constants, while b and m are the BMG model constants, 

related to the reaction kinetics and oxidation capacity, respectively. 

The parameters of kinetic models were calculated using linear forms of first- and second-

order mathematical models, as well as BMG models (equations 5 - 7): 

 

 

      𝐴𝑡 = 𝐴0 ∗  𝑒
−𝑘1𝑡                  (5) 
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1

𝐴𝑡
= 

1

𝐴0
+ 𝑘2𝑡                   (6) 

𝑡

1−
𝐴𝑡
𝐴0

= 𝑚 + 𝑏𝑡                         (7) 

 

By plotting the dependence graphs ln(A0/At) in function t for the first-order model, (1/At) in 

function t for second-order model and t/1-(At/A0) in function t for BMG model, the kinetic 

model parameters were calculated and used to interpret the kinetics of the observed reactions. 

 

Results and discussion 

The obtained values of physico-chemical parameters (Table 1) indicate that homogeneous 

Fenton treatment is characterized with the conductivity and BOD increase, pointing to the 

formation of numerous degradation by-products. The experimental results indicate that the 

mineralization percentage of Magenta dye of 49.82% is followed with 71.44% of COD 

reduction (Figure 1). On this basis, Magenta dye degradation resulted within the formation of 

low molecular weight fragments during the homogeneous Fenton process.  

 

Table 1. Physico-chemical characterization of printing effluent before and after treatment 

Parameter Printing effluent Treated printing effluent 

pH 7.60 7 

Conductivity [µScm
-1

] 403 560 

Temperature [°C] 22.1 22.6 

Turbidity [NTU] 18.81 10.3 

COD [mgO2L
-1

] 377.7 107.87 

BOD [mgO2L
-1

] 5 27 

TOC [mgCL
-1

] 166.4 83.49 

DBS [mgL
-1

] 0.77 <0.1 

Phosphate [mgPL
-1

] <0.011 <0.011 

Chlorides [mgClL
-1

] 21.60 22.30 

 

 

 
 

Figure 1. Mineralization degree of printing effluent after homogeneous Fenton treatment  

The results of acute toxicity test on Vibrio fischeri bacteria (Table 2) indicated slightly 

increased toxicity of treated printing effluent after homogeneous Fenton process. This 

percentage of inhibition falls within the range below 50%, confirming that the treated printing 

effluent is nontoxic. 
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Table 2. Results of toxicity test by Vibrio Fischeri inhibition 
Sample GL Inhibition (%) 

Wastewater before Fenton treatment 4 15.11 

FeSO4/H2O2 treatment 2 18.16 

 

The results of the kinetic studies used to analyze the Magenta dye degradation in printing 

effluent are presented in Table 3 and Figure 2. The highest values of correlation coefficient 

were established using the BMG model, which best describes the dye degradation process. 

 

Table 3. Kinetic parameters of selected models for Magenta dye degradation 
Model First-order Second-order 

a
BMG model 

Process K1 (min
-1

) R
2
 K2 (l mg

-1
min

-1
) R

2
 b m 1/m R

2
 

FeSO4/H2O2 0,031 0,649 0,062 0,602 0,905 18,439 0,054 0,986 
a
Behnajady-Modirshahla-Ghanbary model 

 

 
 

Figure 2. Decolorization kinetics of printing effluent under optimal process conditions - BMG 

model 

 

Linear plot of t/(1−At/A0) versus t was used to determine the parameters b and m, which 

describes the oxidizing capacity and the initial rate of decolorization reaction, respectively. 

Based on R
2
 value, chosen model offers satisfactory interpretation of the kinetic process, 

while the obtained high value of 1/m indicates high initial rate of Magenta dye degradation.  

 

Conclusion 

Due to the high homogeneous Fenton efficiency in our previous work a physico-chemical 

characterization of treated printing effluent was investigated. Conductivity and biological 

oxygen demand increasment was established, which together with the obtained mineralization 

degree indicated the formation of numerous low molecular weight fragments during the 

homogeneous Fenton process. However, the isolated by-products did not contribute to the 

toxicity increase, confirming that the treated printing effluent is nontoxic. Behnajady-

Modirshahla-Ghanbary, as most appropriate kinetic model, indicated high initial rate and 

oxidation capacity of Magenta dye degradation during the homogeneous Fenton treatment. 
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Abstract 

Gangliosides (GGs) mediate vital biological processes through non-covalent intermolecular 

interactions. To understand the structure-function relationship at the molecular level for each 

GG structural entity involved in a physiological / pathological process and to improve the 

therapeutic significance, it is necessary to determine their interactions in detail using the most 

accurate methods of analysis. To address the issues of high biological relevance of GGs, mass 

spectrometry (MS) has lately become a method of choice due to its capability to detect minor 

species in complex mixtures with an unsurpassed sensitivity.  

The noncovalent interaction between the Amyloid beta (Aβ) protein and a native complex 

mixture of gangliosides extracted and purified from normal adult human brain was studied 

using an analytical platform encompassing fully automated chip-nanoelectrospray ionization 

(nanoESI) on a NanoMate robot coupled to a high-capacity ion trap (HCT) mass spectrometer 

(MS). The interaction assay involved the incubation at 37 °C under constant steering of Aβ 

and gangliosides dissolved in 10 mM ammonium acetate buffer, pH 6.0, up to a concentration 

of 1 pmol μL
-1

 and 10 pmol μL
-1

, respectively. Aliquots of the reaction products were 

collected directly after 1, 5, 10, 15, 30, 60 and 180 min of incubation in the 96-well plate of 

the NanoMate robot and immediately submitted to MS analysis.  

Chip-nanoESI QTOF MS and CID MS/MS revealed the formation of the Aβ-GT1 (d18: 

1/18:0) non-covalent complex formed between the protein and the dihydroxylated sphingoid 

base of GT1, detected as [M + 4H]
4+

 at m/z 1615.181 and the Aβ-GT1 complex (t18:1/18:0) 

of the protein with a trisialylated trihydroxylated ceramide species, detected at m/z 1618.902. 

CID MS/MS top-down fragmentation analysis at low energy demonstrated that the Aβ protein 

binds to a GT1b isomer type structure (with a monosaccharide Neu5Ac to external galactose 

and a disialo element Neu5Ac-Neu5Ac to internal galactose). Thus, by chip-MS and tandem 

MS experiments it was possible to deduce the structure of this non-covalent complex as: Aβ-

GT1b (d18:1/18:0). Similar results (GT1b isomer) were obtained also for the complex formed 

with the GG having a trihydroxylated ceramide, hence resulting a complex with Aβ-GT1b 

(t18:1/18:0) composition. 
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Abstract 

New 5-chloro-2-hydroxy-benzamide derivatives, esters, hydrazides, hydrazones, were 

obtained in good yields (60-93%), using conventional heating synthesis. The obtaining 

pathways of the synthesized compounds are presented in figure 1.  
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 Figure 1. The obtaining pathways of the synthesized compounds 

 

The synthesized compunds were characterized using modern physico-chemical methods 

(FTIR, 
1
H- and 

13
C-NMR), the obtained results demonstrated the compounds identity. 

The antimicrobial activity of the compounds was tested against some bacterial strains, 

Staphylococcus aureus, Streptococcus pyogenes, Streptococcus mutans, Escherichia coli, by 

measuring the optical density at 540 nm. The most effective compound was 5-chloro-2-

hydrazinocarbonylmethoxy-benzamide and the most sensitive strain to the action of the tested 

compounds was Staphylococcus aureus. The tested compounds presented no inhibitory effect 

on Escherichia coli. 
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Abstract 

Electrocoagulation was used as method of groundwater denitrification for the purpose of 

obtaining drinking water. The experiments were carried out by using both synthetic solutions 

and groundwater from the West of Romania. The sacrificial anode was made of aluminium 

and the cell was equipped either with stainless steel or aluminium cathodes. Also, Linear Scan 

Voltammetry (LSV) experiments were carried out in order to know the behaviour of 

aluminium sacrificial anode during the anodic process.        

 

Introduction 

Groundwater is an important supply for drinking water and it is necessary to be aware of 

various components present in it for practical treatment approaches. The contamination of 

groundwater with nitrates has become a growing global challenge as a result of excessive 

fertilization, industrial activity and uncontrolled discharge of wastewaters [1]. The presence of 

nitrates in groundwater above the limits allowed by regulations in use can lead to health 

problems. In the human body, nitrates can easily be transformed into nitrites which react with 

red blood cells and methemoglobin is yielding. If the concentration of methemoglobin is 

above a certain limit the capacity of blood to transport oxygen to cells and tissues is impacted 

causing hypoxia and cyanosis [2,3]. Also, nitrites can react with secondary or tertiary amines 

to produce carcinogenic nitrosamines [4]. 

The chemical properties of nitrate make it difficult to remove from water using conventional 

processes such as filtration or activated carbon adsorption. As a result, more complex 

treatment processes must be considered. Thus, adsorption experiments have been carried out 

using functionalized chitosan-clinoptilolite nanocomposites [5] or applying electrostatic 

regeneration of functionalized adsorbent [6]. Denitrification of nitrate-contaminated 

groundwater using bioelectrochemical systems have been intensively studied [7-12]. Also,  

electrodialysis [13], hybrid nanofiltration-reverse osmosis filtration [14] and photocatalysis 

[15] alongside electrochemical processes [16] are suitables and effective alternatives for 

denitrification of groundwater.  

Electrochemical processes because of their advantages, e.g., versatility, energy 

efficiency, easy operation, automation and environmental compatibility, are promising tools 

for water treatment. The aim of this study was the denitrification of nitrate-contaminated 

groundwater by electrocoagulation in order to develop an effective alternative to conventional 

methods.    

 

Experimental 

LSV experiments were performed by using a Princeton Applied Research VersaSTAT
3
-400, 

software VersaStudio 2.54.2, potentiostat-galvanostat and a Metrohm three electrode cell. A 
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silver/silver chloride electrode (Ag/AgCl) was used as reference electrode and a platinum 

plate of 1 cm
2
 as a counter electrode. The working electrode was an aluminium plate with 

active surface area of 0.49 cm
2
. Prior to the electrochemical measurements, the working 

electrode was carefully cleaned, degreased and treated by polishing with alumina powder (0.1 

mm), and finally washed with distilled water. The interface of the working electrode with the 

aqueous medium was stabilized by repeated scans in the supporting electrolyte. The LSV 

experiments were carried out in either 0.1 M Na2SO4 or 0.1 M Na2SO4 + 0.01 M NaCl 

supporting electrolyte, in a potential range either between -2  +2 V vs. Ag/AgCl                  

or 0  + 2V vs. Ag/AgCl, potential scan rate either 0.02 or 0.05 V/s and pH of 7. 

The electrocoagulation experiments were carried out in a Plexiglas cell. It was equipped with 

three vertical anodes made of aluminium, each of 4.5x10.2 cm, and four catodes made of 

stainless steel or aluminium having the same size as the anodes. The distance between the 

electrodes was 1 cm.     

Volumes of 300 ml working solutions were introduced in the cell, and the applied current 

densities were 50, 75 and 100 A/m
2
 when stainless steel cathodes were used and 10, 25 and 

50 A/m
2
 for the aluminium ones. Electrolysis duration was 60 minutes and samples were 

taken at every 15 minutes. All samples were filtered through a low porosity (0.2 µm) filter 

prior the analysis. The experiments were carried out with synthetic solutions and groundwater 

from the West of Romania. The synthetic solutions were of 100 mg/L nitrate in 0.1 M Na2SO4 

+ 0.01 M NaCl as supporting electrolyte. The groundwater was of 175 mg/L (F1) and 152 

mg/L nitrate (F2), respectively.   

All reagents were of analytical grade and the synthetic solutions were prepared with distilled 

water. The pH was adjusted to 7. No adjustement of the pH of groundwater was made, and it 

was 7.9 (F1) and 7 (F2), respectively.  

The nitrate concentration was determined by using a Thermo Scientific Orion nitrate ion 

selective electrode. 

 

Results and discussion 

When aluminium is used as sacrificial anode it is important to know its behaviour during the 

anodic process as well as in the sequence of processes that occur in the electrocoagulation 

cell.  Sulfate is widespread in groundwater. The aluminium behaviour in the anodic process 

and in presence of 0.1 M Na2SO4  is shown in Figure 1. The variation of current intensity as 

the potential was ranged from -2 to +2 V/Ag/AgCl showed that the aluminium dissolution 

was practically blocked in presence of  Na2SO4. 
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Fig. 1. Linear scan voltammogram of aluminium electrode in 0.1 M Na2SO4   

potential scan rate: 0.02 V/s; potential range: -2 → +2 V/Ag/AgCl; pH 7   
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The experiments carried out did not lead to the expected results when the potential scan rate 

was increased in order to notice some activation and passivation of the electrode. At low 

polarization speed, namely 0.02 V/s, in 0.1 M Na2SO4, the electrode remained practically 

passive in a large potential range. The increase of the current (Figure 2), with the increase of 

the polarization speed to 0.05 V/s, can be interpreted by a compromise between the formation 

of an insulating superficial layer and the limitation of the processes by mass transport. 

At a polarization rate of 0.05 V/s, the addition of 0.01 M NaCl did not change the shape of the 

polarization curves (Figure 3), but the current increased, that signifies the aluminium active 

dissolution by adding NaCl in the solutions subjected to electrocoagulation. 
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When nitrate was added in 0.1 M Na2SO4 + 0.01 M NaCl supporting electrolyte in 

concentration of 30, 60 and 90 ppm N, respectively, it was found that the current decreased 

compared to the  experiments in which the pollutant was not present (Figure 4). This behavior 

could be explained by a possible adsorption of the pollutant on the electrode surface. 
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Fig. 4. Linear scan voltammograms of aluminium electrode in 0.1 M Na2SO4 + 0.01 M NaCl (1) and 

in presence of nitrate: 30 ppm N (2), 60 ppm N (3), 90 ppm N (4); potential scan rate 0.05 V/s; 

potential range: 0 → +2 V/Ag/AgCl; pH 7 

  

Fig. 2. Linear scan voltammograms of 

aluminium electrode in 0.1 M Na2SO4 

potential scan rate: 0.02 V/s (1) and 0.05 

V/s (2); potential range: 0 → +2 

V/Ag/AgCl; pH 7 

Fig. 3. Linear scan voltammograms of 

aluminium electrode in 0.1 M Na2SO4 (1) and 

0.1 M Na2SO4 + 0.01 M NaCl (2)  

potential scan rate: 0.05 V/s; potential range: 0 

→ +2 V/Ag/AgCl; pH 7 
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Figures 5-8 show the working conditions and the nitrate removal efficiency obtained in this 

study. When the electrocoagulation carried out in 0.1 M Na2SO4 + 0.01 M NaCl supporting 

electrolyte, both stainless steel and aluminium cathodes, for any current density, the nitrate 

removal efficiency increased with the increase of electrolysis time. The concentration of 

nitrate was of 33.3 mg/L after 60 minutes of electrolysis by using stainless steel cathodes 

(Figure 5). This value was under the threshold limit of 50 mg/L nitrate stipulated in  

Romanian Law 458/2002 concerning the drinking water quality. Concentrations under the 

threshold limit stipulated in Romanian Law 458/2002 were achieved at lower current densities 

and shorter electrolysis time when the cell was equipped with aluminium cathodes (Figure 6).  

Thus, at 10 A/m
2 

and 45 minutes of electrolysis, the nitrate concentration was 40 mg/L.
 

 

       
              

Fig. 5. Nitrate removal efficiency by        Fig. 6. Nitrate removal efficiency by 

electrocoagulation with stainless steel cathodes           electrocoagulation with aluminium cathodes 
0.1 M Na2SO4+0.01 M NaCl supporting electrolyte;   0.1 M Na2SO4+0.01 M NaCl supporting electrolyte; 

nitrate concentration: 100 mg/L; pH: 7            nitrate concentration: 100 mg/L; pH: 7 
 

The results obtained by using synthetic solutions  provided useful information regarding the 

best working conditions for electrochemical denitrification of nitrate-contaminated 

groundwater from West part of Romania. Nitrate concentration under the threshold limit 

stipulated in Romanian Law 458/2002 were recorded for both groundwater samples (F1 and 

F2) at 50 A/m
2
 and electrolysis time of 60 and 45 minutes, respectively (Figures 7 and 8). 

 

          
      

Fig. 7. Nitrate removal efficiency by                  Fig. 8. Nitrate removal efficiency by 
electrocoagulation from groundwater (F1)                 electrocoagulation from groundwater (F2) 

nitrate concentration: 175 mg/l; pH: 7.9;              nitrate concentration: 152 mg/L; pH: 7; 

cathodes: aluminium       cathodes: aluminium 
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The specific energy consumption was calculated according to equation (1) by using as 

working conditions: applied current density of 50 A/m
2
 (1.15 A), electrolysis time of 60 

minutes, cell voltage of 4 V, groundwater sample of 300 ml and it was of 15.3 kWh/m
3
. The 

pH of groundwater was in the range 7-8. In these conditions, the concentration of nitate in the 

treated groundwater was under the threshold limit of 50 mg/L. 

 

Q = U
.
I
.
t
.
10

-3
 / V

.
3600    (1)

 

 

where: 
 

  Q = specific energy consumption, kWh/m
3
; U = cell voltage, V; I = current 

         intensity, A; t = electrolysis time, s; V = electrolyzed solution volume, m
3
 

 

Conclusion 

Electrocoagulation with aluminium sacrificial anode was applied to denitrification of 

groundwater for drinking water purpose. The best results were achived when aluminium 

cathodes were used. The best nitrate removal efficiency from groundwater from two sites in 

West of Romania was of about 80% and the concentration of nitrate was under the limit 

allowed by the regulations in use. The LSV experiments showed the aluminium sacrificial 

anode behaviour in the presence of sulfate and chloride that are often accompanying anions of 

nitrate in groundwater.      
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Abstract 

Investigation of traffic-related air pollution is of great importance, due its impact of human 

health and the environment [1,2]. Traffic pollution in all larger cities is additionally burdened 

by tall buildings along a frequency roads, also known as “street canyon” [3]. Air dispersion 

and intensity of horizontal and vertical turbulence in a street canyon are very different from 

the ones that appear in a flat open region, with longer particle retention [4]. In this paper we 

investigated concentration of volatile organic compounds and road dust particles along the 

most frequent road in the second largest city in Serbia. The measurements were performed 

with personal sampler that was attached on operator, who was walking along the road. 

Absorber with collected volatile organic compounds that was examined with gas 

chromatography system, showed the highest concentration of benzene. The composition of 

dust particles, collected on the filter, was examined with scanning electron microscopy - 

energy dispersive spectrometry analysis. The results shown high levels of carbon, silicon, iron 

and aluminum, and presence of heavy metals. Size and shape of road dust particles was 

determined by the image analysis method, with ImageJ software. Based on the composition, 

size and morphological characteristics of the particles, we have identified the origin of the 

particles. The most particles originated from soil, motor vehicles (tire/brake abrasions) and 

particles generated during the road reconstruction/construction.  

This research enabled the assessment of the impacts on human health, and on the environment 

as well. 
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Abstract 

In this work, the microstructure and thermal properties of lithium-niobium-titanium-oxide 

(Li-Nb-Ti-O) solid-solution ceramics were investigated using the X-ray diffraction (XRD), 

Raman spectroscopy, scanning electron microscopy (SEM), and differential scanning 

calorimetry (DSC) techniques. XRD and SEM analysis confirmed that Li-Nb-Ti-O ceramic 

sample synthesized by solid-state method reaches the desired composition of so-called M-

phase of the Li2O-Nb2O5-TiO2 ternary system (Li6.87Nb2.34Ti5.78O21) that should have 

excellent microwave dielectric properties. The M-phase was obtained with lower than 1000ºC 

sintering temperature by doping with MoO3 as flux material, which makes this kind of 

ceramic material suitable for the low temperature co-fired ceramic (LTCC) technology 

applications. The heat flow data obtained from DSC measurement were used to calculate the 

specific heat capacity (Cp) of synthesized Li6.87Nb2.34Ti5.78O21 solid-solution ceramics, which 

is the property of a material that tells about its stability and functionality. 

 

Introduction 

The modern wireless communications, such as mobile systems and its technology, is always 

searching for ways to miniaturize the mobile device's size. The LTCC technology offers the 

possibility of fabricating the highly integrated substrates and radio-frequency microwave 

circuits using a special combination of the ceramic materials and multi-layer/firing 

techniques. Co-fired ceramic devices are made by processing several layers independently 

which are assembled into a device as a final step. This allows co-firing the highly conductive 

materials (like silver) with passive ceramic elements (resistors, capacitors, and inductors). 

Silver is often used as a metallic electrode in such electrical systems because of its high 

conductivity and low cost. However, as Ag melting point is low (about 961 ºC) the dielectric 

ceramics used in the co-fired technology with silver has to have besides the required dielectric 

properties for the desired application also a low sintering temperature [1]. The ternary Li2O-

Nb2O5-TiO2 material system has been an attractive potential candidate for the LTCC 

applications for many years now. Especially, its so-called M-phase, which is described by the 

general formula Li1+x-yNb1-x-3yTix+4yO3 (0.05<x<0.3, 0<y<0.182). As M-phase ceramics 

usually needs higher than 1100 ºC synthesis temperature, the small additions of low-melting-

temperature-oxides such as MoO3 (795 °C) are added as a flux material to lower the synthesis 

temperature by mechanisms of liquid-phase sintering [2]. The M-phase compounds refer to 

the series of solid-solutions in the middle of the Li2O-Nb2O5-TiO2 ternary phase diagram. The 

M-phase grows into the large oriented anisotropic plate-like particles. Some describe the M-

phase structure as the homologous series of solid-solutions phases (in trigonal crystal 

symmetry) with commensurate intergrowth LiNbO3 layers separated by a single [Ti2O3]
2+

 

corundum-type layer. Such M-phase type Li-Nb-Ti-O materials are featured with excellent 

and tuneable microwave dielectric properties (permittivity from 20 to 80) depending on the 

applied synthesis method, and the type and concentration of the functional additives used [3]. 
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Various dielectric permittivity values of the dielectric ceramics used in LTCC are equally 

desirable. For example, the low permittivity dielectric ceramics with the fast signal 

transmission are used as microwave packaging substrates, while the medium dielectric 

permittivity (20-50) ceramics are used in the dielectric resonators/filters. Besides, studying the 

thermal properties of this kind of materials is of great interest as well, because the electronic 

systems, where these materials find applications, are often exposed to different and frequently 

extreme environmental conditions. The specific heat capacity and enthalpy change during the 

melting process were calculated using the obtained heat flow curve from DSC recordings [4]. 

 

Experimental 

The Li-Nb-Ti-O ceramic sample was synthesized using a solid-state method. Starting 

precursors, the commercial powders of anatase TiO2, Nb2O5, and LiCO3 (all purchased from 

Sigma-Aldrich), were mixed in a molar ratio to reach the desired composition with the 

addition of not more than 0.5 wt. % of MoO3 (sample is further marked in the text as Li-Nb-

Ti-O-Mo). The mixed powders were milled in the planetary ball mill (Retsch GmbH PM100) 

in zirconia vial and by zirconia balls of 5 mm diameter. The ball milling was performed in 

ethanol for 4 h with the use of standard balls to powder mass ratio of 10:1 and 100 rpm speed 

rate. The obtained powder mixture was dried on air for 24 h and calcinated at 650 °C for 4h. 

The mechanically activated powder mixture was pressed by 10 mm diameter mold to form 

stable pellet that was finally sintered at 900 °C for 4h. XRD analysis was used for structural 

characterization and was performed on a MiniFlex600 (Rigaku, Japan) X-ray diffractometer 

with Cu-K radiation ( = 1.5406 Å) at a tube voltage of 40 kV and a tube current of 15 mA, 

with steps of 0.02° and a counting time of 1°/min, in the 2θ angular range from 10° to 80°. 

With scanning electron microscope (JEOL JSM-6460LV), the morphology of the sample was 

investigated. The Raman spectrum was measured using the Centice MMS Raman 

spectrometer equipped with a CCD detector and a diode laser, operating at 785 nm (1.58 eV) 

with the power of 70 mW, as the excitation source. Non-isothermal differential scanning 

calorimetry (DSC) measurements were performed using NETZSCH STA 449 F3 Jupiter, 

equipped with DSC sample holders and using Al2O3 crucibles and samples in a powder form 

with a mass around 20 mg in an inert atmosphere of N2 with a control flow rate of 20 ml/min. 

Temperature and heat flow calibration was performed for all the heating/cooling rates used in 

this research. Specific heat capacity measurements procedure used a sapphire crystal as 

reference material. The heating started at room temperature up to 40 ºC with a hold for 30 

min, then the heating continued up to 1200 ºC with a heating rate of 10 K/min and hold for 30 

min before the final cooling to room temperature. 

 

Results and discussion 

The obtained Li-Nb-Ti-O-Mo sample microstructure (Fig. 1) is characterized by the plate-like 

particles that strongly resemble the microstructure already described for the M-phase 

materials [1]. The obtained XRD result (Fig. 2) supports results from SEM findings (Fig. 1) 

that M-phase of LiO2-Nb2O3-TiO2 system was formed. Majority of XRD peaks were indexed 

according to COD reference card no. 1533457 that describes Li6.87Nb2.34Ti5.78O21 solid-

solution crystal system with P3̅c1 (no. 158) space group symmetry. Few impurity related 

diffraction peaks belong to LiNbO3 and TiO2 anatase (marked in Fig. 1) and no XRD peaks 

were found to relate to added MoO3 compound. 
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Figure 1. SEM images of synthesized Li-Nb-Ti-O-Mo ceramic sample 

 

 
Figure 2. XRD pattern of synthesized Li-Nb-Ti-O-Mo ceramic sample 

 

The Raman spectrum obtained by 785 nm excitation wavelength is shown in Fig. 3. The exact 

Raman peak positions (shift in cm
-1

), intensity (counts) and full width at half maximum 

(FWHM) were determined by the amplitude version of Gaussian line-shape multi-peak fitting 

procedure (inset in Fig. 3). There are no past reports, as far as we know, on Raman spectrum 

for Li6.87Nb2.34Ti5.78O21 M-phase in the P3̅c1 space group symmetry obtained by 785 nm 

excitation wavelength. 

The DSC curve recorded for Li-Nb-Ti-O-Mo sample is shown in Fig. 4. The DSC spectrum 

features the endothermic peak at 1177 ºC that characterizes the melting of Li6.87Nb2.34Ti5.78O21 

compound. There was no change in mass. The DSC recording was used to calculate the 

specific heat capacity (Cp) of Li6.87Nb2.34Ti5.78O21. The melting enthalpy (Hm) is calculated 

as the area below the heat capacity vs. temperature curve in the area where the change of this 

parameter is significant (the shaded area in the inset in Fig. 4) as 𝐻𝑚 = ∫ 𝐶𝑝(𝑇)𝑑𝑡
𝑇2

𝑇1
. 
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Figure 3. Raman spectrum of synthesized Li-Nb-Ti-O-Mo ceramic sample at room 

temperature obtained by 785 nm excitation wavelength 

 

In the case of DSC measurement, the specific heat capacity of the sample at a given 

temperature and constant pressure, 𝐶𝑝 , was calculated by a simple comparison of the heat 

flow rates into the sample and reference material (etalon-sapphire) [5] 𝐶𝑝 =
Φ𝑠−Φ0

Φ𝑟𝑒𝑓−Φ0
∙

𝑚𝑟𝑒𝑓

𝑚𝑠
𝐶𝑝
𝑟𝑒𝑓

, where Φ𝑠, Φ𝑟𝑒𝑓 and Φ0 represent heat flow rates through crucible loaded with 

sample material, crucible loaded with reference material and empty crucible, respectively. 𝑚𝑠 

and 𝑚𝑟𝑒𝑓 represent the mass of the sample and reference material respectively, while 𝐶𝑝
𝑟𝑒𝑓

 is 

the specific heat capacity of the reference material. Values for the heat capacity of sapphire 

between 200 °C to 2200 °C, required for specific heat calculation, are available in the 

NETZSCH Proteus software suite. The variation of the heat capacity with the temperature in 

Li6.87Nb2.34Ti5.78O21 crystalline solid is characterized by the melting temperature of 1177 ºC 

and its belonging heat capacity maximum of Cp = 18.7 J/gK (shown as an inset in Fig. 4). By 

integrating the Cp melting peak area, the enthalpy change per unit weight of approximately 

Hm = 364.7 J/g was calculated for this thermal event (inset in Fig. 4). 
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Figure 4. DSC curve of Li6.87Nb2.34Ti5.78O21 ceramic sample (inset shows the calculated 

variation of the specific heat capacity (Cp) with the temperature) 

 

Conclusion 

In this work, the Li-Nb-Ti-O ceramic was synthesized by the solid-state method and its 

microstructure and thermal properties were investigated. Synthesized Li-Nb-Ti-O is specially 

featured by 900 ºC synthesis temperature (achieved by adding MoO3 as flux material) and M-

phase like superstructure, which makes it applicable for the LTCC technology. The 

microstructure analysis confirmed the formation of a member of the M-phase wherein the 

general formula Li1+x-yNb1-x-3yTix+4yO3, the x = 0.12 and y = 0.18 give the final composition of 

LiNb0.34Ti0.84O3 which is equal to Li6.84Nb2.34Ti5.78O21 found by XRD. The results presented 

here give a good starting insight into the possible use of this kind of material. Exploring the 

obtained Li-Nb-Ti-O ceramics needs further electrical characterization, which will give a 

complete picture of the applicability of this material in the modern electrical devices. 
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Abstract 

Fumonisins (FBs), secondary metabolites produced by fungi of the genus Fusarium [1], 

represent a major threat as potential organic pollutants. The FBs have been detected in 

different types of water [2], as well as produced them by fungi in untreated surface water [3]. 

Advanced Oxidation Processes (AOPs), have a high potential for water purification, including 

the removal of hazardous substances and pathogens from different types of water. AOPs are 

based on physicochemical processes that produce mainly hydroxyl radicals (

OH), 

representing primary oxidants, which can lead to complete mineralization of pollutants. These 

processes can be initiated by UV or solar radiation. The photocatalytic degradation has 

become a powerful method for degradation and transformation of aflatoxin B1 [4], 

zearalenone [5], and deoxynivalenol [6] into harmless substances. In this paper, we have 

investigated optimization of high performance liquid chromatography with fluorescence 

detector method for monitoring the stability of fumonisins B1 (FB1), B2 (FB2), and B3 (FB3) 

solutions as well as the efficiency of FB1 degradation using direct photolysis under UV and 

solar radiation in ultrapure water. It was found that the sensitivity and separation of the FB1 

peak from o-phthalialdehyde2-mercaptoethanol (used for derivatization) was optimally at 

isocratic elution using the MeOHNaH2PO4 mobile phase, at a ratio of 75 : 25 (v/v). When 

studying the efficiency of direct photolysis of 1.47 × 10
–6 

mol/dm
3
 solution of FB1 it was 

found that after 180 min of irradiation degradation efficiency was 88% using UV and 76% 

using solar radiation at pH 8.2. Also, the effect of pH in the range from 4.0 to 10.0 on the 

efficiency of direct photolysis of FB1 was examined. 
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Abstract 

Carbon-based nanomaterials are under investigation for different applications, which often 

demands their chemical modification such as introducing the amino-functional groups or 

removing carboxyl and hydroxyl groups. In this paper, we are presenting approaches for 

changing the structure of selected carbon-based nanomaterials in which the use of reactive 

toxic chemicals is avoided. The methods such as gamma irradiation, thermal treatment with a 

source of N atoms and nascent hydrogen reduction are studied as possible methods for 

modification of carbon-based nanomaterials. In the phase of the cleaning, again 

environmentally friendly approaches are used: filtration, centrifugation, and dialysis. Due to 

selected methods for both modification and cleaning, the presented approaches are 

environmentally friendly, they avoiding the use of both aggressive toxic chemical in the 

synthetic phases as well as organic solvents in the phase of cleaning. Thanks to the avoiding 

of dangers chemical, these methods can lead to the lowering of the waste chemicals producing 

in the long-term future. 

 

Introduction 

Carbon-based nanomaterials are attracting great scientific attention since they were 

discovered.[1] Fullerenes are first discovered carbon-based nanomaterial, than carbon 

nanotubes, followed by graphene, graphene, and carbon quantum dots. All these materials 

possess unusual chemical, electrical and biological properties which made them interesting 

for application in therapy of carcinoma, bioimaging, solar cells, etc.[2-5] 

Due to the need for carbon nanomaterials with different polarity and solubility, chemical 

structures as well as electrical conductivity, a large number of chemical reactions were 

applied to these materials in order to achieve these demands.[6-8] These reactions often 

involve the use of highly reactive, explosive and aggressive chemical, while the phase of 

cleaning is based to use of large volumes of different organic solvents such as 1,2-

dichlorobenzene, methanol, and others. After reactions are done, the large amounts of 

residual, waste chemicals are left to be properly handled. Considering their high toxicity to 

humans and the environment, appropriate managing of this waste is necessary. Considering 

the increasing number of carbon nanomaterials application, the need for green approaches 

with reduced use of toxic chemicals for their modification also increasing.  

Thus, we proposed a few approaches for modification of carbon nanomaterials using eco-

friendly approaches. As a model system, we used graphene quantum dots and graphene oxide. 

We applied gamma irradiation on this material, using only water and a small amount of 

isopropanol as a medium in order to achieved chemical reduction. This chemical modification 

is often achieving using hydrazine, cancerogenic chemical. Also, thermal treatment with urea 

in order to incorporate N atoms in GQDs is based only on the application of GQDs and urea, 
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as well as the heat. As an alternative to hydrazine reaction, we investigated the possibility of 

use of nascent hydrogen reduction. We investigated the effects of proposed reaction on the 

morphology and chemical composition of GQDs and GO.  

 

Experimental 

Synthesis of carbon-based nanomaterials was achieved using electrochemical approach and 

modified Hummer’s method for GQDs and GO production, respectively. Electrochemical 

synthesis of GQDs involves the use of graphite rods as both cathode and anode and 3% 

dispersion of NaOH in ethanol (96%) as an electrolyte. The current was set to 20 mA. Next 

day (in 24 h), the electrolyte was change color from yellowish to dark brown. It was collected 

and neutralized with HCl. Formed flocculated NaCl was removed by filtration and dialyze 

against MiliQ water (molecular weight cutoff 3500 Da) for 3 days to remove the residual 

NaCl. Graphene oxide was produced using a modified Hummer’s method. Graphite powder 

(1 g) was dispersed in concentrated H2SO4 (23.3 ml). Then KMnO4 (3 g) was slowly added to 

the reaction mixture placed in the ice bath. Next, after 1h the temperature was increased to 

40 °C for 30 min and to 95 °C for 15 min. After that, the reaction mixture was poured into 

water (200 mL) and filtrated until the pH was 7. 

Chemical modification of GQDs and GO were achieved using different approaches. 

Reduction of GO was conducted using in situ generated hydrogen. GO or GQDs were 

dispersed in water in a concentration of 1 mg/ml and the HCl acid (35%) was added in the 

final concentration of 1 mol/l. The pieces of Al foil were added in a concentration of 4 mg/ml. 

The final products were isolated using dialysis named GO-H and GQDs-H. In order to modify 

their structure, we used gamma irradiation, in a dose of 50 kGy and the medium for 

irradiation mixture of MiliQ water with isopropyl alcohol. This sample is named GQDs-50. 

To incorporate N atoms in GQDs, 50 mg GQDs and 1 g of urea was mixed and placed in a 

flask and heated for 5 minutes, with a heat gun. Then the mixture was diluted in water and 

filtered, followed by washing with water and methanol to remove free urea. This sample is 

named GQDs-U. 

Atomic Force Microscopy (AFM) measurements were performed using Quesant microscope 

(Agoura Hills, CA). The microscope was working in the tapping mode, at room temperature, 

and in the air. Mica was used as a substrate. Samples were deposited using spin-coating. 

Absorption measurements were performed at UV-Visible UV-2600 Spectrophotometer 

(Shimadzu Corporation, Tokyo, Japan) in the ranges of wavelengths from 200 to 800 nm with 

1 nm step. Spectra are recorded at 20 °C, in the air environment. Samples were prepared in 

the form of water dispersion, at a concentration of 0.25 mg/ml. The elemental composition of 

the samples was investigated by scanning electron microscopy (SEM, JEOL JSM-6390LV) 

with energy dispersive spectrometry (EDS, Oxford Aztec X-max), operating in vacuum at 

room temperature and an acceleration voltage of 3 keV.  

 

Results and discussion 

The results of AFM measurements are presented in Figure 1. AFM images of GQDs are 

presented on the left side while accompanied height profiles are presented in the upper left 

corner in the each AFM images. The right side, next to each AFM image, both height and 

diameter distributions are presented. These results showed that p-GQDs are mostly 15 to 20 

nm in the height while an average diameter is in the range between 5 and 10 nm. For GQDs-

H, the lower hight was observed, between 10 and 15 nm, and the diameter is around 6 nm. For 

GQDs-U, the largest fraction of dots is 3 nm in the height and an average diameter in the 

range between 5 and 10 nm. In the case of GQDs-50, the largest fraction is a 7 nm in height 

and 5 to 10 nm in diameter.  



 
25th International Symposium on Analytical and Environmental Problems 

162 

 
Figure 1. AFM images, profiles, height and diameter distributions for p-GQDs (a) and 

modified GQDs: GQDs-H (b), GQDs-U (c) and GQDs-50 (d). 

The lowering in the height of GQDs after functionalization indicate reducing the number of 

functional groups.  
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The morphology of samples was also investigated using SEM microscope and while the EDS 

was employed to study the chemical composition of samples. In figure 2a), the SEM image of 

GQDs-50 has presented as well as the maps of O, Si, C atoms. It can be observed that sample 

contains 8% of O atoms, which is higher compared to GQDs-H (2%) [9] but significantly 

lower in comparison with p-GQDs, which has 37 % of O atoms.[10] These results indicate the 

lowering in the content of O containing functional groups. 

UV-Vis spectra of all samples are present in figure 2b. The main absorption band for GQDs is 

located at 213 nm and it stems from π-π* transitions due to the presence of graphene core. 

The additional band can be observed at around 320 nm and it stems from carboxy functional 

groups. Due to modification, the main absorption band has been shifted to the higher 

wavelengths. This change can be assigned to increasing of π-domains in GQD and GO 

structure.  

 
Figure 2. a) SEM image of GQDs-50 sample and elemental mapping, b) UV-Vis spectra of p-

GQDs, GO, GO-H, GQDs-U, GQDs-H and GQDs-50 as indicated in spectra.  

 

Conclusion 

Proposed methods for structural modification of GQDs and GO appear to be efficient, eco-

friendly methods for structural modification of carbon-based nanomaterials. By employing 

proposed reactions, the production of waste, residual, toxic reagents and solvents are avoided, 

while at the same time we achieved the chemical reduction of GO and GQDs. This structural 

modification is important from the aspect of the electronic application of these nanomaterials.  
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Abstract 

Nowadays waste management is becoming increasingly important, as both consumers and 

companies are producing too much garbage that could be prevented. The food industry 

generates a large amount of by-products, which are in fact suitable for further processing. 

This study highlights an untapped area that is the further processing of the sea buckthorn by-

product as a tea ingredient. Sea buckthorn berries are a source of polyphenols and carotenoids 

along with many vitamins, minerals, and trace elements. These biologically active compounds 

are also found in the residual pomace after food production. In this study dried sea buckthorn 

pomace (SBP) boiled with water at different temperatures (70 and 100%), with green tea and 

other flavoring agents (dried elderflower and orange flower) were analyzed. The antioxidant 

capacity (FRAP) and total polyphenol content (TPC) of the samples were measured. 

Preliminary experiments have shown that higher temperature water boiled SBP extract 

contains higher amounts of valuable components. As result of product development, most 

antioxidants and polyphenols were detected in a mixture of tea, which contained green tea, 

SBP and elderflower compared to the tested tea samples from the commercial. Nevertheless, 

each blend contained less valuable ingredients than natural green tea. This is due to the water-

insoluble compounds in SBP so that they did not dissolve properly during soaking. Further 

studies are reasonable in which another sea buckthorn variety will be tested that contains 

water-soluble antioxidants and polyphenols. 

 

Introduction 

Sea buckthorn is from the family of the Elaeagnaceae. It can be a deciduous shrub with a 

height of 1.5-3 meters or a tree with a height of 8-10 meters [1]. Its 2-4 cm long lance-like 

leaves are placed rarely and have intact edges [6]. It has a single-seeded, dormant fruit, which 

is round or ovoid, 6-8 mm in diameter [4]. Sea buckthorn juice contains 8-10% dry matter, 2-

4 % sugar, 1-2% fatty oil and valuable acids (mainly malic acid). Two coloring agents, fat 

soluble carotenoids and water-soluble yellow flavonoids give its colour. It also contains many 

biologically active substances such as vitamins A, C, B1, B2, E, F, K, P, proanthocyanidins (a 

type of polyphenol) and sitosterols. Several minerals and trace elements make it more 

valuable such as calcium, magnesium, potassium, iron, copper, manganese, zinc, folic acid, 

and titanium [6]. 

Tea is an indeciduous plant from the camellia family which has three isolable species, native 

to China, Assam, and Cambodia. This species is a shrub that grows to 2.7-4.5 meters high, is 

resistant to cold weather, and produces 5 cm long leaves for up to 100 years. It contains many 

compounds such as polyphenols, caffeine, amino acids, carbohydrates, and minerals. The 

complexity of the aroma of black tea is demonstrated by the fact that more than 550 

compounds have been identified. It is interesting that the six different types of tea are made 

from the same plant, the difference is only in the way of processing. The six basic types of tea 



 
25th International Symposium on Analytical and Environmental Problems 

166 

are white, oolong, green, black, flavored and pressed teas, but there are more than 3000 

subtypes. 

Our goal, when conducting this experiment, was to find the right mixture of tea components 

which is the richest in  antioxidants and polyphenols by adding sea buckthorn pomace [5]. 

 

Material and methods 

‘Ascola’ sea buckthorn berries were used in the experiments which came from the 2018 

harvest. In the first step of its processing berries was heated to 80 C to assist compression 

and inactivates oxidative enzymes. The juice was extracted manually. Based on previous 

study the residual pomace was dried at 80 C in an atmospheric dryer [3]. The extract of 

pomace was made two ways, with water at 75 C and 100 C. The purpose of the experiment 

was to ascertain if there was a significant difference between the two extracts, and a 

connection between the temperature of the boiling water and the extraction of the reducing 

compounds. Two types of green tea (Lipton and Nepal) were compared according to their 

nutrition value, taste and colour. to find the base of the tea mixture. Other flavorings were 

used in the tea mixture, these were elderflower and orange flower extracts. The sea buckthorn 

pomace tea mixture was prepared based on the results of the preliminary experiments. The 

formulas made during product development were compared with commercially available sea 

buckthorn tea blends. The mixtures and control samples were analyzed using two methods: 

 Antioxidant capacity was determined based on Ferric Reducing Ability of Plasma 

(FRAP) method, by Benzie and Strain . Antioxidant capacity was defined in ascorbic 

acid equivalent (mg ascorbic acid equivalent/ 100 L).  

 Total Polyphenol Content (TPC) was evaluated using a method by Singleton and 

Rossi. Results were specified in mg gallic acid equivalent/ 100 L. 

Results were calculated and after comparing they were represented by Microsoft Excel. 

 

Results and discussion 

Samples were measured to define antioxidant capacity and total polyphenol content in order 

to find the mixture(s) with the richest biologically active compounds. 

 
Sample shortened name Components of the sample  

NG  Nepal green tea  

LG  Lipton green tea  

SBP 100 C  Sea buckthorn pomace tea made 100 C 

SBP 75 C  Sea buckthorn pomace tea made 75 C 

OR Orange-flower flavouring  

ELD Elder-flower flavouring 

NSB  Naturland sea buckthorn tea (commercial) 

OSB  Oxalis sea buckthorn tea (commercial) 

NG+SBP  Nepal green tea+ sea buckthorn pomace tea 

NG+SBP+OR  Nepal green tea+ sea buckthorn pomace tea, orange-flower 

flavouring 

NG+SBP+ELD Nepal green tea+ sea buckthorn pomace tea, elder-flower 

flavouring 

Figure 1. Components and name of the tested tea types 
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         Figure 2. Antioxidant capacity of green teas                Figure 3. Antioxidant kapacity of flavourings  

 

In Figure 2., total antioxidant content concentrations in mg/ L are shown. There is no 

significant difference between the two green teas. Additional measurements are necessary 

which analyze the connection between the quantity of dissolving antioxidants and soaking 

time. 

 

In Figure 3., total antioxidant content concentrations in mg/ L are shown. As Figure 3 is 

shown more antioxidant could dissolve from sea buckthorn pomace tea at the higher 

temperature (104.33 mg AAE/ L). At lower temperature this value is 89.24 mg AAE/L. Therefore 

100°C water has no destructive effect, moreover, it slightly raises the amont of dissolving 

antioxidants. Despite, sea buckthorn pomace extracts have lower values than the orange-flower 

(472.5 mg AAE/L) and the elder-flower (1289.5 mg AAE/L) extracts, thus presumably there are 

water-insoluble antioxidants in sea buckthorn pomace. 

 
 

Figure 4. Total polyphenol content of green teas      Figure 5. Total polyphenol content of flavourings 

 

As Figure 4 is represented the analysis of total polyphenol content shows significant 

difference. More polyphenol dissolved from Nepal green tea during the same soaking time 

(955.7 mg GAE/L). The difference between the two samples is 26.76 %. After the analysis of 

the antioxindant capacity and total polyphenol content unquestionably the Nepal green tea is 

able to the product developement.  

 

Figure 5 is shown a slightly greater value of sea buckthorn pomace tea made with 100 C 

water (46.53 mg GAE/L) rather than made with 75 C (30,86 mg GAE/L). Orange-flower 

(144.65mg GAE/L) and elderflower (285.61 mg GSE/L) had higher polyphenol content. The 

percentage difference between pomace extracts is 33,68%, between orange-flower and 

elderflower it is 49,35 %. 
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Figure 6. Antioxidant capacity  of tea mixtures       Figure 7. Total polyphenol content of tea mixtures 

 

Figure 6. is represented that due to the different components, the percentage difference between 
control samples is 27.97 %. The basic mixture which contains green tea and sea buckthorn 

pomace took twice as big value than control samples (2647.37 mg ASE/L). Much more 

antioxidant could dissolve from orange-flower (472.5 mg ASE/L) and elderflower (1289.5 mg 

ASE/L) than sea buckthorn pomace (104.33 mg ASE/L). Thus tea mixture in which they are 

presented also contain a larger amount of antioxidant rather than the basic mixture. The orange-

flower tea mixture’s antioxidant capacity is 2948.32 mg ASE/L and the elderflower tea 

mixture’s is 3110.59 mg ASE/L. Even so, all of the mixtures showed a lower value than 

Nepal green tea. The difference between mixtures and green tea is 7.53-21.3%. The reason is 

the additional sea buckthorn pomace extract, as it has low value because its antioxidants and 

polyphenols are just partly water-soluble. Accordingly further test needed with an anothor type of 

sea buckthorn which contains more water-soluble compounds.  

 
Figure 7 is shown there is no significant difference between the control samples. The basic 

mixture which contains green tea and sea buckthorn pomace took more than twice as big value 

than control samples (657,36 mg GSE/L). Orange-flower (859,13 mg GSE/L) and elderflower 

mixture (983,51 mg GSE/L) have more valuable polyphenols. Only elder mixture’s polyphenol 

content was higher than pure green tea, because of the additional sea buckthorn pomace (above). 

 

Conclusion 

The management of industrial waste is, without doubt, economic and environmental-friendly. 

The aim of this study was to extract bioactive compounds from sea buckthorn pomace to 

reduce industrial waste and create a valuable product. According to our results, elderberry tea 

mixture contained the most antioxidants and polyphenols. This mixture’s values are much 

better than the control samples (almost four times). Still, except for elderberry mixture’s 

polyphenol content, none of the mixtures reach the pure green tea’s value. It is because sea 

buckthorn contains partly water-insoluble antioxidants and polyphenols. Therefore, further 

analysis is needed with another type of sea buckthorn.  
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Abstract 

Contents of 16 polycyclic aromatic hydrocarbons (PAHs) were determined in soil samples 

from urban and rural areas in Vojvodina Province, Serbia. Surface soil samples were collected 

from 15 different locations. The samples were Soxhlet extracted, cleaned-up and analyzed 

using gas chromatography-mass spectrometry in the selected ion monitoring mode. The total 

PAHs concentrations were in the range of 0.398-1.115 mg/kg for soils from urban areas, and 

0.434-0.729 mg/kg for rural soils. Comparison with the relevant maximum allowed contents 

proposed by the Serbian legislative indicated that the concentration of PAHs in investigated 

soil samples is below the levels that would require the implementation of relevant soil 

remediation measures. 

 

Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are a group of stable organic compounds 

consisting of two or more fused aromatic rings. PAHs originate from natural processes such 

as forest fires, volcanic eruptions, and diagenesis, and also from anthropogenic sources such 

as vehicle emissions, coal and fossil fuel power generation, petroleum refining, industrial 

processing, chemical manufacturing, oil spills, and coal tars [1]. Although hundreds of PAHs 

exist in the environment, only 16 have been selected by the US Environmental Protection 

Agency (US EPA) as priority pollutants due to their potential mutagenic, carcinogenic, and 

teratogenic effects on human health [2,3]. 

Due to widespread sources, PAHs are present in all environmental matrices, including soil, 

water and air. Soil is the most important sink for PAHs in the environment [4,5]. Due to their 

persistence and hydrophobicity, PAHs accumulate in the soil. It has been estimated that 

approximately 90% of total residues remain in the soil [6]. These harmful pollutants 

accumulated in soil can be carried into surface and ground water through precipitation, 

emitted into atmosphere by vaporization, and transported into crops from polluted soil and air 

via root and leaf adsorption [7], consequently resulting in direct or indirect exposure to 

humans. Considering the harmful effects of PAHs, it is important to monitor their 

concentration in the environment, especially in soil which is the most potent reservoir of 

PAHs. 

The principal objective of the present study was to determine the concentration levels of 

PAHs in soil from urban and rural areas in Vojvodina Province. 

 

Experimental 

Soil sampling, extraction and purification 

Surface soil samples were collected from 15 different sites in Vojvodina Province (Serbia) 

located in urban (8 sites) and rural (7 sites) areas. Samples were air-dried at room 

temperature, sieved to 100-mesh size particles and stored in amber glass containers at −4°C 

until analysis. A 10 g soil sample was Soxhlet extracted for 24 h with 200 ml methylene 

chloride. The extracts were concentrated to 0.5 ml by rotary vacuum evaporation and then 2 
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ml cyclohexane was added. The extracts were cleaned up using silica gel column 

chromatography (250 mm × 10 mm ID). The glass chromatography column was packed with 

glass wool, 10 g silica gel (100/200 mesh) and 2 cm anhydrous sodium sulfate. The column 

was rinsed with pentane (40 mL) before use. After adding the sample extract, the column was 

sequentially eluted with 25 ml of pentane and 25 ml of methylene chloride/pentane (2/3, v/v). 

The second eluate was vacuum-evaporated to near dryness and re-dissolved with acetonitrile 

(1 ml). 

 

Gas chromatography-mass spectrometry 

PAHs were analyzed using a gas chromatograph with mass selective detector (GC-MS, 

Hewlett-Packard 5890A-5971A) equipped with an ULTRA 1 column (25 m × 0.20 mm i.d., 

0.33 μm film thickness), using helium as the carrier gas. The following temperature program 

was used: the initial temperature of 80°C was held for 5 min, increased at rate of 5°C/min to 

250°C and held for 10 min, and then increased at the rate of 20°C/min to 280°C and held at 

this temperature for 15 min. The injection port was set at 290 °C. A 1 μl aliquot of sample 

extract was injected in split mode (split ratio 1: 20). The mass spectrometer was operated in 

the electron impact ionization mode and data were acquired using the selective ion monitoring 

(SIM) mode. Identification of PAHs was based on the selected ions and the relative retention 

time between samples and the standard solution containing individual PAHs. Quantification 

was done using the internal standard method. Five deuterium-labeled PAHs were used as 

internal standards: naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, and 

perylene-d12. The SIM program used to determine PAHs in soil is indicated in Table 1. All 

reported concentration values of PAHs are expressed on a dry weight basis of soil determined 

by drying the soil for 24 h at 100°C. 

 

Table 1. SIM program used to determine PAHs 

Group PAHs Time (min) m/z Dwell time (ms) 

1 naphthalene, naphthalene -d8            12.00 136, 128 50 

2 acenaphthylene 19.00 152 50 

3 acenaphthene -d10, acenaphthene 21.50 164,154 50 

4 fluorene 23.50 166 50 

5 phenanthrene -d10, phenanthrene, 

anthracene 

28.00 188,178 50 

6 fluoranthene, pyrene 34.00 202 50 

7 chrysene -d12, benzo[a]anthracene, 

chrysene  

41.00 240, 228 50 

8 benzo[b]fluoranthrene, 

benzo[k]fluoranthrene, benzo[a]pyrene, 

perylene-d12                     

50.00 252, 264 50 

9 indeno[1,2,3-cd]pyrene, 

dibenzo[ah]anthracene, 

benzo[ghi]perylene 

59.00 276, 278 50 

 

Results and discussion 

The levels of the individual and the sum of 16 US EPA priority PAHs (Σ16PAHs) and seven 

carcinogenic PAHs (Σ7cPAHs=BaA+Chr+BbF+BkF+BaP+IcdP+DahA) determined in the 

soil samples, expressed as mg/kg dry weight, are given in Table 2. 
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Table 2. Concentrations of PAHs in soils from urban and rural areas in Vojvodina (mg/kg dry 

weight) 

Compound/Abbreviation  
Urban areas Rural areas 

Min Max Mean SD Min Max Mean SD 

Naphthalene/Nap nd 0.101 0.045 0.029 0.005 0.054 0.022 0.017 

Acenaphthylene/Acl nd 0.017 0.017 0.002 nd 0.012 0.012 0.001 

Acenaphthene/Acn nd nd 

Fluorene/Flu nd 0.086 0.039 0.031 nd 0.031 0.021 0.009 

Phenanthrene/Phe 0.046 0.183 0.090 0.048 0.004 0.132 0.069 0.042 

Anthracene/Ant nd 0.057 0.026 0.017 nd 0.102 0.054 0.046 

Fluoranthene/Flt 0.060 0.184 0.136 0.047 0.056 0.142 0.097 0.038 

Pyrene/Pyr 0.055 0.168 0.118 0.039 0.048 0.122 0.079 0.029 

Benz[a]anthracene/BaA 0.046 0.174 0.105 0.057 0.015 0.098 0.058 0.032 

Chrysene/Chr nd 0.090 0.061 0.034 nd 0.052 0.031 0.020 

Benzo[b]fluoranthene/BbF 0.026 0.191 0.112 0.058 0.045 0.165 0.096 0.050 

Benzo[k]fluoranthene/BkF nd 0.082 0.032 0.027 nd 0.032 0.025 0.010 

Benzo[a]pyrene/BaP 0.046 0.142 0.073 0.029 0.049 0.091 0.070 0.014 

Indeno[1,2,3-cd]pyrene/IcdP nd 0.028 0.020 0.012 nd 0.041 0.036 0.007 

Dibenz[a,h]anthracene/DahA nd 0.042 0.028 0.012 0.012 0.044 0.022 0.012 

Benzo[g,h,i]perylene/BghiP nd 0.084 0.048 0.030 0.025 0.073 0.054 0.016 

∑16PAHs 0.398 1.115 0.822 0.276 0.434 0.729 0.642 0.116 

∑7cPAHs 0.140 0.549 0.361 0.146 0.157 0.372 0.280 0.077 

SD - standard deviation; nd - not detected (below the limit of detection) 

 

PAHs were detected in all analyzed soil samples. The content of Σ16PAHs was in the range of 

0.398-1.115 mg/kg for urban soils, and 0.434-0.729 mg/kg for rural soils. The most abundant 

PAHs found in urban soils were fluoranthene, pyrene, benzo[b]fluoranthrene and 

benzo[a]anthracene with mean concentrations of 0.136, 0.118, 0.112 and 0.105 mg/kg, 

respectively. In rural soils, the most frequently detected PAHs were fluoranthene, 

benzo[b]fluoranthrene, pyrene and benzo[a]pyrene with mean concentrations of 0.097, 0.096, 

0.079 and 0.070 mg/kg, respectively. 

Seven of the 16 PAH compounds prioritized by the EPA were determined as possible 

carcinogenic compounds for humans by the International Agency for Research on Cancer 

(IARC) [8]. The total levels of these compounds (Σ7cPAHs) varied between 0.140 and 0.549 

mg/kg for urban soils and 0.157-0.372 mg/kg for rural soils. The contribution of the seven 

carcinogenic PAHs to the total PAHs was similar for urban and rural soils, and it was about 

43%.  

The ring distributions of the PAHs that were determined in soil samples are given in Figure 1. 

In urban soils, the rate of 4-ring PAHs ranged between 38 and 53%, with average rate of 46%, 

followed by 6-ring, 3-ring and 5-ring compounds with average rate of 18, 17 and 15%, 

respectively. Similar ring distributions of PAHs were obtained for rural soils. The 

contribution of 4-ring PAHs varied between 28 and 50% (mean value was 38%), followed by 

6-ring, 3-ring and 5-ring compounds with average rate of 25, 17 and 16%, respectively. It is 

evident that high molecular weight (HMW) PAHs with 4 to 6 rings were dominated. The 

mean percentage concentration of HMW PAHs was 79%, which correlated to those found in 

the literature [1, 4]. 
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Figure 1. Ring distribution of PAHs in urban and rural soil from Vojvodina 

 

Serbian law has no limitation for the maximum level of individual PAH compound, but the 

maximum allowed concentration (MAC) and remediation concentration (RM) for sum of 10 

PAHs (Σ10PAHs= Ant+BaA+BkF+BaP+Chr+Phe+Flt+IcdP+Nap+BghiP) are defined. MACs 

are defined as the maximum values at which functional properties of the soil are still fully 

achieved and indicate level at which a sustainable soil quality is reached, while RM represent 

values at which basic functions of land are threatened or seriously disrupted, requiring 

remediation and other measures [4, 9]. According to the Serbian national limits for PAHs in 

soil [9] defined MAC and RM values for soil samples with organic matter less than 30% are 1 

and 40 mg/kg, respectively. The concentration of Σ10 PAHs for all samples was below the 

Serbian MAC, indicating no significant contamination. According to the obtained results soil 

from urban and rural areas of Vojvodina could be classified as suitable as residential soils. 

 

Conclusion 

Soil samples collected from urban and rural areas of Vojvodina were analyzed for pollution 

level of sixteen PAHs from the US EPA priority list. PAHs were detected in all samples with 

average concentrations of 0.822 mg/kg for urban soils, and 0.642 mg/kg for rural soils. The 

high molecular weight PAHs were predominant compounds in all samples. The concentration 

of Σ10PAHs was lower than maximum allowable limit set by the Serbian legislation, 

indicating no significant contamination of soil. 
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Abstract 

Polychlorinated biphenyls (PCBs) are the most highly toxic species of POPs. More than 200 

PCB congeners exist in nature. [1] PCBs are highly toxic for humans. They enter the human 

body via inhalation, ingestion or sorption through the skin and the bloodstream transports 

them to the organs, muscles and adipose tissues, where they are accumulated. This study 

presents the validation of analytical method for determination of 7 PCBs congeners in soil: 

PCB 28, PCB 52, PCB 101, PCB 118, PCB 153, and PCB 180. The method is based on solid-

liquid extraction with cyclohexane and the analysis by gas chromatography with mass 

spectrometric detection (GC-MS). [2] Samples were analyzed in SIM mode, and the analytes 

qualitative confirmation was performed comparing the mass spectra of analytical standards of 

PCB congeners with the NIST data base. The method developed can be applied in range from 

0,005 to 10 mg/kg with the appropriate parameters of precision, accuracy, repeatability and 

linearity and can be used for simultaneous determination of low PCBs concentrations in 

different types of soil (agricultural, contaminated soil, etc.). 

 

Introduction 

For the first time, PCBs were synthesized in 1881. Their production in 20
th 

century raised 

from 1000 tons/year in early 30s up to 200,000 tons/year in 1975 (Abraham et al, 2002). In 

the beginning of the 80s, the production and the use of PCBs were stopped due to their 

toxicity. They were classified as POPs – Persistent Organic Pollutants and covered by the 

Stockholm Convention on Persistent Organic Pollutants. PCBs consist of a skeleton with two 

benzene rings linked through a carbon atom. The aromatic structure can be substituted with 

one to ten chlorine atoms. PCBs are chemically inert compaunds, remarkably resistant to 

elimination, addition, electrophilic substitution, oxidation and reduction. They are soluble in 

most organic solvents, oils and fats. PCBs penetrete through the soil  surrounding  places they 

were produced and used. [3] The concentration of PCBs on these sites is between 10 and 104 

mg/kg, which is extremely higher then limits established by numerous national regulatory 

agencies (range of 0.01 to 50 mg/kg). The aim of presented study is validation of GC-MS 

method for determination of 7 PCB congeners in soil. Samples were prepared by liquid-solid 

extraction with cyclohexane and were analyzed in SIM mode. The validation parameters are: 

selectivity, linearity, repetability, accuracy, precision, limit of detection (LOD), and limit of 

quantification (LOQ).  

 

Experimental 

The following chemicals were used: cyclohexane, HPLC grade (Fisher chemical), PCB 

standards mix 3, Dr Ehrenstorfer, sodium sulphate anhydrous (Centrohem), acetone p.a. 

(Fisher Chemical). Chromatographic analyses were carried out on the gas chromatograph 

coupled with mass detector Agilent Technologies 7890B GC System, Agilent Technologies 

5977MSD. The gass chromatograph was equiped with a capilar column HP-5 MS Inert ((5% 

phenyl)-methylpolysiloxane, 30m x 0,25 mm, film thickness 0,25 µm. Agilent technologies). 
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The oven temperature was raised from 125
°
C to 200

°
C at a heating rate 25

°
C per minute. Then 

200
°
C to 260

°
C at a heating rate 4

°
C per minute and isothermaly holded 10 min. As a carrier 

gas, helium at  of flowrate 0,7 ml min-1 was used. Injection volume was 1 µl and injected in a 

splitless mode. Calibration range was from 0,005 to 0,5 mg/l. Working standard solution was 

prepared by dilluted working standard with concentration 10 ppm. For determination of 

accuracy, soil samples were spiked in 3 concentration levels, with 0,01 mg/l, 1,0 mg/l and 

10,0 mg/l. Samples were prepared by measuring 10 g of dry soil samples in conical flasks and 

adding 50 ml cyclohexane, 50 ml acetone and specific volume of standard solution for spike. 

Then samples were shaked 30 min in orbital shaker. After time elapsed, cyclohexan aliquots 

were filtered throught filter 0,22 µm into separation funnels and extraction was repeated with 

new aliquots of cyclohexane 50 ml and 30 min shaking. After that, aliquots were filtered into 

a separation funnels and shaked two times with 400 ml water. The extracts were filtered 

throught a layer of anhydrous sodium sulphate and evaporeted in vacuum evaporeator to a 

volume of about 2 ml and then in stream of nitrogen to a finale volume of 1 ml. Then samples 

were injected in GC-MS.  

 

Results and discussion 

Results of validation showed that the method for determination of low PCBs concentrations in 

soil was developed. Performed linearity test showed excellent linearity with correlation 

coefficient R>0,999. Obtained low limits of detection (LOD of 0,002 mg/kg) and 

quantification (LOQ of 0,005 mg/kg) confirmed the method can be applied for determination 

of PCB congeners in traces. The precision criterion (<5%) was fulfilled for all analyzed 

congeners. Analysis results of samples spiked in 3 concentration levels showed the recovery 

was in range 92 – 110%, which fulfilled the accuracy criterion (Table 1) [4,5].  

 

Table 1: Required criterion for accuracy 

 

 Accuracy (recovery %) 

I spike level 60-115 

II spike level 80-110 

III spike level 80-110 

 

 

Table 2: Summary of results  

 

Analytes Regression equation R 
LOD 

(mg/kg) 

LOQ 

(mg/kg) 
Precision (%) 

PCB 28 y=565089x-2935 0,999 0,002 0,005 4,01 

PCB 52 y=405060x-2118 0,998 0,002 0,005 3,42 

PCB 101 y=354554x-2829 0,999 0,002 0,005 4,90 

PCB 118 y=425740x-4459 0,999 0,002 0,005 3,42 

PCB 138 y=296806x-3203 0,999 0,002 0,005 4,61 

PCB 153 y=255957x-2929 0,999 0,002 0,005 3,68 

PCB 180 y=185581x-2695 0,998 0,002 0,005 4,12 
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Table 3: Recovery and repetability results 

 

Analytes 
Spike 0,1 mg/kg  

Recovery (%) 

Spike 1,0  

mg/kg  

Recovery (%) 

Spike 10,0 

mg/kg  

 Recovery (%) 

Repetability 

(%) 

PCB 28 110 98 105 4,25 

PCB 52 92 97 102 3,28 

PCB 101 98 108 108 2,98 

PCB 118 110 110 110 3,53 

PCB 138 105 109 110 4,88 

PCB 153 107 109 110 4,70 

PCB 180 103 106 110 3,91 

 

 

Conclusion 

The method for the identification and quantification of the PCB congeners in soil by using gas 

chromatographic method with mass spectrometric detection analytical technique was 

developed and validated in presented study. Based on precision, accuracy, repeatability and 

linearity, it can be concluded that the measuring range of developed method is from 0.005 to 

10,0  mg/kg. The method will be used for testing PCBs congeners in contaminated sites and 

another soil samples. 
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Continuing our previous works [1,2] the present study is a conformational analysis of 

the structure of the 3-(trimethoxysiyl propan)-1-amine, attached on the Fe3O4 

superparamagnetic microparticles. The reason of this conformational study it is due to the fact 

that some physico-chemical properties of any compound depend in a determinant manner of 

its conformers. For instance (and especially) the steric properties or the electronic ones can be 

of major importance in the elementary processes of chemical mechanisms and are crucial in 

the ligand-substrate interactions. The latter ones constitute the main reason of our concerning 

related to the superparamagnetic properties of the Fe3O4 microparticles.  

 

Keywords: superparamagnetic, magnetite, conformers 

 

                            
    

 Fig.1 : SEM image of the MPTM’s           Fig.2 : Hysteresis loop of the sample                         

            functionalized microcristals                      

 
Fig 3 : One of the conformers and electronic distribution on the HOMO 
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Abstract 

The properties of the anisotropic random sequential adsorption (RSA) of objects of various 

shapes on a two-dimensional triangular lattice are studied numerically by means of Monte 

Carlo simulations. The depositing objects are formed by self-avoiding lattice steps. 

Anisotropy is introduced by positing unequal probabilities for orientation of depositing 

objects along different directions of the lattice. This probability is equal 𝑝 or (1 − 𝑝)/2, 

depending on whether the randomly chosen orientation is horizontal or not, respectively. 

Approach of the coverage θ(t) to the jamming limit 𝜃𝑗𝑎𝑚 is found to be exponential 𝜃𝑗𝑎𝑚 −

𝜃(𝑡) ∝ exp (−𝑡/𝜎), for all probabilities. It was shown that the relaxation time 𝜎 increases 

with the degree of anisotropy in the case of elongated and asymmetrical shapes. However, for 

rounded and symmetrical shapes, values of 𝜎 and 𝜃𝑗𝑎𝑚 are not affected by the presence of 

anisotropy. 

 

Introduction 

Deposition, or adsorption, of extended objects at different surfaces is of considerable interest 

for a wide range of applications in biology, nanotechnology, device physics, physical 

chemistry, and materials science [1,2]. Theoretically, several models have been developed to 

capture the basic physics of this situation, and by far the most studied is that of random 

sequential adsorption (RSA) [3]. In this model particles (objects) are sequentially deposited 

on the randomly chosen site of the substrate. When deposited, such objects are irreversibly 

attached to the site. If the chosen site is already occupied, the deposition is rejected, the 

particle is discarded, and the deposition is next attempted at a different randomly chosen site. 

For lattice models the approach of the coverage fraction to its jamming limit is given by the 

time dependence:  

                                                     𝜃(𝑡) ∼  𝜃𝑗𝑎𝑚  − ∆𝜃 𝑒𝑥𝑝(−𝑡/𝜎),                                               (1) 

where parameters 𝜃𝑗𝑎𝑚, ∆𝜃, and 𝜎 depend on the shape and orientational freedom of 

depositing objects [4,5]. 

In order to account for inhomogeneous surfaces in our RSA model, we have introduced 

anisotropy in the deposition procedure. Namely, even when the deposition at a randomly 

chosen site is allowed, the probability for deposition is different along different directions of 

the underlying lattice. This simple modification introduces preferential direction in the 

deposition process and, depending on the shape of deposited objects, imposes this specific 

“patterning” on the deposited layer. 

The main goal of the present study is to investigate the interplay between the anisotropy of 

deposition and the symmetry properties of deposited shapes. This work discusses the rapidity 

of the approach to the jamming state and the values of the jamming coverages for various 

degrees of anisotropy of the deposition process. Here we focus our interest on the influence of 

the order of symmetry axis of the shape on the kinetics of the deposition processes under 

anisotropic conditions. 
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Simulation method 

The depositing shapes are modeled by directed self-avoiding walks on a triangular lattice.  

Examples of such walks for 𝑙 = 1,2, and 6 are shown in Table I. At each Monte Carlo step we 

randomly select a lattice site and try to deposit the shape of length 𝑙. If the selected site is 

occupied by a deposited object, the adsorption attempt is rejected. If the selected site is 

unoccupied, we fix the beginning of the walk that makes the chosen shape at this site. 

 

 

 
Table I. Various shapes (𝑥) of length 𝑙 on a triangular lattice. 𝑛𝑠 denotes the order of 

symmetry axis of the shape. 

 

Anisotropy is introduced by positing unequal rates for deposition of objects in the three 

possible directions. The choice of the horizontal direction occurs with probability 𝑝 and for 

each of the other two directions with probability (1 − 𝑝)/2. Hence, the value of 𝑝 =  1 /3 

corresponds to the isotropic case. We randomly pick one of the six possible orientations with 

a corresponding probability, start the 𝑙-step walk in that direction, and search whether all 

successive 𝑙 sites are unoccupied. If so, we occupy these 𝑙 + 1 sites and deposit the object; 

otherwise, the deposition attempt is rejected.  

The Monte Carlo simulations are performed on a 2D triangular lattice of size 𝐿 =128. The 

time is counted by the number of attempts to select a lattice site and scaled by the total 

number of lattice sites. Periodic boundary conditions are used in all directions. The data are 

averaged over 1000 independent runs for each depositing object. The finite-size effects, which 

are generally weak, can be neglected for object sizes < 𝐿/8. 

 

Results and discussion 

We study the anisotropic irreversible deposition of objects of various shapes (Table I). In the 

case of isotropic deposition ( 𝑝 =  1 /3), according to parameter 𝜎  (Eq.(1)), all extended 

shapes can be divided into four groups:  

(a) Shapes with asymmetry axis of first order, 𝑛𝑠  = 1, with 𝜎 ≃ 5.9  

(b) Shapes with a symmetry axis of second order, 𝑛𝑠  = 2, with 𝜎 ≃ 3.0   

(c) Shapes with a symmetry axis of third order, 𝑛𝑠  = 3, with 𝜎 ≃ 2.0 

(d) Shapes with a symmetry axis of sixth order, 𝑛𝑠  = 6, with 𝜎 ≃ 0.99.  

This means that at late enough times, the rotational symmetries associated with specific 

shapes have a substantial influence on the adsorption rate of the objects. More symmetric 

shapes reach their jamming coverage faster; i.e., the relaxation time 𝜎 is smaller for more 

symmetric objects. At large times, adsorption events take place on the islands of unoccupied 

sites. The individual islands act as selective targets for specific deposition events. In other 

words, there is only a restricted number of possible orientations in which an object can reach 
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a vacant location, provided the location is small enough. For a shape of a higher order of 

symmetry 𝑛𝑠 , there is a greater number of possible orientations for deposition into a selective 

target on the lattice. Hence, the increase of the order of symmetry of the shape enhances the 

rate of single-particle adsorption. This is reflected in the fact that the adsorption of 

asymmetric shapes is slower than the adsorption of more regular and symmetric shapes. 

 

 
Figure 1. Dependence of the parameter 𝜎 [Eq. (1)] on probability 𝑝 for shapes B, C, D, and E 

from Table I. The vertical line indicates the value of 𝑝 =  1/ 3. 

 

In the case of anisotropic deposition (𝑝 ≠  1/ 3), for all investigated shapes and all 

probabilities of adsorption in a horizontal direction, plots of 𝑙𝑛[𝜃𝑗𝑎𝑚  − 𝜃(𝑡)] versus 𝑡 are 

straight lines in the late times of the process. Analyzing the results for a large number of 

various shapes, we can see that the kinetics of anisotropic deposition is determined mainly by 

the symmetry properties of the object. For objects B, C D and E (Table I), dependence of the 

parameter 𝜎 on the probability 𝑝 is given in Fig. 1. For the k-mer B covering three lattice sites 

and for the angled object C, rapidity of the approach to the jamming limit is affected by the 

presence of anisotropy. The dependence of the parameter 𝜎 on the probability 𝑝 is more 

prominent for the less symmetric object C. For the values of 𝑝 close to zero, the deposition 

process is very slow. The relaxation time 𝜎 decreases with 𝑝, reaches a minimum for the 

isotropic case, and increases for higher values of 𝑝. For the less symmetric object C, 𝜎 ≃ 4.0 

for 𝑝 = 0, and 𝜎 ≃ 2.0 for 𝑝 = 1. For 𝑝 =  1 /3, the expected result that 𝜎 ≃ 6.0 is 

obtained. Values of 𝜎 for the objects with symmetry axis of first order are twice higher than 

the corresponding values for the objects with symmetry axis of second order for each value of 

the probability 𝑝. Deposition of the objects with symmetry axis of third and sixth order is not 

affected by the presence of anisotropy. No matter what the value of the probability 𝑝 is, 

𝜎 ≃ 2.0 for the objects with symmetry axis of third order, and 𝜎 ≃ 1.0 for the objects with 

symmetry axis of sixth order. 

 

As one can see from Fig. 2, the jamming coverage depends on the probability 𝑝 for the shapes 

with symmetry axis of first and second order. On the contrary, for the objects with symmetry 

axis of third and sixth order, the values of 𝜃𝑗𝑎𝑚 do not depend on 𝑝, and the isotropic values 

of  
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Figure 2. Dependence of the jamming coverage 𝜃𝑗𝑎𝑚 on probability 𝑝 for shapes B, C, D, and 

E from Table I. The vertical line indicates the value of 𝑝 =  1/3. 

 

jamming coverages are obtained [6]. At very early times of the process the depositing objects 

do not “feel” the presence of the already deposited ones and are placed randomly on to the 

lattice. However, in the late stages of deposition the objects must fit into small empty regions 

that favors the formation of clusters. Line segments and angled shapes deposited in the late 

stages of deposition must deposit parallel to the already deposited ones in order to avoid an 

intersection. This is reflected in the relatively high local packing of nearly parallel adsorbed 

objects in the vicinity of given object in the case of line segments and angled objects as 

compared to the triangles and hexagons. Such a different object view is the cause of the 

enhanced growth of very compact domains in the case of elongated shapes as compared to 

those in the case of more round (symmetric) shapes, resulting in a higher value of the 

jamming coverage fraction in the former case. 

 
Figure. 3. Dependence of the jamming coverage 𝜃𝑗𝑎𝑚 on probability 𝑝 for various 𝑘-mers. 

The curves from top to bottom correspond to increasing values of 𝑘 = 2,3,4,6,8,10. The 

vertical line indicates the value of 𝑝 =  1/3. 
We also study the anisotropic RSA of 𝑘-mers. The simulations have been performed for line 

segments of lengths l= 1,2, . . . ,10. For all investigated k-mers and for all probabilities p of 



 
25th International Symposium on Analytical and Environmental Problems 

183 

deposition in horizontal direction, plots of 𝑙𝑛[𝜃𝑗𝑎𝑚  −  𝜃(𝑡 )] versus t are straight lines for the 

late stages of deposition. Jamming coverage 𝜃𝑗𝑎𝑚 also depends on the degree of anisotropy. 

From Fig.3 we can see that this dependence differs for 𝑘-mers of various lengths. For all 

objects, the jamming coverage 𝜃𝑗𝑎𝑚 exhibits a local minimum near 𝑝 =  1/ 3, i.e., for 

isotropic condition. For 𝑘 ≥  4 this minimum is lower than the value of jamming coverage 

for deposition of 𝑘-mers in one dimension. However, the most striking feature is that a very 

small change in the probability 𝑝 away from 0 or 1 brings an abrupt jump in the value of the 

jamming coverage 𝜃𝑗𝑎𝑚 for the 𝑘-mers of small length (𝑘 ≤  3); e.g.,when 𝑝 changes from 

0.96 to 1, the value of 𝜃𝑗𝑎𝑚 for dimers drops from 0.92 to 0.86. The jump near 𝑝 = 0 is 

smaller in magnitude. 

 

Conclusion 

We have investigated numerically the effect of anisotropy on the RSA of extended objects on 

a planar triangular lattice. A systematic approach is made by using the objects of different 

number of segments and rotational symmetries. 

It was shown that the growth of the coverage 𝜃(𝑡) to the jamming limit 𝜃𝑗𝑎𝑚 occurs via the 

exponential law (1), for all the shapes considered and for all values of probability 𝑝 of 

deposition in a preferential direction. The simulations have shown that the kinetics of 

anisotropic deposition is determined mainly by the symmetry properties of the object. In the 

case of elongated and asymmetrical shapes, the relaxation time 𝜎 is found to increase with the 

degree of anisotropy. However, for rounded and symmetrical shapes, rapidity of the approach 

to the jamming state is not affected by the presence of anisotropy. A similar qualitative 

behavior of the jamming limit 𝜃𝑗𝑎𝑚 in anisotropic condition is obtained; for highly symmetric 

objects, no dependence of the jamming coverage 𝜃𝑗𝑎𝑚 on the probability 𝑝 is observed within 

the statistical uncertainties. Nevertheless, the jamming coverage depends on the probability 𝑝 

for the shapes with lower-order symmetry axis. 
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Abstract 

 

Energetic potential of urban zones 

 

The implementation of an energy strategy for exploiting the potential of renewable energy 

sources (SRE) is part of the coordinates of Romania's energy development in the medium and 

long term and offers the appropriate framework for making decisions regarding the energy 

alternatives[1]. 

Renewable sources have significant energy potential and offer unlimited availability for use 

locally and nationally. These ensure increased security in energy supply and limit the import 

of energy resources, under the conditions of sustainable economic development. The 

requirements are realized in the national context, through the implementation of policies of 

conservation of energy, the increase of the energy efficiency and by the superior valorisation 

of the renewable sources[2]. 

The following figure shows the distribution of renewable energy sources in eight geographical 

territories of Romania: the Danube Delta, Dobrogea, Moldova, the Carpathians, the 

Transylvanian Plateau, the Western Plains, the Subcarpathians and the Roman Plains: 

 

 

I- Danube Delta (solar energy); 

II- Dobrogea (solar energy, wind energy); 

III-  Moldova (plateau plains: micro-hydro, wind 

energy, biomass);  

IV-  Carpathians (IV1- Eastern Carpathians; IV2- 

South Carpathians; IV3- Western Carpathians, 

high potential in biomass, wind micro-

hydrosis);  

V-  Transylvania Plateau (high potential for 

micro-hydro and biomass);  

VI-  Western Plain (high potential for geothermal 

and wind energy); 

VII- Subcarpathians (VII1- Geticisubcarpathians; 

VII2- Curvature subcarpathians; VII3- 

Moldovan subcarpathians: potential for 

biomass, micro-hydro); 

VIII-  Southern Plain (biomass, geothermal energy, 

solar energy). 

Territorial distribution of renewable resources 

 

 Recoverable hybrid solar systems  

 

Hybrid solar systems allow the storage of excess solar energy during the day, and at night, on 

cloudy days or when there is a power outage in the grid, or the automatic use of energy stored 

in batteries. 
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Photovoltaic systems have a number of advantages over conventional systems for electricity 

production. Among the most important features of a photovoltaic system are energy 

independence, modularity, operating safety, reliability and lastly the free fuel (the sun)[3,4]. 

 

Thermophotovoltaic technology is based on the conversion of thermal radiation from a heat 

source into electricity using photovoltaic cells. 

 

The major differences from the classical photovoltaic system are due to the small distances 

from the emitter source and the photovoltaic cells. Thus, the temperature of the emitting body 

can be much lower, and the transmitted power density is much higher. Thermal radiation 

contributes to the heating of photovoltaic cells by conduction. In addition, due to heat losses 

not transformed into electricity, the cells are additionally heated[4]. 

 

Acknowledgements 

This work was supported by a grand of the Romanian Ministry of Research and Innovation 

CCCDI-UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0404 / 31PCCDI/2018, 

within PNCDI III 

 

 

References 

[1] http://www.minind.ro/domenii_sectoare/energie/studii/potential_energetic.pdf 

[2]http://mmediu.ro/new/wp-content/uploads/2014/01/2011-11-

07_evaluare_impact_planuri_strategiaenergeticaactualizata2011.pdf 

[3] Mohammed Alghassab, Mohamed A. Zohdy,  Modelling of a Residential Solar Energy 

Recuperation System Setup Open Journal of Energy Efficiency, 2016, 5, 135-147 

http://www.scirp.org/journal/ojee ISSN Online: 2169-2645 ISSN Print: 2169-2637 

[4]http://www.rasfoiesc.com/inginerie/electronica/MODELAREA-UNEI-CELULE-

TERMOFOT74.php 

 

  



 
25th International Symposium on Analytical and Environmental Problems 

186 

ENVIRONMENTAL SUSTAINABILITY OF MARGINAL SOILS BY MISCANTHUS 

CULTIVATION: A REVIEW 

 

Jelena Maksimović
1
, Zoran Dinić

1
, Radmila Pivić

1
, Aleksandra Stanojković-Sebić

1
, 

Željko Dželetović
2
, Milena Mladenović Glamočlija

3
, Đorđe Glamočlija

4 

 
1
Institute of Soil Science, Belgrade, Serbia 

2 
Institute for Application of Nuclear Energy (INEP), Belgrade, Serbia

 

3
Institute for Science Application in Agriculture (IPN), Belgrade, Serbia 

4
University of Belgrade, Faculty of Agriculture, Belgrade, Serbia 

Corresponding author e-mail: jelena.maks@yahoo.com; jelena.maksimovic@soilinst.rs 

 

ABSTRACT  

 

The paper discusses the possibilities of cultivating and using bioenergy crop in order to 

reduce climate change and protect the environment. Miscanthus is a perennial plant which 

annually produces great biomass of good quality and calorific value for energy. In addition to 

obtaining the second generation of fuel from its biomass, a new chemical conversion 

technique produces a product whose application can improve the quality of marginal soils. 

Based on the reviewed results, it was concluded that on marginal soils it is possible to plant 

the miscanthus seedlings and achieve expected yields. The Republic of Serbia has a large area 

of soil that could be used for this purpose, so it is recommended that additional research can 

be conducted to investigate the potential use of biochar in repairing this type of soil. 

 

INTRODUCTION 

 

Cultivation conditions 

 

It originates from an area of temperate continental climate and the successful growth and 

development of plants require heat and large amounts of water. It uses absorbed water more 

efficiently than most arable crops, but under unfavorable water conditions, plant growth is 

limited, especially in the year of establishment. In the initial years, apart from optimal water 

supply, nitrogen nutrition has a major impact on biomass yield [1]. Irrigation of crops also 

increases the effect of the nitrogen nutrients used. Well formed plantation in the years of 

commercial exploitation has a strong deep-rooted root system and can absorb water 

accumulated in deeper soil horizons/layers. 

Frost tolerance is also a cultivar trait, so that the newly introduced interspecies Miscanthus x 

giganteus hybrids tolerate winter frosts and cold weather in the spring better than native 

varieties and populations originating in the Far East [3]. 

Miscanthus grows and yields satisfactory yields on soils of various properties, from sand to 

soils with a high organic content [4, 5]. This energy crop can be grown under different agro-

ecological conditions, but the value of biomass yield is greatly influenced by weathering 

during the growing season [6]. 

 

Production technology 

 

As a perennial plantation, miscanthus is grown outside the crop rotation, and once planted it is 

used for 15-20 years. All agrotechnics can be performed by standard agricultural machinery 

[1]. The surface on which the planting is to be done should be prepared as for other 

agricultural crops. Plants use the nutrients very rationally by moving assimilants from the 
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underground to the aboveground organs during the growing season and returning them to the 

rhizomes before winter. Planting can be done in mid-April, when the danger of spring frosts 

passes, or in October. Planting requires 10,000-20,000 rhizomes per hectare [7]. In early 

years, a greater number of plants per unit area has the advantage of facilitating weed control 

[8]. Depending on the way of use, the biomass harvest using forage harvester is in period 

when the plants have reached the maximum height - at the end of August and the first half of 

September (for biodiesel or bioethanol) or during the winter when the miscanthus trees have 

the least water (for solid fuel) [9]. 

From the second year, the yield increased significantly, reaching its highest value after the 

third year. In the years of maximum production, over 100 t ha
-1

 of fresh biomass (trees and 

leaves) and 15-25 t ha
-1

 of dry trees can be obtained, and in very favorable weather 

conditions, or with irrigation, over 30 t ha
-1

 can be obtained, with about 30% of water. 

  

The transition to renewable energy and rehabilitation of degraded soils have been a topic of 

great interest in recent decades, thus for these purposes can serve plant species that have high 

annual biomass production, resistant to biotic and abiotic stress and require minimal 

investment in agrotechnics [7]. 

The cultivation of miscanthus on fertile soil is an irrational use of the potential of such a 

resource. To avoid conflict over the choice of plant species to use the most fertile soil between 

the needs for food production or for bioenergy production, it is recommended that marginal 

soils should be used for bioenergy crops. The marginal soils are usually described as 

unproductive or unsuitable for crop production due to poor soil properties, poor groundwater 

quality, drought, undesired topology, unfavorable climatic conditions, usually having no or 

little potential for profitability for conventional food crops [10]. Also, marginal soils include 

brownfields, previously contaminated soils, fallow agricultural soils due to unfavorable crop 

production conditions, degraded soils, or landfills [10]. The total area of arable and arable 

soils on the territory of the Republic of Serbia that could be suitable for cultivation of 

bioenergy crops is 2,462,529 ha [11].  

 

PREVIOUS RESULTS AND DISCUSSION 

 

Soil quality, organic matter concentration, and organism diversity are enhanced by growing 

miscanthus in contaminated and marginal soils [12]. The same authors point out that 

miscanthus has potential to stabilize and possibly remove metal contaminants slowly over 

time while being grown for its energy value. The effect of different doses and types of 

fertilizers on the yield of miscanthus cultivated on soils with limited production capacity 

(marginal soils) has been examined [13]. The results of the survey did not show a statistically 

significant impact of the applied fertilizers and the average yield in the year after planting was 

in the range 2.1-2.7 t ha
-1

. Adverse climatic factors during the planting period and soil type 

resulted in low yields. Miscanthus cultivation is possible on marginal soils such as gleysols, 

planosols and technosols, with minimum application of agricultural measures only during the 

year of establishment. Due to favourable water conditions, gleysols may be recommended for 

miscanthus production [14].  

A satisfactory average biomass yield (5.78 t ha
-1

) was achieved on deposols with a significant 

difference between years [7]. Other authors also stated the possibility of establishing 

miscanthus and phytostabilization of ash and slag landfills, as the technogenic substrate 

extremely unfavorable for plant growth, by using this species [15]. Improved ecosystem 

services and low production costs justify lower miscanthus biomass yields in marginal 

agricultural sites [16]. 
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Miscanthus use 

 

Miscanthus represents a key candidate energy crop for use in biomass-to-liquid fuel-

conversion processes and biorefineries to produce a range of liquid fuels and chemicals [17]. 

Miscanthus biomass application is primarily related to the production of second generation 

biofuels. An analysis of the biomass of miscanthus cultivated in the territory of Republic of 

Serbia yielded calorific values from 14.9 MJ kg
-1

 to 18.3 MJ kg
-1

, indicating that it is 

promising to introduce biomass of miscanthus as a renewable energy source [18, 19]. 

Using various thermochemical processes it possible to obtain a range of products that can also 

be used in agriculture. One of these products is biochar. Pyrochar and hydrochar differ in their 

physicochemical characteristics depending on the production process and the feedstock [20, 

21]. Miscanthus can be a good raw material for biochar production because of the high yield 

and energy it generates at generally low investment requirements. Miscanthus biomass at 

harvest time is low in moisture content, which also reduces the cost of char production [20]. 

Promising results are shown by a relatively new process called hydrothermal carbonization 

(HTC) of biomass, where biomass is treated with hot compressed water instead of drying [19, 

20]. The HTC process offers several advantages over conventional dry-thermal pre-treatments 

like slow-pyrolysis in terms of improvements in the process performances and economic 

efficiency, especially its ability to process wet feedstock without pre-drying requirement [20].  

Hydrothermal carbonization in the temperature range from 180 to 220°C for 60 minutes is 

effective for obtaining miscanthus hydrochar. In terms of chemical and fuel properties, the 

hydrochar obtained at 220°C was the best demonstrated [22]. 

The use of biochar in agricultural practice to improve soil properties has shown a number of 

positive effects on water and nutrient retention capacity, reduction of volatilization of nitrous 

oxides, leaching of nitrates from soil, efficiency of applied fertilizers and productivity of 

cultivated plants [23]. It also has carbon sequestration capability [20], which contributes to the 

reduction of greenhouse gas emissions. The use of biochar in combination with 

phytoremediation techniques is a challenge for future research, since their interaction has the 

potential to remediate the soil contaminated with heavy metals [24]. Miscanthus x giganteus 

hybrid has the potential for both techniques (biochar feedstock and plant for 

phytoremediation). 

 

CONCLUSION 

 

Miscanthus cultivated on marginal soils does not compete for food production. According to 

the aforementioned data, the Republic of Serbia has sufficient land area that could be used for 

the cultivation of energy crops for the production of second generation biofuels. In addition to 

the positive impact of miscanthus cultivation on the soil condition and quality, using 

relatively new biomass processing technologies for this energy species the products of an 

exceptional importance are obtained, and they can, on the other hand, enhance the quality of 

marginal soils. The lower productivity of miscanthus on marginal soils is offset by 

improvements in the entire ecosystem and low production costs. In Serbia, commercial 

cultivation of miscanthus is represented on small areas, and the results presented in the paper 

on the yield of miscanthus are a part of the research that examined the possibility of its 

production on marginal soils. 

The results presented refer to the first years after rhizomes planting on soil with poor 

properties, which has longer planting time compared to planting on fertile soil. It is to be 

expected that they will be higher and justify the investment over many years of plantation life, 

but what is more important is the fact that even in extremely unfavorable soil conditions the 

establishment of this bioenergy crop is possible. It is necessary to continue with this type of 
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research before reaching concrete conclusions and proposals for commercial cultivation, since 

in addition to the type of soil, weather conditions, that are very unstable in recent years, have 

an extreme impact. It would be environmentally and economically justifiable to invest in 

research which would include the use of biochar for the purpose of rehabilitation and 

reclamation of an agricultural soil, since previous research has shown that such a technique 

has the potential.  
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The cuprous oxide (Cu2O) it is evidenced by high stability, natural abundance, non-

toxicity, low production costs and remarkable electrical properties. All this makes possible a 

wide range of applications like gas sensor, catalyst, negative electrode for lithium batteries 

and solar cells. Considering the design of Cu2O-based materials with improved electrical 

properties, a useful tool in this endeavor consists of a theoretical study based on ab-intio 

methods, possibly due to the development of specialized packages on cuanto-chemical 

calculations. A first stage consists in determining the calculation parameters for the original 

structures, a kind of calibration of them. So it is necessary to calculate the basic properties-

such as the band structure, respectively the density of states of the original material. 

 

Keywords: cuprous oxide, band structure, density of states. 

 

 

 
 

Fig.1 Band structure and density of states of Cu2O 
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ABSTRACT 

Use of pesticide increased every year, which in turn increase the quantity of pesticide 

containers. Pesticide containers, if are not managed properly, pose a risk for environment and 

health. In developed countries, system for pesticide container management are developed, and 

environmental impact of pesticide containers is reduced. However, developing and less 

developed countries are still struggling to develop system for pesticide container 

management. The aim of this paper is to analyze the current container system management in 

Serbia and identify the barriers and obstacles for development of sustainable pesticide 

container management. 

 

INTRODUCTION  

The problem of modern society is increasingly emphasized in providing sufficient quantities 

of food, the main source of which is the plant. Achieving high yields cannot be imagined 

without the use of mineral fertilizers and pesticides to control diseases, pests and weeds. Plant 

protection products play an important role in achieving higher yields and improving the 

quality of agricultural products. [1] Pests threaten cultivated plants and food stuffs by 

reducing plant fertility by 15 - 20% in developed countries and over 40% in underdeveloped 

countries [2]. Therefore, the use of agrochemicals is a necessity, but it occupies a special 

place in the environmental impact of agriculture due to numerous environmental problems in 

case of irrational use of these agents. [3]. Together with the plant protection products, the 

packaging also becomes available on the market, which becomes a waste after the use of the 

plant protection products. Packaging plays an important role in the safe delivery and use of 

plant protection products in the markets, minimizing the risk of loss in the supply chain as 

well as customer exposure. [1] 

The main objective is that waste packaging contains minimal concentrations of the active 

substance and that it is harmless to human health and the environment, while on the other 

hand the economic impact is undeniable. [4] Solving the problem of packaging waste from 

plant protection products in Serbia has many obstacles, and the lack of experience in this field 

requires that we be informed as much as possible about the waste management system in EU 

Member States. 

 

 

METHODOLOGY  

In order to establish and operate a plant protection management system that ensures a high 

level of human health protection (for both users and consumers of agricultural products) and 

the environment (including flora and fauna), the following regulations apply in the European 

Union. 

 

• Regulation (EC) No 1107/2009 - concerning the placing of plant protection products 

on the market and repealing Council Directives 79/117/EEC and 91/414/EEC [5], 

• Regulation EU 540/2011 -  list of approved active substances [6], 
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• Regulation EU 546/2011 -  defines uniform  principles  for  evaluation  and  

authorization  of  plant  protection  products [7] 

• Regulation EU 547/2011 - labelling requirements for plant protection products [8] 

• Regulation EU 283/2013 - setting  out  the  data  requirements  for  active  substances, 

[9] 

• Regulation EU 284/2013 - setting  out  the  data  requirements  for  plant  protection  

products [10] 

• REGULATION (EC) No 396/2005 - define maximum residue levels of pesticides in 

or on food and feed of plant and animal origin [11] 

• DIRECTIVE 2009/128/EC - framework for Community action to achieve the 

sustainable use of pesticides [12] 

• DIRECTIVE 2009/127/EC -  use of machinery for pesticide application [13] 

 

These regulations include provisions on the placing on the market of plant protection 

products, the approval of active substances and the registration of plant protection products 

containing authorized substances, and contain restrictions on the maximum levels of residues 

of plant protection products in agricultural products, as well as proper storage and use. 

The overall process involves two steps: first, the assessment and possible approval of the 

active substance at EU level, and then the assessment and approval by Member States of the 

plant protection products containing those substances. Implementation of mentioned 

regulations and Directives gives the framework for development of sustainable system for 

pesticide container management.  

 

RESULTS AND DISCUSSION 

Today, after a great experience in seeking to bring the hazardous waste system as closely as 

possible to high environmental requirements, additional options for hazardous waste 

management have been developed related to the advancement of technologies that generate 

less waste, substitution of hazardous substances with less hazardous waste, recycling and 

reuse existing hazardous waste and the like. This situation has resulted in the establishment of 

new technological standards, whose further improvements are measured by extremely short 

time intervals, and further progress in this area is inevitable. However, there is still different 

classification of pesticide containers after use across EU, Table 1. 
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Table 1: Classification of decontaminated (washed) packaging waste from plant 

protection products in Europe 

Country 
Classification of decontaminated (washed) packaging 

waste from plant protection products 

Austria Data are not available 

Belgium Non-hazardous waste 

Bulgaria Data are not available 

Croatia Hazardous waste 

Cyprus Data are not available 

Czech Republic Data are not available 

Denmark Non-hazardous waste 

Estonia Non-hazardous waste 

Finland Hazardous waste 

France 
If it is in accordance with the obligatory management 

program - non-hazardous, otherwise hazardous 

Germany Nonhazardous 

Greece Nonhazardous 

Hungary 
If it is in accordance with the obligatory management 

program - non-hazardous, otherwise hazardous 

Ireland Different classification at regional level 

Italy Non-hazardous 

Latvia Data are not available 

Lithuania Nonhazardous 

Luxemburg Nonhazardous 

Malta Data are not available 

Netherland Nonhazardous 

Polska Hazardous waste 

Portugalia Hazardous waste 

Romania Hazardous waste 

Slovakia Hazardous waste 

Slovenia Nonhazardous waste 

Spain Hazardous waste 

Sweden Data are not availible 

Turkey Hazardous waste 

United Kingdom Nonhazardous waste 

 

Table 1 shows a different approach to the classification of flushed waste packaging within the 

EU, with at least a third of countries classifying this packaging as hazardous. In some 
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countries it was not possible to access the data because this issue had not yet been addressed 

by the competent institutions. This level of inconsistency across Europe has major current and 

future implications for the PPP packaging collection and reuse program. [14]. 

 

Across the EU, there are two models for managing this type of waste: voluntary and 

mandatory. 

A voluntary system model is a voluntary agreement model, that is, a model whereby a system 

is formed by polluters without a legal obligation or pressure from the authorities to do so. 

Operators authorized by law are those operating within the scope of national legislation. 

A sustainable system for collecting pesticide packaging waste is only feasible if funding is 

provided. This is most easily achieved when the operator is legally authorized. 

Generally, as it is mandatory to register and authorize a preparation, so it is also mandatory to 

participate in the packaging waste collection system, to be a member of the operator. 

The threat of statutory operators being set up by the state is often enough to establish a system 

on a voluntary basis. 

Statutory certified dispatchers can specify the level of service they offer to their clients. A 

system that makes it easy to return empty packaging will be significantly more efficient. 

The system must be economically independent if it is to be sustainable. Authorized operators 

are required by the government to determine how the system wants to be funded: 

- Compensation to suppliers; 

- Pesticide sales tax; 

- General fee. 

 

 

CONCLUSION 

Creating an adequate model of packaging waste management is the first step in the process of 

setting up a system for removing packaging plant protection products. 

The second and perhaps most important step is the proper flushing of waste packaging, which 

would make it possible to classify such packaging as non-hazardous waste according to the 

classification. 

Solving the problem of hazardous packaging waste from plant protection products in Serbia 

faces a number of obstacles such as: lack of adequate storage, lack of export license company, 

lack of cement plant with adequate equipment and permit for destruction and many others. 

SECPA is working on establishing an efficient packaging waste management system and 

proposes a sustainable and efficient model of packaging waste management modeled on the 

German PAMIRA packaging waste management and waste management system. 
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Abstract     

The purpose of this study was to use the beer yeast as a substitute for cocoa powder in the 

chocolate manufacturing recipe with high antioxidant properties. It is known that beer yeast is 

rich in high antioxidant compounds. To preserve these properties, the beer yeast has been 

conditioned at a moderate temperature (65°C) to ensure its stability. Then, chocolate 

formulas, simple and with addition of beer yeast powder in different percentages, was 

obtaining. The total antioxidant capacity was measured by FRAP assay and to assess the total 

polyphenol content was used the Folin–Ciocalteu method. By incorporating the beer yeast 

powder into the chocolate recipe, an increase in the total phenolic content and total 

antioxidant capacity has been recorded compared to the control sample. Therefore, the total 

polyphenol content vary from 2.71 mM GAE/100 g DM in the control sample to 6.05 mM 

GAE/100 g DM in the chocolate formula with 40% yeast. Based on the results obtained from 

this study, we can affirm that the beer yeast can be used as an ingredient with high added 

value for designing innovative food products; in this case the chocolate with a more intense 

taste and flavor.   

 

Introduction  
Chocolate is characterized as solid dispersion of cocoa mass, sugar, additives, cocoa butter, 

lecithin, and flavonoids and there may be variations between types [6].  

Yeasts have a rich history and a bright future in biotechnology. Their involvement and 

importance in traditional food fermentations are unparalleled by other organisms of 

biotechnological relevance. Most yeast species are nonpathogenic to humans and animals and 

it is likely that yeasts will be increasingly used in traditional processes as their safety is more 

extensively established [5]. Saccharomyces cerevisiae is the principal yeast utilized in 

biotechnology worldwide, due largely to its unique physiology and associated key roles in 

many food fermentations and other industrial processes [10] including wine, beer, coffee and 

chocolate During wine fermentation, each strain of yeast releases distinctive metabolites, 

which contribute to flavor and aroma. So it, the beer yeast utilization in chocolate 

manufacturing recipe changes the chocolate taste and smell [9].  

 

Experimental 

Beer yeast conditioning  

Fresh beer yeast was taken from the Ursus Breweries brewery from Timisoara- Romania, 

being by-product of the primary fermentation of brewer’s wort. The beer yeast was kept in 

refrigerated condition (4-5°C) for 12 hours after which, was dehydrated in the laboratory 

condition. The dehydration process was performed with Food Dehydrator by 

Heinner/Germany at the working temperature of 65
0
C for 12 hours and at the fin of this 

process the moisture of beer yeast was 5.83%. The initial moisture of beer yeast was 64.34% 

wet basis. 
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Obtaining chocolate formulas 
It was obtained, in manufacturing condition, the simple chocolate (no added) – C (control 

sample) and the chocolate formulas with addition of beer yeast powder in different 

percentages: 10, 20, 30 and 40% of total cocoa weight – which were noted: C1, C2, C3 and 

C4. Recipes for chocolate manufacturing formulas are shown in Table 1. It is noted that the 

cocoa powder content decreased proportionally with the percentage of yeast powder added in 

the chocolate formulas. 

 

Table 1. The ingredients used to make chocolate formulas 

 

Ingredients C C1 C2 C3 C4 

sugar [g] 420 420 420 420 420 

butter with 80% fat [g] 200 200 200 200 200 

milk power [g] 255 255 255 255 255 

cocoa power [g] 150 135 120 105 90 

beer yeast powder [g] 0 15 30 45 60 

water [mL] 135 135 135 135 135 

 

Chocolate manufacturing recipe  

The sugar and the water are boiled for 10 minutes until the sugar is melted. After melting the 

sugar, added the butter. Mixed until the butter melts, remove from heat and add the mixture of 

milk powder and cocoa and stir continuously until smooth. The beer yeast is added in 

chocolate in different percentages: 10, 20, 30 and 40% of cocoa weight. Pour the melted 

chocolate on a silicone molds. After 2-3 hours checked if the chocolate is cool, remove from 

the molds, packaged and remained at 18°C. 

Chemical analysis  

1 g of chocolate samples were grinded and were dissolved in 20 mL ethanol-water solution 

45:55 (v/v), at room temperature. After 30 minutes, the samples was filtered and centrifuged 

for 10 min at 5000 rpm with Mikro 200 Microliter Centrifuges by Hettich Lab Technology / 

Germany. The supernatant were analyzed to determine the total phenolic content and the total 

antioxidant activity. 

The total antioxidant capacity was measured by FRAP assay (Benzie and Strain 1996) [1]. 

FRAP reagent was prepared freshly by 10 mM TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) 

solution (diluted in HCl 40 mM), 20 mM FeCl3·6H2O solution and 300 mM sodium acetate 

buffer at pH 3.6 in the ratio of 1:1:10. Was added 0.5 mL hydroalcoholic extract samples 

diluted in the ratio 1:100 (v/v) in distilled water and 2.5 mL FRAP reagent. Absorbance was 

read at 593 nm, after 30 minutes, using an aqueous solution of FeSO4 as standard. Correlation 

coefficient for calibration curve was: r
2 

= 0.9972. Total antioxidant capacity was expressed as 

mM Fe
2+

/100 g DM (dry matter). 

The total polyphenol content was determined by Folin-Ciocalteu method (Singleton and al., 

1999) [7]. Briefly, 0.5 mL  hydroalcoholic extract beer yeast  and chocolate samples  and 

diluted in the ratio 1:50 (v/v) in distilled water, 2.5 mL of Folin-Ciocalteu reagent (diluted 

1:10 in distilled water) and 2.0 mL Na2CO3 sol.7.5% was stirred and was kept at room 

temperature. After 2 hours, the absorbance was read at UV-VIS Spectrophotometer 

SPECORD 205 by Analytik Jena at wavelength λ = 750 nm using gallic acid for calibration 

curve (r
2
= 0.9962). The results were expressed as mM GAE/100 g DM. 

  

  

http://www.hettichlab.com/web/global/prod/Microlitre+centrifuges/6327
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Statistical analysis 

All data are expressed as mean ± standard deviation (SD) of three replicates (n=3). The 

simple linear regression analysis was performed using the computer software program Origin 

8.0.  

 

Results and discussions 

Brewer's yeast power an excellent source of a variety of bioactive substances. The researchers 

found that brewer’s yeast (Saccharomyces cerevisiae) contains probiotic, antioxidant and 

antimicrobial properties [3]. 

The antioxidant characteristics of the brewer's yeast power used as a functional ingredient to 

improve the antioxidant properties of the chocolate formulas are presented in Table 2.  

 

Table 2. The antioxidant characteristics of the brewer's yeast power 

 

Antioxidant characteristics Values 

Total antioxidant capacity  [mM Fe
2+

/100 g DM] 147.22 

Total polyphenol content [mM GAE/100 g DM] 59.42 

 

The sensory properties of chocolate formulas with beer yeast are presented in Table 3. 

 

Table 3. The chocolate sensory properties  

 

The 

sensory 

properties 

Appearance-exterior 
Polished surface, without stains, scratches 

or air gaps 

Appearance- interior Chocolate with  homogeneous consistency 

Color Dark-brown 

Consistency Hard and brittle 

Taste and smell 
Pleasant, taste and odor intense flavor due 

to the yeast 

The finesse The product is unctuous 

 

Table 4 presents the total antioxidant capacity and the total polyphenol content for the 

different formulas of chocolate with different percentages of beer yeast powder. 

 

Table 4. Total antioxidant capacity and total polyphenol content of chocolate formulas 

The chocolate 

formulas 

Total antioxidant capacity 

[mM Fe
2+

/100 g DM] 

Total polyphenol content 

[mM GAE/100 g DM] 

C 18.68±1.17 2.71±0.10 

C1 21.97±1.24 3.54±1.14 

C2 24.93±1.27 4.33±1.16 

C3 28.01±1.37 5.42±0.21 

C4 31.14±1.45 6.05±0.26 

Values are expressed as mean – standard deviation (n = 3). 
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A significant difference can be noticed between control sample (18.68 mM Fe
2+

/100 g DM) 

and C4 chocolate formula (31.14 mM Fe
2+

/100 g DM) for the total antioxidant activity. 

Chocolate antioxidant properties are often claimed; however, they are frequently different 

from the parent natural sources due to the industry or manufacturing productions. Therefore, 

the antioxidant property of chocolate and cocoa are not adequately taken into consideration by 

consumers who use of this food as a desert for its flavor and taste properties [8]. Cocoa has 

long been identified as a polyphenols-rich food [4]. The content of polyphenols can vary 

tremendously depending on the source of cocoa beans, primary and secondary processing 

conditions and process of chocolates making [2]. The recently researches has been showed 

that chocolate, especially dark chocolate, is one of the most polyphenol-rich foods along with 

tea and wine [4] 

According to the data presented in Table 4, we can observe that with the increasing the 

percentage of yeast powder in the chocolate manufacture recipe increases the total 

polyphenols content. Therefore,the total polyphenol content vary from 2.71 mM GAE/100 g 

DM in the control sample to 6.05 mM GAE/100 g DM in the chocolate formula with 40% 

yeast. So, the percentage of beer yeast that replaces cocoa powder in chocolate formulas, 

increases antioxidant properties of this products.   

 

 
 

Figure 1. The relationships between the antioxidant properties chocolate formulas with beer 

yeast 

 

All equations were revealed a positive relationship between the antioxidant properties of the 

chocolate formulas with beer yeast.  

Figure 1 shows that there is a very good correlation between the antioxidant properties of the 

chocolate formulas. The coefficient of determination calculated is R
2
= 0.9998 for the total 

antioxidant capacity, respectivelly R
2
= 0.9952 for total polyphenol content.  

 

Conclusion 

The beer yeast is a sustainable raw material available in large quantities, rich in high 

antioxidant compounds.  

The drying at a moderate temperature of 65°C represents a simple method of beer yeast 

conditioning in order to preserve its antioxidant properties. 
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The addition of the beer yeast does in different percentage not induce negative changes in the 

sensory attributes of chocolate formulas, especially taste, smell, texture and consistency. 

By incorporating the yeast powder into the chocolate manufacturing recipe showed an 

increase in the total polyphenols content and total antioxidant capacity (FRAP value) 

compared to the control sample.  

The order of total polyphenol content in the chocolate formulas showed a similar trend as the 

total antioxidant capacity. 

Based on the results obtained from this study, we can affirm that the use of beer yeast as a 

ingredient with high added value for designing innovative food products - chocolate with a 

more intense flavor. 
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Abstract 

The main objective of the present study was to determine the most suitable solvent for 

photosynthetic pigments extraction from the Nannochloropsis oculata biomass after 

adsorption of Cu, Zn and Cd from mono and multicomponent solutions. The results revealed 

that the highest percentage removal of heavy metals from mono solutions was achieved for Zn 

20 mg/L (96.2 %), followed by Cu 20 mg/L (92.6 %) and Zn 50 mg/L (92.1 %), respectively. 

Organic solvents, namely ethanol, methanol and acetone were tested for chlorophyll a, b and 

carotenoids extractions. It was observed that higher contents of chlorophyll a were obtained 

after extraction with methanol from algal biomass after Cd and Zn adsorption from single 

component solutions. After a comparative examination, the highest content of chlorophyll b 

was obtained after the extraction with acetone. 

 

Introduction 

Photosynthetic pigments, like chlorophyll a, b and carotenoids, are valuable bioactive 

compounds that can be extracted from microalgal biomass. These components play a vital 

role in sustaining life in both plants and animals and have beneficial effects on human health. 

Due to their usability in various fields, such as food, pharmaceutical or cosmetic industry, 

many studies have been carried out to enhance chlorophyll extraction and fractionation from 

microalgae [1]. In the extraction process the following parameters are important: type of 

solvent used, pressure, temperature and contact time. Each solvent has certain characteristics, 

more or less compatible, for an efficient extraction of photosynthetic pigments, taking into 

account the safety rules [2]. Acetone proved to be a poor extractant for chlorophyll from 

certain vascular plants and algae [3]. For algae and recalcitrant vascular plants, the most 

efficient extractant for chlorophylls was methanol [4], less volatile and flammable than 

acetone, but it is toxic if inhaled or absorbed through the skin [2]. For the chlorophyll 

analysis, ethanol was identified to be the most appropriate solvent due to its lower toxicity 

[2,5]. 

The aim of this study was to determine the contents of photosynthetic pigments (chlorophyll 

a, b and carotenoids) from Nannochloropsis oculata biomass after heavy metals adsorption 

using ethanol, methanol and acetone as solvents in the extraction process. 

 

Experimental 

Materials  

The Nannochloropsis oculata biomass (powder) was purchased from Astaxa GmbH 

(Germany Milz Gerbergasse). The chemicals, such as nitric acid, hydrochloric acid, methanol, 

ethanol and acetone were of analytical grade and were purchased from Merck (Germany). 

 

Batch adsorption experiments 
The experiments were carried out in 250 mL Erlenmeyer flasks using 5 g of Nannochloropsis 

oculata biomass (powder) mixed with 100 mL synthetic heavy metals (Cu, Zn, Cd) solution at 
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various concentrations (20 - 300 mg/L) for 300 min and stirred at 75 rpm at room 

temperature. After adsorption, the biomass was separated from the liquid phase by filtration 

through Whatman filter paper with a diameter of 125 mm and dried in a universal oven (UFE 

400, Memmert, Germany) for 6 hours at 60 ºC. 20 mL of liquid phase were measured and 

carefully transferred to a clean and conditioned beaker. 7 mL of 65 % HNO3 and 21 mL of 37 

% HCl were added. Samples were left overnight at room temperature for pre-digestion. After 

digestion at controlled temperature, the samples were filtered and set for metals 

determinations.  

The heavy metals content (Cu, Zn, Cd) was determined by inductively coupled plasma - 

optical emission spectrometer (OPTIMA 5300 DV, Perkin Elmer, Norwalk, USA), assembled 

with an CETAC U-6000 AT ultrasonic nebulizer. 

The heavy metal amount in the adsorbent phase and the removal efficiency were calculated 

using the equations mentioned by Mudyawabikwa et al. [6].  

 

Pigments extraction  
0.5 g of Nannochloropsis oculata biomass after heavy metals adsorption experiments were 

mixed with 10 mL of different solvents for pigment extraction. The samples were sonicated 

for 15 min. After extraction, the samples were centrifuged at 4000 rpm for 8 minutes.  

The absorbance was measured using a Lambda 25 Perkin-Elmer UV/VIS spectrophotometer. 

The obtained values were used to calculate the chlorophyll a (µg/mL), chlorophyll b (µg/mL) 

and carotenoid (µg/mL) content applying the equations mentioned by Lichtenthaler and 

Buschmann [7]. 
 

Results and discussion 

Effect of heavy metals removal by Nannochloropsis oculata biomass  
Cu, Zn and Cd removal by Nannochloropsis oculata biomass starting from different initial 

concentrations and mixtures are presented in Figure 1.  

 

Figure 1. Influence of the initial heavy metal concentrations over the removal efficiency and 

amount in the adsorbent phase 

 

The biomass adsorption capacity improved with an increase of the initial concentrations of 

heavy metals. The results indicate that Nannochloropsis oculata biomass has a great capacity 

to remove high amounts of Cd from aqueous solutions, even in the presence of other metals, 

such as Cu and Zn. The removal efficiencies ranged from 84 % to 96 % for Cu, Zn and Cd, 

respectively. The highest removal efficiency and adsorption capacity was observed for Zn 20 

mg/L (96 %) (mono component solutions) and Cd 300 mg/L (5.2 mg/g) (multicomponent 
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solutions). A gradually decrease in removal efficiencies was observed in the multicomponent 

solutions, compared with mono component solutions. 

 

Effect of solvents for extraction of photosynthetic pigments 
The effect of methanol, ethanol and acetone for photosynthetic pigments extraction from 

Nannochloropsis oculata biomass after heavy metals adsorption is presented in Figure 2.  

Spectrophotometric analysis of photosynthetic pigments from Nannochloropsis oculata 

biomass after heavy metals adsorption showed changes in their content compared to the 

control sample. 
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Figure 2.  Chlorophyll a, b and carotenoid content after extraction with different organic 

solvents 

 

The highest contents of chlorophyll a were achieved using methanol (193.7 µg/mL, 50 mg/L 

Zn) as an extraction solvent, followed by extraction with ethanol (189.0 µg/mL, 50 mg/L Zn) 

and acetone (182.2 µg/ml, 20 mg/L Zn) (Figure 2). The chlorophyll a content slowly 

increased with respect to the control sample after the extraction from the algal biomass used 

for Cd and Zn removal. Furthermore, lower chlorophyll a contents were extracted from 

Nannochloropsis oculata biomass after heavy metals removal from multicomponent solutions 

and Cu removal from monocomponent solutions.  

The highest contents of chlorophyll b extraction (298.5 µg/ml, 100 mg/L Cu), were extracted 

with acetone, followed by methanol (271.0 µg/ml, Cu Cd Zn 100+100+300 mg/L) and 

ethanol (236.7 µg/ml, Zn 20 mg/L). 

The highest carotenoid contents were achieved after extraction with acetone in all the samples 

used for heavy metal removal (Figure 2). 

 

Conclusion 

In the present study the influence of heavy metals on extraction of photosynthetic pigments in 

Nannochloropsis oculata biomass was investigated. The Nannochloropsis oculata biomass 

show a remarkable ability to remove higher concentrations of heavy metals from single (Zn 

20 mg/L, 96.2 %) and multicomponent solutions (Cu Cd Zn 50+50+150 mg/L, 93.4% 90.6 % 

84.2%). The obtained results showed that Nannochloropsis oculata biomass had a higher Cd 

removal capacity, than of Cu and Zn. The content of photosynthetic pigments varied by 

changing the concentrations of heavy metals. The highest measured chlorophyll a content was 

obtained using methanol. Acetone gave higher concentrations for carotenoide than methanol 

and ethanol in all the studied samples. Further studies will be conducted in order to determine 

the effect of metals on photosynthetic pigments from microalgae grown in a culture medium 

with an increased content of heavy metals.  
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Abstract 

In this study we wanted to evaluate the absorption capacity of total phosphorus (TP) from 

water by two aquatic plants (Lemna minor L. and Pistia stratiotes L.) belonging to the same 

family (Araceae) which have a huge potential for remediation the water loaded with organic 

and inorganic substances (total phosphorus, total nitrogen, heavy metals, etc.). Four 

experimental variants with initial concentrations of total phosphorus in water of 4, 6, 8 and 10 

mg/L (TP 4, TP 6, TP 8 and TP 10) at an ambient temperature of 25° C were used to achieve 

these things. The total amount of phosphorus was quantified at the initial moment and after 72 

hours both in water (expressed in mg/L), and in plants (expressed in g/kg of dry matter), 

respectively. The best results were given by the Lemna minor L. plant at an initial phosphorus 

concentration in water of 6 mg/L. 

 

Introduction 

Phosphorus is an essential macronutrient for the harmonious growth and development of 

terrestrial and aquatic plants [1], but in large quantities, it harms the environment, especially 

water, because it is largely responsible for the occurrence of eutrophication, as reported by the 

OECD (World Economic Cooperation and Development Organization), which attributes over 

80% of total phosphorus as the main cause of the appearance of eutrophication in water 

bodies [2]. Eutrophication has emerged as a global problem that produces a multitude of 

negative effects, such as the overgrowth of algae that leads to hypoxia, which in turn results in 

the killing of fish [3] and other aquatic organisms dependent on oxygen dissolved in water, 

which causes a major imbalance in aquatic ecosystems. Because of these negative effects 

caused by the excess of total phosphorus in the water, it is imperative to find a solution that is 

as efficient and sustainable as possible in eliminating it, and a solution could be the use of 

aquatic plants. The use of plants in naturally eliminating contaminants from a water source is 

called phytoremediation. This process uses the plant's metabolic system to remove nutrients 

and contaminants from the surrounding area and store them in their biomass [4]. 

Lemna minor L. and Pistia stratiotes L. are floating aquatic plants belonging to the Araceae 

family and which many authors report as being able to accumulate significant quantities of 

organic and inorganic substances from the aquatic environment, such as heavy metals (Cd, 

Pb, With etc.) [5], total nitrogen or phosphorus [6, 7]. These species are found almost all over 

the globe [4], but mainly in tropical [8], subtropical [4] and temperate [8] regions and 

develops in almost all types of freshwater (clean, polluted, muddy, stagnant) [9], having very 

high growth rates. Pistia stratiotes L. doubling its population within a few weeks [4], and 

Lemna minor L. being able to double its mass within a week [9], which is a major advantage 

because the need to add new plants to a remediation pond decreases [4]. These considerations 

mentioned above, make the two species of plants as ideal candidates in studies of 

phytoremediation of waters loaded with organic substances. 
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Experimental 

Plant material 

The Lemna minor L. and Pistia stratiotes L. plants were harvested from a natural pond and 

transferred to the laboratory, where they were thoroughly washed with distilled water to 

remove mud and impurities. Plants were acclimatized for 7 days to laboratory conditions, at a 

temperature range from  19˚ to 25˚ C, in tap water. 

 

Experimental conditions 

Approximately 10 grams of plant material were placed in 10 cm diameter transparent plastic 

containers, containing 250 ml of tap water enriched with total phosphorus (TP) up to 

concentrations of 4, 6, 8 and 10 mg/L (TP 4, TP 6, TP 8 and TP 10 variants). The 

experimental duration was 72 hours at 25° C (± 0.5° C), with a day/night cycle of 16/8, and 

the total amount of phosphorus in water, expressed in a mg/L, and in plants, expressed in a 

g/kg of dry matter (d.m.), was quantified at the initial moment and after 72 hours, during 

which the plants were in the water at preset temperature.  

 

Methods of analysis 
Plants. About 5 g of wet vegetal material was mixed for 5-10 minutes with 0.5-1 g of animal 

charcoal. The sample was transferred into an Erlenmeyer flask and 50 mL of 2% CH3COOH 

was added, incubated for 10-15 minutes then it was filtered. 1 mL of the acetic acid extract 

was transferred in a 25 mL solution containing 3 mL of molybdenum reagent and 1 mL of 

ascorbic acid then the sample was incubated in the dark for 15-20 minutes. The detection of 

total phosphorus was spectrophotometrically analyzed at 600 nm. 

Water. The determination of total phosphorus in water was performed using the Specord PC 

205 spectrophotometer, Analytic Jena, according to SR EN ISO 6878: 2005. 

 

Results and discussion 

Water purrification 

The plants were grown in presence of four phosphorus concentrations, chosen based on the 

most commonly TP concentration values detected in untreated wastewater. 

Figure 1 shows the decrease of the total amount of phosphorus in water after 72 hours at an 

ambient temperature of 25° C, for Lemna minor L. and Pistia stratiotes L. This temperature 

was chosen because most terrestrial and aquatic plants prefer a medium with relatively high 

temperature for cellular processes, especially for photosynthesis [10]. 

 

 
Figure 1. The decrease of the initial total phosphorus concentration in the water after 72 

hours. The data represents the arithmetic average value of three replicates. 

From figure 1 we can see the quite large difference between the two aquatic plants in terms of 

purification of total phosphorus-loaded water. For both species of plants the best results were 

in the case of the experimental variant with 6 mg/L initial TP in water, namely: for the Lemna 

minor L. plant a percentage decrease of 88.5% from 6 mg/L to 0.69 mg/L TP is observed, and 
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for the Pistia stratiotes L. species the percentage decrease is 30% from 6 mg/L to 4.2 mg/L 

TP. Comparing the treatment capacity of total phosphorus-loaded water, of the two aquatic 

plants, we can observe a markedly higher difference in favor of the species Lemna minor L. in 

all experimental variants. 

 

Absorption of total phosphorus by Lemna minor L. and Pistia stratiotes L.  

Table 1 shows the TP bioaccumulation by the two plant species. Comparing the initial 

quantities of phosphorus detected in plants, a higher affinity for phosphorus of the species 

Lemna minor L. is observed to the detriment of the species Pistia stratiotes L., these having in 

their body from the beginning 3.6 respectively 2.3 g/kg d.m.   

In the case of Lemna minor L. the amount of phosphorus accumulated in its body is directly 

proportional to the amount of TP in the water, but the differences between the experimental 

variants TP 6, TP 8 and TP 10 are very small, which leads to the conclusion that, the value of 

15.5 g kg d.m. is the maximum amount of TP that can be accumulated by the body of the 

plant, regardless of whether the initial phosphorus dose is increased. 

In the case of the first three experimental variants (TP 4, TP 6 and TP 8) for the species Pistia 

stratiotes L. the amount accumulated in the body of the plant is the same as in the case of the 

first species directly proportional to the initial amount of phosphorus in the water reaching a 

maximum of 9.0 g/kg d.m. For the experimental version TP 10, we observe a sudden decrease 

in the amount of phosphorus in the plant, compared to the previous version (TP 8= 9.0 g/kg 

d.m. and TP 10= 4.9 g/kg d.m.), which means that the plant reaches maximum saturation, and 

the bioaccumulation processes are stopped, the plant begins to gradually remove the TP from 

its body back into the water. 

For the most efficient purification of the water loaded with TP, it is recommended to use the 

species Lemna minor L., to the detriment of the species Pistia stratiotes L., at initial quantities 

of TP in water of maximum 6 mg/L, for approximately 72 hours after which the plants can be 

renewed. 

Because the plants present considerable amounts of TP in their bodies, after harvesting they 

can be used as a nutritional supplement for animal feed [11] or as a fertilizer for phosphorus-

deficient soil. 

 

Table 1. Total phosphorus accumulation in plants after 72 hours, expressed in g/kg d.m. The 

data represents the arithmetic average value of three replicates. 
Experimental 

variants 

Lemna minor L. Pistia stratiotes L. 

Initial 72 h Initial  72 h 

TP 4  3.6 10.7 2.3 5.7 

TP 6 3.6 14.6 2.3 7.2 

TP 8  3.6 15.0 2.3 9.0 

TP 10 3.6 15.5 2.3 4.9 

      

The data presented above are also supported by the data from the literature where Sudiatro et 

al. in 2019 [7], studied four different species of aquatic plants, among which Lemna sp. and 

Pistia stratiotes L. and concluded that regarding the removal of TP from wastewater from the 

agri-food industry, Lemna sp. it is the most efficient with a percentage of phosphorus removal 

of 36.15% by it. Other authors reported purification yields similar to those obtained in our 

experimental sets (45.5%-73.3%) after 96 hours of treatment with Lemna gibba L. in the 

presence of 8 mg/L TP, at a temperature range between 10 and 32° C [12]. 
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Conclusion 

This study demonstrated the ability of Lemna minor L. and Pistia stratiotes L. plants to 

accumulate TP from synthetic water. The degree of bioaccumulation of phosphorus by plants 

was influenced on the one hand by the studied species and on the other hand by the initial 

amount of phosphorus present in the water. Therefore, both species showed the best results in 

the experimental version TP 6, but the differences between the two species were significant, 

namely: the percentage decrease of TP in the species Lemna minor L. was 88.5%, and in the 

case of Pistia stratiotes L. was only 30%. 

Regarding the bioaccumulation of organic substances by the plants in their body, there are 

notable differences between the two species. The degree of saturation for the Lemna minor L. 

species is around 15 g/kg d.m., while the Pistia stratiotes L. species reaches saturation around 

9 g/kg d.m.  

From the ones presented above, a general conclusion can be drawn, namely, that of the two 

species of floating aquatic plants, the species Lemna minor L. is far superior to the other, and 

is much better suited to the treatment of water loaded with TP. 
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Abstract 
With the evolution of society new materials or classes of materials must be developed. The 

lack of crystalline structure from the amorphous ribbons favors  mechanical and electrical 

properties. The homogeneous structure of amorphous metal alloys offers unique mechanical, 

anti-corrosive, wear-resistant and magnetic properties, which makes them superior in many 

applications compared to the crystalline metals that have the same composition. 

Yet, the major problem of amorphous metal alloys is their metastable character, these alloys 

being used only at low temperatures, but by introducing crystalline copper in the fabrication 

of sandwich composites, the usage temperature would increase. 

In this study we present the results on the use of ultrasonic laminate welding for the 

fabrication of amorphous - crystalline composite materials. 

Hybrid multilayer ultrasonic joints of the amorphous metal alloy with a thickness of 25 μm, 

having the chemical composition 87.2% Ni, 4.2% Fe, 1.3% Cr, 4.5% Si, 2.8% B and 

crystalline copper with 99.99% purity, with a thickness of 15 µm, were achieved. The 

amorphous ribbons were produced by the “Planar flow casting” process and the joint was 

made with an ultrasonic assembly at a frequency of 20 KHz. 

The combined samples were characterized by X-ray diffraction (XRD), scanning electron 

microscopy (SEM), and Vickers micro-hardness. 

 

Keywords: ultrasonic welding, amorphous ribbons, composite. 
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Abstract 

The resistance of two sweet pepper varieties (cultivar Anita and breeding line 82/16) to fruit 

root caused by fungus Alternaria alternata was evaluated. In order to determinated 

antioxidant capacity of methanol extracts of tested fruits as well as its relation with phenolic 

compounds three different antioxidant tests were used and content of total polyphenols and 

total flavonoids was measured. The results suggested that not only phenolic compounds might 

be involved in antioxidant activity of pepper fruits, but also carotenoids and vitamins C and E 

 

Introduction 

Sweet peppers (Capsicum annuum L.) are one of most worldwide cultivated vegetable, 

especially in China, Mexico and Turkey [1]. Apart from its economic importance, peppers 

have significant place in human diets because of its high amount of vitamin C, vitamin E, 

capsacinoids, carotenoids and phenolic compounds [2]. This valuable crop is mostly 

consumed as fresh fruits or in dried form used as a spice [1].  

Many commercial varieties of pepper are susceptible to damage caused by different biotic 

factors (fungi, bacteria and insects) as well as abiotic factors (drought, metals in soils, 

ultraviolet radiation or in appropriate temperature). This could lead to significant losses of 

pepper crops so that is one of main reason why many researchers are focused on 

understanding the mechanisms of antioxidant protection [3]. 

Fungus Alternaria alternata can infects living plants and fresh fruits, especially after 

mechanical damage or insects injuries. This destructive fungus causes damage such as fruit 

rot, black spots on the fruit surface and internal mould of fruits. Fruit rot appears before or 

after harvest on mature pepper fruits more often than immature. One way to avoid fungal 

contamination is careful handling during harvesting, storing and other processes involved in 

pepper producing [1, 4, 5].  

Because of pepper nutritional importance and widespread use, the aim of this study was to 

compare the resistance of two pepper cultivars on Alternaria infection. In this purpose were 

determined content of total polyphenols, total flavonoids and antioxidant activity measured by 

three different antioxidant tests.  

 

Experimental 

Genotype Anita and breeding line 82/16, used in this study, are sweet pepper cultivars with 

bell shaped fruits. Both varieties have light yellow color of fruits at technological maturity. 

These genotypes of pepper were grown in the experimental field of the Institute of Field and 

Vegetable Crops, Novi Sad, Serbia. Pepper seeds for seedlings production were sown on 30
th

 

of March. Seedlings were transplanted into the open field was done on 3
rd

 of June. The 

distance between plants in the row was 25 cm, while the space between rows was 70 cm. All 

fruits were collected at the technological maturity stage.  

The inoculation of fruits was done with monohyfal isolate Alternaria alternata (K-93) as 

described by Fallik et al. [6]. Fruits of pepper were inoculated with 40 µl spore suspension per 

puncture (3 puncture in each of the fruits). Fruits were put into PVC bags and incubated for 
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10 days at 20 °C in thermostat. Evaluation of infection was performed according to a method 

by Frans et al. [7]. 

Methanol extracts of sweet pepper fruits were prepared by homogenization of 4 g fresh plant 

material with 10 ml of 70% methanol. After an overnight extraction, the methanol extracts 

were centrifuged 15 min at 5000 rpm and the obtained supernatants used in further 

biochemical analyses were kept at 4 °C. The total polyphenol content was measured by 

spectrophotometry using Folin-Ciocalteu method [8]. Determination of total flavonoid content 

was performed by aluminium chloride colorimetric method based on building metal-

complexes between flavonoid compounds and aluminium chloride. [9]. The concentration of 

total polyphenols and flavonoids were read (mg/ml) on the standard calibration cruve were 

expressed as quercetin equivalents in mg per 100 gram of fresh weight (mg QE/100 g FW). 

The antioxidant capacity of fruits was measured by three the most widely used methods. 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity was determined using the 

method described by Yazdizadeh Shotorbani et al. [10] with some modification. This 

spectrophotometric method is based on reduction DPPH radical by antioxidant compounds. 

The ABTS assay is spectrophotometric method based on reduction the 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulfonate) radical cation (ABTS
•+

), which has a dark blue color, by an 

antioxidant into colorless ABTS. ABTS antioxidant activity of the tested extracts was 

measured according to Zheleva-Dimitrova et al. [11] with slight modification. Ferric reducing 

antioxidant power (FRAP) is based on measuring the reduction of ferric ion (Fe
3+

) to ferrous 

iron (Fe
2+

) by antioxidants in extracts. The FRAP assay was carried out as described by 

Thaipong et al. [12]. Determination of antioxidant activity by DPPH, ABTS and FRAP 

method was calculated from the standard cruve constructed with Trolox. The results of DPPH, 

ABTS and FRAP were expressed as Trolox equivalents in mg per 100 g of fresh weight (mg 

Trolox/100 g FW). 

All the assays were carried out in triplicate and the data were reported as mean ± standard 

deviation (Table 1). Statistic evaluation of data was analysed using software STATISTICA 

ver. 13.2 (StatSoft, Inc., USA). Analysis of variance (Factorial ANOVA) with the Bonferroni 

test was used to compare significant difference between the groups at the 5 % significance 

level (p< 0.05). The correlation coefficients were done by Spearman. 

 

Results and discussion 

The content of total polyphenols, total flavonoids and antioxidant capacity of sweet pepper 

extracts measured by DPPH, ABTS and FRAP tests is presented in Table 1. Polyphenols are a 

large group of secondary metabolites involved in non-enzymatic defence on damage caused 

by different biotic and abiotic agents [13]. In general, non-infected fruits of genotype Anita 

contained more phenolic compounds (150.20 mg QE/100 g FW) than non-infected fruits 

82/16 cultivar (98.51 mg QE/100 g FW). Furthermore, infected fruits of both tested cultivars 

showed lower amount of polyphenols than non-infected fruits. Previous study of Kevers et al. 

[14] reported high concentration of polyphenols in fruits of peppers (from 215 to 296 mg 

CAE/100 g FW). However, these results cannot be compared with ours since these authors 

used different standard for expressing results.  

The highest content of total flavonoids was obtained for non-infected fruits of Anita cultivar. 

The flavonoid content in our study was lower for both tested cultivars (from 8.61 to 13.96 mg 

QE/100 g FW for non-infected fruits) than previously reported by Medina-Juárez et al. (from 

25.38 to 60.36 mg QE/100 g FW) [15], while the values obtained by Kevers et al. were even 

lower (from 2.1 to 4.8 mg QE/100 g FW) [14]. According to some researchers, this 

inconsistency in published results could be explained by the fact that concentration of 

polyphenols and flavonoids depends on varieties, the technological treatments and time of 

harvesting [15, 16]. 
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Table 2. Phenolic compounds and antioxidant activity of methanolic extracts 

Genotype Anita 82/16 

Infection Non-infected Infected Non-infected Infected 

Total polyphenols
1
 150.20 ± 4.28

a
 86.93 ± 2.84

b
 98.51 ± 6.55

c
 88.81 ±8.12

bd
 

Total flavonoids
1
 13.96 ± 1.74 

a
 5.25 ± 0.67 

b
 8.61 ± 0.18 

c
 5.03 ± 0.39

bd
 

DPPH
2
 57.16 ± 3.49

a
 46.21 ± 5.83

b
 35.94 ± 1.69

c
 57.18 ± 2.23

a
 

ABTS
2
 43.30 ± 5.07

ac
 34.24 ± 3.25

b
 37.45 ± 1.5

ab
 45.26 ± 4.01

c
 

FRAP
2
 127.32 ± 7.97

a
 116.05± 12.24

a
 95.35 ±7.10

b
 133.41± 13.71

a
 

Value is a mean of three replicates ± standard deviation (SD) 
1
Expressed as mg Quercetin/100 g FW    

2
Expressed as mg Trolox/100 g FW  

Value without the same superscript within each column differ significantly at p <0.05 

(Bonferroni post hoc test) 

 

Taking into account the ANOVA, interaction between genotype and infection show 

statistically significant (p<0.05) influence on the all measured biochemical assays but 

genotype as a single factor do not have statistically significant influence on the values of  

ABTS and FRAP tests. 

Infected Anita fruits expressed lower antioxidant activity than non-infected fruits. This could 

be in a close connection with the reduction of amount polyphenol compounds. Breeding line 

82/12 was shown completely opposite results˗˗in the infected fruits antioxidant activity was 

higher than non-infected peppers. This indicates the possibility that some other non-phenolic 

compounds have the main role in the mechanisms of antioxidant protection of pepper fruits. 

According to some authors, carothenoids, capsacinoids, vitamins C and E have the most 

important role in the antioxidant activity [17, 18]. 

 

Table 3 Correlation coefficient between biochemical assays 

 Total 

polyphenols
1
 

Total 

flavonoids
1
 

DPPH
2
 ABTS

2
 FRAP

2
 

Total 

polyphenols
1
 

  0,099918 0,123991 0,012174 

Total 

flavonoids
1
 

0,756846* 1,000000 -0,065872 0,021361 0,001740 

*Statistically significant at p< 0,05 (Spearman correlation) 
1
Expressed as mg Quercetin/100 g FW    

2
Expressed as mg Trolox/100 g FW 

 

Considering the correlation coefficients, polyphenols and flavonoids are in a very week 

correlation with all measured antioxidant tests in our study (Table 2). These results are in 

agreement with the report of Škrovánková et al [19].  

 

Conclusion 

The amount of measured polyphenols and flavonoids decreased in infected fruits of both 

tested genotypes. Taking into account the values of antioxidant tests, non-infected fruits of 

Anita cultivar show higher antioxidant activity than infected fruits. Even though antioxidant 

activity is higher in infected fruits than in non-infected fruits of breeding line 82/16, there is 

no correlation with phenols and flavonoids. The values of correlation coefficient between 

antioxidant tests and concentration of total polyphenols and flavonoids for both genotypes 
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might indicate that some other compounds have the principal role in antioxidant activity of 

tested pepper fruits.  
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Abstract 

This project started from the premise that in nature, there are substances capable of 

preventing the occurrence of cancer, or, at least keeping it in its early stages, by using plant 

germs. 

Germs were obtained from Biovita germs machine, like: watercress, unshelled and 

genetically modified soybeans, hyssop, sage, fennel, amaranth, broccoli, radish, alfalfa, 

cumin, caraway, rye, wheat, buckwheat, and the next step was to extract the substances from 

these germs, and analyzed by LS/MS, for the identification of polyphenolic compounds, 

which are antioxidants, which play a very important role in the prevention of cancer, mainly 

alpha-linolenic acid, the main source of omega 3 fatty acids, essential for the human body. 

The process was carried out in several stages, namely: the germination period was 4-5 

days, followed by maceration in hydroalcoholic solution with 99% ethyl alcohol, then the 

decoction and percolation in the system provided with separating funnel, filter and 

Erlenmayer glass.  

The antioxidant activity was determined using spectrophotometry (Tecan Sunrise™ – 

A Reliable Absorbance Reader), using as a calibration sample, ascorbic acid, the absorbance 

of which was already known from the literature data, namely 600 nm. The presence of 

riboflavin, at an absorbance of 440 nm, allantoin, 517 nm, quercetin, at an absorbance of 385 

nm, choline, at 570 nm, and thiamine at an absorbance of 520 nm, was identified.  The 

calibration curve was obtained based on the values of the concentrations used and the 

absorbance obtained. The scavering was determined, on the basis of which the antioxidant 

activity was identified.  
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Abstract 

Gangliosides (GGs) are present and concentrated on cell surfaces, with the two lipid chains of 

the ceramide moiety embedded in the plasma membrane and the oligosaccharide chain 

located on the extracellular surface, where they constitute points of recognition for 

extracellular molecules or surfaces of neighbouring cells. Gangliosides are found 

predominantly in the nervous system, were involved in a series of biological and pathological 

processes. 

The introduction of electrospray (ESI) ion sources into biological mass spectrometry (MS) 

addressed the fundamental issue of how to analyze minute amounts of complex biological 

samples. A strategy to characterize and monitor the changes with age of the GG profile in 

different developmental stages of human cerebellum, by ESI Orbitrap MS and tandem MS 

(MS
2
) is presented here. Two native ganglioside mixtures originating from normal human 

fetal cerebellum in the 15th (Cc15) and 40th (Cc40) gestational week were subjected to 

Orbitrap MS and multistage MS (MS
n
) by collision induced dissociation (CID) analysis under 

thoroughly optimized experimental conditions. Both native GGs were dissolved in pure 

methanol up to final concentration of 10 pmol/μL. After only 2 min of signal acquisition in 

the negative ion mode, over 100 species have been detected and identified, among them 

several potential biomarkers. Although a similar number of species were identified in both 

mixtures, the GG profile was found to be essentially different. Obtained results also indicated 

differences in the expression of polysialylated species in the two ganglioside mixtures, which 

support an earlier hypothesis regarding the direct correlation between sialylation degree and 

brain developmental stage. 

The method provided elevated ionization efficiency, high speed of analysis, almost 100% in-

run and run-to-run reproducibility at a sample consumption per experiment situated in the 

femtomole range. 
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Abstract 

At five locations of apple orchards grown on eutric cambisol at a different distance from the E 

75 highway, the presence of heavy metals in soil and plant material was examined. In the soil 

samples it were determined pH in 1M KCl, CaCO3, total C, SOM, content of clay and content 

of total and available forms of Cu, Ni, Pb and Zn. Content of Cu, Ni, Pb and Zn was analyzed 

in the plant material. In the tested soil samples, the content of the total forms of the tested 

elements is within the limits of maximum allowable concentrations, while in the tested plant 

material, only the content of lead in one of the five tested apple samples is within the 

permitted limits. In apple samples from locations 30 m away from the highway, the lead 

content is well above the limit values, which requires further research to determine whether 

the increased concentration of this element is due to aerosol pollution or protective equipment 

applied. 

 

Key words: Highway, soil, apple, heavy metals 

 

Introduction 

Metals are the main inorganic pollutants related to traffic. Common source of soil and plant 

contamination with heavy metals is traffic [8]. Metals are also found in road dust, emitted by 

vehicles, particles from the deterioration of the track pavement, industrial activities, and 

naturally from the soil minerals [7, 20]. Fast development of industry, continuously increasing 

population, and intensification of road traffic are regarded as the foremost causes of 

ecosystem pollution in urban areas [9]. Cr and Ni are more associated with the corrosion of 

vehicles and their chrome parts [3].  Numerous studies on roadside soil pollution have 

focused on total emission loads of heavy metals into open grassland and agricultural areas 

[18]. Generally, total heavy metal contents in roadside soils were found strongly dependent on 

traffic density and showed an exponential decrease with distance from the road, reaching 

background levels 10-100 meters. The most frequently reported heavy metals of concern have 

been Pb, Zn and Cu. Among the contaminants that are transferred to plant tissue are Cd, Cr, 

Cu, Ni, Pb, Zn and their uptake depends on their concentration in the soil solution, which in 

turn is affected by the level and form of metal present and soil pH. In general, the solubility 

and uptake of metals are less at higher soil pH [12]. The mobility of the trace elements and 

their translocation in the plant are influenced by the content of the clay fraction, organic 

matter and pH value of soil [4]. Plants are the intermediaries through which elements from the 

soil and partly from the air and water are transferred to the human body by consumption. 

Some of the elements are necessary for growth and development of crops and without them 

they cannot survive, some of them have stimulating effect on plant growth, while a group of 

elements at high concentrations affects very toxically on the plants [18]. Concentrations of 

metals in plants vary with plant species [1]. Plant uptake of heavy metals from soil occurs 

either passively with the mass flow of water into the roots, or through active transport crosses 

the plasma membrane of root epidermal cells [13]. Heavy metals are naturally present in the 

environment, however, the dynamic development of industry and motorization, as well as the 
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continuing over-intensive use of various chemical compounds in agriculture, causes 

constantly increase of toxic heavy metals in the environment [2]. 

 

Material and Methods 

Sampling of soil samples to a depth of 30 cm and apples from the orchard was performed in 

orchard established on soil type Eutric Cambisol [19], at a distance of 30, 50 and 400 meters 

from the highway lane E 75 during August and September 2010, as part of research within the 

project "Investigation of the presence of dangerous and harmful substances in agricultural soil 

on the most important crop and vegetable crops in the E 75 highway zone", which covered the 

entire section of the above metioned highway. Table 1 presents the coordinates of the 

sampling locations and the distance from the highway lanes. 

 

Table 1.-List of locations of samples and type of soil  

Study site 
(m from route lanes) 

Coordinate 

X Y 

1 D(30) 7475052 4935866 

2 D(50) 7475069 4935835 

3 D(30) 7490188 4937435 

4 D(50) 7490165 4937420 

5 D(400) 7490042 4937222 

 

Soil analysis 

In the laboratory, composite soil samples were dried and passed through a 2-mm sieve. Soil 

pH in water and in 1M KCl was analyzed potentiometrically, using glass electrode (SRPS 

ISO 10390:2007); calcium carbonate by volumetric method SRPS ISO 10693: 2005-

Determination of carbonate content; total contents C was analyzed on elemental CNS 

analyzer Vario EL III [16]. SOM (soil organic matter) was calculated using the formula: SOM 

content (%) = organic C content (%) x factor 1.724 in carbonless soil samples, ie SOM 

content (%) = (organic C content (%) - 0.12 x% CaCO3) x factor 1.724 for carbonate soil 

samples [5]; granulometric composition was analyzed by standardized method by sieving and 

sedimentation (ISO 11277: 2009(E), 2009). Determination of trace elements in ICP-AES soil 

extracts was analyzed by standardized method ISO 22036: 2008; Available forms of Ni, Pb, 

Cu, Zn - DTPA buffer solution extraction and determination by ICP using method: SRPS ISO 

14870: 2005. Reference soil NCS ZC 73005 (Soil Certificate of Certified Reference Materials 

approved by China National Analysis Center Beijing China) and reagent blanks were used as 

the quality assurance and quality control (QA/QC) samples during the analysis. 

 

Plant analysis 

Analyzed aerial parts of the study plant species were dried for 2 hours at 105
o
C, using 

gravimetric method for determination of dry matter content of plant tissue. The dry matter 

determination is used to correct the sample element concentration to an absolute dry matter 

basis [15]. The content of heavy metals in selected plants was determined with an inductively 

coupled plasma optical emission spectrometer ICAP 630 (ICP-OES), after the samples were 

digested with concentrated HNO3/H2O2 for total form extraction. 

  

Results and discussion 

Soil suitable for the production of health safe food should not contain dangerous and harmful 

substances, so it is very important to know their content and distribution. High concentrations 

of heavy metals in soil pose a significant risk to the agro-ecosystem because of their 

persistancy and, when incorporated in to the soil, remain present for many years, building 
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strong links with soil components. The origin and content of heavy metals is primarily of 

geochemical origin, but also due to atmospheric deposition as is the case on soil adjacent to 

roads. Likewise, one of the causes of the increased content of heavy metals may be of 

anthropogenic character by the application of fertilizers and pesticides containing increased 

concentrations of heavy metals that accumulate in it. The land on which the apple plantations 

are based belongs to the type Eutric Cambisol [19]. The obtained values of the content of the 

studied Physical and chemical properties of tested soil samples and microelements and heavy 

metals are shown in Table 2 and 3. 

 

                         Table 2. Physical and chemical properties of tested soil samples  

Study 

site 

Clay fraction 

(<0.002 mm) % 

pH 

1M KCl 

C 

(%) 

CaCO3 SOM 

(%) (%) 

1 12.1 6.10 3.11 0.41 5.27 

2 11.3 4.40 1.90 BLMD 3.27 

3 7.8 6.30 2.03 BLMD 3.50 

4 8.2 6.20 1.99 BLMD 3.43 

5 7.5 3.60 2.35 BLMD 4.05 

         SOM-soil organic matter; BLMD-below the limit of the method detection 

 

              Table 3. The content of total and available forms trace elements in soil samples 

Study 

site 

Cu Ni Pb Zn Cu Ni Pb Zn 

Soil total forms Soil available forms 

(mg kg
-1

) 

1 19.62 34.19 34.84 80.31 2.50 1.10 2.12 4.65 

2 28.82 34.68 32.60 71.91 7.80 2.39 3.09 7.12 

3 23.85 48.20 50.60 73.76 4.20 2.32 1.86 4.38 

4 23.68 49.74 29.83 66.66 4.10 2.64 1.55 4.64 

5 38.05 41.12 32.58 80.21 11.40 3.00 3.50 6.12 

 

The interpretation of data on the trace elements content in soil samples was done according to 

the Rule book of maximum permissible levels (MPL) of dangerous and hazardous materials 

in soil and water for irrigation and methods for analysis [17], where MPL for Cu is 100 mg 

kg
-1

, MLP for Zn is 300 mg kg
-1

, MPL for Ni is 50 mg kg
-1

 and MLP for Pb is 100 mg kg
-1

.  

The interpretation of the results of the heavy metal content in the tested apple fruit was based 

on additional literature sources were used for data analysis: recommendations of the World 

Health Organisation on maximum allowable concentrations of heavy metals in fruits and 

vegetables [6] and scientific literature [14.*10**,11**], Table 4. 

 

Table 4. Average and toxic concentration of heavy metals in plants 

 

 

Element 

Limit values 

WHO 

Normal 

content in 

plants 

Kloke et al. * 

Critical 

contents for 

plant food 

Kloke et al. * 

Critical 

concentration 

Kastori et al.** 

Toxical 

concentration 

Kastori et al.** 

(mg
.
kg

-1
) 

Cu  3-15 15-20 15 20 

Ni  0.1-5 20-30 20 30 

Pb 0.3  0.1-0.2 0.1 0.2 

Zn  15-150 150-200 150 200 
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Table 5. shows the percentages of examined Cu, Ni, Pb and Zn in the fresh matter of the apple 

fruit by test locations. 

 

Table 5. The content of the tested elements in the apple fruit calculated on fresh matter 

Location 1 2 3 4 5 

Element (mg
.
kg

-1
) fresh matter 

Cu 1,38 0,99 1,31 0,98 1,04 

Ni 0,7 0,77 0,29 0,26 1,78 

Pb 1,64 0,28 1,49 0,19 0,26 

Zn 8,98 14,55 12,63 8,38 9,01 

The obtained results indicate that the content of the tested elements above the MPC was not 

detected in the tested soil samples. In the samples of apple fruits only in sample 4, the content 

of Pb is within the allowed limits, therefore, further investigations would require a more 

detailed examination of the possible impact of aerial contamination and contamination of the 

fruits due to the use of plant protection products. In samples 1 and 3, the lead content is well 

above the limit value, and since it was sampled at a distance of 30 m from the highway, it is 

assumed that the the main cause of contamination is motor vehicle exhausts since the use of 

lead-containing petroleum products ceased in 2011. 
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Organic compounds containing N, S and O heteroatoms, and / or aromatic or other π-

electronic systems, exhibit excellent potential for corrosive protection. The porphyrin 

molecule, by its extended aromatic structure promises to be a potential corrosion inhibitor due 

to its strong binding ability to metal surfaces.The metal present in the metalloporphyrins inner 

core presents as good adsorption properties as porphyrin-base molecules. [1].  The current 

investigation presents the comparative results of two different substituted Pt-porphyrin 

compounds (Figure 1), namely: Pt(II)-5,10,15,20-tetra(4-methoxy-phenyl)-porphyrin (Pt-

TMeOPP) bearing inductive donor methoxy groups and Pt(II) -5,10,15,20-tetra-

allyloxyphenylporphyrin (Pt-TAPP), that is grafted with electron withdrawing allyloxy groups 

regarding corrosion inhibitor properties for carbon steel in 3% NaCl solutions.  

    
a)                                 b)                                             c) 

Figure 1. a) Porphyrin (Pt-TMeOPP), b) (Pt-TAPP) structures and c) potentiodynamic 

polarization curves for carbon steel after 60 min. immersion in 3 % NaCl solutions without 

(1) and with porphyrins:  Pt-TMeOPP (2) and Pt-TAPP (3), scan rate = 1 mV/s. 

 

The Pt-TMeOPP molecule satisfies the criteria of an effective inhibitor and can form a 

protective layer on metal surface (cover properly the active centers of the metal surface) 

avoiding the aggressive species to reach to the metal surface. The Pt-TMeOPP shows good 

anticorrosive protection to iron in saline solution. The polarization resistance increase from 

53.9 Ohm (iron in saline media) to 1271 Ohm in the presence of this metal porphyrin. The 

corrosion rate is 0.10 mm/year less than 0.26 mm/year for iron in saline solution and 0.48 

mm/year for Pt-TAPP. Thus, Pt-TAPP has not provided a suitable anticorrosive protection 

due to peripheral functional group, steric hindrance and electron density at donor reaction 

sites that affect the binding stability to metal surface. This Pt-porphyrin appears to form a 

thin, porous and incomplete layer on iron surface resulting in inefficient protection.  
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Abstract 
The concentred solutions of cellulose acetate (CA) in tetrahydrofuran (THF) with different 

content of tetraethyl ortosilicate (TEOS) (1.0-2.0 (wt.%/wt.%)) were analyzed in terms of the 

intermolecular interactions by dynamic viscometric measurments and Fourier-transform 

infrared spectroscopy (FTIR) analysis. For all studied systems the flow behavior is guverned 

by hydrogen and covalent bonds that have an impact on the dynamic viscosities and flow 

activation energy (Ea), implicitly. Thus, was observed that the flow activation energies 

increase with the increasing of TEOS content in CA solutions. This means that, besides to 

polymer/solvent interactions, which established between the cellulose acetate and 

tetrahydrofuran, new hydrogen and covalent bondings generated by silanol groups of TEOS 

and -OH groups of CA occurs, leading to an increase in Ea (Fig. 1).  

 

 

 

 

 

versus 1000/T for 

CA/TEOS blends at different mixing 

ratios: (■) CA, (▲) CA/1wt.% TEOS, 

(▼) CA/1.5wt.% TEOS, (●) CA/2wt.% 

TEOS. 

A higher value of Ea corresponds to a low polymer flexibility which slows the flow process 

and determines the appearance of gel behavior. In addition, SiO2 resulting from the hydrolysis 

and condensation of TEOS, which take place during the process of the solutions obtaining, 

may generates crosslinking points in the polymeric systems, increasing its rigidity and leading 

to high values of Ea. These results are also reflected in FTIR spectra of the films 

corresponding to the solutions rheological analyzed, where the shape and intensity of the 

peaks confirm the occurrence of some additional interactions with increasing of TEOS 

content in CA casting solution. It was demosntrated thus, that, for a TEOS content less than 

1.00 wt.%/wt.% and greater than 1.5 wt.%/wt.%, the intermolecular interactions prevent the 

formation of films/membranes. 

Consequently, the results of this study are essential in different fields of applicability, 

considering the intermolecular interactions impact in the process of the supramolecular  

structures obtaining. 
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Abstract 

In this study was carried out the preparation of some large-pore ordered mesoporous 

silicas using a proper surfactant with different swelling agents. In order to use a micelle 

swelling agent with a moderate swelling ability we selected three swelling agents: 1-phenyl-

decane, butyl benzene and mesitylene. The aim of these synthesis was to  achieve a pore 

diameter enlargement but in the same time to avoid the formation of heterogeneous and/or 

poorly defined nanostructure of silica. 

These composites were characterized by FT-IR spectroscopy, X-ray diffraction at low 

angles, nitrogen physisorption at 77 K, SEM-EDS.  In the view of a possible use of these 

amino-functionalized mesoporous silicas as adsorbents for CO2 removal, their adsorption–

desorption properties towards CO2 were investigated by the TPD method. 

CO2 adsorption isotherms of amino-functionalized mesoporous silicas measured at 50, 

60 and 70 °C showed that the adsorption capacity (mg CO2/g adsorbent) depend on the 

temperature of adsorption and on the type of swelling agents and amination reagents used. 

 

Introduction 

Solid sorbents adsorption is considered as a potential option for the CO2 capture process. 

In the literature adsorption of CO2 was investigated over a wide range of conditions on a 

series of mesoporous silica adsorbents comprised of conventional silica, MCM-41 and SBA-

15 molecular sieves [1-3].  

L. Bakhtiari et al. was shown that the use of swelling agent was an effective technique to 

control the pore characteristics in the mesoporous particles. The results showed that the use of 

an optimum amount of 1-dodecanethiol (swelling agent) can increase the pore diameter size 

and the distance between the pore centers [4]. 

So, the synthesis of mesoporous materials with amine functionalized groups with high 

adsorption capacity and selectivity for CO2 capture process is an important task for the future.  

Three different modified mesoporous silica compounds were synthesized by the 

hydrolysis of tetraethyl orthosilicate using as surfactant a P123 block copolymer and 3 

different compounds as swelling agents:  1-phenyl-decane, butyl benzene and mesitylene. The 

prepared compounds were denoted as: SSBA-15-Dec, SSBA-15-BB and SSBA-15-Mes. 

These composites were characterized by FT-IR spectroscopy, X-ray diffraction at low 

angles, nitrogen physisorption at 77 K, SEM-EDS and evaluated by the adsorption of CO2 and 

its temperature programmed desorption – TPD. 
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Experimental 

Three different modified mesoporous silica compounds were synthesized by the 

hydrolysis of tetraethyl orthosilicate using as surfactant a P123 block copolymer and 3 

different compounds as swelling agents:  1-phenyl-decane, butyl benzene and mesitylene. The 

prepared compounds were denoted as: SSBA-15-Dec, SSBA-15-BB and SSBA-15-Mes. 

For the synthesis of SSBA-15-Dec:  4.6 g of Pluronic P123 was dissolved in 145 ml of 

HCl solution and stirred at 40 °C until the solution became clear. Then, 9.0 g of 1-phenyl-

decane was added to the solution with stirring at 40 °C for 1 h. Finally, 0.05 g of NH4F was 

added under stirring, followed by 9.0 g of TEOS. The above mixture was stirred at 40 °C for 

24 h and then transferred to an autoclave for further reaction at 100 °C for 48 h. The 

preparation method was almost the same for SSBA-15-BB and SSBA-15-Mes with the 

difference of swelling agent which was butyl benzene and mesitylene, respectively. After 

filtration and drying, the absorbents were obtained as white solids.  

Textural characteristics of the outgassed samples were obtained from nitrogen 

physisorption at 77K using a Quantachrome instrument, Nova 2000 series instrument. The 

specific surface area SBET, mean cylindrical pore diameters dp and adsorption pore volume 

VpN2 were determined. Powder X-ray diffraction data were obtained with a XD 8 Advanced 

Bruker diffractometer using the Cu Kα radiation in the range 2θ = 0.5÷5° and 2θ = 5÷60°. 

The FTIR absorption spectra were obtained with: Jasco 430 spectrometer in the 4000 - 400 

cm
-1

 range, using KBr pellets. Microstructural characterization by SEM-EDS of the 

composites particles was carried out with a Jeol JSM 6460 LV instrument equipped with an 

EDS analyzer. 

Adsorption measurements of CO2 were carried out using a thermogravimetric analyzer 

TGA/SDTA 851-LF 1100 Mettler apparatus. High-purity CO2 and 50% CO2 in N2 at 1 atm 

was used for the adsorption runs. Each sample was pretreated in flowing N2 at 150 °C for 30 

min, then cooled to the desired adsorption temperature and exposed to CO2 for 120 min. 

Temperature programmed desorption (TPD) was performed by heating the sample from 

adsorption temperature to 180 °C with 10 °C/min and held at 180 °C for 30 min in N2 flow 50 

ml/min to regenerate the sorbent. The CO2 adsorption capacity of the adsorbent in milimole of 

CO2 per gram of adsorbent was calculated from the mass gain of the sample in the adsorption 

process.  

 

Results and discussion 

From N2 adsorption-desorption isotherms (not shown) of parent samples (SSBA-15-

Dec, SSBA-15-BB and SSBA-15-Mes) and grafted ones it could be concluded that all 

samples have a typical IV type of adsorption isotherms and a H1 type hysteresis loop, 

meaning that all materials have an orderly mesoporous pore structure. 

 

Table 1 Textural properties of molecular sieves SBA-15 and modified mesoporous silica SSBA-15 

 

No.  

 

Sample 

 

Specific  surface 

area (m
2
/g) 

 

Pore volume 

BJHDes (cc/g) 

Average pore 

diameter 

BJHDes (nm) 

1 SBA-15 725 1.19 6.2 

2 SSBA-15-Dec 766.5 1.29 6.62 

3 SSBA-15-BB 579.8 1.30 9.81 

4 SSBA-15-Mes 655.1 1.44 9.73 

The effect of swelling agent could be observed for all textural properties (Table 1). For all 3 

composites the specific surface area has close values and comparative with parent SBA-15 

values, but the pore volume of prepared composites is larger than for parent SBA-15. The 
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average pore diameter for SSBA-15-BB and SSBA-15-Mes was around 10 nm, which was 

larger than the pore size of conventional rope-like SBA-15 (6.2 nm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 XRD spectra of SSBA-15 with 3 different swelling agents: 1-phenyl-decane (a), butyl 

benzene (b) and mesitylene (c). 

 

Figure 1 shows XRD patterns at low angles of the SSBA-15 samples prepared with 3 

different swelling agents. As seen in this figure, SSBA-15-Dec sample show three well-

resolved typical diffraction peaks, which are associated with a bi-dimensional p6mm 

hexagonal symmetry of the pores of classical SBA-15: one intense reflection centered at  

0.87° and two lower intensity peaks at about 1.45° and 1.68°, which can be indexed as the 

(100), (110) and (200) hkl reflections, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Infrared spectra of SSBA-15 with 3 different swelling agents: 1-phenyl-decane (a), 

butyl benzene (b) and mesitylene (c). 

SSBA-15-BB (0.64, 0.82) and SSBA-15-Mes (0.76, 1.24) have only 2 well resolved 

peaks which are shifted to lower angles by comparing with SSBA-15-Dec sample. The main 
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diffraction peak corresponding to  (100) reflection is shifted to 0.64° for SSBA-15-BB , while 

for  SSBA-15-Mes this peak is shifted to 0.76°. 

All modified mesoporous silica prepared with 3 different swelling agents SSBA-15-

Dec, SSBA-15-BB and SSBA-15-Mes showed that the characteristic IR bands of silica are 

evidenced by the three strong absorption bands at 1086, 810 and 460 cm-1 (Fig. 2). The IR 

bands at 1086 cm
-1

 belong to the anti-symmetric vibrations νas (Si–O–Si) and at 810 cm
-1

 to 

the symmetrical νs (Si–O–Si) bond. The IR bands 460 and 962 cm
-1

 have been assigned to the 

bending vibration of the bond δ (Si–O–Si) and the vibration of the silanol’s group (Si–OH), 

respectively. 

SEM images (Fig. 3 a-c) showed the changes of surface morphology on these obtained 

SSBA-15 particles in function of different swelling agents. Structural morphology of SSBA-

15 modified with 1-phenyl-decane as swelling agent showed particles with long range well-

ordered which have close aspect with conventional rope-like SBA-15. In fact, from textural 

analysis was evidenced that textural parameters of SSBA-15-Dec have values close to 

conventional SBA-15.  

In contrast, the surface morphology of SSBA-15-BB and SSBA-15-Mes is different 

from SSBA-15-Dec and were consisted of cuboid-like particles. Also, from the values of 

textural parameters of modified SSBA-15 could be seen that SSBA-15-BB and SSBA-15-Mes 

have lower values of surface area but larger pore size than conventional SBA-15 and SSBA-

15-Dec. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3  SSBA-15 prepared with 3 different swelling agents: 1-phenyl-decane (a), butyl 

benzene (b) and mesitylene (c). 
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The adsorption of CO2 and its TPD using thermogravimetry were studied for amino-

functionalized molecular sieves. As we mention in experimental part each sample was pre-

treated in flowing N2 at 150 °C, then cooled to the desired adsorption temperature (50, 60 and 

70 °C), and exposed to 50% CO2/N2 (70 ml/min) for 120 min. The desorption step was run in 

the range started from adsorption temperature until 180 °C with an increasing temperature 

rate of 10°C/min and with a isotherm at 180 °C for 30 minutes.  

 

Table 3. The amounts of the captured CO2 on molecular sieves at different temperatures. 

No. Sample 𝒏𝑪𝑶𝟐
/g SiO2 [mmol/g] 

50°C 60°C 70°C 

1. SSBA-15-Dec-sil 2.24 1.94 1.54 

2. SSBA-15-BB-sil 2.82 2.89 2.28 

3. SSBA-15-Mes-sil 3.58 3.12 2.45 

 

The CO2 adsorption capacity of the adsorbent in mmole of CO2 per gram of adsorbent 

could be seen from the mass gain of the sample in the adsorption process and was calculated 

more accurate from the mass loss during the desorption step. In Table 3 is shown the amounts 

of the captured CO2 on all SSBA15 adsorbents. The best results were obtained with SSBA-15 

- Mes-sil sample for the adsorption capacity of CO2 at 50°C (3.6 mmole CO2/g SiO2) and at 

60°C  (3.1 mmole CO2/ g SiO2).  

 

Conclusion 

Three different modified mesoporous silica compounds were synthesized by the 

hydrolysis of tetraethyl orthosilicate using as surfactant a P123 block copolymer and 3 

different compounds as swelling agents (1-phenyl-decane, butyl benzene and mesitylene) in 

order to  achieve a pore diameter enlargement of silica. 

From the values of textural parameters of modified SSBA-15 could be seen that 

SSBA-15-BB and SSBA-15-Mes have lower values of surface area but larger pore size than 

conventional SBA-15 and SSBA-15-Dec. 

From the amounts of the captured CO2 on all SSBA15 adsorbents by TPD, the best 

results were obtained with SSBA-15 - Mes-sil sample at 50° and at 60°C .  
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Abstract 

Large quantities of ash generated by combustion of biomass require a sustainable 

management strategy [1]. The chemical composition of ash includes heavy metals that 

classified this kind of material as toxic waste. Accumulation of heavy metals as persistent and 

toxic substances in sediment can cause potential ecological risks [2]. The characteristics of 

sediment and examination of level of metal content can determine whether its remediation is 

necessary. The highest applicable technique of sediment remediation is 

solidification/stabilization (S/S). The application of this technique results in immobilization of 

pollutants into less soluble forms less available to the living world [3]. The ash produced by 

combustion of sunflower stem, after carbonization, was applied as a potential immobilization 

agent for the solidification/stabilization treatment of the sediment of the Greater Backa Canal. 

Carbonization causes decrease in leaching of metals by forming new adsorption zones and 

lowers porosity of a solidifier [4]. The results of the analyses showed that CO2 combined with 

(OH)2 forms CaCO3, while in the combination with heavy metal oxides it forms their 

carbonates [5]. This paper presents the preliminary results of single step leaching test DIN 

3841-4 S
4
 [6], and TCLP [7], which were used for testing newly formed mixture of sediment 

and non-carbonized/carbonized ash. The value of Zn and As concentrations in the eluates of 

the tested samples was monitored for successful evaluation of the treatment efficiency and 

risk assessment of newly emerging waste for human health and the environment. 
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Abstract 

The bitumen blowing process is used mainly for the production of industrial bitumen grades 

with a high softening point and low penetration [1]. A number of factors affect the properties 

of the final product produced by air blowing: source and type of blowing flux, air feed rate, 

blowing time, and the blowing temperature [2]. 

 

Air blowing of feed stock was carried out in a static mixing gas-liquid reactor at 280 °C. 

Softening point of feed material was 28.5 °C, and penetration at 25°C was 278 mm
-1

. 

The relationship between softening point and penetration is the most important consideration 

in an asphalt air blowing process. Graphical representation of these relationship is called 

“blowing curve” 

 

 
Blowing curves as function of volumetric air-feed stock ratio (R) in the air blowing process 

 

The softening point dependence of the penetration is given by the equation: 

𝑃𝑒𝑛 = (278 − 𝑎) ∙ 𝑒−𝑏∙(𝑆𝑃−28.5)+a    

 

It was obtained four main sorts of paving asphalt (romanian standard): DN 40/60, DN 50/70, 

DN 70/100 and DN 100/150 
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Abstract 

Lead dioxide (PbO2) is one of the very interesting materials that have a lot of applications. In 

this work, nano-sized PbO2 was synthesized by the chemical method. The composition, 

morphology and crystal structure of the nanopowder were characterized using Fourier 

Transform Infrared Spectrometry (FT-IR) and field emission scanning electron microscopy 

with energy dispersive X-ray spectrometer (FESEM-EDX). The obtained data indicate that a 

nanopowder PbO2 with an average crystalline size of about 20 to 40 nm was formed. The 

synthesized nanomaterial PbO2 could have a wide range of applications in wastewater 

treatment, e.g. to remove organic pollutants such as phenols. 

 

Introduction 

Nano-sized materials are of great scientific and technological importance in various fields of 

chemistry and environment protection [1]. A number of scientists investigations including 

physical, chemical and biological methods have been developed for nanoparticle preparation. 

It is well known that properties of nanoparticles depend on morphology, the size of the 

particles, the composition of the phases i.e. of the synthesis process.  

The lead dioxide (PbO2) is often cited as a promising material for chemistry and 

environmental protection applications, including its use for the oxidation of organic 

compounds in wastewater [2, 3], as a stationary phase for solid-phase microextraction [4]. 

Recently, it was reported that different morphologies of the PbO2 nanoparticles (nano-rods, 

hollow spheres, trigonalnano-plates, nano-wires, macroporous, and hexagonal flower array) 

were synthesized by ultrasonic irradiation [5], hydrothermal method and electrochemical 

methods [6, 7]. 

The aim of the presented study is the synthesis and characterization of lead dioxide nano-

powders. In the presented work, lead dioxide nano-powders were prepared using chemical 

method of preparation. Herein, the morphology and structure of PbO2 were investigated using 

FT-IR and FESEM-EDX. The novel synthesized nanomaterial could be used in different 

applications for environmental protection. 

 

Experimental 

All chemical reagents were of analytical grade or better. Potassium persulfate (K2S2O8), lead 

(II) acetate (Pb(CH3COO)2) and NaOH were all obtained from Sigma-Aldrich and used as 

received. 

Functional groups were analyzed by Thermo scientific (Nicolet iS5, iD7) FT-IR spectrometer. 

The FT-IR spectra were recorded in the range from 400 cm
-1

 to 4000 cm
-1

. 

The morphology of the PbO2 was determined by FE-SEM (FEI Scios 2). The micrographs 

were recorded with 25000 x magnification. 
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The synthesis of nanosized PbO2 using PbO nanomaterial synthesis of nanosized lead oxides 

was conducted according to the procedure proposed by M. Alagar et al. [7], and W. Li et al. 

[9]. PbO nanomaterial, used as precursor for the synthesis of nanosized PbO2, was prepared 

by mixing lead (II) acetate solution with NaOH solution and resulting mixture was heated up 

to 90 °C. The obtained precipitate was filtered and dried at 90 °C. Then, this material was 

mixed with deionized water and treated with potassium persulfate in hydrothermal reactor at 

120 °C for 2 h. The obtained material was washed several times with deionized water and 

dried at 70 °C. 

Obtained PbO2 material was characterazed by FT-IR and FESEM-EDX methods. 

 

Results and discussion 

FT-IR studies: 

The FT-IR spectra of PbO2 nanoparticles (Figure 1.) showed a broad band at 445.58 cm
-1

 due 

to PbO2 vibration mode. A peak at 511.34 cm
-1

 indicates the presence of oxides. This shows 

that the synthesised nanopowder consists of lead and oxide. 

 

 

 

 

Figure 1.  FT-IR spectrum of PbO2 nanoparticles 

 

SEM studies: 

SEM morphological and nanostructural studies of the PbO2 nanoparticles are shown in Figure 

2. The size of nanoparticles is from 20 nm to 40 nm.  
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Figure 2. SEM picture showing PbO2 nanoparticles 

 

Conclusion 

In summary, PbO2 nanoparticles were synthesized by chemical method. The nanopowder 

contains a crystallites from 20 to 40 nm. The synthesized nanopowder could be appropriate 

for electrochemical degradation of organic pollutants and can be used as electrode material. 

The future investigation should be focused on the detailed physical characterization of 

synthesized material, as well as the application of nano-sized PbO2 in wastewater treatment of 

organic pollutants. 
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Abstract 

The use of zinc reactor system with multiple electrodes was studied. Physico-chemical 

analyses of water and X-ray powder diffraction (XDR) of scale were performed without 

treatment and after the water passed through the reactor. The results showed that chemical 

parameters were remained the same after the treatment. Very small concentration of Zn 
2+

 was 

detected in water after the treatment. The XRD analyses showed that in drinking water the 

share of calcite was higher, while only aragonite was formed after the treatment. 

 

Introduction 

Carbonate CaCO3 precipitation in drinking water is a crystal mixture of calcite and aragonite 

at certain ratio between them. The share of calcite is affected by temperature, pH, ion 

concentration and suspended solids  

In our previous study it was proved that Zn substantially inhibited the nucleation rate of 

CaCO3 [1]. Crystallization of aragonite CaCO3 was studied [2]. It was discovered that the 

morfology of carbonate precipitate differs a lot upon the crystal structure. Recently, a lot of 

efforts have been done to generate green inhibitors, either from plant extraction or by using 

natural organic molecules. [3] However, it is complicated if chemicals are added directly into 

the water and could affect the chemical water quality. 

The main objective of the present research, was to study the effect of reactor with multiple Zn 

electrode on scaling and CaCO3 crystal morphology was studied. The calcite/aragonite ratio 

was studied by means of a chemical analysis and X-ray powder diffraction. A mechanism has 

been proposed that the surface reaction of Zn-ions with CaCO3 might be rate determining step 

in the crystallization process. 

 

Experimental 

Untreated water samples were taken from waterworks (Maribor, Slovenia). Water flowed 

through the Zn-reactor (Figure 1) directly from the water pipe. The sample was taken at the 

outflow from the reactor. Samples of untreated and treated waters were saved for chemical 

and XRD analyses. 

The device in Figure 1 operates due to certain potential difference which is governing the 

process of scale prevention. Inside the reactor there are multiple zinc electrodes as seen from 

Figure 1. Due to potential difference the device inhibits the scale formation. For the proper 

working the ratio between zinc versus copper electrode area (Szn/Scu) is very important. 
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Figure 1. Zinc reactor 

 

The chemical analysis of water was made in three replicates. The standard methods are 

gathered in Table 1. 

 

Table 1. The methods used for water analyses 

Parameter Standard method Apparatus 

T (°C) ISO 10523 Thermometer 

pH ISO 10523 pH-meter, MA 5740 

TH (°d) 38409-H6 (1986) Titration 

Ca
2+

, Mg
2+

 (mg/L) 38406-E3 (1982) Titration 

Zn
2+

, Cu
2+

  (g/L) ISO DIN 11885 (1993) ICP-MS/Perkin Elmer Elan 6000 

 

X-ray powder diffraction data were collected with an AXS-Bruker/Siemens/D5005 

diffractometer, using Cu-Kα radiation at 293 K. The samples were scaned with positin 

sensitive detector and measured in range 10°<2Θ<80, with the step of 0,01 and scanning 

speed of 2 s per step. Determination of phases in the sampe was done with Search/Match 

program. 

 

Results and discussion 

Water was taken after passing through the Zinc reactor. Results of chemical analyses are 

shown in Table 2.  

All experiments were performed at room temperature. 
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Table 2. The methods used for water analyses 

Analysis Drinking water  Treated water  

T(°C ) 20 20 

Ca
2+ 

(mg/L) 65,7 65,7 

Mg
2+

(mg/L) 21,3 21,3 

Zn
2+

(mg/L) < 0,01  < 0,01  

Cu
2+

(mg/L) <0,01 <0,01 

TH (°d) 14,1 14,1 

 

It is clearly seen that chemical water quality remained the same after the treatment. Also none 

of the Zn concentration difference was noted. Copper concentration was also measured due to 

the content of the reactor. The concentration in drinking water was below 10 µg/L. 

 

XRD analysis of scale formed in untreated water and in treated water was performed. The 

diffractogram of the precipitate from untreated water showed some calcite crystals peaks 

(denoted C in Figure 1a). Zinc reactor device induced changes to the crystal morphology and 

promoted crystallization in the aragonite rather than calcite. Only aragonitae in powdered 

form was formed after the treatment (Figure 1b). 

 

 
 

 
Figure 2. XRD analysis of  CaCO3 (a pattern denotes the untreated water, b treated water) 

a 

b 
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Since the product is novel, the operating time of reactor could be estimated at 10 years 

according to the results. Due to calcite formation inhibition the pipes are preserved and there 

is prolonged the lifetime of pipes. Further, no chemical cleaning is needed for scale removal 

inside the entire water pipeline system. Therefore, device minimizes operational costs. 

 

Conclusion 

The trace amounts of Zn substantially inhibit the nucleation rate of calcium calcite. The Zinc 

concentrations below 10 µg/L enable the formation of aragonite and disable the formation of 

calcite. Already after analyses of the scale it was found the powdered form of aragonite was 

formed.  
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Abstract 

Tembotrione [2-(2-chloro-4-methylsulfonyl-3-(2,2,2-trifluoroethoxy)methyl)benzoyl cyclohe-

xane-1,3-dione] is the most recently commercialized triketone herbicide worldwide in 2007 

with a purpose to control weeds in corn farming [1]. Because of their stability, many 

herbicides that are used in agriculture may be leached and thus contaminate surface and 

ground water [2]. Besides, their uptake by the plant root may cause herbicide accumulation in 

plants and through the food chain becomes a threat to the living beings. Research into the 

chemical treatment of wastewater and drinking water has focused on improving the efficiency 

of removal of harmful organic compounds, among which pesticides have an important role, 

using catalytic and photochemical methods [3]. Heterogeneous photocatalysis represents low-

cost, versatile, environmentally friendly, and one of the most promising green chemistry 

method for removal of different contaminants [4]. The activity of various photocatalysts 

(TiO2, ZnO, and MgO) in the case of tembotrione removal from ultrapure water was 

investigated in this paper using combined adsorption and photocatalytic degradation processes 

under simulated sunlight and UV irradiation. Effect of different concentration of ammonium 

persulfate has also been investigated in the presence of all mentioned photocatalysts. Kinetics 

of tembotrione removal were monitored using HPLC with UV/vis DAD detector.  
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Liquid crystals (LCs) represent truly fascinating materials in terms of their properties, 

their importance for the fundamental understanding of molecular self-assembly, and their 

tremendous success in commercial applications. [1] Liquid crystals, the fourth state of matter, 

are a class of compounds which exhibit liquid crystalline behavior, which appears under 

temperature or solvent. The molecular order of LCs is intermediate between that of an ordered 

solid crystal and a disordered liquid. LCs combines the physical properties of the crystalline 

and liquid states. [2] 

The compounds based on thieno groups and thiophene derivative with various classes 

of π-conjugated polycyclic molecules have been presented, better electronic characteristics 

and also more resistant to degradation. These compounds are versatility because of a variety 

of combinations of aromatic and heteroaromatic units that provide desired tuning for target 

structures. Many heteroacene derivatives based on thiophene units have recently been 

suggested as promising materials for electronic and optoelectronic devices. [3] 

Here we report the synthesis of some intermediates base on thieno [3, 2-b] thiophene 

core used in the synthesis of new liquid crystals. The characterization and purity of compunds 

were confirmed through elemental analysis, 1D
-
 NMR, UV-Vis. 
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Abstract 

The aim of this study was to evaluate the effect of different amounts of carrier agents 

(maltodextrin, inulin and pea protein) on the content of phenolics and carotenoids from 

butternut squash waste extract in encapsulates obtained by freeze-drying technique. Using 

Simplex-Centroid experimental design and response surface methodology (RSM), the highest 

content of both phenolics and carotenoids in the encapsulate was determined for a wall blend 

ratio 53.9 % pea protein, 46.1 % maltodextrin and 0% inulin. 

 

Introduction 

The fruits and vegetables processing industry produce very large amounts of waste materials, 

which are promising sources of bioactive compounds, such as phenolics and carotenoids. The 

applications of bioactive compounds from waste have recently attracted great interest in the 

food and pharmaceutical industries. However, the effectiveness of bioactive compounds 

depends on preserving their stability, bioactivity and bioavailability. Encapsulation, technique 

by which sensitive ingredients are packed within a coating or wall material, can effectively 

alleviate these deficiencies. Different encapsulation techniques and/or wall materials have 

been applied in order to achieve desired properties of encapsulates. 

 

Experimental 

Freeze-dried butternut squash waste was extracted with acetone:ethanol mixture (36:64 v/v) in 

solid to solvent ratio 1:10 w/v according to the procedure of Šeregelj et al. (1). The content of 

carotenoids in the butternut squash waste extract was analyzed by the method of Nagata and 

Yamashita (2). The amount of total phenolics in extract was determined according to the 

Folin-Ciocalteau method (3). Three carrier agents, including maltodextrin (M), inulin (I) and 

pea protein (P) were used as wall materials for freeze-drying encapsulation of phenolics and 

carotenoids from butternut squash waste extract. The composition of the wall materials 

mixture was optimized using response surface methodology (RSM) in order to obtain the 

optimum encapsulate (OE) with the highest content of both phenolics and carotenoids. The 

encapsulates were prepared according to the modified method developed by Indrawati et al. 

(4). Contents of total phenolics and carotenoids in the encapsulates were determined 

spectrophotometrically by following a modified Saénz et al. and Barbosa et al. methods, 

respectively (5, 6). The characterisation in terms of water activity, hygroscopicity, water 

solubility, bulk density, tapped density and color properties of the optimum encapsulate was 

also conducted (7). 

 

Results and discussion 

Total phenolic and carotenoid content in extract were 294.69 mg/100 g and 14.26 mg/100 g 

dried squash waste, respectively. The content of total phenolics from squash waste in the 

encapsulates ranged from 24.57 to 65.16 mg/100 g. The content of total carotenoids in the 

encapsulates were in range from 2.39 to 3.08 mg/100 g. Using RSM, the highest content of 
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both phenolics and carotenoids in the encapsulate was determined for a wall blend ratio 53.9 

% P, 46.1 % M and 0 % I. The total phenolic and carotenoid content in the OE (63.41 mg/100 

g and 3.08 mg/100 g, respectively), prepared using the calculated optimum wall materials 

mixture, did not differ significantly from the predicted values. OE was characterised in terms 

of water activity (0.014), hygroscopicity (12.30 g of moisture per 100 g dry solids), water 

solubility (60.00 %), bulk density (0.21 g/ml), tapped density (0.33 g/ml) and color properties 

(L*= 62.65, a*= 0.88 and b*= 34.47). 

 

Conclusion 

The experimental mixture design and response surface methodology was adequate, allowing 

for the selection of the best mixture of wall materials. The maltodextrin/pea protein 

interactions can give the improvement in preservation of both phenolics and carotenoids from 

butternut squash waste extract in encapsulate during freeze-drying encapsulation. 
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Extraction of biological active compounds from Romanian cabbage, broccoli and rapeseeds 

was performed by classical methods: maceration, extraction under pressure, and two eco-

friendly modern methods, extraction in ultrasonic field (59 kHz, 15-30min.) and extraction in 

microwaves field (2450 MHz, 15 min.). The extracts were characterized  by DPPH (0.85-1.1 

mmol/L Trolox) and FRAP (8.2-19.6 mmol/L Trolox) methods, total phenolics determination 

(660-3900 GAE/L). Toxicity was evaluated by determination of concentrations for some 

heavy metals (by AAS method) and determination of some pesticides (HPLC). 

In order to be compared, extracts were evaporated under vacuum (Laborota 4000, Heildorf) 

and finally, were putted in 10 mL marked flasks. 

 
Figure 1. Antioxidant activity of extracts from some Brassicaceae (blue- DPPH; red-FRAP) 

 

The best method for extraction of biological active compounds from cabbage, broccoli and 

rapeseeds, was microwave technique. Ethanol or ethanol 70% was the solvent choose because 

the extracts are destinated to alternative medicine, pharmacy and food industry.  
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Abstract 

The aim of this study was to obtain and to characterize some gluten-free flour mixtures with 

high nutritional value by partially replacing rye flour (RF) with flax flour (FF) and millet 

flour (MF) and to evaluate the nutritional profile of gluten-free bread obtained from these 

mixtures. RF was replaced by 10%, 20%, 30% and 40% FF and MF, respectively. The 

determinations made for studied flour, flour mixtures and gluten-free bread samples  were the 

following: moisture content, protein content, ash content, fat content, fiber content and total 

carbohydrate content. The gluten-free bread samples studied  were obtained by the direct 

method. According to the results regarding the physico-chemical composition of the flours 

and M1 ÷  M4 flours mixtures, it can be appreciated that all these mixtures are suitable to be 

incorporated in gluten-free bread according to the established substitution amount, because   

the obtained results highlight their  superior nutritional profile. The results obtained regarding 

the physico-chemical composition of the studied bread samples show the superior nutritional 

profile of all four bread samples (BM1, BM2, BM3 and  BM4) compared to CB. 

 

Keywords:  flour mixtures, high nutritional value, gluten free bread, nutritional profile 
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Abstract 

The production of sunflower oil yields a considerable amount of by-product such as 

sunflower seed cake which remains after isolation of oil from sunflower seeds. Sunflower 

seed cake is usually used to produce animal feed and fertilizer of low quality, as well biomass 

for energy generation and partially ends up as waste. Due to the huge amount of this by-

product released every year from sunflower oil industry as a waste, if it is valorised properly, 

it can be very beneficial from both economic and environmental aspects. Polyphenols are 

secondary metabolites of plants with a high antioxidant power. Chemically they are 

compounds that have more than one hydroxyl groups attached to one or more benzene rings 

[1]. Polyphenols are not clarified as human nutrients, but they have many beneficial effects on 

human health and, therefore, are called nutraceuticals [2]. In recent years polyphenols rich 

products are suggested as preventing and treating agents in specific diseases.  

In this study, sunflower seed cake samples from non-oil type of sunflower (n=20) were 

analysed in order to assess the content of polyphenols. Ultrasound extraction at 30 
o
C (t=10 

min) was used as extraction technique while 80% ethanol was applied as extraction solvent. 

Thereafter, the ethanol was removed and dry residue was dissolved in methanol. In the obtained 

extracts, total phenols were estimated according to Folin-Ciocalteu (FC) assay [3] and results 

are expressed as mg chlorogenic acid/100 g on dry matter basis (d.m.). By FC method, total 

phenols content can be determined. However, since most of food phenolics have more than 

one hydroxyl group, food phenolics are also called polyphenols, thus, polyphenols content 

can be approximately assessed by FC method. From obtained results it is evident that 

sunflower seed cakes contained significant amount of biologically highly valuable 

polyphenols. The total polyphenolic content was found to be in the range from 536 to 732 mg 

of chlorogenic acid/100 g d.m. in sunflower seed cakes. The results proved that this by-

product is an interesting source of antioxidant compounds that may be recovered and used for 

the development of functional ingredients in food products.  
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Abstract  
In this paper, pure KIT-6 was synthesized and functionalized with 3-aminopropyl 

triethoxysilane (APTES) by grafting in aqueous solvent at 80°C. The as-prepared composites 

were characterized by X-ray diffraction at low angles, FT-IR spectroscopy, TGA-DTA 

coupled with mass-spectrometry, SEM and N2 physisorption techniques followed by testing 

for CO2 adsorption at different temperatures. The CO2 adsorption/desorption performance was 

investigated by TGA-DTA coupled with mass-spectrometry using TPD method. The results 

showed that the CO2 adsorption capacity decreases with increasing temperature from 40 to  

70 °C.  

 

Introduction 

A major problem in recent years is the high level of CO2 emissions on the 

environment with serious negative effects. In the last half century large quantities of carbon 

dioxide have been released into the atmosphere, which contributes substantially to global 

warming - the greenhouse effect. Thus, the research directions were directed towards 

obtaining materials with CO2 adsorption-desorption properties [1-3]. 

There is a direct correlation between increasing CO2 concentration and the greenhouse 

effect that causes global warming. In recent decades, there has been growing interest in 

developing materials that can be used to capture and store CO2. In the literature, CO2 

adsorption has been studied under various conditions on a series of mesoporous silica 

adsorbents composed of conventional silica molecular sieves MCM-41, SBA-15 and KIT-6 

[4]. 

Mesoporous silica, KIT-6 is of particular interest to other materials such as MCM-41 

and MCM-48, due to its three-dimensional structure with a large diameter mesopore and an 

easy method of synthesis. [5]. 

 

Experimental 

 KIT-6 mesoporous silica was synthesized following the method described by Kleitz et 

al. [6]. First, 3.69 g triblock copolymer pluronic P123 (EO02PO70EO20) was dissolved in 132 g 

distilled water and 6.75 g 37% HCl under vigorous stirring at 35 
°
C for 8 h. After complete 

dissolution, 3.63 g n-butanol was added to this solution. The mixture remained under stirring 

at 35 
°
C for 1 h.  To this, 7.92 g tetraethyl orthosilicate (TEOS, 99% Fluka) was added to the 

homogeneous solution and stirring for 24 h at 35 
°
C. Then, this mixture was transferred into a 

Teflon-lined stainless steel autoclave and heated at 100 
°
C for 24 h under static hydrothermal 

conditions. The solid product obtained after hydrothermal treatment was separated by vacuum 

filtration and washed with a 2% HCl-ethanol solution. Finally, the sample was calcined in air 

atmosphere at 550 
°
C for 6 h to remove the organic template. The resulting sample was 

denoted KIT-6. 

 Modified KIT-6 denoted as KIT-6 Sil was prepared as follows: 0.5 g of KIT-6 was 

dispersed in 50 ml toluene and 0.79 ml of 3-aminopropyl triethoxysilane was added later to 

the solution. The above mixture was refluxed at 110 °C for 12 h, and then the solid was 
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collected by filtration, washed by ethanol and air-dried at 80 °C. The grafting reaction was 

carried out at 110 °C for 5 h. After filtration and drying, the absorbents were obtained as 

white solids.  

 The thermal analyses were carried out using a thermoanalyzer system Mettler 

TGA/SDTA 851/LF/1100 coupled with mass-spectrometry (MS). The measurements were 

conducted in dynamic atmosphere of air (50 ml/min), using the alumina plates crucibles of 

150 μl.  

 The FTIR absorption spectra were recorded with a Jasco 430 spectrometer (spectral 

range 4000-400 cm
-1

 range, 256 scans, and resolution 2 cm
-1

) using KBr pellets  

Powder X-ray diffraction data were obtained with a XD 8 Advanced Bruker 

diffractometer using the Cu Kα radiation in the range 2θ = 0.5÷5
0
 and 2θ = 5÷60

0
. 

 The specific surface areas of samples were calculated from the nitrogen adsorption-

desorption isotherms using a Quantachrome instrument, Nova 2000 series.  

 Scanning electron micrographs (SEM) were recorded using Jeol JMS 6460 LV 

instrument equipped with an Oxford Instruments EDS (energy dispersive spectroscopy) 

analyser. 

Adsorption tests were carried out using the same thermogravimetric analyzer 

connected to a gas delivery manifold. High-purity CO2 and 30% CO2 in N2 at 1 atm was used 

for the adsorption runs, and N2 was used as a regenerating purge gas for CO2 desorption. Each 

sample was pretreated in flowing N2 at 150 °C, then cooled to the desired adsorption 

temperature (60 °C), and exposed to 30% CO2/N2 (70 ml/min) for 90 min. The CO2 

adsorption capacity of the adsorbent in milligrams of CO2 per gram of adsorbent was 

calculated from the weight gain of the sample in the adsorption process.  

 

Results and discussion 

 The XRD model of KIT-6 and KIT-6 Sil are shown in Fig. 1. and confirm the cubic 

structure Ia3d specific to mesoporous sieves of KIT -6 type [7] by the presence of the two 

diffraction peaks at small angles of 0.96 and 1.83º, corresponding to the crystal planes Miller 

(211) and (220). 

  In the case of KIT-6 Sil, the peaks were also retained but the intensities decreased 

with introduction of 3-aminopropyl triethoxysilane. This also shows that APTES was 

successfully grafted onto KIT-6. 

 

 
 

 Fig. 1. XRD patterns of KIT-6 and KIT-6 Sil 
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 The FT-IR spectra were recorder in the range 500-4000 cm
-1

 to confirm the APTES in 

the absorbent as can see in Fig. 2. In the APTES grafted, the peaks around 1387 cm
-1

 and 

1548 cm
-1

 represent the –NH2 and –NH groups associated with the surface [5]. The peaks 

intensity of KIT-6 Sil was found higher compared with KIT-6. 

The broad peaks at around 3734 and 3844 cm
− 1

 represent the -NH and -OH stretching 

vibrations. The other peaks at 2042 cm
− 1

 and 1632 cm
− 1 

represent CO2 and the physically 

adsorbed water [8, 9]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

 

 

 

Fig. 2. FTIR spectra of parent KIT-6 and KIT-6 Sil 

 

The textural parameters of synthesized KIT-6 and KIT-6 Sil are shown in Table 1. 

After grafting of APTES the surface area and pore volume decreased from 715 to 560 (m
2
/g) 

and from 0.967 to 0.950 (cm
3
/g) respectively. The data reveal a gradual reduction in surface 

area and pore volume after modification with silane coupling agent 3-aminopropyl 

triethoxysilane. These decrease can be can be attributed to the increase in agglomeration of 

silica particles or/and the filling of pore with APTES.  

All composites display a type IV isotherm with H1 hysteresis loop according to the 

IUPAC classification, which is characteristic of mesoporous materials. It could be observed a 

sharp increase in volume adsorbed at p/p0 = 0.5–0.8 characteristic of highly ordered of 

composite (not shown).  

 

Table 1. Textural properties of KIT-6 and KIT-6 Sil composites 

 

  Scanning electron micrographs images were used to observe the morphology of the 

KIT- 6 and KIT-6 Sil particles. The image of KIT-6 shows that the particles are appeared to 

be spherical (Fig.3a) due to aggregation of fine threads of KIT-6. The spherical morphology is 

No. Samples Specific surface area  

            (m
2
/g) 

 Pore volume  

BJHDes (cm
3
/g) 

Averaje pore diameter 

        BJHDes (nm) 

1  KIT-6           715      0.967             6.570 

2  KIT-6 Sil           560      0.950             5.462 
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slightly modified after amine functionalization as seen in (Fig. 3b). After introduction of 

APTES, the threads are easily dispersed and thus destroyed the spherical morphology [10] 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

Fig. 3. SEM images of KIT-6 (a) and KIT-6 Sil (b) 

 

 The CO2 adsorption capacity of the adsorbent in mmol of CO2 per gram of adsorbent 

was determined from the mass gain of the sample in the adsorption process and was 

calculated more precisely from the mass loss during the desorption step. In Table 2, the 

amounts of the captured CO2 on KIT-6 Sil adsorbent in the temperatures between 40-70 
o
C 

are shown. By increasing the temperature, the adsorption capacity and efficiently of amino 

groups decrease from 2.23 to 0.95 mmol CO2/g SiO2, and from 0.51 to 0.22 mmol CO2/mmol 

NH2 respectively. The best result was obtained for KIT-6 Sil at 40 
o
C which means an 

adsorption capacity of 2.23 mmol CO2/g SiO2 and an efficiency of amino groups of 0.51 

mmol CO2/mmol NH2.  

 The results are promising and showed that both the adsorption capacity (mmol CO2/g 

adsorbent) and the efficiency of amino groups (mmol CO2/mmol NH2) depend of the 

temperature at which the experiment performed. 

 

Table 2. The amounts of the capture CO2 using KIT-6-Sil at different temperatures 

No. Sample Temp (
o
C) nCO2/gSiO2 

(mmol/gSiO2) 

nCO2/nNH2  

(mmol/mmol 

1 KIT-6-Sil 40 2.23 0.51 

2 KIT-6-Sil 50 1.76 0.40 

3 KIT-6-Sil 60 1.31 0.29 

4 KIT-6-Sil 70 0.95 0.22 

 

 The results are promising and showed that both the adsorption capacity (mmol CO2/g 

adsorbent) and the efficiency of amino groups (mmol CO2/mmol NH2) depend of the 

temperature at which the experiment performed. 

 

Conclusion 

In this paper, the preparation of KIT-6 and KIT-6 Sil by grafting of amino-

functionalized using a silane coupling agent 3-aminopropyl triethoxysilane (APTES) were 

carried out.  
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The small angles of XRD showed that KIT-6 has a cubic structure which indicates that 

the synthesis was successful. In the case of KIT-6 Sil appears a decrease in peaks intensity by 

partial blocking of pores and result that APTES was successfully grafted onto KIT-6. The FT-

IR indicated that the KIT-6 Sil present all the characteristic bands of amino-functional groups, 

providing the grafting of amines onto KIT-6.  

 The CO2 adsorption/desorption of KIT-6 Sil showed that both the adsorption capacity 

(mmolCO2/g adsorbent) and the efficiency of amino groups (molCO2/mol NH2) depend on the 

temperatures. The best results were obtained for KIT-6-Sil at 40 °C. 
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Abstract  
This article describes analysis of resins with functional group (by type aminophosphonic 

groups) recuperated from a biological environment for the use in a new study of antimicrobial 

test. Their stability was confirmed by Fourier transform infrared spectroscopy, energy-

dispersive X-ray analysis and scanning electron microscopy. 

 

Introduction 
Bacteria show a significant role in our life. They are dispersed in soil, air and water. They 

may cause numerous health related problems. For prevent the infection of bacteria some 

materials were employed as antimicrobial agents. One of the remarkable substances is 

aminophosphonic acid. It has an important role in biological system [1]. The compounds of 

aminophosphonic acid can be use as enzyme inhibitors, potential antibiotics and 

pharmacological agents [1]. 

In the past decade, the field of macromolecular systems with antimicrobial properties has 

intensive development including the chemical modification of known polymers with bioactive 

groups by polymer-analogous reactions [2-5]. 

This study concerns the characterization of recycled resins with aminophosphonic groups (see 

figure 1) [6] for using in a new antimicrobial test. The efficacy of the aminophosphonic 

pendant groups grafted on styrene-6.7%divinylbenzene copolymers was investigated by 

Fourier transform infrared spectroscopy, energy-dispersive X-ray analysis and scanning 

electron. 

 

Where: R= -C6H5 (1Ba-Bz), -C2H6 (2Ba-Pr); P- styrene-6.7%divinylbenzene copolymers 

 

Figure 1. Aminophosphonic pendant groups grafted on styrene-6.7%divinylbenzene 

copolymers 

 

  

P NH-CH-P(O)(OH)2

R
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Experimental Part 

Instruments 
Fourier transform infrared spectroscopy (FTIR) using a JASCO-FT/IR-4200 

spectrophotometer.  Energy-dispersive X-ray analysis (EDAX) and scanning electron 

microscopy (SEM) were carried out using a Quanta FEG Microscope equipped with EDAX 

ZAF quantifier. 

 

Method of work 
All six samples (1Ba-Bz (1), 2Ba-Pr (1), (1Ba-Bz (2), 2Ba-Pr (2) and (1Ba-Bz (3), 2Ba-Pr (3)           

were recovered from antibacterial solutions where they were tested against one specie of 

Gram-positive bacteria (Staphylococcus aureus) (code: 1-S. aureus) and one specie of Gram-

negative bacteria (Pseudomonas aeruginosa) (code: 2-P. aeruginosa) and a specie of yeast 

(Candida albicans) (code: 3-C. albicans). Then, the samples were filtrated, autoclaved at 1 

atm pressure and temperature of 120 °C for 30 minutes. These recuperated samples were 

characterized by FTIR, SEM and EDAX for confirming the presence of active 

aminophosphonic groups’ pendant.  

 

Results and discussion 
All the aminophosphonic acid groups grafted on styrene-6.7%divinylbenzene copolymer were 

analyzed after recovery by FTIR analysis. The absorption bands of samples (see table 1) are 

presented in the region 3300-3500, 1200-1250 and 1000-1100 cm
-1

 for –NH, P=O and P-OH 

respectively [6]. 

 

 

Table 1. FTIR spectra for the aminophosphonic acid groups 

 grafted on styrene-6.7%divinylbenzene copolymer. 

 1-S. aureus 2-P. aeruginosa 3-C. albicans 

1Ba-Bz (1) 2Ba-Pr (1) 1Ba-Bz (2) 2Ba-Pr (2) 1Ba-Bz (3) 2Ba-Pr (3) 

-NH 3413.39 3358.43 3406.64 3411.46 3415.31 3423.03 

P=O 1213.97 1212.04 1213.97 1212.04 1213.97 1209.14 

P-OH 1076.08 1072.23 1073.19 1072.19 1075.12 1171.54 

 

In figure 2 is presented EDAX image of 2Ba-Pr (2) after recover from the test with P. 

aeruginosa. It confirm the presence of chemical elements as P, N, Cl, O and C in the of 

aminophosphonic groups grafted on copolymer 
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Figure 2. EDAX image of 2Ba-Pr (2) after recover from the test with P. aeruginosa 

Elemental analysis of all six samples (1Ba-Bz (1), 2Ba-Pr (1), (1Ba-Bz (2), 2Ba-Pr (2) and 

(1Ba-Bz (3), 2Ba-Pr (3), are shown in Table 2. Composition of these chemical elements 

confirm the possibility of reuse of these polymers in a new antimicrobial test. 

 

Table 2. Composition of aminophosphonic groups grafted on copolymer after recover them 

determined by elemental analysis 

Elem. 

/ 

Wt% 

1-S. aureus 2-P. aeruginosa 3-C. albicans 

1Ba-Bz (1) 2Ba-Pr (1) 1Ba-Bz (2) 2Ba-Pr (2) 1Ba-Bz (3) 2Ba-Pr (3) 

C 80.02 75.80 80.39 75.57 75.03 69.07 

N 4.26 7.03 5.10 2.01 7.17 9.37 

O 15.13 16.86 13.82 21.15 17.60 21.38 

P 0.22 0.09 0.25 0.29 0.10 0.05 

Cl 0.36 0.22 0.43 0.97 0.10 0.14 

 

Determination of the FTIR spectra and energy-dispersive X-ray analysis (EDAX) after the 

first cycle of antibacterial activity confirmed that the aminophosphonic acid groups can be 

used as the active groups in a new the antibacterial test. 

The morphology of the resins grafted with aminophosphonic pendant groups can be directly 

visualized by SEM images (Figure 2 and 3) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM image 1Ba-Bz (1) after recover from the test with S. aureus 

 

The surface of the 1Ba-Bz (1) (see figure 2) is rough with interconnected micro-particles and 

many micro-pores. 
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Figure 3. SEM image 1Ba-Bz (2) after recover from the test with P. aeruginosa 

 

The beads (see figure 3) are approximately spherical with an average diameter that there is a 

range from 570 to ~ 750 µm. 

The functional groups by type aminophosphonic acid on the bead surface are stable, and 

antibacterial properties are possible in a repeated application using the same beads. 

 

 

Conclusion 
The investigation of the functional aminophosphonic groups grafted on copolymer styrene-

6.7% divinylbenzene recovered from a biological environment confirms the stability of their 

functional groups. 

This is the reasons to recommend their application for a new antimicrobial test. 
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Abstract 

Annual consumption of pharmaceutical compounds has increased worldwide and great 

attention has been focused on their presence in different aquatic environments in many 

countries [1]. After the administration, drug molecules are absorbed, distributed, metabolized, 

and finally excreted from the body [2]. As one of the most frequently used antibiotics, 

ceftriaxone sodium has been widely used in human treatment and animal husbandry due to its 

broad-spectrum antimicrobial capability, which results in the release of residues into 

wastewater, causing environmental, ecological, and health issues, threatening biota, and 

disrupting indigenous microbial populations [3]. Ceftriaxone is subjected to hydrolysis and it 

is supposed that the main stable product of hydrolysis of ceftriaxone is thiotriazinone [4]. 

Thiotriazinone is mainly used in the preparation of beta-lactam antibiotics with proven effects 

as antibacterial agents and human leukocyte elastase inhibitors [5]. In this paper, 

photocatalytic degradation of antibiotic ceftriaxone and its intermediate thiotriazinone using 

TiO2 Degussa P25 and ZnO under solar radiation was investigated. Also, toxicity of 

ceftriaxone and thiotriazinone alone and in mixtures with its photocatalytic degradation 

intermediates obtained by using TiO2 Degussa P25 and ZnO under solar radiation in the 

presence of O2 was evaluated in vitro in a panel of three histologically different cell lines: rat 

hepatoma (H-4-II-E), human colon adenocarcinoma (HT-29) and human fetal lung (MRC-5). 
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Abstract 
 Surfactins, iturins and fengycins are lipopeptide-type biosurfactants produced by the 

gram-positive Bacillus strains. They consist of an oligopeptide amino acid loop and a 

hydrophobic fatty acid chain. These lipopeptides are proved to exhibit various biological 

activities, such as anti-tumor, anti-viral and anti-inflammatory effects. According to these 

properties, different therapeutic and environmental applications of these compound groups are 

considered. Their chemical composition may vary in the length of the fatty acid chain and in 

the sequence of the amino acids of the peptide loop, generating a wide spectrum of different 

homologues and isomers. These isoforms can be discerned by fragmentation in mass 

spectrometry. Depending on the cultivation conditions the production of biosurfactants is 

affected, resulting in various rates of the different isoforms produced. 

 In this work a mixture of lipopeptides were extracted from the Bacillus strain SZMC 

6178J and was examined by HPLC-HESI-MS techniques. To increase the separation of the 

fractions with higher masses a gradient elution was applied using a non-polar solvent system, 

which led to the elution and characterization of their structures. The quantitative examinations 

of the effects of the culture media modified by various carbon sources and metal ions on the 

composition and ratio of the different surfactin isoforms produced were carried out by a triple 

quadrupole mass spectrometric system in full scan mode. We observed that the application of 

metal ions commonly used for enhancing surfactin production resulted in the almost complete 

loss of lipopeptide biosynthesis of the bacteria. The qualitative measurements of the carbon 

source modified samples were achieved by an OrbiTrap high resolution mass spectrometer in 

parallel reaction monitoring mode. Both the length of the linked fatty acids and the peptide 

sequences were also investigated during the MS
2
 spectra analyses of the hydrogenated 

precursor ions. The results led to the detection and identification of 16 different surfactin 

variants. Observation of the relative ratios of the different homologues and isoforms showed 

that the [Sur] and [Val7] variants and molecules with C14 and C15 chain lengths were the 

most common in the samples. 

This work was supported by the Hungarian Scientific Research Fund by grants NKFI K- 

128659 and this work was connected to the project GINOP-2.3.2-15-2016-00012. The 

infrastructural background was established with the support of GINOP-2.3.3-15-2016-00006. 
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Abstract 

Medicinal plants are most commonly used in the form of herbal tea, individually or in a tea 

blend. In the process of production filter tea, "herbal dust" or very small particles are formed 

during grinding of the plant material. As the particles of herbal dust are smaller (<0.315 mm) 

with respect to the particle size of filter paper, this fraction cannot be used in form of filter tea 

and is considered as a by-product in the tea production process [1]. Considering the 

significant content of bioactive compounds in this type of material, it would be beneficial to 

develop an adequate way of additional exploitation of the by-product and its transformation 

into high-quality products. 

A medicinal plant with pharmacological properties that are recognized worldwide is Achillea 

millefolium which is included in the national Pharmacopoeias of many countries. Many 

scientific researches confirmed the biological activity of A. millefolium preparations such as 

anti-inflammatory, antitumor, antioxidant, antimicrobial, liver protective activities, and 

gastroprotective activity [2]. 

 

Introduction 

The aim of this study was to develop procedures for obtaining A. millefolium extracts with a 

high content of polyphenolics by applying innovative green technology - subcritical water 

extraction (SWE). During the extraction with subcritical water, Maillard and caramelization 

reactions take place and have formation of neoantioxidants as a consequence, which are the 

reason for the increased antioxidant activity. Hydroxymethylfurfural (HMF) is an indicator of 

the Maillard reaction [3]. Several studies show that HMF and related compounds induce the 

genotoxic and mutagenic effect in human cells and promote colon cancer in rats [3]. 

Therefore, the goal of this research was to establish the conditions of extraction that provide 

the highest quality of extracts in terms of content of antioxidant components with the lowest 

formation of HMF. 

Experimental 

SWE extraction was performed at different process parameters (temperature 120–200 °C, 

extraction time 10–30 min, and HCl concentration 0–1.5%). The content of polyphenols in 

obtained extracts was determined by applying spectrofotometric methods, and the content of 

individual components present in extracts was determined by HPLC analysis. Additionallz, 

HMF content in extracts was determined.    

 

Results and discussion 

There was no HMF present in extracts at the highest temperature of extraction (200°C; 20 min 

and without HCl) which provided the highest content of phenols (128.20 mg/GAE/g SE). 

HPLC analysis was used to determine the content of chlorogenic acid and its highest content 

was recorded in the extract obtained at 120°C, 20 min and without addition of HCl. The same 
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extract also possessed the highest content of flavonoids (79.19 mg CAT/g SE). The presence 

of chlorogenic acid was not detected at the highest temperature due to potential degradation, 

while at lower temperatures the content of chlorogenic acid was in range of 16.8-30.4 µg/mL 

of extract. In addition, HMF was detected in almost all samples except in those obtained at 

higher temperatures and it ranged between 5.8 and 39.3 µg/mL. 

 

Conclusion 

In the present study, SWE was successfully applied for valorization of A. millefolium “herbal 

dust“  through the extraction of bioactive components and production of high quality extracts.  
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Abstract 

Wastewater treatment using microalgae possesses numerous benefits when compared to the 

conventional treatment. Apart from a significant reduction in expenses of purification of 

wastewater, it also decreases costs of microalgae production. In addition, there are additional 

benefits of using microalgae in wastewater treatment such as: reduction in toxic solid sludge 

formation; reduction of greenhouse gases; reduction of necessity for forced aeration because 

the oxygen required for aerobic bacteria is provided by the microalgae photosynthesis; 

production of microalgae biomass, which is a great source of energy due to the process of 

absorbing nutrients present in the wastewater [1-3].  

Microalgae represent a source of significant components such as proteins, sugars, lipids, 

pigments (carotenoids and chlorophylls), and antioxidant components. Therefore, the obtained 

biomass, depending on its chemical composition and quality, can be used in different fields. 

 

Introduction 

The main goal of this work was to evaluate the potential of Scenedesmus obliquus microalga 

for treating wastewater from poultry industry. Moreover, the goal was to determine the 

composition of the obtained biomass in terms of content of proteins, lipids, carbohydrates, 

chlorophylls, and bioactive compounds. Based on the composition, the potential 

application(s) of the obtained biomass can be determined. 

 

Experimental 

The effluent was characterized in terms of pH, COD, and nitrogen (ammonia and Kjeldahl 

nitrogen) and phosphorus concentrations, before cultivation. In order to assess the efficiency 

of the wastewater treatment by microalgae, the same analyses were performed at the end of 

the cultivation, after biomass settling and filtration. The obtained biomass was characterized 

in terms of its crude protein, total sugars, and chlorophylls (a and b). In addition, biomass 

productivity was determined. 

 

Results and discussion 

The efficiency of removing of Kjedahl nitrogen was approximately 45% in poultry 

wastewater, while regarding COD removal, high efficiency of 97.68% was achieved. The 

results of biochemical characterization of microalgae biomass after the effluent treatment 

indicate that the process resulted in production of valuable biomass. The content of proteins of 

the S. obliquus biomass after treatment of poultry wastewater was 35.8%. The content of 

sugars was approximately 6%. Additionally, the content of chlorophyll in biomass obtained 

after poultry wastewater treatment was 4.2 µg/mg. 
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Conclusion 

The obtained results indicate that microalgae S. obliquus possess the potential in wastewater 

poultry treatment and the obtained biomass can be used as potential feedstock for biofuel and 

biofertilizer production or as a source of animal feed.  
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Abstract 

 The interconnectivity between mechanical and electrical energy specific for the 

ferroelectric ceramics, enables their application in a wide range of devices. Lead oxide based 

ferroelectrics are the most widely used materials for actuators, sensors and microelectronic 

applications, due to their excellent piezoelectric properties. Because of the toxicity of lead 

oxide, researchers are now focusing on to substituting this compound [1]. Lead-free 

piezoelectric materials are nowadays receiving increasing attention, since recent reports 

showed that they are promising candidates for lead-free piezoelectric materials [2]. Of 

considerable interest is the (K,Na)NbO3 (KNN)-based system, which possesses a relatively 

high Curie temperature and good piezoelectric properties. Also, the temperature independence 

of the morphologic phase boundary (MPB) for such materials enables a good temperature 

stability of the piezoelectric and ferroelectric properties [3, 4].  

 In this study, lead-free KNN piezoelectric ceramics doped with x mol % SmBO3 (x= 

0,25; 0,5; 0,75; 1; 2,5; 5 and B= Al, Co, Cr, Fe, Mn), were prepared by conventional ceramic 

processing. The crystalline structures of the obtained ceramics were analyzed by X-ray 

diffraction using a PanAnalytical X’Pert Pro MPD diffractometer. The microstructure was 

analyzed using SEM techniques. The dielectric measurements (room temperature, from 

100Hz up to 5MHz) were performed with a 42 Hz–5 MHz Programmable Impedance/LRC 

meter TEGAM model 3550. The planar piezoelectric properties were measured using the 

resonance method with an impedance analyzer Agilent E5100A. The increase of the 

piezoelectric properties and decrease in grain size proves that such piezoelectric ceramics can 

be used for sensing applications.  
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Abstract 

Aerogels are materials with huge potential for a number of applications such as 

thermal insulation, catalyst carriers, electrodes or flame retardant materials, etc [1]. HA is a 

well-known biocompatible material [2]. Making this material in the shape of aerated low-

density structures brings advantages regarding, among others, the bone cells growth inside 

this ceramic matrix, with high potential to improve the biocompatibility aspects [3, 4]. The 

aspect ratio of the original crystals is one of the factors that plays an important role in 

obtaining tridimensional structures. The purpose of the present study was to obtain 

tridimensional low density structures based both on a high aspect ratio and pseudo-spherical 

HA particles. 

Two HA samples were prepared, one by simple precipitation, and the other by 

precipitation followed by hydrothermal crystallization at 200°C. The synthesized materials 

were used in order to obtain low density tridimensional structures by applying the freeze-

drying method. 

Both samples were further used as aqueous suspension, frozen at -25°C for 18h, then 

freeze-dried for 18h and sintered at 750°C, heating rate 5 deg/min, and naturally cooled to 

room temperature. The powders were characterized by SEM, XRD and FT-IR, and the freeze-

dried structures were studied by SEM. 

 

   
Fig. 1 SEM images of tridimensional freeze-dried structures: left – from hydrothermally 

synthesized HA; right – from precipitated HA 

 

The results proved the formation of pure phase HA powders. The hydrothermal 

treatment leads to the improvement of the crystallinity and aspect ratio of the particles. As a 

result of the hydrothermal treatment, long crystals with lengths of 5-10 µm and widths of 0.1-

1 µm are formed, superstructured in highly porous microspheres. Using particles with a large 

shape coefficient (nanowires) obtained hydrothermally, aerogels of the same porosity but with 

higher mechanical strength can be obtained than by using precipitated particles 
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Abstract 

 Developing self-cleaning building materials has gained a lot of interest among the 

researchers due to the beneficial effect on the environment regarding the indoor and outdoor 

air quality and due to the enhancement of the maintenance normally required for the 

construction materials. A known method for functionalizing the materials is represented by 

including active components – photocatalytic compounds in the composition of the 

construction materials. Under the solar irradiation, these materials have the ability to degrade 

various pollutants coming from the environment, especially from the atmosphere [1]. As 

materials used for photocatalytic activation, there may be mentioned mortar, cement, asphalt, 

plaster, glass or even paints [2, 3].  

 The aim of the present study was to obtain a new building material with self-cleaning 

property consisting of glass foam as a valuable building material and tungsten trioxide as the 

photoactive compound. The glass foam is an interesting material which possesses a 

combination of different properties of value in the construction field such as thermal and 

sound insulating properties, chemical and mechanical stability and high resistance to fire and 

moisture [4]. The tungsten trioxide was selected because it has been reported to be a 

photocatalyst that absorb a wide spectrum of the visible light and because it is cheap and 

stable in acidic or oxidative environment [5].  

The foam glass functionalized with WO3 was synthetized by hydrothermal method and 

the raw materials involved are glass waste from household activities, waste of calcium 

carbonate from marble industry and tungsten trioxide nanoparticles obtained in a previous 

study by combustion method. The identification of the main chemical elements and bonds of 

the material was performed by Raman and FT-IR analyses. 3D laser scanning microscopy was 

employed for characterizing the surface morphology of the material. In figure 1, 2D image 

and 3D images of the sample at 100 µm and 400 µm scale are presented. 

      
                            (a)                                (b)                                                  (c) 

Figure 1. (a) 2D image and (b) 3D image of glass foam functionalized with WO3 performed at 

20X magnification and (c) 3D image performed at 5X magnification  

  

As a measure of the surface texture, the values of the surface roughness at both scales 

were calculated for each analyzed surface. The values of the surface roughness are 3.261 µm 



 
25th International Symposium on Analytical and Environmental Problems 

266 

for image recorded with 20X magnification (figure 1(a) and (b)), respectively 7.182 µm for 

image recorded with 5X magnification (figure 1(c)). 

 In order to validate the self-cleaning properties of the glass foam functionalized with 

WO3, the material was subjected to a photocatalytic test. In this sense, the capacity of the 

material to degrade methylene blue (MB) - an organic dye, under artificial solar irradiation 

was evaluated by recording the absorbance of the MB aqueous solution with UV-VIS 

spectrophotometer for 2 hours, at every twenty minutes. Former to the exposure to simulated 

solar light, the material was maintained in the MB aqueous solution (20 ml with initial 

concentration of 5 mg L
-1

), in dark conditions, for 20 minutes to reach the adsorption-

desorption equilibrium. The decrease of the MB absorbance during the photocatalytic 

experiment is shown in figure 2. The removal of MB reached a value of 55.5%. 

 
Figure 2. MB absorbance variation in time during the photocatalytic experiment 
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Abstract 

Advanced Oxidation Processes (AOPs) are used to remove a wide range of organic pollutants 

[1]. These processes are recommended for the removal of pollutants that are very stable 

because they allow the complete mineralization of pollutants or their partial degradation to 

less harmful compounds or compounds that are biodegradable [2]. AOPs are based on the 

formation of highly reactive chemical species that can break down even the most stable 

molecules to biodegradable compounds. The most important oxidizing agent is the non-

selective hydroxyl radical, which can oxidize and mineralize organic molecules, producing 

CO2, H2O, and inorganic ions [3]. Heterogeneous photocatalysis has been recognized as a 

promising method for the removal of organic pollutants from water [4]. The presence of 

pharmaceutically active compounds in natural waters is a problem for the aquatic living 

world, since these compounds from the wastewater treatment plants can reach the 

environment in almost unchanged form [5]. Antibiotics have been widely used in human 

clinical, animal husbandry, and aquaculture for almost one hundred years, playing an 

important role in the treatment of infectious diseases [6]. Antibiotics have been detected in the 

effluent of sewage treatment plants, surface waters, and ground waters. Thus, it is necessary 

to remove antibiotic pollutants from the source of wastewater [7]. Ciprofloxacin belongs to 

fluoroquinolones class, which represents one of the most important class of synthetic 

antibiotics. In this paper, photodegradation of ciprofloxacin was studied using heterogeneous 

photocatalysis under UV and simulated sunlight. Newly synthesized nanopowders ZnO, TiO2 

and MgO were used as photocatalysts. Besides, the effect of (NH4)2S2O8 concentration on the 

efficiency of the ciprofloxacin removal, using TiO2 and both type of radiation, was observed. 
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Abstract 

It is known that homemade chocolate is the most important and popular sweet product used in 

the diet of children and adults, due to its attractive taste and caloric value. 

The special nutritional qualities of chocolate are conferred by compounds with biological 

activity in its composition. The representative compounds from chocolate are antioxidants, 

macro- and micronutrients, sugar, and stimulants such as caffeine and theobromine. 

In our study we show how fruits addition can influence the physico-chemical properties of 

homemade chocolate. The used fruits were been frozen fruit. 

Experimental part is based on some physico-chemical determination (content of water, dry 

content, total mineral content et al.) in order to evaluate the nutritional characteristics of the 

product.  

 

Key words: chocolate, diet, sour cherry fruit, caloric value 

 

Introduction 

The history of chocolate starts from the cocoa tree cultivated by the Mayan populations of the 

Yucatan in the 6
th

 century AD, which would have left us a fruit, compared, since then, with 

gold. Chocolate came to Europe in the 16th century. From that moment, the modern chocolate 

industry has developed, and cocoa seeds are now processed in different ways [1].  

Nowadays, chocolate is recognized for its beneficial health qualities. Thus, it is shown that, 

eaten in moderate amounts, chocolate is lauded for its remarkable antioxidant potential due to 

the high content of biologically active phenolic compounds from cocoa powder. 

The purpose of this study was to evaluate the physical, chemical characteristics (content of 

water, dry content, total mineral content, total antioxidant capacity) and sensory aspects in 

case of simple homemade chocolate and homemade chocolate with fruit addition, in order to 

evaluate the nutritional characteristics of the chocolate products. 

  

Material and Methods 

Chemicals and materials: All chemicals and reagents were analytical grade or purest quality 

purchased from Sigma, Merck, Aldrich and Fluka, bidistilled water was used. Absorption 

determination for CUPRAC and total polyphenols content was made using SPECORD 205 

spectrophotometer by Analytik Jena.  

Humidity, dry mater and total mineral content  

Samples weight was measured by using a digital balance with a sensitivity of 0.001 g. 

Gravimetric method was used to determine the moisture of samples, using a moisture analyzer 

Nabertherm model 6/11 with automated programming and electronic display. The level of 

moisture was tested for all samples by heating a known weight of sample in the hot air oven 

(100±5°C) until constant weight [2].  
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Moisture content can be determined from total solid content (TSC) as below [3]:  

Moisture (% ) = 100 – TSC(%),    where total solid content (TSC) represent  dry matter. 

In order to determine the total mineral content (ash), the samples were washed with deionised 

water, dried, chopped, dried and then calcined in the Nabertherm LE4 oven (Germany), at 505 
0
C. The temperature was gradually raised to 505 ° C (when the ash became gray-white and the 

mass of crucible with the burned sample remained constant).  

Evaluation of total antioxidant capacity (TAC) by CUPRAC method: CUPRAC method [4-9] 

depends upon the reduction of cupric neocuproine complex to the cuprous neocuproine 

complex by a reductant at low pH. The neocuproine complex can be monitored at 450 nm.  

As reference substance, we have used Trolox (6- hydroxy-2,5,7,8-tetramethilcroman-2-

carboxylic acid), an antioxidant with a structure similar to vitamin E. Reagents: 0.01M CuCl2, 

7.5∙10-3M neocuproine (2,9-Dimethyl-1,10-phenanthroline) and acetate buffer. 1mL 0.01M 

CuCl2 solution were mixed with 1mL neocuproine (7.5∙10-3M) and 1 mL acetate buffer. At 

this solution was added 1.1 mL sample (alcoholic extract). For blank it was used ethanol 20%.  

The absorption was read after 1/2 hours at 20°C, at 450 nm. All determinations were 

performed in triplicate. Total antioxidant capacity (TAC) by CUPRAC in all samples were 

expressed as mmol Trolox/g fresh weight (FW).  

All analytical determinations were made in triplicate. 

Samples preparation: The following ingredients were used to make homemade chocolate: 

250 g powdered milk, 250 g sugar, 150 g margarine, 50 g cocoa, 50 g sour cherries and 90 

mL water. The ingredients are homogenized by heating. 

 

Results and discussion  

The obtained data regarding water content and dry mater content in our homemade chocolate 

samples are represented in fig. 1. 

 

 

Figure 1. Content of humidity and dry mater in homemade chocolate samples 

In the present study water content values are higher in homemade chocolate with fruit 

addition (8.19%) that in simple homemade chocolate (4,98%). This can be explained by the 

fact that the fruits come with a water content.  

The different values in water content are depending on the recipe for the preparation of 

chocolate and also on the quantities and type of ingredient used. 
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In fig. 2 we are presenting total mineral content (ash) values. 

 

 

Figure 2. Total mineral content in homemade chocolate samples 

 

The content of total mineral substances is higher in simple homemade chocolate. 

 

The results for total antioxidant capacity (TAC) by CUPRAC method are presented in figure 

3 and figure 4. 

 

 

Figure 3. Total antioxidant capacity of homemade chocolate samples 
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Figure 4. Total antioxidant capacity of ingredients used for obtained homemade chocolate 

 

The TAC value is between 0.48 and 3.60 mmolTrolox/g sample. The ingredients have higher 

TAC values. The highest TAC value is in the case of cherry fruits.It was expected that more 

value would be for cocoa. It seems that the cocoa used was old or of poor quality. It is noted 

that the chocolate has a low TAC value, because she is obtained by heat treatment of the 

ingredients. 

The results obtained from the processing of the data from the sensory analysis data sheet 

suggest that, overall, simple homemade chocolate was the most appreciated in terms of 

consistency (see fig.5).  

 

 

Figure 5. Sensory aspects for homemade chocolate 
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In contrast, homemade chocolate with fruit is more appreciated for its colour, 

appearance/aspect and flavour. 

 

Conclusion  

Homemade chocolate is a food with high nutritional value, attractive appearance, which is at 

the same time an important source of energy. Due to the antioxidants contained in cocoa 

powder, as well as the fruits added to our recipe, which are high in vitamin C, homemade 

chocolate is a food product successfully used to combat cell aging due to the free radical 

initiation process and prevention of oxidative stress with negative role on health. 
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Abstract 

The main purpose of this research was to obtain LaMnO3 perovskite-modified graphite 

electrodes, to characterise them and to observe their electrochemical behaviour in the 

presence of ascorbic acid. The morphology of the perovskite films were studied by scanning 

electron microscopy (SEM) and their double-layer capacitance was determined using cyclic 

voltammetry. The results are promising, but the electrocatalytic activity of the films for the 

oxidation of ascorbic acid needs to be improved.  

 

Introduction 

Perovskite-type oxides have received extensive attention due to their high electronic 

conductivity, mobility of the oxide ions within the crystal, variations on the oxygen content, 

photocatalytic and magnetic properties, electrically active structure, chemical stability and 

thermoelectric and dielectric properties. They are widely used in the research of fuel cells, 

electrochemical sensors and as catalysts in oxidation and reduction processes [1]. Ascorbic 

acid (AA) is an important nutrient and most of the methods for quantifying it were developed 

based on its reducing properties. Electrochemical methods have gained the most success 

among the different techniques for quantifying the concentration of AA in solutions. AA is 

easily oxidized to dehydroascorbic acid and this reaction can be induced and monitored by 

cyclic voltammetry [2]. In the past, we reported a simple procedure for the preparation of 

carbon modified electrodes by the slow evaporation of a N,N-dimethylformamide (DMF) 

solution containing the catalyst. These electrodes were also used for the electro-oxidation of 

AA [3]. 

In the present work, we used a LaMnO3 perovskite-type material, to modify the 

surface of graphite electrodes and we studied their electrochemical behaviour. 

 

Experimental 

The electrochemical characterization of the LaMnO3 powder was investigated in a 

conventional three-electrode cell equipped with a Pt wire counter electrode, an Ag/AgCl (sat. 

KCl) reference electrode and a modified graphite (G) disk electrode (S = 0.28 cm
2
) as 

working electrode. The G disk was used as a substrate on which a thin layer of the perovskite 

was placed. The perovskite suspension was prepared by adding 10 mg of LaMnO3 powder in 

500 μL of DMF. After 30 min in an ultrasonic bath, a volume of 15 μL of the suspension was 

applied on the surface of the G disk and allowed to slowly evaporate. The SEM technique was 

employed to study and confirm the uniformity of the deposited layer (data not shown). 

Electrochemical experiments were carried out using a potentiostat type Voltalab PGZ 

402. The double-layer capacitance of the modified electrode – electrolyte interface was 

determined by recording cyclic voltammograms in 0.1 M KCl, at various scan rates between -

0.2 and 0.2 V. The capacitive current density was calculated as the average of anodic and 

cathodic currents taken at a potential where only double-layer adsorption and desorption 

features were observed (0 V vs Ag/AgCl). The capacitance was obtained from the slope of the 
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linear dependence of capacitive current density versus scan rate [4]. The oxidation reaction of 

AA was carried out in 0.1 M KCl at a scan rate of 100 mV/s. 

 

Results and discussion  
The characteristic voltammetric peak of AA in 0.1 M KCl solution appears at ~0.5 V 

and is assigned to the oxidation of AA to dehydroascorbic acid (Figure 1). 

 

  
   A          B 

Figure 1. (A) Cyclic voltammograms obtained for the perovskite modified electrode at 

different ascorbic acid concentrations (21.6, 23, 24.8, 26.4 mM), in 0.1M KCl solution, at a 

scan rate of 100 mV/s. (B) The corresponding plot of anodic density current vs ascorbic acid 

concentration 

 

In case of the modified electrode the oxidation peak current attributed to the presence 

of AA in the electrolyte solution increased by comparison with that observed for the 

unmodified G electrode, which indicates that the perovskite material serves to improve the 

electrode’s catalytic properties (data not shown). Thus, the presence of LaMnO3 perovskite as 

a modifier facilitates the rate of the charge transfer. The increase of the intensity of the anodic 

current can be noticed as the concentration of AA becomes higher. These results constitute the 

premises for further investigations of the possibility to use this electrode as an ascorbic-acid 

sensor. Also, the capacitance of the perovskite-modified G electrode was obtained from the 

slope of the linear dependence of the capacitive current density versus the scan rate and was 

found to be 3.9610
-3

 F cm
-2

 (versus 1.2510
-3

 F cm
-2

 for the unmodified electrode). 

 

Conclusion 

The LaMnO3 perovskite material was deposited from suspension as a uniform film on 

the surface of graphite electrodes, which was confirmed by SEM imagining. The 

electrocatalytic behaviour of the modified electrodes in the presence of ascorbic acid indicates 

that LaMnO3 is a promising material for the development of novel ascorbic acid sensors. 
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Abstract 

Pot experiment was conducted to study the effects of wastewater sludge treatment on 

biological properties of rye rhizosphere after 9 weeks cultivation. Soil was kovárvány brown 

forest soil collected from Nyíregyháza and treated with different doses of the sludge. 

Different microbial properties and enzymatic activities were studied. Results indicated that 

the enzymatic activities in soil samples treated with the sludge were increased with higher 

sludge doses. There was an increase in the density of the microbial population in the rye 

rhizosphere as the sludge dose increased. Results demonstrated that Gram negative bacteria 

were dominant in the rye plant rhizosphere and the ratio between Gram-negative and Gram-

positive bacteria was 2.367. Finally, soil amended with the sludge stimulates the biochemical 

and microbial properties of the rye rhizosphere. For maintaining the soil quality, the authors 

recommend to treat the acidic soil with a ratio of 40–60% of this sludge to improve the 

fertility of the soil. 

 

Introduction 

Application of sewage sludge compost as a fertilizer on landscaping provides a potential way 

for the effective disposal of sludge. Monitoring of microbiological and biochemical 

parameters is one of the most essential properties to qualify soil health when treated with 

wastewater sludge. Today, one of the most pressing environmental problems is the increasing 

volume of waste, including wastewater sludge treatment, utilization and disposal. The 

possible way to use wastewater sludge as organic fertilization is utmost importance because it 

improves soil structure and induces useful microbiological processes. Wastewater sludge is 

environmentally polluting and on the other hand, suitable for organic farming as organic 

fertilizer. As a result of wastewater sludge treatment, the amount of microorganisms in the 

soil usually increases. The nutrient flow for the soil is determined by the activity of enzymes, 

in addition to the physical, chemical parameters, plant cover and microbial activity. The 

organic matter of wastewater sludge is decomposed by heterotrophic nutrition prokaryotes 

and fungi. Biodegradation is basically the result of microbial and biochemical processes, 

therefore all factors that have an impact on the structure, function and enzymatic activity of 

microorganisms affect the rate of degradation. Microbial mineralization products of organic 

constituents differ in aerobic and anaerobic conditions. During the present work, we 

investigated the effects of wastewater sludge on the biological properties of the amended soils 

in the rhizosphere of rye plant. 

 

Experimental 

The origin of soil samples were: Kovárvány brown forest soil (KBET) was from the Center 

for Agricultural and Technical Sciences at the Nyíregyháza Research Institute of the 

University of Debrecen. Soil samples were collected from the upper layer of 0-25 cm. Some 

chemical properties of communal wastewater sludge from the municipal wastewater treatment 

plants (Nyíregyháza) and soil samples are presented in Table 1. The air dried soil was 
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thoroughly mixed with wastewater sludge so, the final mixture contained wastewater sludge 

in the soil sample was as following percentages: 0% (wastewater -free control soil), 20, 40, 60 

and 100% (wastewater sludge only, without soil). Rye (Secale cereale L.) seeds were 

sterilized and planted in plastic containers of 3 kg of tested soil as prepared above. After 10 

days of germination, young plants were reduced to be 10 plants/pot. 

 

Table 1 

Properties of the soils and sludge used in the model experiment 
Parameters Soil type: KBET Wastewater sludge: NySzv 

pH(KCl) 5.78 6.71 

a) Dry matter content, % na 53 

b) Organic matter, % na 21.7 

c) Humus content, % 2.54 na 

d) Total-N, mg·kg
-1

 na 7470 

NO3-N, mg·kg
-1

 23 na 

NH4-N, mg·kg
-1

 5.6 na 

Mg, mg·kg
-1

 214 2507 

Na, mg·kg
-1

 64 994 

P2O5, mg·kg
-1

 318 28720 

K2O, mg·kg
-1

 412 3171 

Zn, mg·kg
-1

 1.7 537 

Cu, mg·kg
-1

 1.4 110.4 

Mn, mg·kg
-1

 55 421 

Fe, mg·kg
-1

 945 11308 

Cd, mg·kg
-1

 1.7 2.3 

Pb, mg·kg
-1

 1.3 66.9 

na: no data available 

 

Heterotrophic and aerobic soil microorganisms 

The total plate count of aerobic bacteria, aerobic endospore-forming bacteria, filamentous 

fungi, yeasts, cellulose decomposers and phosphate-solubiliers in the rye rhizosphere was 

determined by means of a soil suspension. The roots separated from the plants were washed in 

sterile tap water to remove sticky soil particles followed by washing with a sterile 0.85% 

NaCl solution again. Ten grams of the washed roots were cut and placed in 90 ml of sterile 

saline. The total numbers of colony forming units (CFU) of culturable microorganisms were 

determined by serial dilution and plating on selective media. Plate counts of culturally viable 

bacteria and endospore-forming bacteria were made on Tryptone Soya Agar (TSA; Oxoid, 

Basingstone, Hampshire, England) amended with 0.1 g/l cyclohexamide. For fungi the 

Martin’s medium for fungi [1] was Rose Bengal Agar (RB; Oxoid) amended with 30 mg/l 

streptomycin sulphate. Yeasts were cultivated on Malt Extract Agar, actinobacteria were 

counted on Glycerol Casein Agar [2] amended with 0.05 g/l cyclohexamide. Examination of 

phosphate solubilisation was done in the medium described by Goldstein [3] for the selection 

of phosphate solvents. Dicalcium phosphate agar plates were inoculated, so that pure ring-

producing strains around their cells are phosphate-free. Cellulose agar plates were seeded 

using two types of media (PDA: fungi and Nutrient agar: bacteria), which included the 

carboxymethylcellulose Congo red (CMC-Congo red) substrate as determined by Hendricks 

et al. [4]. All plates were inoculated with 0.1 ml of soil suspension and cultured at 25°C for 4 

to 7 days for fungi, 30°C for 2 days for heterotrophic and endospore-forming bacteria and for 

10 days for actinobacteria. Isolation and identification of microorganisms were done 

according to their morphological characteristics (colour, shape, appearance, cell size). 

Cultivable aerobic heterotrophic bacterial isolates belonging to different genes were studied 

by colony and cell morphology, Gram staining, spore staining, oxidase and catalase reactions, 

oxidation and fermentation of glucose, and motion and pigmentation. 
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Monitoring the enzymatic activity 
Dehydrogenase activity (μg INTF/g

-1
 dry soil) was measured according to García et al. [5]. 

Phosphatase activity (μmol p-nitrophenol (PNP)/g
-1

 dry soil/h
-1

) regard to the method of 

Tabatabai and Bremner [6]; β-glucosidase activity (μmol p-nitrophenol/g
-1

 dry soil/h
-1

) was 

determined by the method described by Masciandaro et al. [7]. Invertase activity was 

measured by Siegenthaler [8] using p-nitrophenyl α-D-glucopyranoside (Fluka, Buchs, 

Switzerland). After adding a solution containing p-nitrophenol, tris buffer (pH 9.5); it is 

converted to nitrophenolate anion which can be measured by a spectrophotometer due to the 

pH effect. The extinction value at 400 nm is multiplied by 21.64 in an invertase number. The 

aryl sulfatase activity (μmol nitrophenol g
-1

 dry soil/h
-1

) was determined according to 

Tabatabai and Bremner [6] (absorption of p-phenol at 400 nm after incubation with PNP 

sulphate). 

 

Results and discussion 

Composition of microbial population: It was found that population of the different 

microbial groups increased by the addition of sludge to soil. This suggests that microbial 

populations are able to utilize large quantities of organic matter and use wastewater sludge as 

energy sources (Figure 1). 

 

 
Figure 1. Effect of sludge application on microbial structure in soil of Nyíregyháza 

 

The most common isolates were belong to genera of Achromobacter, Acinetobacter, 

Aeromonas, Alcaligenes, Arthrobacter, Azotobacter, Bacillus, Brevundimonas, Burkholderia, 

Cellulomonas, Chromobacterium, Chryseobacterium, Corynebacterium, Enterobacter, 

Escherichia, Flavobacterium, Klebsiella, Microbacterium, Micrococcus, Pseudomonas, 

Rhodococcus, Serratia, Stenotrophomonas, Staphyllococcus, Streptococcus, Streptomyces and 

Zooglea. The number of filamentous fungi was greater than in the control and more than 350 

representative fungal strains were isolated. These isolates belong to the following genera: 

Alternaria, Aspergillus, Cephalosporium, Cladosporium, Fusarium, Geotrichum, Mucor, 

Penicillium, Rhizopus and Trichoderma. In addition, there are many strains belonging to the 

Saccharomyces genus (Figure 1). 

Bacterial communities: It was found that Gram negative bacteria were dominated in the 

rye rhizosphere treated with the sludge. The proportion of Gram-negative to Gram-positive 

bacteria was 3.24. 

Enzymatic activities: The results of measuring dehydrogenase activity confirm the 

microbial population. Also, the enzymatic activity exceeded in higher values than the control 
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samples. Soil dehydrogenase activity refers to the total oxidative activity of the soil microbial 

activities and can therefore be a good indicator of the degree of microbial activity. Sludge 

addition increased dehydrogenase activities for each treatment (Figure 2). 

 

 
Figure 2. Effect of sludge application on the activities of some enzymes in soil 

 

The highest enzymatic activities of urease, protease, phosphatase, β-glucosidase and aryl 

sulfatase (Figure 2) were observed. The higher enzyme activity can explained the increases of 

microbial activity that is caused by the high nutrient and organic content of sludge. Protease 

activity increased significantly after 9 weeks of growth time. During the experiment, the plant 

grown in sludge treated soil had a positive effect on the microbial growth and increases the β-

glucosidase. 

 

Evaluation of results: Investigation of the data showed that there is more and more 

evidence that such parameters are also sensitive indicators of the composition and function of 

the stressed soil caused by the use of sludge because microbiological activity directly affects 

the stability of agro-ecological systems and fertility. There is also a growing interest in the use 

of soil enzymes as indicators of soil fertility, because the activity of soil enzymes is sensitive 

to many factors. 

Since the enzyme activity is substrate-specific, it is difficult to predict the nutrient 

supply of the soil from the activity of an enzyme, and the parallel measurement of several 

properties can better describe the microbiological activity of the soil. The number of 

heterotrophic microorganisms in the soil usually increases following the addition of sludge. In 

fact, microorganisms capable of utilizing the organic material of sludge are rapidly 

propagating. 

According to Stadelmann and Furrer [9], the number of aerobic bacteria and beetles increased 

due to sludge addition. The sludge application causes an increase in the microbial populations. 

Environmental factors also affect microbial activity and mineralization of sludge. Wastewater 

sludge and its management affect the quality of the organic material, its degradation speed, 

the time required for it, and the amount of nutrient released. Our results confirm the statement 

by Garcia et al. [6] that microbial and dehydrogenase activity is directly related to each other 

and depends on the metabolic state of microbial populations in soil. Crecchio et al. [10] 

observed that with increasing use of communal waste compost the organic C, N, 
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dehydrogenase, β-glucosidase, urease, nitrate reductase and phosphatase activity of the soil 

increased with the composition of the bacterial communities living in soil did not change 

significantly. However, in our case, the activity of soil enzymes and the density of microbial 

populations increased with the addition of sludge. Sludges, as products obtained by 

wastewater treatment, contain organic matter, micro and macronutrients and are potentially 

useful for any agriculture use. They may contain undesirable harmful materials. For these 

reasons, the use of sludges in agriculture, at European Union (EU) level, is regulated by the 

EU Sludge Directive 86/278/EEC. One of the current Council Directive of 12 June 1986 aims 

on the protection of soil environment, when sludge is applied in agriculture is to avoid 

toxicity effects on soil, plants and man [11]. Considerable improvement in dehydrogenase 

activity and aggregate associated organic matter was observed particularly when higher 

amount of sludge was applied our results are confirmed with the observation of Mondala et al. 

[12]. The greater soil urease and invertase activities in spring soil amended with sludge 

provided evidence of increased soil microbial population [12]. Soil microorganisms excrete a 

variety of enzymes such as urease, invertase, dehydrogenases, cellulases, amylases and 

phosphatases that have long been recognized as a primary means of degrading xenobiotics in 

soil and water ecosystems [13]. Therefore, in municipal solid waste composts use over 

agricultural lands, heavy metal contents should always be taken into consideration and 

excessive uses should be avoided [14]. 

 

Conclusion 

Findings showed that microbial activity in the soil depends on the C and N content; soil 

enzymatic activity increase with the addition of sludge. Therefore, the wastewater sludge 

utilized in the present study could be used as a valuable organic fertilizer in rye cultivation 

land and could also act as an eco-friendly method for the recycling of wastewater sludge. 
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Abstract 

The need for analytical techniques capable for the detection and characterization of 

nanoparticles (NPs) in industrial and environmental matrices also grows along with the 

quickly expanding use of NPs in various products. Two candidate analytical techniques are 

laser induced breakdown spectroscopy (LIBS) and inductively coupled plasma mass 

spectrometry (ICP-MS). Both of these sensitive and versatile techniques provide elemental 

compositional information. Based on the success of the application of LIBS in aerosol 

analysis this technique can be expected to be similarly useful in NP monitoring applications, 

such as the detection of NPs in liquid or gaseous matrices, or for the monitoring of the 

properties of NPs produced by physical generation methods (e.g. electrical discharges or laser 

ablation). ICP-MS on the other hand has already proven itself useful in the literature, both in 

the solution or single particle analysis (spICP-MS) modes, for the characterization of 

nanoparticles. In recent years we also reported about the successful development of several 

ICP-MS based analytical methods for the compositional and dimensional analysis of NPs (e.g. 

[1, 2]).  

In our study we assessed the potential of LIBS and ICP-MS for nanoparticle detection 

and characterization both in on-line (only for LIBS) or off-line (following collection on a 

filter) mode. Dispersions of various types of nanoparticles (e.g. monometallic, bimetallic, 

oxide) in simulated or real liquid and gaseous industrial and environmental matrices were 

measured. Some NPs were obtained commercially, while others were generated by in-

laboratory developed electrical (spark or arc) discharge generators. Additional and reference 

characterization of the nanoparticles were performed by electron microscopy (SEM, TEM) 

and scanning mobility particle sizer (SMPS). Size and mass detection limits were also 

calculated for on-line LIBS detection of nanoaerosols and for spICP-MS detection of NPs in 

aqueous nanodispersions. 

 

Introduction 

Nanoparticles (NPs) can be the product of natural phenomenons or various industrial 

processes. Due to their favorable properties, their application has expanded to a wide range of 

industries, such as textiles, pharmaceuticals, food, construction electronics and so on. As their 

application shows an increasing trend, it is becoming necessary to detect them in both 

environmental and industrial samples. In our present study, we investigated the potential of 
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LIBS and ICP-MS for nanoparticle detection and characterization both in on-line (only for 

LIBS) or off-line (following collection on a filter) mode. Dispersions of various types of 

nanoparticles (e.g. monometallic, bimetallic, oxide, polymer) in simulated or real liquid and 

gaseous industrial and environmental matrices were measured. 

 

Experimental 

A quadrupole Agilent 7700X inductively coupled plasma mass spectrometer (ICP-MS), 

equipped with standard Agilent accessories, was used in our experiments. Sample 

introduction was performed by an Agilent I-AS autosampler and a Micro Mist pneumatic 

nebulizer equipped with a Peltier-cooled Scott-type spray chamber. The sample uptake rate 

was 400 µL/min. The ICP plasma and interface parameters were set up according to standard 

conditions (RF forward power: 1550 W, plasma gas flow rate: 15.0 L/min, carrier gas flow 

rate: 1.05 L/min, sampling depth: 10.0 mm). An in-house developed spark discharge 

generator (SDG) and an arc discharge generator (ADG) were used to generate well 

characterized gold and copper NPs, respectively. In the SDG, the operating time was kept 

constant and the spark repetition rate was changed between 50 and 250 Hz (this directly 

influences the numerical concentration of the produced nanoparticles). The nanoparticles were 

collected on a glass membrane filter in continuous Ar gas flow. The NPs were characterized 

by scanning mobility analyzer (SMPS) TSI model 3082 and transmission electron microscopy 

(TEM) FEI Tecnai G2 20 X-TWIN. In oue experiments LIBS spectra were recorded with a 

LIBSCAN 25+ instrument (λ=1064 nm, 50 mJ impulse energy). Commercially obtained NPs. 

Pt nanoparticles (46 nm , citrate stabilized, (NanoXact, NanoCompsix Inc.) and Ag 

nanoparticles (59 nm, Pelco NanoXact, Ted Pella Inc.) 

 

Results 

Nanoparticles may also be generated during the wear of the catalytic converters of cars, which 

is then released into the environment. In this simulation experiment, Pt nanoparticles were 

added to the collected environmental water matrix (Szeged, Vér tó). The sample was 

homogenized, filtered on a 0.22 μm pore-size PTFE membrane filter, diluted and measured by 

spICP-MS. The NPs can be detected in such a complex environmental matrix. Silver 

nanoparticles are widely used in textile industry because of their antimicrobial effects. In our 

experiment, we simulated the washing procedure of Ag NP coated textiles. The washing was 

simulated by vortexing the textile piece for 45 minutes in 0.4 g/L Na2CO3. The released 

washing water was diluted and measured with spICP-MS for the detection of silver 

nanoparticles. The Ag NPs were well detectable and barely degraded in size during the 

washing procedure. On-line measurement of nanoaerosols may be useful in the monitoring of 

ambient air samples or the production of nanoparticle synthesis in gases. These measurements 

can be carried out with a portable, robust equipment, in natural or industrial environment. In 

our experiments, we tested this using SDG and ADG produced Au and Cu NPs. We found 

that the SDG-generated Au nanoparticles (diameter of ca. 36 nm) did not contain sufficient 

amount of material to be detected in the on-line mode, but the ADG-produced Cu particles 

(with the diameter of around 236 nm) were well detectable. 

 

Conclusion 

In this work we successfully demonstrated that both LIBS and ICP-MS can be used to detect 

or characterize nanoparticles. The LIBS method was found to be suitable for particle detection 

with both on-line and off-line approaches in the case of sufficiently large nanoparticles. ICP-

MS can provide accurate compositional and size information about NPs. 
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Abstract 

The two forms of most common biological purification used (activated sludge and biofilm) 

cannot effectively remove pharmaceuticals, such as diclofenac and sulfamethoxazole. 

However, a biological phenomenon called cometabolism can improve the removal efficiency. 

In the case of cometabolism, an easily degradable substrate (growth substrate) is added to the 

wastewater to be treated, which supplies the microorganisms with sufficient energy for 

biodegradation. Such easily degradable molecules (e.g. methanol, acetic acid, ethylene glycol) 

are also formed in the anaerobic steps of wastewater treatment systems and are utilized as 

growth substrates. The rate of oxidative degradation of pharmaceuticals (measured by using 

oxygen uptake rate) was shown to greatly increase in the presence of easily degradable 

growth substrates in the case of activated sludge. In the biofilm system which is another form 

of biological wastewater treatment, the rate of cometabolism remained low, most possibly 

because it has much narrower bacterial diversity than activated sludge. However, the 

efficiency of oxidative degradation can be significantly improved by using an advanced 

oxidation process, ionizing radiation treatment, before cometabolism. This combined 

treatment, irradiation and cometabolism is recommended for the degradation of recalcitrant 

organic compounds. 

 

Introduction 

The conventional wastewater treatment technologies are not suitable for removing hardly 

biodegradable micro-pollutants (xenobiotics), such as pharmaceuticals. These compounds 

often pass through the treatment systems in unchanged form and enter the surface waters [1, 

2]. The pharmaceuticals, especially antibiotics remaining in the treated wastewater have 

several adverse effects on the environment: short-term and long-term toxicity, endocrine 

disruption or induction of resistant pathogens [3, 4]. 

The decomposition of xenobiotics can be enhanced by the stimulation of natural processes, so 

called cometabolism (co-oxidation), whereby a complex non-biodegradable molecule can be 

degraded in the presence of an easy-to-degrade substrate (growth substrate) [5]. Simple 

organic compounds (methanol, ethanol, formic acid, acetic acid, propionic acid, butyric acid, 

valeric acid, caproic acid or hexanoic acid, lactic acid, ethylene glycol, etc.) are formed by 

hydrolysis and microbiological fermentation from complex organic molecules in wastewater. 

Industrial by-products (acids and alcohols) can also be used for feeding the bacterial 

community. However, depending on the composition and diversity of the microbiota, other 

elements can be successfully utilized and it also affects the efficiency of cometabolism. The 

biomass of each wastewater treatment plant has a special composition, so its removal 

efficiency and biotransformation capability for micro-pollutants are also different [6, 7]. 
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Several technological innovations are aimed at removing micro-pollutants, among these 

advanced oxidation processes (AOP) based on hydroxyl radicals (

OH) are highly effective 

[8, 9, 10]. This process eventually results in the formation of simpler, biodegradable 

(available to microorganisms) organic compounds. 

The aim of this work was to improve the removal efficiency of the biological treatment for 

hardly biodegradable pharmaceuticals, namely sulfamethoxazole (SMX, antibiotic) and 

diclofenac (DCF, analgesic, non-steroidal anti-inflammatory drug). For this purpose AOP and 

cometabolism, as well as their combination were tested. The phenomenon of cometabolism 

was studied by the addition of simple growth substrates (methanol, acetic acid, ethylene 

glycol), and γ radiation was used as an advanced oxidation process at three different doses. 

The change in the bioavailability of the compounds was followed by respiratory tests on 

wastewater activated sludge and biofilm cultures. 

 

Experimental 

As an advanced oxidation method, γ irradiation was used with 0.5, 1.0 and 2.0 kGy doses. 

Irradiations were performed by a 
60

Co (1.85PBq) SSL-01 panoramic type gamma source, with 

9.4 kGy h
-1

 dose rate. The samples containing pharmaceuticals in 0.1 mmol L
-1

 concentration 

were continuously aerated and kept at room temperature during the treatment. H2O2 generated 

during ionizing radiation treatment was eliminated with dosing 0.25 g L
-1

 manganese(IV) 

oxide at pH 10.0 (stirred at 20 °C for 10 minutes). After filtration with 0.22 µm regenerated 

cellulose membrane filter the solutions were neutralized. This step is necessary to avoid 

toxicity and measurement interfering effects by elevated oxygen levels. 

Organic matter content was expressed as chemical oxygen demand (COD) as the organic 

matter is oxidized by sulfuric acid and a known excess of potassium dichromate (K2Cr2O7) at 

high temperature (2 h, 170°C). The remaining unreduced K2Cr2O7 is titrated with ferrous 

ammonium sulfate (ISO 6060:1989). 

The respiratory tests (on the basis of ISO 8192:1986 standard) were carried out with two 

types of wastewater bacterial cultures: activated sludge and biofilm biomass collected from 

the South-Pest Wastewater Treatment Plant. The cultures were used for testing freshly 

without storage and were washed several times with tap water. Oxygen consumption of the 

culture was measured in 300 mL Karlsruher bottles with an FDO® 925 oxygen sensor at 20 

°C. The mixtures were made with tap water. The respiration intensity is expressed in oxygen 

uptake rate (OUR, mg O2 L
–1

 h
–1

).  

The cometabolic effect is achieved by the addition of simple organic substrates with the same 

load levels in each bottle: 25 mg dry matter of biomass, 150 mg O2 L
–1

 COD-equivalent 

substrate and 150 mL of irradiated pharmaceutical solutions. The blank test mixtures 

contained only biomass and substrates, while the control mixtures treated/untreated 

pharmaceutical samples and substrates without biomass. All data used to evaluate the results 

are corrected for endogenous OUR values (absence of pharmaceutical and growth substrate) 

and control values (currently tested pharmaceutical and growth substrate without biomass). 

The dissolved oxygen uptake is increasing in the presence of biodegradable compounds, and 

it is reduced in the presence of toxic substances. 

 

Results and discussion 

In order to study the combined effect of gamma radiation and cometabolism, we had to 

perform a number of preliminary experiments. First we had to identify the growth substrates 

that the bacterial cultures could utilize for the cometabolic biodegradation of the tested 

pharmaceuticals (DCF, SMX). If a bioculture (activated sludge, biofilm) is capable of 

efficient cometabolic degradation alone, the effect of gamma radiation is less detectable. 

According to this guiding principle we selected a poorly, a medium and a highly active 
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growth substrate and the less effective bacterial culture for further testing that worked 

similarly for both pharmaceuticals: methanol, ethylene glycol and acetic acid.  

During the preliminary tests we found that activated sludge is efficient in cometabolism alone, 

the effect of irradiation treatment is further tested on the biofilm, which was less effective in 

cometabolism. The OUR data for the selected three substances are summarized in Fig.1. 

 
Figure 1. Relative OUR values for SMX (a) and DCF (b) with the three selected substrates 

using activated sludge or biofilm. 

 

As Fig. 2 shows the untreated pharmaceuticals were not eliminated by the biofilm bacterial 

culture (0 mg L
-1

 h
-1

, i.e. no metabolic activity). However, in the irradiated samples 

bioavailability of both pharmaceuticals was observed and the effect was enhanced with the 

dose. At 0.5, 1.0 and 2.0 kGy absorbed doses for SMX solutions 0.16, 0.27 and 0.35 mg L
-1

 h
-

1
, while for DCF 0.01, 0.14 and 0.31 mg L

-1
 h

-1
 oxygen consumptions were measured, 

respectively. The chemical oxygen demand (COD) decreased due to the irradiation treatment 

from 54 mg L
-1

 (not irradiated), to 52 mg L
-1

 (0.5 kGy), 37 mg L
-1

 (1.0 kGy) and 30 mg L
-1

 

(2.0 kGy), for SMX, and from 48 mg L
-1

 (not irradiated) to 40 mg L
-1

 (0.5 kGy), 39 mg L
-1

 

(1.0 kGy) and 34 mg L
-1

 (2.0 kGy) in the case of DCF (Fig. 2 inset). This indicates radiation 

induced degradation of the pharmaceuticals. 

The post-irradiation OUR value with growth substrate are shown in Fig. 3. The values 

measured for the growth substrate (without irradiation) were subtracted. The OUR increment 

values of the figure show the effect of cometabolism and irradiation together. The higher the 

OUR values, the more pronounced the effect of irradiation on cometabolism. 
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Figure 2. The effect of irradiation on oxygen uptake rate and chemical oxygen demand values 

(inset) of two pharmaceutical compounds (SMX and DFC). 

 

The efficiency of the cometabolism can be increased by irradiating the samples with a 

relatively low dose. At 0.5 kGy absorbed dose, the increase in co-oxidative respiration for 

SMX was 0.47 mg L
-1

 h
-1

 with acetic acid, 1.60 mg L
-1

 h
-1

 with ethylene glycol and 2.24 mg 

L
-1

 h
-1

 with methanol. For DCF the increase was 0.53 mg L
-1

 h
-1

 with acetic acid, 2.05 mg L
-1

 

h
-1

 with ethylene glycol and 4.19 mg L
-1

 h
-1

 with methanol. No improvement was observed at 

higher doses (Fig. 3). Above 0.5 kGy there is a very high oxidation percentage and there is 

considerable depletion in the organic material (Fig. 2, inset). 

 
Figure 3. The effect of irradiation on oxygen uptake rate (OUR) increment in the presence of 

pharmaceuticals (SMX and DCF) and growth substrate (methanol, acetic acid and ethylene 

glycol) with the values measured for the growth substrate subtracted. 

 

If acetic acid was added to the irradiated SMX solution, the OUR was almost ten times higher 

than without treatment (0.05 to 0.47 mg L
-1

 h
-1

). Ethylene glycol mixed with irradiated DCF 

solution resulted in a triple respiration intensity relative to the untreated cometabolic effect 

(0.68 to 2.05 mg L
-1

 h
-1

). The effect of treatment on the methanol as growth substrate is barely 

detectable (SMX: from 2.13 to 2.24 mg L
-1

 h
-1

, DCF: from 3.59 to 4.19 mg L
-1

 h
-1

). Based on 
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these results, significant improvement can be achieved in the case of the inherently weak 

substrate. In the case of a highly active substrate, methanol, irradiation does not improve 

significantly the efficiency. 

 

Conclusion 

The biodegradation of sulfamethoxazole and diclofenac was stimulated separately by the two 

tested methods: cometabolism and advanced oxidation treatment (by high-energy ionizing 

radiation). Two type of bioculture (activated sludge and biofilm) and 10 organic molecules 

were tested, and finally methanol, acetic acid and ethylene glycol were selected as growth 

substrates for cometabolism by biofilm biomass. Both pharmaceuticals showed cometabolic 

effect, but it was really significant for activated sludge. The biodegradability of 

sulfamethoxazole and diclofenac in 0.1 mmol L
-1

 aqueous solutions was enhanced by 

irradiation. A further increase was observed when the two methods, cometabolism and 

irradiation were combined. The the efficiency of the cometabolism can be enhanced by 

irradiation up to 0.5 kGy. No improvement was observed at higher doses most possibly due to 

the depletion of organic molecules by irradiation. Acetic acid added to the sulfamethoxazole 

almost ten times, the ethylene glycol mixed with diclofenac three times increased the 

respiration intensity as compared to the values obtained without irradiation.  

The use of advanced oxidation techniques combined with cometabolic technology can be a 

successful and cost effective development path for the removal of pharmaceuticals. These two 

methods can be combined at the end of the wastewater treatment technology as a fourth stage. 
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Biosorption process is one of the most widely used methods for the removal of heavy metals 

from water with advantage of low operating costs, high treatment efficiency and no 

contaminative by-product released into treated water. This technological process is influenced 

by various process parameters, such as pH, temperature, initial metal ion concentration, 

sorbent dosage, etc [1]. Furthermore, the biosorbent properties, such as composition, surface 

structure and particle size, may also affect the biosorption performances [2]. This study 

investigates the influence of biosorbent particle size, namely sugar beet shreds, on the uptake 

of Cu(II) ions from aqueous solutions, in a fixed-bed column. Concentration (C0) and the pH 

of the inlet solution were 100 mg·L
-1

 and 4.5, respectively, and 10 g of the adsorbent were 

used. Sugar beet shreds were milled and sieved through the set of sieves, and three fractions 

were used for the adsorption experiments: 224-400, 400-600 and 600-800 μm. Results 

obtained for the concentration of the copper ions in consecutive effluent aliquots (C) were 

fitted with the parallel sigmoidal (PS) model [3], since this model fits the experimental data 

more accurately than any other commonly used model. Namely, coefficient of determination, 

R
2
, for the samples with ascending particle sizes were 0.9991, 0.9998 and 0.9982, 

respectively, and sum of squared errors, SSer, for the same samples were 2.27·10
-3

, 0.8·10
-3

 

and 0.5·10
-3

,
 
respectively. Two-stage nature of the biosorption process has been confirmed by 

the low values of the one phenomenon moiety in the overall adsorption process, p (0.31, 0.40 

and 0.35, respectively). However, there is no significant differences between samples with 

different particle sizes, regarding this parameter. The efficiency of the adsorption process is 

calculated as the ratio of the amount of metal ion adsorbed and the amount of metal ion fed 

into the column, using PS mathematical model equation. The most efficient was the process 

applying the smallest biosorbent particles, 224-400 μm, achieving the efficiency of 60.67%. 

This could be attributed to the fact that smaller particles provided a larger and easily 

accessible surface area for the same amount of biomass, making more binding sites available 

for the metal uptake [4]. The sample with particle sizes 400-600 μm achieved 44.24% 

adsorption efficiency, while the sample with the largest particles achieved efficiency of 

52.25%. The higher efficiency of the largest fraction could be attributed to the fact that the 

smaller total surface area of this sample has been compensated with contribution of some 

additional adsorption mechanisms, unlikely to occur in the sample with smaller particles. 
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Abstract 

Excessive consumption of petroleum products carries the risk that these toxic chemicals enter 

and accumulate in the environment hazarding natural habitats or human health. Areas being 

close to vehicle traffic or where handling and maintenance operations of vehicles take place 

are considered to be particularly vulnerable, thus, we aimed at investigating a railway 

marshalling yard polluted by used lubricant oils (ULOs). Quantitative determination of total 

petrol hydrocarbons in the polluted soil revealed a high level of pollution. Apart from the 

presence of open-chain or branched paraffins and aromatics, Fourier transform infrared 

spectroscopy identified intermediers from the microbial degradative pathways of 

hydrocarbons. Occurence of metabolically active microorganisms even in this highly ULO-

contaminated soil indicates that biological rehabilitation techniques can be preferable over 

more invasive and expensive physico-chemical methods to meet the soil standard. 

 

Introduction 

Lubricating oils (LOs) are widely used as friction-reducing, cooling and anti-corrosion agents 

on mechanical moving parts of motorized vehicles, which undergo a great variety of 

physicochemical changes during normal operation [1]. Used lubricating oils are complex 

chemicals consisting of a hydrocarbon mixture with varied carbon counts and diverse 

structures, additives and a considerable level of such harmful compounds as polychlorinated 

and polyaromatic hydrocarbons (PCBs and PAHs) or heavy metals [2-4]. Since ULOs can 

strongly bind to soil particles, persist in soil and cause changes in its physical, chemical and 

biological properties [5], contamination usually results in narrowing the soil spectra for later 

uses. 

 

Experimental 

Areas being close to vehicle traffic or where handling and maintenance operations of vehicles 

take place are considered to be particularly vulnerable, since the probability of contamination 

inevitably increases in these places [6]. ULOs, leaking from locomotives and polluting the 

soil, have been a long-standing environmental problem at a railway marshalling yard near 

Szeged, Hungary. We aimed at determining the level of total petrol hydrocarbons (TPH) in 

the polluted soil and elucidating changes in chemical composition of ULO exposed to natural 

weathering processes. Fourier transform infrared spectroscopy (FTIR) was applied to compare 

chemical properties of spent ULO to fresh MK8 locomotive LO. Determination of pollution 

level and chemical properties of the pollutant are essential for designing appropriate 

environmental soil rehebilitation processes. 
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Results and discussion 

Soil samples were collected from the upper layer of soil along a transect on the ULO-polluted 

train track. TPH levels in samples A-F (Fig. 1.) exceeded the pollution limit of 100 mg 

TPH/kg soil set out in Government Decree 6/2009 (IV. 14.) [7]. 

 

 
 

Figure 1. Sampling site: 1-2) ULO-polluted area of a railway marshalling yard near Szeged, 

3-4) soil sampling points and 5) TPH levels in ULO-contaminated soil samples (A-B). 
 

Comparison of FTIR spectra of spent ULO and fresh MK8 LO (Fig. 2.) revealed that LOs 

primarly composed of open-chain and branched paraffins [8-10]. Absorbance bands of C-H 

stretching vibrations in spent ULO are a bit shifted indicating disordered oil structure and 

shortened hydrocarbon chains possibly due to microbial ULO-degradation in soil. Alcohols 

and carboxylic acids are also intermediers in the degradative pathways of hydrocarbons [1, 8, 

11]. Bands corresponding to the presence of esters, ethers and amines [9, 12] further proves 

that metabolically active microorganisms can be found in polluted soils despite the high level 

of ULO-contamination. Metal-containing additives of LOs (zinc dialkyl dithiophosphates - 

ZDDPs) detergents (sulfonates, phenolates and carboxylates) and antifoams were also present 

according to the absorbtion bands of their P-O-C, P=S and Si-H bonds [12-14]. Increased 

concentration of aromatics was also detected in spent ULO compared to the FTIR spectrum of 

fresh LO [12]. 
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Figure 2. FTIR spectra of MK8 lubricanting oil: A) spent ULO and B) fresh LO. Absorbance 

bands: (1) O-H stretching in alcohols; (2) C-H stretching in hydrocarbons; (3) NH2+ 

deformation and NH+ stretching in amines; (4) Si-H stretching; (5) N=C=S stretching in 

isothiocyanates; (6) C-H bending in aromatics; (7) C=O stretching in esters, ketones and 

carboxylic acids; (8) C-C stretching in aromatic rings; (9) C-H bending in hydrocarbons; (10) 

S=O stretching in sulfates and sulfonates; (11) C- H branching vibration in hydrocarbons; 

(12) C-O-C stretching in esters and ethers; (13) sulfonate salts, methacrylates; (14) C-N 

stretching in amines; (15) P-O-C and P=S bonds in zinc dialkyl dithiophosphates (ZDDPs). 

 

Conclusion 

Detection of biomolecules and intermediers from ULO-biodegradation indicate the presence 

of metabolically active microorganisms even in this highly ULO-contaminated soil, hence 

biological rehabilitation techniques can be preferable over more invasive and expensive 

physico-chemical methods to meet soil standards. 
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Abstract 

There is a worldwide increasing interest in air pollution problem today. Wind transport and 

deposition of soil is recognized worldwide as an important environmental problem, as a large 

proportion of the environmental dust consists of fine particles from natural soil. Coarse and 

fine particles are released into the atmosphere through a variety of mechanisms, depending on 

the composition, size, concentration and duration of the particles in the atmosphere. Thus, 

mineral aerosols have a significant impact on air quality at local, regional and continental 

levels. Particles smaller than 10µm in diameter (PM10 and PM2.5) are easily transported by the 

wind. Eroded soil contains organic matter, heavy metals, pesticides, fertilizers, etc. Therefore, 

the study of the spatial and temporal changes in the content of soil toxic elements (pesticides, 

heavy metals) due to deflation is important from an environmental and human health point of 

view. The finer particles of soil transported by the wind, when introduced into the towns / 

villages, can contribute to the dust load of the settlements through dry and wet atmospheric 

deposition. So, it is important to examine the spatial and temporal variations in the harmful 

and pollutant content of the topsoils. These effects can be tested by wind tunnel experiments. 

[1, 2] 

 

In this study, we investigated the behavior of pesticides in wind-eroded sediment portable 

wind tunnel and a Wet Active Sediment Trap (WAST) and. WAST is a horizontal active trap 

that is patterned at different heights, isokinetic, wet trap to collect the suspended soil fractions 

[3]. Trap inlets are 5-10 cm, 20-25 cm, 50-55 cm high. The rolling soil fractions were 

collected too, in a tray at the end of the wind tunnel. In summer 2019, we collected 

chernozem and sandy soils from arable land near Szeged and took ex-situ measurements. 

Before the experiment, a part of the soil samples were treated with chlorpyrifos (2l/ha) and 

pendimethalin (5l/ha). Control soil samples were also meausered. 

 

We examined the topsoil samples (pH (H2O), CaCO3, Arany yarn test, OM %, total salt 

content, humidity and pendimethalin and chlorpyrifos contents and the toxic element contents 

in the collected soil fractions. Pesticide measurements are made by LC-MS according to 

hungarian standards. 

 

First results indicated that that chlorpyrifos and pendimethalin contents were higher in the 

rolling particles and in the particles collected at 5-10 cm. 

 

Keywords 

dust, wind-eroded soil, toxic elements, wind tunnel 
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Abstract 

Government and public administration have a multifaceted role in defining and achieving 

sustainability by developing policies and supporting the implementations. Since this area is a 

notable employer, personal opinions of the present and future employees deserve attention. 

Several studies are dealing with the attitude of higher education students towards 

sustainability, but public administration manager students are usually out of scope. This paper 

shows the results of a pilot study among 34 public administration manager students. The 

results include that the respondents are active in certain activities, but these are limited to 

simple and attractive issues like selective waste collection. The most important governmental 

responsibilities are defining and supporting tasks related to environmental protection, indirect 

tasks (framing) are rated less important. The main experience of the survey is that a system-

oriented and integrated approach is desired. 

 

Introduction 

Pro-environmental personal behavior is essential for achieving sustainability. Since both 

sustainability and human behavior are complex concepts, there are no simple answers to the 

emerging challenges. UN [1] defined 17 sustainable development goals (SDGs) including 

environmental, social and human ones. The most important components of environmentally 

conscious behavior are the knowledge, shared values, attitudes, intentions and the evaluation 

of actions [2] [3] [4] [5]. However, only the implemented actions bring sustainability closer to 

the present, such occurrence should be consciously increased. Li and Hu [6] or Bukovics [7] 

confirm the importance of relevant information available, others deal with exploring the 

patterns of personal attitudes ([8] [9] [10] [11]). Due to the conceptual diversity and a large 

number of influencing factors, the role of empirical studies is appreciated. 

Attention paid to public administration can be justified by two reasons. Once, public services 

appear in a wide area of life, so it is an excellent medium for presenting the expected 

behavioral patterns. Secondly, there are 471 800 people (2016 data of the KSH) working in 

various positions for the public administration, so the government is the largest employer in 

Hungary. Developing environmental awareness among them may also lead to notable impacts 

on the national level. Bukovics et al. [7] pointed out the need for this special approach to 

sustainable public administration that focuses on the functioning of society. 

The ‘Good State and Governance Report’ [12] [13], managed by the National University of 

Public Service, covers the strategy and the measurement initiation of the issues above. 

Sustainability is evaluated in five dimensions: 

- Climate change 

- Natural resources 

- Energy and water management 

- Environmental burdens (emissions) 

- Social sustainability. 
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Just social sustainable is marked ‘in need of development’.  

Several studies are dealing with the attitudes of higher education students (see e.g. [8] [10] 

[14]) but these usually focus on business/MBA students. Exploring the characteristics of 

public service students contributes greatly to the knowledge base of the field. 

 

Experimental 

The paper presents the results of a pilot study among 34 public administration manager 

students (82.4% female, 17,6% male). The representativeness of the sample is not ensured, 

conclusions are limited to the sample. The main purpose of the research is to prepare a wider 

survey. The survey uses an online questionnaire about the opinions and attitudes to 

environmental issues, evaluation of environmental and social problems as well as the role and 

engagement of the government. Due to the pilot nature of the research and the small sample 

size, it is not worth to run statistical tests for relationship analysis. This paper selects some 

results: 

- personal approach to environmental protection (measured on a 5-point scale), 

- barriers of sustainability (respondents were asked to mark at most 3 items of a list), 

- role of government (respondents were asked to put items in order). 

 

Results and discussion 

Environmental considerations are presented in some activities of the students. Figure 1 

summarizes the distribution of the responses measured on a 5-point scale. The waste 

collection shows a ‘greener picture’ than other items of the survey. Voluntary actions are not 

typical as well as environmental considerations in e.g. selecting the travel mode of the holiday 

journey. 

 

 
Figure 1: Considerations of environmental aspects in some activities (own edition) 

 

The most relevant barrier of environmentally conscious living is the need for comfort based 

on the evaluation of the respondents (Figure 2). Financial reasons are marked by 46.9% of the 

respondents as one of the three most relevant items. It is surprising, that a high proportion of 

them do not consider environmental problems serious (41.2%). However, it is encouraging 

that only 11.8% thinks that the conditions of sustainable living are not available. 
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Figure 2: Barriers of sustainability (own edition) 

 

The role of government is complex in managing sustainability from legislation to business 

activities including education and supporting social changes. The survey asked the 

respondents to rank 7 statements. Accordingly, the order is as follows, based on the mean 

value of the ranking numbers: 

1. Establishing a legal, economic and technical regulatory framework for achieving 

environmental goals (3.4) 

2. Defining the priority tasks of environmental protection (3.5) 

3. Providing the economic and financial foundations of environmental protection 

(3.6) 

4. Carrying out environmental state administration tasks (4.0) 

5. Exploring the state of the environment and determining the status to be reached 

(4.1) 

6. Defining and realizing R&D, education and information tasks (4.4) 

7. Enforcement of environmental requirements in other state tasks (5.0) 

 

The distribution of the rankings shows a more nuanced picture of the opinions. Figure 3 

highlight the ratios of high priority (Rank 1 and 2), middle (Rank 3 to 5) subordinated (Rank 

6 and 7) issues. 

 

Beyond providing the economic and the financial background, the respondents considered 

defining the priorities as an important governmental task as well as R&D, education and 

information tasks. However, 44.1% of the respondents rated this item the least important. 

Medium values are assigned to establishing a regulatory framework and state administration 

tasks. An interesting experience of the survey is that an integrated approach is not expected, 

58.6% considered enforcing environmental requirements in other governmental tasks the least 

important item. 
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Figure 3. Ranking of governmental responsibility about environmental issues (own edition) 

 

Conclusion 

The government has a multifaceted role in defining and achieving sustainability. The attitudes 

of public administration manager students as future public servants may influence the success 

of the progress. However, there is very little attention to their characteristics in the literature. 

However, the results presented in this paper are not representative and the conclusion is 

limited to the sample, the experience helps to prepare extensive research. The main 

conclusions of the research are as follows: 

- the respondents are active in certain activities, but these are limited to some simple 

and attractive issues like selective waste collection, 

- comfort is considered the most important barrier of sustainability, 

- Defining and supporting tasks related to environmental protection are the most 

important governmental responsibilities; indirect tasks (framing) are rated less 

important, 

- integrated approach and system-oriented thinking must be developed. 
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Abstract 

In this paper are shown results of the research about the awareness of the employed persons in 

Doboj (BiH) about the energy consumption and costs in companies and also in households. 

Analysis is performed based on the respondent answers and correspondent tests of 

questionnaires collected among employed persons. Questionnaire is organized in three main 

topics about other sources of energy, including fossil fuels and renewable energy as a 

supplementation and\or replacement for the electric energy. In the conducted research 150 

fulfilled questionnaires were collected, representing the respondents opinion about the 

importance of source of energy related to companies’ energy costs. In this paper relation 

between of awareness about the energy consumption cots in the company and awareness of 

the consumption of electricity and the possibility to make household savings in electricity 

costs. 

 

Keywords: Electric energy, renewable energy, fossil fuels, costs of energy. 

 

Introduction 

Survey “Renewable energy sources” was conducted in Doboj (BiH) Municipality and 150 

completed surveys were collected, which represents data sample for this analysis. Survey 

contains of personal data questions and questions about an opinion on efficient consumption 

and renewable energy sources (1st competitiveness and consumption, 2nd sources of energy). 

Questions are constructed in line with the possible answers with the scale of 5 possible 

answers: A - insignificant, B - less significant, C - intermediate, D - very significant, E - 

extremely significant. Respondents are the employed persons from Doboj (BiH) and they 

have been expressed their views on the question that they were asked. 

 

Analysis is based on the criterion question: 

Electricity consumption has a significant share in the total cost of the company. 

 

How responded reacted to this criterion question represents their opinion about the 

consumption of electricity within the work they deal with. Based on the criterion question the 

entire sample is divided into 5 groups depending on their answers to that question.  

 

The 5 groups are represented in the following way: 

A - insignificant (0 respondents), B - less significant (4 subjects), C - intermediate (36 

subjects), D - very significant (69 respondents) and E - extremely significant (41 subjects). 

Given distribution of the answers to the criterion question, shows that the group A is 

completely insignificant and because there are no respondents it won’t be used it in the future, 

while the results of the group B is taken with the reserve because of the small number of 

respondents, and it cannot be considered as a relevant result. Focus will be on the difference 
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in attitudes between groups: C - intermediate significant (36 subjects), D - very significant (69 

respondents) and E - extremely significant (41 respondents). 

 

Methodology  

Goal of this research is to determine whether there are differences between the 4 mentioned 

groups and on which question or a questions differences exist. Differences are important for 

the respondents who consider that electricity consumption has a significant share in the total 

costs of the company and the test hypotheses are created in the following way: 

H1 – Groups defined by criteria question (CQ) have different opinion (answer) on the 

question “Energy consumption in the economy is high” (ENERGY IN THE 

ECONOMY) 

H2 - Groups defined by criteria question have different opinion (answer) on the 

question “Households can be more economical when consuming electricity” 

(ELECTRICITY IN HOUSEHOLDS)”. 

Analyses used in this research are MANOVA and ANOVA analysis and data processing and 

calculations are done with R-project. For testing whether there was a difference on all groups 

the MANOVA analysis was done an if the difference is obtained as a result of MANOVA, 

tests between which groups differences exists is later done with ANOVA analysis.  

 

Results 

In relation to the criterion question first test was done on the first question: 

1. “Energy consumption in the economy is high” (ENERGY IN THE ECONOMY). 

2. “Electricity consumption has a significant share in the total cost of the company” 

(criterion question, CQ) 

MANOVA results are shown in the table bellow 

 

Df Sum Sq Mean Sq F value Pr (>F) 

CQ 3 23.83 7.943 14.14 0.000 

Residuals 146 82.04 0.562 

  There is a significant difference (p<0.05), so hypothesis H1 is proven.   

 

Next analysis, ANOVA was done on questions: 

1. “Energy consumption in the economy is high” (ENERGY IN THE ECONOMY) 

2. “Electricity consumption has a significant share in the total cost of the company” 

(criterion question, CQ). 

Groups defined by criteria question Diff lower upper 
p 

adjusted 

(B - less significant) - (E - extremely 

significant) 
-2.08537 -3.10587 -1.06487 2.4E-06 

(C - intermediate) - (E - extremely 

significant)  
-0.80759 -1.25256 -0.36262 3.27E-05 

(D - very significant)  - (E - extremely 

significant) 
-0.54189 -0.92604 -0.15773 0.001935 

(C - intermediate) - (B - less 

significant)   
1.277778 0.250999 2.304557 0.008133 

(D - very significant)  - (B - less 

significant)   
1.543478 0.541553 2.545403 0.000568 

(D - very significant)  - (C - 

intermediate) 
0.265701 -0.13484 0.666242 0.315015 
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In the cases where p value is less than 0.05 (all rows except the last one) the conclusion is that 

there is significant difference.  

Significant differences are between following groups: (B - less significant) - (E - extremely 

significant) where p=2.4E-06,  (C - intermediate) - (E - extremely significant) where p=3.27E-

05, (D - very significant)  - (E - extremely significant) where p=0.001935, (C - intermediate) - 

(B - less significant) where p=  0.008133, (D - very significant)  - (B - less significant) where 

p =0.000568. 

We can conclude that the groups for which difference is shown, have different opinion about 

the given question “Energy consumption in the economy is high” (ENERGY IN THE 

ECONOMY). 

Answer frequencies for the Groups are shown in the table below: 

On the left side in the above table are given groups obtained by dividing the respondents on 

the criterion question “Electricity consumption has a significant share in the total cost of the 

company” (criterion question, CQ). In the head row are given answers of respondents for the 

question “Energy consumption in the economy is high” (ENERGY IN THE ECONOMY). 

 

The most frequents answers per groups are:   

 for the group  C - intermediate significant the most frequent answer is D – very 

significant (24 answers) 

 for the group  D - very significant the most frequent answer is  D - very significant (30 

answers) 

 for the group  E - extremely significant the most frequent answer is E – extremely 

significant (29 answers) 

 

Second test was done on the third question in relation to the criterion question: 

3. “Households can be more economical when consuming electricity” (ELECTRICITY 

IN HOUSEHOLDS) 

2. “Electricity consumption has a significant share in the total cost of the company” 

(criterion question, CQ) 

 

MANOVA results are shown in the table bellow 

 

Df Sum Sq Mean Sq F value Pr (>F) 

CQ 3 10.37 3.456 3.612 0.0148 

Residuals 146 139.69 0.957 

  In this case there is the statistically significant difference because p = 0.0148 which is less 

than 0.05. Hypothesis H2 is proven. 

Next analysis, ANOVA was done on questions: 

  
A - 

insignificant 

B – less 

significant 

C - 

intermediate 

D – very 

significant 

E – extremely 

significant 

Criteria group n % n % n % n % n % 

B - less 

significant 
0 0.00 3 75.00 0 0.00 1 25.00 0 0.00 

C - intermediate 

significant 
0 0.00 0 0.00 10 27.78 24 66.67 2 5.56 

D - very 

significant 
0 0.00 2 2.90 15 21.74 30 43.48 22 31.88 

E - extremely 

significant 
0 0.00 2 4.88 1 2.44 9 21.95 29 70.73 
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3. “Households can be more economical when consuming electricity” (ELECTRICITY 

IN HOUSEHOLDS) 

2. “Electricity consumption has a significant share in the total cost of the company” 

(criterion question, CQ) 

Groups defined by criteria 

question 
Diff lower upper p adjusted 

(B - less significant) - (E - 

extremely significant) 
-0.5 -1.83161 0.831612 0.763416 

(C - intermediate) - (E - 

extremely significant)  
-0.58333 -1.16396 -0.00271 0.048469 

(D - very significant)  - (E - 

extremely significant) 
0.028986 -0.47229 0.530257 0.998785 

(C - intermediate) - (B - less 

significant)   
-0.08333 -1.42314 1.256473 0.99849 

(D - very significant)  - (B - less 

significant)   
0.528986 -0.77839 1.836361 0.719384 

(D - very significant)  - (C - 

intermediate) 
0.612319 0.089667 1.13497 0.014527 

In the cases where p value is less than 0.05 (second and the last row in the table above) the 

conclusion is that there is significant difference.  

 

Significant differences are between following groups: (C - intermediate) - (E - extremely 

significant) where p=0.048469, (D - very significant) - (C - intermediate) where p= 0.014527. 

We can conclude that the groups for which difference is shown, have different opinion about 

the given question “Energy consumption in the economy is high” (ENERGY IN THE 

ECONOMY). 

 

Answer frequencies for the Groups are shown in the table below: 

  A - insignificant 
B – less 

significant 

C - 

intermediate 

D – very 

significant 

E – 

extremely 

significant 

Criteria 

group 
n % n % n % n % n % 

B - less 

significant 
0 0.00 0 0.00 3 75.00 0 0.00 1 25.00 

C – 

intermediate 

significant 

1 2.78 3 8.33 16 44.44 12 33.33 4 11.11 

D - very 

significant 
0 0.00 5 7.25 12 17.39 28 40.58 24 34.78 

E - extremely 

significant 
3 7.32 0 0.00 8 19.51 13 31.71 17 41.46 

On the left side in the above table are given groups obtained by dividing the respondents on 

the criterion question “Electricity consumption has a significant share in the total cost of the 

company” (criterion question, CQ). In the head row are given answers of respondents for the 

question “Households can be more economical when consuming electricity” (ELECTRICITY 

IN HOUSEHOLDS). 

The most frequents answers per groups are:   
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 for the group C - intermediate significant the most frequent answer is C – intermediate 

significant (16 answers),  

 for the group D - very significant the most frequent answer is D - very significant (28 

answers), and frequent answer is E - extremely significant (24 answers), 

 for the group E - extremely significant the most frequent answer is E – extremely 

significant (17 answers) and D – very significant (13 answers). 

 

Discussion 

It has been shown that the respondents, who have the opinion that the price of electricity has a 

significant share in the costs of companies, also consider that the electricity consumption in 

the economy is high, and that the consumption in households can be more economical. Higher 

awareness of the respondents to the criterion question asked indicates greater awareness for 

the questions “Energy consumption in the economy is high” (ENERGY IN THE 

ECONOMY) and “Households can be more economical when consuming electricity” 

(ELECTRICITY IN HOUSEHOLDS). 

 

Conclusion 

For hypothesis H3 results indicated that there are no significant differences between criteria 

groups. 

For hypothesis H1 and H2 results indicate statistically significant difference between criteria 

groups. 

Respondents who have demonstrated high level of awareness about the energy consumption 

cots in the company (“Electricity consumption has a significant share in the total cost of the 

company” - criterion question), also have demonstrated high level of awareness of the 

consumption of electricity and the possibility to make household savings in electricity costs. 

It is general conclusion that more respondents indicated very high level of awareness about 

electric energy consumption and also about costs that are created from the electric energy 

consumption at home and at their place of work. 
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Abstract 

Vacuum ultraviolet (VUV) photolysis is one of the Advanced Oxidation Processes (AOPs) for 

the elimination of trace pollutants from water and air. During VUV photolysis reactive 

species (mainly H and OH) can be generated directly from water without the addition of 

any chemicals. The penetration depth of VUV radiation in water is very small, only 0.04 mm, 

so reactive species form and react with organic compounds and dissolved O2 in this extremely 

thin layer. Carbon centered radicals can react at a longer distance from the light source, and 

their fast reaction with dissolved O2 results in an O2 poor layer, wider than the photo reaction 

zone. Consequently VUV irradiated solution is an extremely inhomogeneous system. 

To reduce the inhomogeneity of the VUV irradiated aqueous solution flow breakers (PTFE 

rings) were used to enhance the mass transfer into the zone determined by the reactions of 

primary, carbon centered and peroxyl radicals. Coumarin and its hydroxylated byproduct, the 

umbelliferone (7-hydroxy-coumarin) were used as model compounds. The effects of the 

PTFE rings on the transformation rate of coumarin and formation rate of umbelliferone were 

investigated in O2-saturated and O2-free solutions. The detailed investigation of the 

concentration effect of both dissolved O2 and coumarin is also reported in this work. 

 

Introduction 

Advanced Oxidation Processes (AOPs) include chemical, photochemical, and electrochemical 

processes, based on the producing reactive species (especially HO•). These species can react 

with organic pollutants and possibly mineralize those in the presence of dissolved O2. VUV 

photolysis, one of the AOPs, is based on high energy UV-radiation (wavelength <200 nm). 

VUV light has enough energy to break the bound in water molecule and consequently 

produce HO• and H• reactive species. 

Two typical VUV light sources exist. One of them is the low-pressure mercury vapour lamp, 

which emits both 254 nm UV and 185 nm VUV light. The other light source is the Xe 

excimer lamp, which emits quasi-monochromatic light with a wavelength maximum at 172 

nm. There are several benefits of the excimer lamps, such as high average specific power 

radiation, high energy of emitting photons, quasi-monochromatic radiation, high spectral 

power density, absence of visible and IR radiation, low heating of radiating surface (cold 

lamps), no fixed geometry and no warm up time. [1]
 

In the case of 172 nm VUV radiation, the VUV irradiated zone is only 0.04 mm wide, 

because of the high molar absorbance of water at this wavelength. The primary reactive 

species (HO•, H• and e
-
aq), having a short lifetime, form and react within this zone.  

 

H2O + hv (<190 nm)  H• + HO•        (1) 

       Φ(HO•) = 0.42 [2,3] 

H2O + hv (<200 nm)  {e
-
, H2O

+
} + H2O  {e

-
, H2O

+
} + (H2O)  eaq

-
 + HO• + H3O

+ 
 (2) 

       Φ(eaq
-
) = 0.045 – 0.05 [2,3] 



 
25th International Symposium on Analytical and Environmental Problems 

308 

The carbon centered radicals, which formed due to the reaction of organic pollutants with 

primary radicals, react fast with dissolved O2. Because of the extremely high concentration of 

HO•, H•, and carbon centered radicals, an O2 poor layer forms close to the wall of the light 

source. Thus the VUV irradiated solution can be characterized as an extremely 

inhomogeneous system, since both radical's concentration (primary and carbon centered 

radical) and dissolved O2 concentration decreases fast with the distance from the outside of 

the light source. [4]. 

The aim of this work was the investigation of the effect of flow parameters on the 

inhomogeneity of the zone characterized by O2 depletion and radical reactions. Coumarin was 

used as a model compound. According to the publications reported previously [5], the 

formation rate of umbelliferone, which is the hydroxylated product of coumarin, is 

proportional to the formation rate of HO. 

 

Experimental 

The Xe2* excimer lamp (Radium Xeradex
TM

, 130 mm long, 46 mm diameter, 20 W) was 

centred in a high purity silica quartz envelope (53 mm diameter), which transmits the 172 nm 

light. The thickness of irradiated water layer was 5 mm. The aqueous solution was circulated 

continuously (375 mL min
−1

) between the reactor and the liquid containing reservoir. Double 

walled, water cooled reactor was used and the temperature was set to 25 ± 0.5 °C. Samples 

were taken from the reservoir. The total volume of the circulated solution was 500 mL. The 

photon flux emitted by the excimer lamp (20 W) at 172 ± 14 nm determined by methanol 

actinometry was found to be 3.0 × 10
−6

 molphoton s
−1 

[6]. For investigation of the flow 

parameters 7 PTFE rings was placed into the reactor to break the laminar flow and increase 

the turbulence. These rings were 5 mm tall and 3 mm wide.  

The transformation of coumarin was followed using spectrophotometry (Agilent 8453) at 277 

nm. Fluorescence spectroscopy (Hitachi F4500) was applied to determine the concentration of 

umbelliferone. The wavelength of excitation was 387 nm, the determination of concentration 

was based on the intensity of the emitted fluorescence light at 455 nm.  

 

Results and discussion 

Dissolved O2 generally enhances the transformation rate of organic substances due to the 

formation of peroxyl radical. The formation of peroxyl radical opens up a new pathway for 

the further transformation of carbon centered radicals and hinders the backward reactions. In 

the case of VUV photolysis of aqueous solution, the formation rate of H is equal with the 

formation rate of HO. Moreover, rate constants of the reaction of coumarin with H 

(2.50×10
9
 M s

-1
) and HO (6.88×10

9
 M s

-1
) has similar values, thus both radicals can initiate 

the transformation with high rate. Dissolved O2 reacts with H and transform that into HO2 

having very low reactivity [7]. In the case of 172 nm VUV irradiated 5.0×10
-4

 M coumarin 

solution, there was no significant effect of O2 on the transformation rate, most probably 

because the positive effect (formation of peroxyl radical) and negative effect (scavenging of 

reactive H) of O2 compensate each other (Table 1 and Fig. 2.).  

The reaction between coumarin and HO• produce umbelliferone (7-hydroxy-coumarin). 

However the dissolved O2 has no significant effect on the transformation rate of coumarin, the 

formation rate of umbelliferone was about two times higher in the presence of O2 than in 

O2-free solution. The formation of umbelliferone from coumarin is reported to be highly O2-

dependant: in the presence of dissolved O2, umbelliferone forms via peroxyl radicals, while in 

O2-free solutions the hydroxylated products can be resulted only by the disproportionation 

and has lower yield [8] (Fig. 2). Consequently, the formation of umbelliferone requires HO 

initiated transformation of coumarin, while dissolved O2 highly enhances that via peroxyl 
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radical formation. Transformation of coumarin and decomposition of umbelliferone take place 

parallel in the VUV irradiated solutions as Figure 1 shows that.  
Figure 1. The concentration of coumarin and umbelliferon versus the time of irradiation in 

O2 -saturated (a) and O2-free (b) solutions (c0 = 5.0×10
-4

 M) 

 

,: without PTFE rings, O2-saturated; ,: with PTFE rings, O2-saturated, 

,: without PTFE rings, O2-free,; ,: with PTFE rings, O2-free 

 

 

 

 

 

 

 

 

 

 
Figure 2. Formation of 7-HO-COU in the presence (a) and absence (b) of dissolved O2 

 

For further investigation of the dissolved O2 effect, its concentration was changed between 0 

and 100% in the gas flow bubbled through the solution. Thus the dissolved O2 concentration 

was changed between 0 and 40 mg dm
-3

 in the aqueous solution. As Fig. 3 shows, the increase 

of O2 concentration in gas phase from 0 to 12% caused a slight decrease of the coumarin 

transformation rate. The further increase of O2 concentration slightly increased that. The 

effect of this factor is much more pronounced in the case of the formation of the hydroxylated 

product, umbelliferone. The formation rate of umbelliferone significantly increased when O2 

concentration was changed from 0 to 50%. The further increase of O2 concentration has no 

effect. 

 

Table I. Initial transformation rates determined at 5.0×10
-4

 M initial concentration of 

coumarin 

 

 
Initial transformation or formation 

rate 

O2-saturated 

solution 

O2-free 

solution 

without 

PTFE rings 

r0 (coumarin) (× 10
-7

 M s
-1) 1.97 2.13 

r0 (umbelliferone) (× 10
-9

 M s
-1) 2.27 0.93 

with PTFE rings 
r0 (coumarin) (× 10

-7
 M s

-1) 2.87 3.12 

r0 (umbelliferone) (× 10
-9

 M s
-1) 2.55 1.22 
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As that was mentioned previously, the VUV irradiated aqueous solution is a very 

inhomogeneous system: both HO and H concentration and dissolved O2 concentration 

strongly decreases with the distance from the wall of the light source. Installation of flow 

breakers (PTFE rings) in the reactor is aimed the breaking of this inhomogeneity via 

turbulence in the flow. As Fig. 3 shows, in the presence of PTFE rings higher transformation 

rate of coumarin was reached, mainly in O2-free solution, when the increase was about 40%. 

Surprisingly the presence of O2 decreased the positive effect of the flow breakers. 

 

Figure 3. The effect of dissolved O2 and PTFE rings on the transformation of coumarin (5.0×10
-4

 M) 
and formation of umbelliferone 

 
: without PTFE rings; : with PTFE rings 

 

The effect of flow breakers and dissolved O2 on the transformation rate of coumarin and 

formation rate of umbelliferone was investigated at various initial concentrations too. Since 

the transformation can be initiated by H and HO, the transformation rate of coumarin can be 

described by the following equation: rcou = kH

 × H × ccou + kHO


 × HO × ccou. The 

value of H and HO is determined by the photon flux and quantum yield of their 

formation from water via absorption of 172 nm VUV light. The quantum yield is 0.42 for H 

and HO formation too. Moreover, as that was described previously, H is decreased by the 

dissolved O2, which has to be taken into account. Thus the increase of the transformation rate 

with increase of the initial concentration of coumarin is expected. Above a given initial 

concentration, the transformation rate must be determined by the formation rate of primary 

radicals (H and HO) and has to be independent on the coumarin concentration. As that was 

expected, at first the coumarin transformation rate increased with its initial concentration. 

Above 5.0×10
-4

 M, that was found to be independent on the coumarin concentration and 

determined by the formation rate of H and HO radicals. The positive effect of the flow 

breakers could be observed only in O2-free solution and this effect was pronounced better 

with the increase of the coumarin concentration. Probably the PTFE rings are able to enhance 

the mass transfer into the zone determined by the reactions of various radicals, but not able to 

affect the primary radical and dissolved O2 concentrations in the VUV irradiated, very thin 

photoreaction zone. The latter supposition was confirmed by the fact that, the formation rate 

of hydroxylated product cannot be affected by the flow breakers. 
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Figure 4. The effect of initial concentration and PTFE rings on the transformation rate of 

coumarin and the formation rate of umbelliferone 

 

: without PTFE rings, O2; : with PTFE rings, O2; : with PTFE rings, N2; : without 

PTFE rings, N2 

 

Conclusion 

 The presence of dissolved O2 increases the formation rate of umbelliferone, but there 

is no significant effect on the transformation rate of coumarin  

 Flow breakers are able to increase the transformation rate of coumarin in O2-free 

solution, but there is no effect on the formation rate of umbelliferone. 

 

Acknowledgement 

This publication was supported by the János Bolyai Research Scholarship of the Hungarian 

Academy of Sciences, ÚNKP-19-3-SZTE-207 and UNKP-19-4-SZTE-115, new national 

excellence programs of the Ministry for Innovation and Technology. 

 

References 

[1] T. Alapi, K. Schrantz, E. Arany, Zs. Kozmér; Ed.: Mihaela I. Stefan, Advanced oxidation 

processes for water treatment : fundamentals and applications. IWA, 2018 

[2] G. Heit, A. Neuner, P.-Y. Saugy, A. M. Braun; J. Phys. Chem. A 1998, 102, 5551-5561 

[3] E. J. Hart, M. Anbar; Journal of Molecular Structure, 1970, 9, p. 486-486 

[4] S. Al-Gharabli, P. Engeßer, D. Gera, S. Klein, T. Oppenlander, Chemosphere, 2016, 144, 

811-5 

[5] Y. Manevich, K. D. Heldt, John E. Biaglow. Radiation Research., 1997, 148, 580-591. 

[6] E. Arany, R. Szabó, L. Apáti, T. Alapi, I. Ilisz, P. Mazellier, A. Dombi, K. Schrantz, J 

Hazard Mater, 2013, 262, 151-7. 

[7] M. R. Gopakumar, K. Kini, U. R. Ashawa, S. C. Bhandari, N. S. Krishnan, G. U., 

Krishnan, D., Radiation Effects, 1977, 32, 199-203 

[8] G. Louita, S. Foley, J. Cabillic, H. Coffigny, F. Taran,A. Valleix, J. P. Renault, S. Pin, 

Radiation Physics and Chemistry, 2005, 72 (2-3), 119-124. 
  

0,0E+00

1,3E-07

2,5E-07

3,8E-07

5,0E-07

0,0E+00 4,0E-04 8,0E-04 1,2E-03

r 0
(c

o
u

m
a

ri
n

) 
(M

 s
-1

)

c0 (coumarin) (M)

0,0E+00

1,0E-09

2,0E-09

3,0E-09

4,0E-09

0,00E+00 4,00E-04 8,00E-04 1,20E-03

r 0
(u

m
b

e
ll
if

e
ro

n
e
) 

(M
 s

-1
)

c0 (coumarin) (M)



 
25th International Symposium on Analytical and Environmental Problems 

312 

ENZYMATIC N-ALKOXYCARBONYLATION OF 1-SUBSTITUTED  

6,7-DIMETHOXY-1,2,3,4-TETRAHYDROISOQUINOLINES.  

SUBSTRATE SPECIFICITY 

 

Dániel Gombkötő, Enikő Forró, Ferenc Fülöp 

 
Institute of Pharmaceutical Chemistry, University of Szeged, H-6720 Szeged, Eötvös u. 6., Hungary 

e-mail: gombkoto.daniel@pharm.u-szeged.hu 

 

Abstract 

In view of substrate specificity, CAL-B-catalysed asymmetric N-alkoxycarbonylations of 1-

substituted 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines (Et, Pr, iPr, t-Bu, Ph) have been 

studied. High enantioselectivities (>200) were observed, when the reactions were performed 

from the substrates‘ HCl salts in triethylamine in the presence of allyl phenyl carbonate at 

60°C using incubator shaker. The reaction time increased with increasing substituent size in 

position 1; however, the isopropyl- and t-buthyl-substituted compounds proved to be too 

bulky for the optimum activity of CAL-B. 

 

Introduction 

Isoquinoline alkaloids constitute one of the largest groups of natural substances. They possess 

a skeleton with various biological properties including analgesic effect (morphine), 

antibacterial activities (berberine), and antispasmodial activities (papaverine)
1
. Additionally, a 

novel effect of tetrahydroisoquinolines as phosphodiesterase type 4 (PDE4) inhibitor has 

recently been discovered, which led to the discovery of an effective antipsoriasis agent (skin 

disease)
2
. The class of isoquinolines are associated with pivotal pharmacological effects, 

which attracts increasing attention in medicinal and pharmaceutical research. In this work, we 

aimed to investigate lipase catalyzed kinetic resolution of a homolog series of 1-substituted 

tetrahydroisoquinolines (±)-1-5.  

 

Experimental 

Larger part of lipases (CAL-A, CAL-B, AY, AK, PPL) were from Sigma-Aldrich, the PS-IM 

was from Amano Pharmaceuticals. The substrates were synthetised according to the 

literature
3
. The aldehydes and the solvents were from Sigma-Aldrich and VWR. The selected 

acyldonor [allyl phenyl carbonate (APC)] was also from Sigma-Aldrich. For the substrates 

synthesis Discover CEM microwave reactor was applied. The enantiomeric excess (ee) values 

for the unreacted isoquinolines and the N-alkoxycarbonylated enantiomers were determined 

by Jasco HPLC with Chiralpack IA column after derivatization with acetic anhydride. (n-

hexane/isopropyl alcohol 93/7 ratio, 1 ml/min flow rate). Optical rotations were measured 

with Perkin-Elmer 341 Polarimeter. NMR spectrograms were made by Bruker Avance DRX 

400. 
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Results and discussion 

 

Figure 1. Scheme of the reactions 

 

 

Racemic 1-substituted 6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines were synthetized with 

45-65% yield, in microwave inducated Pictet-Spengler reactions, as described in the 

literature
3
. Next, an adequate analitical methot has been optimised to follow the enzymatic 

reactions. With the method all of the starting racemates such as the chemically prepared N-

acylated poducts have ben baseline separated. Preliminary experiments were designed in 

order to establish the optimum conditions for the enzymatic resolution of model compound 

(R: ethyl)-1, the effects of enzyme, solvent, quantity of acyl donor and temperature on E and 

the reaction rate being examined. Finally, preparative-scale enzymatic reactions were carried 

out. When the alkoxycarbonylations of (±)-2-5 compounds with 4 eq allyl phenyl carbonate 

performed under the optimized conditions: CAL-B, in triethylamine, 60°C in batch reactor, 

conversion of 50% was reached in 1-3 days for (±)-1,2,5 which excelent E (>200). 

Unfortunately in case of resoluton of (±)-3,4 no products formed geven after 7 days. On the 

bases of preliminary reactions, preparative scale resolutions were performed with (±)-1,2,5 

under the optimal conditions (CAL-B, APC, Et3N, 60°C). 

 

Conclusion 

Kinetic resolution of 1-substituted-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinolines have been 

prepared through CAL-B catalyzed N-alkoxycarbonylation. Excellent enantioselectivity 

(E>200) when solvent was triethylamine, in presence of 4 eq APC, and the temperature was 

60°C. The unreacted (R)-1,2,5 and alkoxycarbonylated (S)-6,7,10 products were isolated with 

ee 95-97, yield 32-42%. To follow the enzymatic reactions and determine conversion, 

enantioselectivities and enantiomeric excess an adequate analytical method was optimized 

with HPLC. 
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Abstract 

Physical, biological, and chemical conditions determine the evolution in Earth. As societies 

have evolved, the equilibrium previously realized has shifted, so today evolution is taking 

place under new conditions. The study of changes in the terrestrial environment has a 

significant impact on the electric and / or magnetic fields induced by societies, which are 

commonly known as electrosmog. In this present work, a model system for mapping 

electrosmog effects was developed, and a database for this was started to build. 

 

Introduction 

The conditions of evolution (physical, chemical, biological factors) determined the formation, 

operation and survival of terrestrial systems. With the presence of societies, natural 

conditions, that is, the terrestrial environment, have been transformed, altering its network of 

relationships [1, 2]. Accordingly, evolution is nowadays defined by new environmental 

conditions, and societal devices generating electromagnetic fields are also significantly 

involved in this relationship [3]. The biological matter pattern, so the life is evolved with the 

constant presence of natural background radiation. Natural (non-human) electromagnetic 

radiation is thus an integral part of our lives. Natural background radiation of Earth (under 

which Earth's life has evolved) has been modified by anthropogenic activities, and the 

resulting increase in electromagnetic energy is treated as electrosmog [4]. The 

electromagnetic fields and energy emitted by electrical equipment, due to the properties of 

living systems, have a behavioural effect on living organisms. In 1996, the World Health 

Organization (WHO) set up the International Electromagnetic Field Project to examine the 

potential health risks associated with electromagnetic field emission technologies [5]. The 

WHO team of experts has recently described the health implications of electromagnetic field 

(EMF) spaces in a summary article. Most power grids operate at 50 or 60 cycles per second, 

or hertz (Hz). The magnetic field value of some devices may be as high as a few thousand 

microteslas [6]. 

 

Aims 

In this work we wanted to study the significance of electromagnetic fields (EMFs) in relation 

to ground conditions, which act as physical environmental loads. For dose-response studies, 

we also considered the processing of statistical research and on-site EMF measurement data 

documented by our team. 

 

Methods 

In this work, a structured nameplate of model household electrical appliances was constructed 

using Central Statistics Office (KSH) data. We have identified equipment that generates 

electromagnetic fields. Load levels are assigned in this data structure. In this way, the volume 

of indoor electric field transmitted by the on-mode presence of the respective household 
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appliances, appliances and fittings can be properly tracked. In these measurements, the 

electric field strength and magnetic induction emitted at different distances (0 m, 0.25 m, 0.5 

m, 1 m, 2 m) were measured by the electrical equipment involved in the design of the model 

households, which is present in all households. In this way we can follow the decrease of the 

field strength with distance. For indoor measurements, the measurement points are designed 

so that they are located along busy areas of the population. The main reason for this is that our 

study was also targeted at society and the exposure effect it had on it. In addition, 

characteristic points that are outstanding in terms of exposure (eg. transformer station, high 

voltage column) were selected. In our field measurements, we used the ME 3951A handheld 

meter to measure low frequency (50 Hz-400kHz) field strengths in the range 0-1999 V / m. 

 

Results and discussion 

Model households were developed according to the load levels and are shown in Table 1. 

Table 1. Load levels of model households by working household appliances 

 

The following table presents the timeframe EMF data for our model households from the 

Southern Great Plain region. The design criterion for model households was to adequately 

represent the evolution of EMF exposures in relation to household development. Below is a 

summary of the electric field strength emitted by each household appliance, followed by the 

summed exposure of model households. 

 

  
Field strength 

(V/m) 

Frequency-weighted field 

strength 

 (V/m) 

    2004 2011 2012 

Numbers of households   175974 181889 192556 

Numbers of cell phones  12.9 17.62 22.11 22.03 

Computer (internet+ modem/router) 965.64 241.41 612.87 655.87 

Washing mashine 2.92 3.17 3.02 3.03 

Microwave oven 17.04 10.91 14.00 14.38 

Television 158,.1 224.66 261.80 268.17 

Refrigerator 1.99 2.05 2.07 2.05 

1
st
 level 2

nd
 level 3

rd
 level 4

th 
level 

washing machine washing machine washing machine washing machine 

television television television television 

refrigerator refrigerator refrigerator refrigerator 

landline phone landline phone landline phone landline phone 

traditional reading 

lamp 

traditional reading 

lamp 

traditional reading 

lamp 

reading lamp with 

halogen bulb 

 microwave oven microwave oven microwave oven 

 kettle kettle kettle 

 extension cord extension cord extension cord 

  cell phone cell phone 

  
computer (internet, 

router) 

computer (internet, 

router) 

   air conditioner 
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Air conditioner 64 3.20 2.51 2.35 

Landline phone 9.9 5.67 4.58 3.10 

Traditional reading lamp 136 435.2 380.8 272.0 

Kettle 50 10.0 40.0 65.0 

Extension cord 150 375.0 420.0 525.0 

Reading lamp with halogen bulb 390 468.0 780.0 1326.0 

          

1
st
 level   670.75 652.27 548.35 

2
nd

 level   1060.6 1319.14 1152.73 

3
rd

 level   1325.69 1761.25 183.63 

4t
h
 level   1361.69 2162.96 3093.98  

 

Table 2 Measured electric field strength of household appliances (E = V / m), 

weighted by frequency, in Csongrad County 

 

 

Figure 1. Tracking the increase in electromagnetic exposure through model households in 

Csongrad County 

 

The figure above shows the value of the total field strength measured by the levels of the 

model household we have created, according to the years we examined in Csongrad County. 

The X-axis shows the load levels created, which are shown in ascending order. The Y-axis 

shows the electric field strength values that we have calculated or calculated from statistical 

data. 

 

Serial 

number 
County Denomination 

Eastern 

longitude 

North 

latitude 
E (V/m) 

69 Csongrád 

Road of number 4421 between 

Hódmezővásárhely and 

Békéssamson 

 

20.3925 46.410278 >1999 

109 Csongrád Szeged, József Attila boulevard 20.156667 46.268889 1392,0 

Table 3. Outstanding points of outdoor measurements in Csongrád County based on GPS 

coordinates 
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The measuring limit (1999 V / m) was reached by the test instrument at the high-voltage 

column shown in road of number 4421, which is adjacent to arable land. Another outstanding 

value was Szeged, József Attila boulevard point near the transformer station. Outstanding 

values are shown in the table. 

 

Conclusion 

In our conclusions, we find it very important that members of society are aware of the sources 

of exposure that they may encounter in their daily lives. The society should be aware of the 

positive and negative effects of the exposures involved, such as the nature of the 

environmental electrosmog, its source and its causal potential. In order to verify the real 

presence of EMF effects, we have developed indoor and outdoor measurement procedures and 

started building a real database. 
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Introduction 

Euphorbia is the largest genus in the family Euphorbiaceae, comprising more than 2 000 

species worldwide. Detailed study of the profile of all secondary metabolites could contribute 

to taxonomic subdivision of this complex genus. The most important compounds of 

Euphorbia plants are diterpenes. Hitherto many secondary metabolites with specific types of 

diterpene skeletons in the genus have been found to possess a number of interesting biological 

activities, including antiproliferative, antiviral, ion-channel modulating, and multidrug 

resistance (MDR) reversing activities [1]. 

The present work deals with the phytochemical investigation of Euphorbia trigona Miller. E 

trigona is a thorny succulent plant, which grows up to 6 m in height. It is indigenous to 

southwest tropical Africa where its latex is applied in severe cases of constipation or in case 

of an epileptic attack. The irritancy of the latex was proven in human experiment, and ingenol 

esters were reported [2]. 

 

Results and discussion 

The fresh aerial parts of E. trigona has been chopped and percolated with methanol at room 

temperature. The crude methanol extract was concentrated, and then dissolved in 50% 

methanol. Thereafter, solvent-solvent partition was performed by using n-hexane, chloroform, 

ethyl acetate and butanol. Diterpenes were accumulated in the chloroformic phase. After 

multiple separation process, including TLC, vacuum liquid chromatography, preparative TLC, 

and HPLC, nine compounds were isolated from the chloroformic fraction. The structures of 

the components were determined by 1D and 2D NMR (
1
H-

1
H COSY, HSQC, and HMBC) 

and MS measurements, and comparing them with literature data. The isolated compounds 

proved to be diterpenes; five of them are ingol-, and four components are ingenol esters. They 

are tri- or tetra esters, substituted with acetyl, benzoyl, angeloyl and tigloyl groups. The 

compounds were isolated previously from other Euphorbia species, e.g. E. nivulia and E. 

kamerunica [3, 4]. 

 

Conclusion 

With a combination of different chromatographic techniques, nine polyacylated diterpenes 

were isolated from the chloroformic phase of E. trigona methanol extract. 
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Abstract 

The photocatalytic removal of imidacloprid, a neonicotinoid insecticide with serious 

environmental effects, has been investigated. Photocatalytic treatment using TiO2 

photocatalyst was effective at the complete transformation of imidacloprid over 30 minutes. 

The mineralization was also investigated, and the reduction of total organic carbon and 

chemical oxygen demand was inhibited after the transformation of imidacloprid, indicating 

the accumulation of degradation products resistant to HO•. The dechlorination of the organic 

content was complete, but only 25 % of total nitrogen content was transformed into NO3
-
, 

indicating that the accumulated products are nitrogen containing organic compounds. The 

effect of two light matrices, drinking water and purified industrial wastewater was also 

investigated. The low organic content of the wastewater only slightly reduced the 

transformation rate of imidacloprid, but the high ionic content of drinking water significantly 

reduced the effectiveness by increasing the aggreagation of TiO2. 

 

Introduction 

Pesticides are one of the most widespread pollutants of agricultural wastewaters, and they 

have been detected in trace amounts in natural and drinking water too. Neonicotinoid 

pesticides have been investigated in the last decade due to their harmful effect on pollinators 

and aquatic life, especially imidacloprid, which has the highest toxicity to honeybees (LD50 

5-70 ng). [1] It has been banned in open-field use by the European Union in 2018, and several 

researches have been conducted for their removal from water and wastewater. Advanced 

Oxidation Processes (AOPs) have been investigated for the removal of imidacloprid, and 

heterogeneous photocatalysis is a promising method for its degradation. [2,3] 

The most widespread photocatalyst is TiO2. When it absorbs photons with an energy higher 

than its band gap, a separation of charges occur, forming a conduction band electron (ecb
-
), 

and a valence band hole (hvb
+
). [4] These charge carriers may react with O2 and H2O/HO

-
 and 

through a series of reactions, hydroxyl radical (HO•) form. The photogenerated charges may 

also react with adsorbed organic compounds in direct charge transfer reactions. [5] 

Heterogeneous photocatalysis is well known for the high mineralization rates, as the 

degradation of the target compounds and its intermediates happens at the same time due to the 

reactions with non-selective HO•. 

The aim of this study was to investigate the transformation and mineralization of imidacloprid 

using commercial TiO2 photocatalyst. The transformation and mineralization were 

characterized by the change of the concentration of chemical oxygen demand (COD), total 

organic carbon (TOC) content, concentration of adsorbable organic halogen content (AOX), 

NO3
-
 concentration and the concentration of H2O2. For the practical reasons, the effect of two 

light matrices (drinking water from Szeged, and a purified industrial wastewater) were 

investigated on the effectiveness of the degradation process at two pesticide concentrations. 
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Experimental 

All experiments were performed in a thermostated (at 25 
○
C) glass reactor. 1.0 g dm

-3
 TiO2 

Aeroxide P25
®
 (Acros Organics) suspensions were recirculated, bubbled with air, and stirred 

during the experiment. 250 cm
3
 imidacloprid (0.1 and 0.025 mM) was dissolved in either 

Milli-Q (MQ) water, drinking water or purified wastewater. The samples were centrifuged 

and filtered with 0.22 µm PVDF-L syringe filters before analysis. The concentration of 

imidacloprid was measured using HPLC-DAD, using an Agilent 1100 with a Licrosphere 100 

RP-18 column. The eluent contained 40 % methanol and 60 % water, its flow rate was 1.0 ml 

min
-1

. The detection wavelength was 270 nm. The TOC content was measured using an 

Analytik Jena N/C 3100. The COD measurements were performed using LCK1414 (Hach) 

colorimetric cuvette test with a 5.0-60.0 mg dm
-3

 measuring range. The digestion was 

performed in a HT200S thermostate, the COD values were measured using a DR2800 

spectrophotometer. The concentration of H2O2 was measured with a cuvette test by Merck, 

with a 0.015-6.00 mg dm
-3 

measuring range. The NO3
-
 concentration was also measured with 

a cuvette test provided by Merck, with a 0.4-111 mg dm
-3

 measuring range. The H2O2 and 

NO3
-
 tests were measured using a Spectroquant Multy (Merck) spectrophotometer. The AOX 

measurements were performed using an Analytik Jena Multi X 2500 instrument. Before the 

measurements 15 cm
3
 sample was adsorbed on 100 mg high purity activated carbon 

adsorbent. Drinking water from Szeged (Hungary), and industrial wastewater (purified with 

reverse osmosis) were used to investigate the matrix effect. The main analytical parameters 

for both matrices are presented in Table 1. 

 

 

Table 1. Parameters of the matrices 

 

Parameters Drinking water Purified wastewater 

pH 7.3 5.5 

Conductivity (µS cm
-1

) 482 21.9 

COD (mg dm
-3

) 0.69 < 15 

NH4-N (mg dm
-3

) < 0.4 < 0.4 

NO3
-
 (mg dm

-3
) < 0.7 1.5 

Cl
- 
(mg dm

-3
) 8.75 - 

TOC
 
(mg dm

-3
) 8 - 

 

 

Results and discussion 

First, the transformation and mineralisation of 0.1 mM imidacloprid dissolved in MQ water 

was investigated. Imidacloprid was completely transformed after 30 minutes, but still a high 

amount of organic matter remained in the suspension. The TOC and COD values were 

significantly reduced in the first 30 minutes (to 46 and 70 % respectively), but after the 

complete transformation of imidacloprid, their reduction rate significantly reduced. After 120 

minutes of treatment 25 % TOC and 40 % COD content was still measured. This suggest, that 

after the transformation of imidcacloprid and its main aromatic intermediates, certain products 

form, that do not react with HO•, or their reaction are very slow, thus they cannot be removed 

effectively using heterogeneous photocatalysis. The H2O2 concentration is increasing at a high 

rate during the first 20 minutes of the experiment, but it decreases after the transformation of 

imidacloprid. This also confirms that, the transformation of some interemediates are very 
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slow or negligible, as H2O2 forms primarily during the degradation of organic compounds, 

due to the HO2
 elimination from organic peroxyl radicals. 

 

 

 
Figure 1. The relative concentration of imidacloprid, TOC, and COD content, and the 

concentration of H2O2 as a function of time 

 

 

The AOX content was also measured, to investigate the dehalogenation of imidacloprid and 

its intermediates. The AOX content reduced at a similar rate as imidacloprid, thus no 

chlorinated intermediates can be observed after 40 minutes of photocatalytic treatment. The 

NO3
-
 content was also measured to investigate the mineralization of the nitrogen-containing 

organic compounds. After 120 minutes treatment only 25 % of the total nitrogen content was 

transformed into NO3
-
, indicating that nitrogen containing organic products are highly 

resistant to photocatalytic treatment. 
 
 

 
Figure 2. The relative concentration of imidacloprid, the reduction of AOX content and the 

conversion of total organic nitrogen to NO3
-
 as a function of time 

 

 

For investigation the practical applicability of the method for the removal of imidacloprid, 

two milde matrices (purified wastewater and tap water) were employed, with two different 

initial concentrations (0.10 mM and 0.025 mM).  
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Figure 3. The relative concentration of imidacloprid versus time of irradiation in different 

matrices 

 

 

In the case of the purified wastewater, only a slight reduction of reaction rate was observed, 

most likely due to the organic content of the matrix, as it could compete with imidacloprid for 

HO•. In the case of drinking water a much more significant negative effect was found, which 

is most probably caused by the high ionic content. In drinking water the initial reaction rates 

were reduced by 56 and 60 % for 0.1 and 0.025 mM imidacloprid respectively. The high ionic 

strength can initiate the aggregation of TiO2 particles, reducing the effective surface available 

for light, thus reducing the formation rate of HO and transformation rate of organic substrate.  

 

Table 2. Initial reaction rates and relative reaction rates of imidacloprid transformation in 

matrices, compared to measurement taken in MQ water 

 

 
c0 (×10

-4
 M) r0 (×10

8
 M s

-1
) r0/r0

ref
 

Milli-Q (ref.) 
1.00 16.7 - 

0.25 7.3 - 

Purified wastewater 
1.00 17.3 1.04 

0.25 5.6 0.76 

Drinking water 
1.00 7.3 0.44 

0.25 2.9 0.40 

 

 

Conclusion 

 The heterogeneous photocatalysis of imidacloprid, a neonicotinoid pesticide that 

causes serious environmental problems, has been investigated 

 0.1 mM imidacloprid completely transforms during 30 minutes photocatalytic 

treatment 

 Dechlorination is effective, but only 54 % of imidacloprid can be mineralized  

 Nitrogen-containing products having low reactivity towards HO• forms. 

 Purified wastewater having low organic content had no significant effect on the 

transformation rate of imidacloprid, but tap water having high ionic content strongly 

inhibited the transformation due to the aggregation of TiO2 particles 
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Introduction 

There is a high global demand for lithium resources. From a geochemical perspective, the 

lithium-bearing minerals such as spodumene, lepidolite or petalite crystallize in the late-

magmatic/pegmatitic period, producing granitic pegmatites. One such granitoid massif, about 

1 km below the present surface in SE Hungary is located in the Battonya Unit. Here, the 

granitoids typically contain quartz, feldspar and micas, like biotite and muscovite. All these 

phases can incorporate a significant amount of lithium, thus may become a potential target of 

lithium mining. 

Drill samples, taken from different locations in the Battonya region, containing different 

minerals (e.g. feldspar, muscovite, quartz, biotite, chlorite) were used as samples during the 

study. The ablation behavior of the NIST glass standards were examined and these standards 

were tested for calibration due to their similarity in matrix composition (silicate). 

  

Experimental 

In this work, the LIBS spectra were taken by using the J200 LA-LIBS tandem spectrometer 

(Applied Spectra Inc., USA). The minerals were presented to the instrument in the form of 

micro-polished sections. For the examination of the ablation behavior of the NIST standards 

and the samples profilometry measurements were performed on a Veeco, Dektak 8 Advanced 

Development Profiler. 

 

 
 

Figure 1.: Optical microscope view of one of the samples 
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Results and discussion 

The comparison of the ablation behavior of NIST glass standards and the samples shows that 

the ablation craters for the NIST standards look quite similar. At the same time, the crater 

profiles for the sample minerals are different from each other, but generally also from the 

NIST standards. Biotite and quartz, both crater shapes and volumes are reasonably similar to 

those of the standards. For muscovite and feldspar, the matrix effect is remarkable, which may 

significantly influence quantitative analytical results. Normalization to the crater volume is 

suggested. 

During the determination of Li concentration in the grains we measured all four minerals in 

and eight drill samples. During the measurements, at least four grains of each minerals were 

analyzed. Spectra were recorded from two different location in every identified mineral 

grains. We found that biotite, chlorite, muscovite and feldspar contain a high amount of Li (in 

some cases reaching 1 mg/g), whereas quartz is generally quite free from Li. An advantage of 

using LIBS in such prospection studies is that it can also provide a quick estimate for the 

average useful concentration of Li in rock samples without the need to remove the mineral 

grains from the rock.    

 

Acknowledgements 

Financial support of the project was provided by the National Development, Research and 

Innovation Office of Hungary under No. K_129063. 

  



 
25th International Symposium on Analytical and Environmental Problems 

328 

INVESTIGATION OF ANTIOXIDANT CAPACITY AND MINERAL CONTENT OF 

DIFFERENT TEA SAMPLES 

 

Márta Üveges
1
, Viktória Kósa

1
, Éva Stefanovits-Bányai

1
, Anna Mária Nagy

2
, 

Zsuzsa Jókai
1
  

 
1
Szent István University, Faculty of Food Science, Department of Applied Chemistry, 

H-1118 Budapest, Villányi út 29-43, Hungary 
2 

Holi-Medic Kft. Budapest, Hungary 

e-mail: jokaine.szatura.zsuzsanna@etk.szie.hu 

 

Abstract 

The consumption of various teas and herbal teas is undergoing a renaissance. They are used 

for the prevention and cure of various diseases and for pleasure. The herbal parts of teas all 

have valuable nutritional values, which have excellent antioxidant effect, free radical 

scavenging properties. The beneficial health effect is due to the polyphenols and the rich 

mineral element content. During the experiment the polyphenol content and antioxidant 

capacity of the infusions made from green tea, cranberry, rooibos, honey bush, lemongrass, 

milfoil and nettle tea, were investigated. The mineral content of the plant parts and teas was 

also measured. A close correlation was found between polyphenol content and antioxidant 

capacity indicating the protective role of polyphenols. The antioxidant capacity and 

polyphenol content of lemongrass and green tea is outstanding compared to the other teas 

studied, honey bush and nettle showed the smallest content. For magnesium and calcium 

supplements the cranberry tea is best proposed, For manganese complement it is worth 

drinking green tea. Lemon grass, cranberry and green tea are the most important phosphorus 

source. In case of iron deficiency, cranberry tea is recommended, while lemongrass and honey 

bush tea are the most suitable for zinc supplementation. The results may also have been 

influenced by the preparation habits, such as the temperature of water or soaking time. 

 

Introduction 

Tea has been known since ancient times, it spread in China, thanks to Emperor Sen-nung b.C 

in 2727. The first teas were the extract of dried leaves of Camellia sinensis (L.) Today the 

naming of tea covers up, traditional teas, green, black, rooibos, while mate teas include 

different herbal teas, as chamomile, lemongrass, milfoil, nettle etc. 

The valuable ingredients of tea - for example flavonoids - are suitable for the prevention and 

cure of diseases [1, 2, 3]. Free radicals are in the background of many diseases [3, 4, 5, 6, 7] 

which are formed under biotic and abiotic stress effects [8,9].In the protection against free 

radicals play an important role a multitude of low molecular weight molecules, such as 

vitamins, carotenoids, flavonoids. [10,11,12]. Above all, the rich mineral element content of 

teas should also be mentioned, hereby teas have a positive effect indirectly [13,14,15,16]. 

 

Materials and Methods 

Samples 
Extracts were made from commercially available samples, they were as follows: green tea 

(Camellia sinensis L.), cranberry (Vaccinium oxycoccos L.), rooibos, (Aspalathus linearis L.), 

honeybush (Cyclopia intermedia L.), lemongrass (Melissa Officinalis L.), milfoil (Achillea 

millefolium L.) and nettle (Urtica dioica L.). 

 

The sample preparation was performed according to instructions in Table 1., and the results 

were converted to 1 g. 
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Table 1. Preparation of tea samples 

  
Samples Preparation Cooking time (min) 

green tea (filters) 1 filter + 200 ml 100
o
C water 3 

cranberry (filters) 1 filter + 200 ml 100
o
C water 5 

rooibos (bag) teaspoon + 300 ml 100
o
C water 10 

honeybush (bag) teaspoon + 300 ml 100
o
C water 10 

lemongrass (bag) 1 g + 100 ml 100
o
C water 10 

milfoil (bag) 1 g + 100 ml 100
o
C water 10 

nettle (bag) 1 g + 100 ml 100
o
C water 10 

 

Cooled extracts were centrifuged at 13000 rpm for 10 min at room temperature. The 

analytical measurements were carried out from pure supernatant. 

 

 

Determination of antioxidant capacities by FRAP (Ferric Reducing Antioxidant Power) 

method 

Measurement of ferric reducing antioxidant power of the fruit extracts was carried out based 

on the procedure of Benzie and Strain [17], at 593 nm. (Spectronic Helios Gamma UV Visible 

Spectrophotometer Thermo Fisher Scientific.) Ascorbic acid (AA) was used as a standard to 

prepare the calibration solutions. Results were expressed as µMAA/g of dry plant material. 

 

Determination of total phenolic contents by Folin-Ciocalteu method 

The Folin - Ciocalteu method is an electron transfer based assay and gives reducing capacity 

which is expressed as phenolic content. Total phenolic content of the fruit extracts was 

determined with the Folin-Ciocalteu reagent according to a procedure described by Singleton 

and Rossi [18], at 760 nm. 

Gallic acid (GA) was used as a reference standard to prepare the calibration solutions. The 

results were expressed as mMGA/g of dry plant material. 

 

Mineral content analysis using ICP-OES 

The presence of the following minerals: Ca, Mg, K, Na, Fe, Cu, Zn, Mn and P was 

investigated by inductively coupled plasma optical emission spectrometry (ICP-OES).  

All the previously freeze-dried samples were prepared for the analysis via microwave 

digestion method by using concentrated nitric acid and hydrogen peroxide. 

After mineralization, the resulting solutions were cooled to room temperature, then they were 

transferred to autosampler tubes and diluted to a final volume of 25 mL with Milli-Q water. 

The determination of mineral contents in this clear solution was carried out by ICP-OES 

(Perkin Elmer Optima 8000). The concentrations of the calibration solutions were in the range 

from 1 to 100 mg/kg (1, 5, 10, 100 mg/kg, respectively) to match the amount of the elements 

possibly present in the samples.  

 

Results and discussion 

In the experiment the polyphenol content and antioxidant capacity of the infusions made from 

green tea, cranberry, rooibos, honey bush, lemongrass, milfoil and nettle tea, were 

investigated. As a results show, the polyphenol content of the samples are directly 

proportional to the antioxidant capacity, which proves that the polyphenols play an important 

role in the antioxidant protection system of the organism. The antioxidant capacity and the 

polyphenol content of lemongrass and green tea are extremely high, these parameters of 
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honeybush and nettle are relatively low. The rooibos-, cranberry- and milfoil teas have an 

average antioxidant capacity. (Fig 1,2). 

 

  
Figure 1. Polyphenolic content in the different teas (mMGA/g dry tea) 

 

 
Figure 2. Antioxidant capacity in the different teas (µMAA/g dry tea) 

 

The rooibos and honeybush have a  relatively high sodium and low potassium content as a 

result of soil content of South Africa. Consumption of these kind of influences is undedicated 

for person with kidney disease, because of their not optimal sodium-potassium rate. As a 

result of our experiments can be stated, that for manganese complement it is worth drinking 

green tea. Lemon grass, cranberry and green tea are the most important phosphorus sources. 

In case of iron deficiency, cranberry tea is recommended, while lemongrass and honey bush 

teas are the most suitable for zinc supplementation.  
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Table 2. Element content of different dry teas (mg/kg) 

 

 

Table 3. Element content of different infusion of teas (mg/L) 

 

 

Conclusion 

The teas have a positive physiological effect thanks to their extremely high antioxidant 

capacity. However the results may also have been influenced by the preparation habits, such 

as the temperature of water or soaking time. 
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Abstract 

This work discuss some results of the extended measurement campaign focussing the in-situ 

microphysical characterisation of the emitted diesel particulates of different fuel types at 

diferent operational condition of diesel engine. For measureemnt of the spectral repsonses and 

the size distribution of the diesel emission customised multi wavelength photoacoustic 

spectrometer and single commercially single mobility particle sizer were uesd. Basee on the 

size distribution data we experimentally demonstarte that at idle the emitted aerosol assembly 

have bimodal distribution in all type of fuel and working point of engine. We also 

demonstarte that the spectral responses of the diesel aerosol is characterisits for the type of 

fuel and the operational condition of engine. Using posterior temperature treatement we 

manifest that especially at idle the volatile fraction of the emitted aerosol can dominantly 

removed above 150C temeperature. Finally, we also experimentalla demonstarted that the 

biodiesel content of the diesel fuel even in its relatively small blending even in a relatively 

small (<7%) mixing ratio can significantly modify the climate and health relevant 

microphysical feature of the diesel emission. 

 

Introduction 

Due to their adverse health and climate impact the diesel particulate matter (DPM) have 

been of great scientific concern today. The diesel emitted particulates are one of the dominant 

source of light absorbing carbonaceous particulate matter (LAC), which is the second most 

important climate relevant atmospheric constituent [1]. Through its small size with high 

number-concentration, high surface area per unit volume and adsorption ability to toxic 

substances DPM is one of the most harmful air pollutant too. Despites of its importance, both 

the climatic and the health effect of DPM is quiet uncertain. Therefore, the diesel engine 

emission is under prestigious scrutiny in versatile perspectives recently starting from further 

understanding the fundamentals and causality in scientific sides, through the better 

characterisation of DPM in methodological and instrumental side, ended by reduction of 

tailpipe emission in engineering side. 

The diesel soot is a complete mixture of organic and inorganic carbonaceous composites 

which show high versatility in size, and in chemicophysical properties. Moreover, since, the 

particulate dispersed in air are continuously interact with its local ambient some ambient 

factors such as vapour-particle inter-conversion and photochemical activities can strongly 

modify the actual feature of the investigated particulates. Due to the dynamically changing 

vapour-particles ratio in the highly reactive and turbulent active zone of engine exhaust, the 

representative and reproductive sampling and the precise as well as accurate measurements of 
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the emitted carbonaceous particulate assembly is one of the major challenges in this field 

presently 

 The new emission standards can be complied solely by modern diesel engines equipped 

with complicated after treatment system. However, further restriction in emission in this way 

it is limited by its durability and maintenance. One of the alternatives for further restriction of 

emission is the development of fuel.  

In this study, some results of the extended measurement campaign focussing on the size 

distribution and spectral responses of diesel emission of different fuel and biofuel using 

customizes multi-wavelength photoacoustic spectrometer (4λ-PAS) and single mobility 

particle sizer are presented. We experimentally demonstrated that the size distribution of 

diesel engine is dynamically changed with engine operational parameters We also 

demonstrated that the absorption responses quantified by the AAE (Aerosol Angström 

Exponent) can also shows differences at different engine operational condition. 

 

Experimental 

During the measurements direct engine out emission of the test engine (four cylinder EURO 4 

PC diesel engine, 2 litres turbo charged, common rail injection system) was measured directly 

after the turbocharger. The exhaust gas was sampled before the after treatment equipment 

(catalyst, DPF) meaning that we investigated the raw engine emission which describes the 

combustion process not considering the effectiveness of the exhaust gas after treatment 

system. 

The engine was powered by commercial diesel fuels according to EN 590 standard in biofree 

version (B0) and with FAME (B7). The engine was operated at three carefully chosen 

conditions. Idle mode (820 rpm, 0 Nm torque) and medium and high engine loads (3000 rpm 

at 100 and 280 Nm torque, respectively). The optical absorption coefficient were measured 

with our self-developed multi-wavelength photoacoustic spectrometer (4λ-PAS) at 1064, 532, 

355 and 266nm wavelengths [2].The absorption spectra were quantified by the AAE (the 

slope of the absorption spectra in log-log representation) value deduced from the measured 

absorption values. The number sizedistribution was determined by a Scanning Mobility 

Particle Sizer (SMPS equipped with a Vienna-type DMA+CPC, Grimm Aerosol Technik 

GmbH & CO., with a size range of 10,1-1093 nm). Butcher type low-flow thermodenuder 

units were applied for posterior temperature treatment of the exhaust particulates. The 

thermodenuder units were operated at three temperatures (40°C, 150°C and 300°C). The 

temperature aftertreatment units were stationed after the extended exhaust pipe of the engine 

(Fig.1) 

 
Fig.1: The schematic figure of the experimental set up including diesel engine, mixing 

chamber, dilution system, thermodenuders, multi wavelength photoacoustic instrument and 

single mobility particle sizer.  
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Results and discussion 

The measured number size distribution data was analyzed using a simple lognormal multi 

peak fitting algorithm. The Based on the measured data we confirm experimentally that 

regardless of the operational conditions of the engines the emitted total number concentration 

of B7 is always higher than that of B0. We also demonstrated that at 0 torque the size 

distribution shows bimodal distribution in bot type of fuels, while at higher torque it shows a 

simple monodisperse size distribution (Fig.2). 

 

 
Figure 2. The number size distribution of diesel emission measured at idle (left) and at higher 

torques (right) at three different engine working point. 

 

Moreover, transforming the number size distribution to volume size distribution the authors 

also realized that while the total number concentration is decreased towards the higher 

torques, the total volume concentration behaves reversely. It is a simple consequences about 

the increasing relative weight of bigger particulates in the spectrum towards the higher 

torques.  The measured data also shown that increasing the temperature in posterior sample 

treatment procedure the count median diameter and the size concentration is become smaller 

simple because of the removal of the volatile pieces of the investigated particulate.  

 

The AAE deduced from the measured optical absorption coefficients at the operational 

wavelengths of the photoacoustic instrument shows that increasing the torque of the engine 

resulted in decreasing AAE values regardless of the fuel type and temperature of the posterior 

sample treatment. The decreasing AAE value means that at higher torque the weight of the 

elemental or black carbon fraction increased in the organic and inorganic mixture of the 

emitted aerosol (Fig.3). 
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Fig.3. The AAE value of the emitted aerosol assembly measured at reference 

temperature (left) and higher temperatures (right) of B0 and B7 fuels at three different 

working points. 
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Another message of Fig.3 is that B7 fuel has always higher AAE value regardless of the 

operational condition of engine or temperature of the posterior treatments. This simple means 

that blending even small amount of biofuel to BO resulted in remarkable higher inorganic 

organic ratio of the emitted particulate. Finally, Fig.? also shows that at any working point of 

engine most of the volatile fraction of the particulate can only be removed at higher 

temperature (>150C). 

 

Conclusion 

This study discuss some results of the intensive measurement campaign focusing on the 

microphysical characterization of diesel emitted carbonaceous particulate matter using 

different type of fuel and operational condition of engine. We also demonstrate some results 

regarding the thermal evolution of emitted particulate using posterior sample treatment. 

Through this study we experimentally demonstrated that multi wavelength photoacoustic 

responses can serve climatic and chemically relevant information. Combining the multi 

wavelength photoacoustic instruments with commercially used single mobility particle sizer 

opens up novel and powerful methodologies for in-situ characterization of diesel engine 

emission.  
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Abstract 

Dimethyltryptamine (DMT) is a natural psychoactive compound which plays a role in 

oxidative stress-included changes at the endoplasmic reticulum–mitochondria interface. This 

makes the protective effect of DMT to be significant in hypoxic-anoxic cases. 

Online two-dimensional liquid chromatography coupled to tandem mass spectrometry (2D-

LC-MS/MS) can provide higher peak capacity, selectivity, resolution and sensitivity than one-

dimensional approach. Generally, it is an orthogonal method with combination of different 

LC techniques such as hydrophilic interaction liquid chromatography (HILIC), reversed-

phase (RP) and normal-phase (NP) separation.  

Heart-cutting 2D-LC-MS/MS breaks the link between sampling time and the 2D-cycle with 

taking only the given fraction of the effluent - containing the target compounds - from the first 

dimension separation. 

In this pilot study, heart-cutting 2D-LC-MS/MS method with combination of HILIC and RP 

separation was fully developed and applied for analysis of exogenous DMT in rat plasma 

samples. The effluent of first dimension containing DMT and α-methyltryptamine as internal 

were trapped before second dimensional separation by using RP trap column.  
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Abstract 

The transfer hydrogenations are convinent methods of obtaining chiral alcohols by 

enantioselective catalytic reactions. Catalytic methods suit most of the environmental 

requirements, though most of the chiral catalysts are made of synthetic ligands and are used in 

organic solvent. Natural ligands have a great potential to meet more requirements particularly 

if the solvent could be changed to water-based mixtures. 

We have studied the transfer hydrogenation of prochiral ketones catalyzed by an in situ 

prepared Ru-chitosan complex in aqueous media. The reaction of acetophenone and its 

substituted derivatives resulted in good enantioselectivities. Furthermore, to our delight in the 

reduction of several cyclic ketones over 90%, enantiomeric excesses were obtained, reaching 

up to 97% in the transfer hydrogenation of heterocyclic 4-chromanone or 4-thiochromanone 

derivatives. Based on these experiments, several N containing ketones were reduced in the 

above catalytic system. The results show that the position of the N atom and the number of its 

substituents influences the reached conversion and ee. Some of the N containing derivatives 

with the proper structure was transformed with high enantioselectivity (88-95%). 

The pre-prepared Ru-chitosan complex provided identical results even after several months’ 

storage without special precautions. With the comparison of the characterisation of the 

complex and the results of the transfer hydrogenations, we determined a possible complex and 

transition state structure. In conclusion the chiral catalyst prepared from a natural, 

inexpensive, readily available chiral ligand is a convenient alternative of the synthetic ligands 

and may be applied in environmentally friendly and sustainable processes for preparing 

optically pure chiral alcohols. 

 

Introduction and aims 

During the last few decades, the increased demand for optically pure fine chemicals 

accelerated the development of asymmetric catalytic procedures. Enantioselective transfer 

hydrogenations are among the most convenient methods for the preparation of optically pure 

compounds used as intermediates in the production of pharmaceuticals, agrochemicals, 

flavours and fragrances. For the transfer hydrogenation of various prochiral unsaturated 

compounds, a large variety of chiral complexes have been developed. Recent trends require 

environmentally friendly, sustainable processes, so the use of chiral ligands from natural 

sources became essential. With the deacetylation of chitin, chitosan can be obtained, which 

has multiple advantages. The biocompatible, biodegradable chitosan may replace the 

expensive chiral ligands. Due to the presence of the free amino groups in this biopolymer, it 

may be able to form complexes with metal cations [1]. Furthermore as a result of its 

hydrophilic character may be used in aqueous media. However, only few studies have been 

published attempting the use of chitosan complexes in asymmetric transfer hydrogenations 

and the results obtained until now are far behind the values produced using synthetic chiral 

ligands. With the use of chitosan derivatives, satisfactory results were obtained [2,3], however 

functionalization of the chiral polymer decreased the practical value of these procedures. 
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Our aim was to investigate the transfer hydrogenation of prochiral ketones catalyzed by a 

chiral Ru-chitosan complex prepared from unmodified, commercially available chitosan in 

aqueous solvents and to explore the applicability of this chiral complex. We also wanted to 

determine the structural requirements of the ketones, which are neccassary to obtain high 

optical purities. Examinations of the complex structure and that of the transition state during 

the reaction were also our primary tasks. As a final goal, we intended to develop a highly 

enantioselective, economic, environmentally friendly procedure for the convenient transfer 

hydrogenation of prochiral ketones. 

 

Experimental 
The prochiral ketones, the hydrogen donors, the metal precursor and the chitosan were 

obtained from commercial sources and were used as received. Transfer hydrogenations were 

carried out in closed glass reactors. In a typical run, the metal precursor and chitosan were 

stirred in the solvent 30 min followed by addition of the hydrogen donor (HCOONa) and the 

prochiral ketone. The slurry was stirred for the desired time followed by extraction of the 

product three times with ethyl acetate. These products were analyzed by GC-MSD and GC-

FID using chiral capillary column. For the characterization of the Ru-chitosan complex this 

was prepared ex situ and dried at room temperature. The product was used in SEM and IR 

spectroscopic investigations. 

 

Results and discussion 
First, the transfer hydrogenation of a few acetophenone derivatives was carried out in the new 

catalytic system. Optimization of the reaction conditions and the solvent composition led us to 

the conclusion that a water-iPrOH 4-1 solvent mixture provides the best enantioselectivities at 

room temperate. Although, acetylpyridine derivatives have similar structure as the 

acetophenones, the transfer hydrogenations of these compounds have not been examined 

before with catalyst bearing chitosan as the chiral ligand. Our experiments showed that the 

presence of the N in the aromatic ring has a detrimental effect on the conversion and the 

enantioselectivity, probably due to strong attachment of the ketone to the metal. The results of 

these experiments are summarized in Figure 1. 

 

 

 

 
 

Next, we examined the transfer hydrogenation of a large library of prochiral ketones with 

various structure under conditions found most appropriate in our previous experiments. The 

reduction of ketones having alicyclic ring connected to the aromatic group gave surprisingly 

high enantioselectivities, as shown in Figure 2. To our delight, results obtained in our 

Figure 1. Enantioselective transfer hydrogenation of acetophenone and 

acetylpyridine derivatives with in situ formed Ru-chitosan complex. 



 
25th International Symposium on Analytical and Environmental Problems 

340 

experiments exceeded the best values reported until now by the use of chitosan derivatives as 

a ligand. Moreover, the ketones including a heteroatom in the saturated ring, such as 4-

chromanones and 4-thiochromanones provided the corresponding alcohols in even better, up 

to 97%, enantiomer excesses (Figure 2.) Based on these result the transfer hydrogenation of 

four N-containing ketones with similar structure was carried out. In most of the cases under 

the right reaction conditions the conversion and the ee approached the values achieved with 4-

thiocromanone. As we mentioned before the N atom has a significant influence on the out-

come of the reactions. If the N is hindered by a substituent, or by a bulky group in its 

surroundings the effect of the Ru-N bond will be weaker and the reactions take place faster 

with better enantioselectivities (Figure 2.). Encouraged by these results, we continued to 

explore the scope of this catalytic system, by attempting the asymmetric transfer 

hydrogenations of ketones having pyridyl ring condensed with a heterocyclic moiety. Based 

on the obtained conversions and ee values we suggest that the nitrogen found in the aromatic 

ring may strongly interact with the metal and with the chiral ligand as well. We also note that 

the steric effect of the six-membered cycloaliphatic ring still assured good ee’s in these 

reactions, similarly with transformations of 4-(thio)chromanones. 

 

 
 

Further, we prepared the Ru-chitosan complex, which after slow evaporation of the solvent 

gave a dark orange film-like material (Figure 3.). This catalyst was equally efficient in the 

transfer hydrogenations as the in situ formed catalyst. The FT-IR spectrum of this material 

indicated the coordination of the Ru to the chitosan. 

Based on the IR spectrums and the effect of the ketone structure on the conversion and 

enantioselectivity we suggested a plausible structure for the complex (Figure 3.). It is assumed 

that the amino groups of different glucosamine units are involved in the coordination of the 

Ru(II) ion. An outer-sphere mechanism is suggested, during which the ketones’ six-

membered ring assures the necessary rigidity to the molecule, whereas hydrogen-bond 

acceptor heteroatoms in the ring are able to interact with the hydroxyl groups of the chitosan 

improving the orientation of the ketone. Based on the above results we suggested the possible 

structure of the complex and the obtained high enantioselectivities were interpreted by 

stereospecific interactions of the prochiral compounds with the chitosan ligand. 

  

Figure 2. Results of transfer hydrogenation of cyclic ketones with the Ru-chitosan 

catalyst. 
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Conclusions 
In summary, we developed a sustainable and green method, using the biopolymer chitosan as 

a chiral ligand for the in situ formation of a Ru complex in aqueous catalytic system, in which 

high enantioselectivities were obtained in the asymmetric transfer hydrogenation of prochiral 

ketones. The enantiomeric excess values surpassed those reported in the literature obtained 

with chitosan derivatives. Acetophenone derivatives were reduced to the corresponding 1-

arylethanols in up to 86% ee. The reactions of acetylpiridine derivatives were slower and gave 

lower ee values due to the stong bonding of the pyridyl N to the Ru. We obtained over 90% ee 

in the reaction of cyclic ketones, reaching up to 97% in the reduction of compounds having 

heteroatoms in the alicyclic ring. In the transfer hydrogenation of quinolinone derivatives high 

enantioselectivities were reached in case the amino group was protected or shielded by a 

nearby substituent. Further, we prepared ex situ the Ru-chitosan complex, which was equally 

efficient in transfer hydrogenations as the in situ formed catalyst. The FT-FIR spectrum of 

this material indicated the bonds established between the Ru cation and chitosan. Based on the 

above results we suggested the possible structure of the complex and the obtained high 

enantioselectivities were interpreted by stereospecific interactions of the prochiral compounds 

with the chitosan ligand. Finally, we mention that the highly selective chiral Ru complex was 

prepared using a cheap, natural material as chirality source, thus the developed method is a 

green, environmentally friendly and sustainable way to obtain optically enriched chiral 

alcohols. 
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Abstract 

Asymmetric Michael additions of isobutyraldehyde to maleimides catalyzed by optically pure 

diamines and their sulfonamides were investigated to develop heterogeneous chiral catalysts 

for these reactions. Chiral solid materials were prepared by covalent bonding of the diamines 

on different functionalized organic and inorganic supports. The heterogeneous catalyst 

prepared by bonding optically pure 1,2-diphenylethane-1,2-diamine to polystyrene support 

was highly enantioselective, giving results approaching those obtained using soluble 

sulfonamide derivatives. The catalysts could be recycled a few times, retaining their activity 

followed by a small decrease in conversion, while still producing high – up to 97% – 

enantiomeric excess. These materials are the first efficient recyclable catalysts used in the 

enantioselective Michael-addition of aldehydes to maleimides. 

 

Introduction 

Asymmetric Michael-additions are among the most often-used stereospecific reactions for 

coupling organic molecules, widely applied for preparing optically pure fine chemicals. 

Succinimide derivatives may be obtained by the enantioselective addition of nucleophiles, 

such as aldehydes, to maleimides [1]. These reactions are efficiently catalyzed by chiral 

diamines and their derivatives, among which cyclohexane-1,2-diamines, 1,2-

diphenylethylene-1,2-diamines, their sulfonamides and thiocarbamides are well-functioning 

chiral catalysts [2-4]. 

Until now heterogeneous chiral catalysts have not been used in these reactions, although these 

environmentally friendly, recyclable materials can serve as good alternatives for their soluble 

counterparts. A detailed study is of paramount importance for selecting the proper support, 

catalyst structure and the linker for the immobilization of these organocatalysts in order to 

obtain heterogeneous, recyclable catalysts. In our previous study, the Michael-additions of 

aldehydes to maleimides were carried out with commercial chiral catalysts in homogeneous 

media. Based on the results of this study we aimed to attempt the immobilization of the 

selected chiral 1,2-diamine catalyst using an appropriate linker over various inorganic and 

organic supports. Our goal was to develop a highly efficient, reusable heterogeneous chiral 

catalyst for the asymmetric Michael-addition of isobutyraldehyde to N-benzylmaleimide. 

 

Experimental 

The heterogeneous catalysts are prepared by coupling reactions in Merrifield flasks. The 

success of the immobilization process of the chiral compound was checked by FT-IR 

spectroscopy. We have immobilized optically pure cyclohexane-1,2-diamines or 1,2-

diphenylethane-1,2-diamines using linkers having acidic, H-bond donor character, such as 

sulfonamide, thiocarbamide or squaramide groups over silica or polystyrene resin supports. In 

a typical reaction, the given amount of catalyst was introduced into a glass vial followed by 

the addition of the solvent and the reactants. The slurry was stirred magnetically or agitated in 

a shaker for the given reaction time, diluted with the solvent and the product solution was 

separated. Products resulted in the Michael-additions were analyzed by GC-MSD and GC-
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FID using a chiral capillary column. Larger scale experiments were also carried out, the 

resulted products were purified by column chromatography for determination of the yields. 

The pure compounds were characterized by 
1
H- and 

13
C-NMR spectroscopy. 

 

Results and discussion 

Immobilization of chiral organocatalysts on insoluble supports is a convenient method to 

prepare enantioselective heterogeneous chiral catalysts. According to results obtained in 

homogeneously catalyzed reactions using optically pure 1,2-diamine-derived sulfonamides, 

anchoring 1,2-diamines by sulfonamide linkers on solid materials may results in efficient 

chiral catalysts. As has been shown in our previous research, the presence of the formed 

hydrogen donor group improves the orientation of the molecule in the transition state. 

The addition of isobutanal to N-benzylmaleimide was selected as a test reaction for studying 

the influence of the chiral catalyst structure. Several inorganic and organic materials are 

available commercially, which may be used as supports. Applying such materials we have 

prepared chiral solids both from optically pure cyclohexane-1,2-diamines and 1,2-

diphenylethane-1,2-diamines, respectively. The success of the immobilization process of the 

chiral compounds was checked by FT-IR spectroscopy. 

The method used in the preparation of one of the heterogeneous catalyst is shown in Figure 1. 

Selected results obtained by reusing this catalyst are also shown in Figure 1. The recyclability 

of the enantioselective catalysts obtained using the polymeric support was also examined.  

 

 
 

 
 

Figure 1. Chiral solid catalysts prepared by immobilization of optically pure  

1,2-cyclohexanediamine through squaramide linker and its recyclability. 
 

As shown in Figure 2, the silica-supported catalysts gave lower enantioselectivities and 

partially lost their activity upon reuse, which we ascribed to the unfavorable effect of the 

support’s surface acidic sites. On the contrary, the chiral catalysts immobilized on polystyrene 

resins approached the performances of the soluble catalysts, affording the same conversion 

and only a slight decrease in the enantioselectivity. Moreover, the enantiodiscrimination 
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ability of the catalyst was kept in a 2
nd

 run. The small decrease in conversion may be 

attributed to the small amount of catalyst lost during manipulations. Good results were also 

obtained with catalysts immobilized on polystyrene resins via thiocarbamides groups (not 

shown in the figure).  
 

 

 
 

Figure 2. Selected heterogenized chiral catalysts  

and results obtained in the test reaction. 

 

Conclusion 

In our previous studies we have investigated in detail the effect of variations in the structure 

of the catalysts in homogeneous media. Based on these results we selected the proper catalyst, 

support and linker for the immobilization of the chiral catalyst to obtain heterogeneous chiral 

catalysts. These heterogeneous catalysts approached the performances of their soluble 

counterparts. The proper choice of the support allowed the reuse of the solid catalysts without 

enantioselectivity decrease. Finally, we note that the prepared heterogeneous catalysts are the 

first, which were designed for the asymmetric Michael-addition of aldehydes to maleimides. 

Results presented in this work are also promising starting-points of further efforts devoted to 

applying heterogeneous, environmentally friendly catalysts in the preparation of practically 

relevant chiral succinimide derivatives. 
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Abstract 

This campaign was made under wintry urban meteorological conditions from late winter until 

early spring of 2015, in Budapest, the capital of Hungary. Optical absorption coefficient 

(OAC) is generally measured by two different methodologies. One was the most commonly 

used Aethalometer [1]. The other was the recently developed multi wavelength photoacoustic 

instrument (4-λ-PAS) [2]. The size distribution and number concentration of ambient aerosol 

was measured by a single mobility particle sizer (SMPS). The measurement period could be 

classified normal days and nucleation days. The correction factor of filter based transmission 

measurement was experimentally determined using photoacoustic instrument as reference. 

Both the correction factor and the spectral responses were found to be characteristic for 

normal and nucleation days.  

 

Introduction 

Nowadays you can hear a lot about atmospheric aerosol and it‘s effects on the environment 

(climate and air quality) and health. In urban air, aerosol has many health effects. May be 

mild respiratory disease, allergies, impaired respiratory function, lung cancer, etc. The effect 

of aerosol on climate is very complex; it has direct and indirect parts as soon as cooling and 

warming climatic impact. The light absorbing carbonaceous aerosol is responsible for the 

major fraction of uncertainty in climate forcing calculation and one of the most adverse 

atmospheric component too. It also shows that a precise definition of this is essential. The 

photoacoustic spectreoscopy is one of the most powerful methodology for precise and exact 

determination of light absortption of aerosol. 

 

Experimental 

The measurements were between 15 February 2015-12 March 2015 at the György Marcell 

Observatory of the Hungarian Meteorological Service in Budapest, the capital of Hungary 

(47,430009° N, 19,181225° E).  

Optical Absorption Coefficient (OAC) was parallel measured by a 7-wavelength 

Aethalometer (AE42-7, Magee Scientific, Berkley USA) at 370, 470, 520, 590, 660, 880, 950 

nm and by our self-developed multi-wavelength photoacoustic spectrometer (4λ-PAS) at 

1064, 532, 355, 266 nm. 

Size distribution was determined by a Scanning Mobility Particle Sizer (SMPS equipped with 

a Vienna-type DMA+CPC, Grimm Aerosol Technik GmbH & CO. Austria, with a size range 

of 10,1-1093 nm) combined with Portable Aerosol Spectrometer (Model 1.109, Grimm 

Aerosol Technik GmbH & CO. Austria with a size range of 0,25-32 µm). 
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Results and discussion 

We analysed the measured size distribution by using lognormal multi peak fitting algorithm. 

Based on the data evaluation of size distribution, the measurement period can be classified 

into two categories such as normal and nucleation days. On 5 measurement days clear 

nucleation events were observed. So there are 2 categories, one for nucleation days (days with 

particle growth) and the other for normal days (days without particle growth) (Fig.1.). 

 

 
Figure 1.: a) size distribution in normal days b) the banana curve demonstrating a nucleation 

event 

 

We identified three characteristic size modes both normal and nucleation days, which were 

Mode 0 (average count median diameter (CMD): 14.89 ± 3.97 on normal and 14.81±3.79on 

nucleation days), Mode 1 (average CMD: 25.80 ± 1.60 on normal and 24.23±0.67 on 

nucleation days) and Mode 2 (average CMD: 115.76 ± 19.17 on normal and 115.60±24.14on 

nucleation days). Further these mode structure we found that we can divide the days into 3 

parts: namely heating, traffic and nucleation hours. (Table 1) 

 

Part of day 

Time period 

Normal days 
Nucleation 

days 

Heating hours 
21:00-04:00 

12:00-15:00 
22:00-03:00 

Traffic hours 
04:00-10:00 

15:00-21:00 

03:00-10:00 

19:00-21:00 

Nucleation 

hours 
10:00-12:00 10:00-19:00 

Table 1.: Parts of the day 

 

The diurnal variation of OAC were measured by the 4λ-PAS and the 7λ-Aethalometer. The 

highest OACs were measured from late afternoon to early morning, while lower values were 

measured during the morning and the afternoon and the lowest OACs were between the 

middle of the day and the very early afternoon. We measured Absorption Angström Exponent 

(AAE) by two instruments (4λ-PAS and the 7λ-Aethalometer) respectively and OAC and 

AAE data’s trends were found to be similar. The highest AAE values were measured during 

the late afternoon and during the night, lower values during the morning and the early 

afternoon, while AAE had its diurnal minimum during the midday. 
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Conclusion 

This study discusses the results of a 1-month field measurement campaign during the late 

winter and the early spring of 2015, in Budapest, the capital of Hungary. 

Based on the data evaluation of size distribution, in the measurement period we can 

characterised two categories. These two class are normal and nucleation days. Both normal 

and nucleation days could be further categorized to three parts of day, namely heating, traffic 

and nucleation hours in time series.  

Highest OAC and AAE values were measured during heating hours, lower during traffic 

hours and the lowest values in the nucleation period. 

Examining the correlations between the photoacoustic and size distribution data we quantified 

relationship between the mode structure and the AAE. With this measurement we also 

identified characteristic spectral responses of nucleation events first and we experimentally 

demonstrated, uncompleted nucleation events with characteristic AAE values in normal days 

(which measured by photoacoustic spectroscopy).  

We measured parallel OAC by the 7λ-Aethalometer and a 4λ-Photoacoustic Spectrometer as 

reference instrument, wavelength dependent correction factors (f and C) was defined in 

weingartner posterior correction schemes. [3] The result shows that the correction factor of C 

has source specific diurnal variations, while correction factor of f no clear trend could be 

observed during the measurement period. 
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Abstract 

Due to climate change and its natural geographic conditions, the water supply of the 

Hungarian-Serbian cross-border region shows extreme variation. The area suffers from both 

droughts and inland excess water, thus research and geographical observation of the problems 

is very important. This study demonstrates the development of a monitoring system of the two 

phenomena by the help of satellite images supplemented by field data using crowdsourcing 

elements within the framework of the Drought and Excess Water Research and Monitoring 

Centre, furthermore, evaluates the monitoring results for the first half-year in 2019.  

 

Introduction 

One of the most important environmental problems nowadays is global climate change, and 

its regional and local effects. In the last 100 years the average temperature of the Earth 

increased by +0.7°C and undesirable changes occurred also in case of precipitation, as long 

periods without rainfall and extreme precipitation events became more frequent in large parts 

of the temperate zones on both hemispheres [1]. Climate change has a considerable impact on 

the lowland areas of the Carpatian Basin. Due to climate change and the natural geographic 

conditions, the water supply of the region is showing extreme variation, the area suffers from 

both drought [2] and inland excess water [3] – these can take turns, and occur in consecutive 

years or even in the same year.  

It was also observed that the frequency of extreme weather conditions’ occurrence has also 

changed. Years drier than the average have become more frequent, and the distribution of the 

rainfall is turning less and less favourable, as beside the long dry periods, extreme 

precipitation events occur especially in the summer causing an increase in runoff of the 

valuable water resources. For this research and geographical observation of the problems 

related to climate change and hydrological extremes is very important in the region [5] [6] [7]. 

This study presents the results of the Drought and Excess Water Research and Monitoring 

Centre (DERMC) to set up a monitoring system of the two phenomenon by the help of 

satellite images supplemented by field data using crowdsourcing elements in the Hungarian-

Serbian cross-border region, furthermore evaluates its operation for the first half-year in 2019.  

 

Study area  

The developed monitoring system covers Southeast Hungary (Csongrád and Bács-Kiskun 

counties) and Vojvodina (Fig. 1a). The majority of the area is lowland, where the mean 

annual temperature is around 11°C and the annual precipitation is 500-600 mm. The highest 

mean temperature occurs in July, typically between 21°C and 23°C, while the rainfall is 

around 300 mm in the summer half of the year [8] [1]. Examining the climate change trends 

of the last decades reveals that the temperature has been rising and the precipitation level has 

slightly decreased [9] [10], resulting in a 20-30 mm yearly precipitation shortage in the area. 

The most important rivers are the Danube, the Tisza/Tisa River, the Maros River, and the 

Tamis River; besides these, most of the surface waterflows are artificial canals. The study 
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area is diverse in terms of soil type, physical properties and soil moisture regime of the soils 

(Fig. 1b). Chernozem soil and its different variations dominate the area; sandy soils and 

meadow soils are also common in the region. The land cover and land use of the area is 

dominated by agricultural land (Fig. 1/c). In the last 200 years large areas of land became 

used for farming purposes, therefore the proportion of agricultural land is high, and the 

natural vegetation remained only in relatively small areas. Even in these areas, where the 

natural vegetation survived, unfavourable processes can be observed, because the climate 

change of the last few decades and human activities resulted in natural wetland habitats 

starting to dry out, and this process is accompanied by the degradation and transformation of 

the vegetation [11].  

 

Figure 1. Location of the study area, furthermore its soil types (FAO 1985) and land cover 

(Corine 2018) (1: Artificial surfaces; 2: Agricultural areas; 3: Forests and semi natural areas; 

4: Water bodies; 5: Wetlands)  

 

Methods 

The methods for drought and excess water monitoring were based on selected parameters like 

surface moisture, vegetation and water abundance using medium and low-resolution satellite 

data and crowdsourcing methods. The main goal was to estimate the spatial and temporal 

changes of the two hydrological extremes under study. The developed monitoring system 

collects and processes remotely sensed (drone, Sentinel l and MODIS satellite) and in situ 

surveyed datasets (soil moisture and meteorological data and inland excess water patches). The 

data is stored in a geodatabase and published online using web mapping technologies.  

 

Inland excess water, vegetation anomaly and surface moisture monitoring using medium and 

low-resolution satellite images 

The work process that was developed for inland excess water monitoring utilises a 

combination of satellite images from Sentinel 1 radar data and Sentinel 2 multispectral data to 

produce regional scale inland excess water maps in an operative way, on a weekly basis. The 

radar and optical data-based processing phases use imagery form Sentinel 1A, 1B, 2A and 2B. 

These satellites provide a full coverage of the sampling area approximately every third day. 

Thanks to the C-band active remote sensing technology, data can be acquired regardless the 

part of the day or weather conditions. The workflow combines radar thresholding, and optical 

image classification and index based thresholding to generate weekly inland excess water 

maps (see methods in more details in [12]). 
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The vegetation assessment uses MOD09A1 surface reflectance images and MOD13A1.006 

vegetation index products and data were processed using the Google Earth Engine cloud 

computing platform (see methods in more details in [13]). For the demonstration of the 

current condition of vegetation anomalies compared to the long-term average (2000-2017), 

the NDDI drought index was applied where a positive deviation indicates drought conditions:  

NDWI = (NIR - SWIR) / (NIR + SWIR) 

NDDI = (NDVI - NDWI) / (NDVI + NDWI) 

NDDIstandardised = (NDDI– NDDIaverage) / NDDIdeviation 

where NIR and SWIR are respectively the near infrared and the short-wave infrared bands of 

the MODIS instrument. NDVI is Normalized Difference Vegetation Index, NDWI is 

Normalized Difference Water Index.  

Based on the standardised anomaly the water shortage of the studied period can be identified, 

which reduces the biomass production or delays its temporal dynamics.  

Surface moisture monitoring is based on the normalized difference moisture index (NDMI) 

calculation using Google Earth Engine: 

NDMI = (NIR - SWIR) / (NIR + SWIR) 

where NIR is the narrow near infrared band 8a and SWIR is the short-wave infrared band 11 

of atmospherically and geometrically corrected Sentinel 2 level 2 data. 

To reduce the missing data due to cloud cover, composites were created for the median pixel 

value of 10 days. This ensures that the pixels of at least 2 images per composite were 

considered.  

 

GeoApp and crowdsourcing contributing to inland excess water inundation mapping 

The location-based data collecting application for Android and iOS devices enables the 

monitoring of inland excess water patches. The application has an editable layer, during data 

collection, the features of the inland excess water patches can be provided according to a 

predefined categorical system, and the location of the observed phenomenon can be specified 

on the map by manually or using the GPS position. A photograph can be attached to the 

observation using the camera of the device. The collected data are automatically transferred to 

the interactive maps of the project. The app can be downloaded for free, but registration is 

required. 

 

Results and discussion 

All data collected and processed in the framework of the project is made available via the 

public project website (https://aszaly.geo.u-szeged.hu/wateratrisk/) and maps or diagrams. 

Data can be downloaded for further analysis.  

Due to the low amount of precipitation between October  2018 and March 2019, drought 

formed in winter/early spring in 2019, which can be considered extraordinary. There was 

hardly any water stored in the upper soil layer, resulting in reduced crop growth during the 

autumn-winter period. At the end of April, a more humid period began, and the soil moisture 

deficit was recharged, resulting in favourable condition for agriculture e.g. autumn wheat. In 

May, however, a lot of precipitation fell (more than two times more than the long-term 

average), causing rather unfavourable impacts (e.g. plant infections) and water management 

challenges (Fig 2). As a result, also minor inland excess water inundations could form 

between the end of May and mid-June, which is uncommon in normal years.  
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Figure 2. Preciptation conditions in the first half-year in 2019 based on the meteorological 

station of the DERMC (Source: https://aszaly.geo.u-szeged.hu/wateratrisk/) 

 

Figure 3 represents the DERMC monitoring results in the between March and June 2019. As 

very limited precipitation fell until April 2019, a significant drought developped, which is 

well observable on surface wetness maps. Vegetation showed negative anomalies in the first 

month of the vegetation period only on sand covered areas and along the rivers. Here, 

differences in soil structure and water household could mitigate the impact of the formed 

drought on the vegetation (e.g. on Chernozems average conditions can be observed in the 

upper part of Vojvodina). For the end of April, moisture conditions changed due to rainfall, 

and the water conditions improved along the rivers according to the surface moisture maps, 

but still dry contitions can be observed on higher parts of the sandland. Due to the high 

amount of precipitation in May, the surface moisture contitions were almost ‘wet’ except for 

the Chernoems in Vojvodina and South Hungary. In those areas, the vegetation still showed 

negative anomalies due to the drought conditions. In June, the surface moisture maps showed 

that the whole area is under wet conditions and vegetation index shows similar conditions 

compared to the long-term avearage. In 2019, there were no significant inland excess water 

floods during the late-winter/early spring period, just some relatively small inundations 

between the end of May and mid-June. The developed GeoApp will be used in the future to 

validate the satellite derived inundation patches with field observation.  

 

 
Figure 3. Surface moisture (top) and vegetation anomaly (bottom) maps at the end of March, 

April, May and June (Source: https://aszaly.geo.u-szeged.hu/wateratrisk/) 
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Conclusion 

This study presented the satellite image based and in situ monitoring results of the Drought 

and Excess Water Research and Monitoring Centre for the HU-SRB cross-border area for the 

first half-year of 2019. It was shown that substantial drought occurred in the winter-early 

spring period, which had significant impact on agriculture. Due to the humid May, the 

situation was balanced, however, the extraordinary amount of precipitation in May and June, 

resulted in small inland excess water inundations in the study area. The developed methods 

and the applied used indices for monitoring proved to be useful to demonstrate the drought 

and excess water conditions in the studied region.  
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Abstract 

The button mushroom (Agaricus bisporus) is one of the most widely cultivated mushrooms in 

the world thanks to its high endogen components. Ingredients of the mushroom with ferric 

reducing capacity in brown button mushroom can stop or delay the effects of oxidative 

damage, therefore they play an important role in maintaining health care. During the research 

process, was used the activity of enzymes participating in antioxidant defense (peroxidase, 

polyphenol oxidase) and polyphenol content known from non-enzyme defense to describe the 

reducing properties of brown capped button mushroom candidate varieties, along with the 

FRAP method based on ferric reducing capacity. Our goal is to compare the number of 

bioactive substances and substances with significant reducing capacity based on the examined 

parameters of the button mushroom candidate varieties and, based on the compounds with 

significant reducing properties to identify the best candidate varieties. According to our 

results it can be concluded, that there is a strong connection between the measured parameters 

and the individual candidate varieties, based on which we can choose the candidate variety 

deemed best. 

 

Introduction 

Consuming harvested mushrooms, due to their valuable high endogenous compound content, 

contributes to proper nutrition and health protection. Mushrooms contain vitamins, vitamin 

precursors, minerals, trace elements and additionally endogenous materials with specific 

antioxidant effects, primarily compounds containing phenol [1]. 

The most widely cultivated mushroom within Europe is Agaricus bisporus, which can be 

found in nature but cultivation technology also highly commercialized. Similar to fruits and 

vegetables, mushrooms contain valuable substances that play a role in the defense against free 

radicals and maintaining human health. It is known that an increased number of free radicals 

can be linked to several diseases [2]. Different enzymes and valuable consumed endogenous 

components play a role in defense against these free radicals [3, 4]. There have been multiple 

findings of strong antioxidant effect in the extract of several mushroom varieties, proving that 

for example, the polyphenols in them have a positive physiological effect [5]. 

In contrast with crops harvested for hundreds if not thousands of years, during the cultivation 

of mushrooms, the lack of knowledge about the biology and growing technique of harvested 

mushrooms is a big challenge. The physiological properties of harvested mushrooms are 

affected by environmental stresses, therefore the knowledge of their sections of the defense 

system is crucial. The differences in the activity levels of the peroxidase and polyphenol 

oxidase enzymes are a great indicator of the different responses given to the reaction to 

stresses [6] and are an excellent tool to describe resistance [7]. 

Mushroom reacts to oxidative stresses by preventive and neutralizing activities, which are 

partially based on the difference between the levels of activity of the enzymes. The 

examination of endogenous reducing compounds is a proper way of describing the stress-

sensitivity and health-protective effect of mushrooms [8, 9]. 
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Materials and methods 

The chemicals used during the examination were acquired from Sigma-Aldrich. 

The mushroom samples (button mushroom – Agaricus bisporus) were cultivated at the 

Department of Vegetable and Mushroom Growing, Szent István University. The mushrooms 

were cultivated using the same substrate and cultivation technology, therefore their 

biophysical parameters are linked with their genetical background. They examined 7 

candidate varieties mushrooms were coded B1-B7 and were triturated in a mortar while fresh, 

with a known amount of extractor, then they were centrifuged and the clear supernatant was 

stored at -32° C until measurements. 

Peroxidase (POD) and polyphenol oxidase (PFO) enzyme activities were measured 

spectrophotometric method of Shannon [10] and of Flurkey [11] and at  = 460 nm and at  = 

420 nm.  The results were given in U/100 g (POD) and U/g (PFO) with respect to dry matter. 

Total polyphenol content (TPC) was determined by the method of Singleton and Rossi [12] 

with Folin-Ciocalteu reagent. Color change during the reaction was detected by a 

spectrophotometric method (λ=760 nm). The results were expressed in gallic acid equivalent 

(mM GAE/g dry matter).  

The total antioxidant capacity of the different extracts was measured by the FRAP method of 

Benzie and Strain [13]. The reaction causes a blue color change, which can be detected 

spectrophotometrically at λ=593 nm. The results were expressed in ascorbic acid equivalent 

(µM AAE/g dry matter).  

 

Results and discussion 

The measured enzyme activities in the stipes and caps were different (Figure 1.). The 

polyphenol oxidase enzyme activity is higher in the stipes in the majority of the cases. The 

opposite is also true in the case of peroxidase enzyme activity measurements, where the 

values are higher in the cap of the examined mushrooms. The candidate variety marked B6 

showed extraordinarily high values, so presumably, this variety has the most peroxidase and 

polyphenol oxidase enzyme activity which points to the mushroom’s better readiness to 

stress. The polyphenol oxidase enzyme activity is far greater than that of the peroxidase 

enzyme activity. The result supports the theory of high polyphenol compound levels in 

mushrooms. 

               
Figure 1. Peroxidase (POD) and Polyphenol oxidase (PFO) enzyme activity of the 

mushrooms 

The total polyphenol content and the antioxidant capacity measurements were made on the 

separated stipe and cap of the mushroom. Comparing the polyphenol content and antioxidant 

capacity measured in the cap and stipe of the button mushroom, similar to the previous 

findings, the values were higher in the cap than in the stipe (Figure 2.). The majority of 

materials with reducing properties in mushrooms are made of polyphenol-like ingredients, 

this is supported by the similarity between the illustrations displaying polyphenol content and 
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antioxidant capacity. Presumably, the differences with candidate variety B6 are caused by 

another polyphenol based component. The similarity between the diagram displaying the total 

polyphenol oxidase content and the pictures displaying the number of materials with 

polyphenol-like properties is proof of the relationship between polyphenol and the enzyme 

breaking it down. In all cases, especially with candidate variety B6, the accumulated 

polyphenol content serves the protection of a more resistant candidate variety. 

        
Figure 2. Total polyphenol content (TPC) and Ferric reducing antioxidant capacity (FRAP) of 

the mushrooms 

 

Conclusion 

During the research done on brown button mushroom candidate varieties, comparing 

antioxidant capacity and total polyphenol content, it can be concluded that polyphenol-based 

molecules are responsible for the majority of compounds with an antioxidant effect in 

mushrooms. There are significant differences in the amount of endogenous components 

measured in the caps and stipes of the different candidate varieties. Based on my research it 

can be concluded that the components we measured can be isolated, based on which it is 

possible to choose the candidate variety with the most appealing properties, in this case, 

candidate variety B6, however, these measurements should, of course, be supported by 

measuring methods valuable for harvest. 
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Abstract 

One of the most desirable waste management options, of course, is reuse of glass or glass 

packaging as returnable packaging. However, in this case, glass is not classified as waste. 

Glass, as waste generated after use, instead of landfilling or incinerator can be used as a 

resource in the recycling process, with a view to obtaining a new same product or other useful 

product. 

In theory, glass can be fully recycled and can be recycled indefinitely, without loss of quality, 

however, in order to ultimately obtain the best quality product, the material used for recycling 

must be of high quality [1]. Therefore, large quantities of waste glass originate from 

demolished buildings, municipal, industrial and medical waste, which mostly ends up in 

landfills. Packaging glass production accounts for about 82% of total glass production at glass 

factories in Europe [2, 3].  For this reason, the options for waste glass packaging management 

will be considered in the paper. 

There are two basic options for waste glass packaging management: Recycling waste glass 

packaging in order to obtain new glass packaging (Closed Loop Recycling) and Recycling 

waste glass packaging that does not require re-melting.  Of all types of glass, glass packaging 

is the most important during solid waste management and only glass packaging can be 

recycled by re-melting to obtain a new glass packaging [3]. Other types of glass have different 

physical properties and because of this, they cannot be used in this type of glass packaging 

recycling, as glass recycling could not mix well and melting temperatures vary depending on 

the type of glass, which would cause defects on the glass newly produced material [4]. Waste 

glass packaging can be mixed with raw materials or, theoretically, it may be the only raw 

material used to produce new glass packaging, but in practice, crushed glass, at a rate of 80%, 

is usually used as input material in the production of new glass packaging [5]. However, 

crushed glass (cullet), before being included in the production process, must be sorted 

according to the color of the glass and with a certain degree of purity so as not to degrade the 

production process of the new glass packaging. The color mix of glass recycling fractions 

must be less than 2% for the production of transparent glass and less than 5% for the 

production of colored glass [3]. Unfortunately, so far, Serbia has not provided a system for 

collecting glass packaging from the municipal solid waste stream, nor is glass packaging 

recycled in order to obtain new glass packaging. Therefore, it would be useful for Serbia to 

apply the use of the second waste glass packaging management option. The recycling of waste 

glass packaging that does not require the re-melting of glass, which is necessary in the 

production of new glass packaging, has been successfully applied worldwide, and some 

examples are the use of crushed glass recycling as: additives in the production of bricks, 

blocks and other ceramics, purification filters water, aggregates in construction, abrasive 

sanding materials, raw materials for the production of glass beads used in reflective paint for 

highways, for the manufacture of fiberglass and as fractions for lightening ammunition, and 

others [6, 7]. 
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When waste glass is not recycled, it is stored or disposed of. The most common disposal 

options for waste glass packaging are disposal or incineration. However, if this is added to the 

fact that glass, practically does not break down over time, finding a solution for this type of 

waste is of great importance from the point of view of environmental protection and 

preservation. 
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Introduction 

Graphene aerogel [1], obtained after a series of steps of cooling and heating under high 

pressure (supercritical drying) or vacuum (lyophilization), is considered to be the least dense 

solid in existence, possessing very good elasticity and thus preserving its original form after 

compression. Due to its low density it also exhibits good absorption properties, finding 

applications in oil spills and other environmental clean-ups. Hybrid materials like 

CuGaO2/graphene aerogels [2] could find applications for a wide range of technologies, from 

storage and transfer of energy [3] to advanced electrodes and dye-sensitized solar cells. 

This paper reports the synthesis of graphene and graphene/CuGaO2 materials. The 

samples underwent lyophilization, followed by thermal treatment in vacuum. An aerogel 

containing a homogenous distribution of CuGaO2 was obtained by mixing the aqueous 

solution of graphene oxide and reduced graphene with CuGaO2, followed by freezing. 

The resulting samples were characterized by Scanning Electron Microscopy (SEM), 3D 

Laser Measuring Microscopy (LSCM) and Raman spectroscopy. 

 

Experimental 

The graphene aerogel was obtained from a mixture of graphene oxide (conc. 0.9 

mg/mL), prepared by using a modified Hummers method, and graphene Quattro-Type (conc. 

1.4 mg/mL) purchased from NanoIntegris. Additionally, the suspension was freeze dried and 

thermally treated in a GSL-1500X Vacuum furnace (MTI Corporation) at a pressure < 1 Torr 

and a temperature rise rate of –5 °C/minute, resulting in graphene aerogel samples. 

CuGaO2 was obtained using metal nitrates as precursors under hydrothermal conditions 

at 250 ºC. CuGaO2 was added to graphene aqueous solution, following the protocol described 

above, resulting in CuGaO2/graphene aerogel samples. 

 

Results and discussion 

The morphological investigations of topographic surfaces were performed on LEXT 

OLS4000 3D Laser Measuring Microscope designed for 3D measurement, nanometer level 

imaging and roughness analysis. The imaging generates a 3D representation of the surface 

height using LEXT software, by setting the lower and upper limits on the size of the features 

that are being characterized. 
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              a)                                                                 b) 

 

Figure 1. Three-dimensional image taken with an LSCM of CuGaO2/graphene aerogel, with 

100x magnification: (a) in color, (b) black and white. 

 

                            
              a)               b) 

Figure 2. Three-dimensional image taken with an LSCM of CuGaO2/graphene aerogel, with 

10x magnification: (a) in color, (b) black and white. 

 

                            
                a)                                                             b) 

Figure 3. Three-dimensional image taken with an LSCM of graphene aerogel, with 100x 

magnification: (a) in color, (b) black and white. 

 

The SEM images of CuGaO2 show that the material is uniformly distributed in the 

volume of the graphene aerogel (Fig. 4a and 4b), confirming the relative homogenous 
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dispersion of the inorganic compound in the aerogel matrix.  The aerogels have both high 

electrical conductivity and high polar molecule absorption capacity, the former being due to 

the reduced graphene, while the latter being due to the functional groups attached to the 

graphene oxide. 

 

           
       a)                                                                       b) 

 

Figure 4. SEM images of CuGaO2/graphene aerogel: (a) 100 µm, (b) 4 µm magnification. 

 

Raman spectroscopy represents a nondestructive and ambient probing tool which is very 

sensitive to the microstructure of nanocrystalline materials [4]. Graphene aerogels exhibit 

common features in the 800–3.250 cm
−1

 domain. The Raman spectrum, which was recorded 

using a Nanonics Imaging (Israel) - MultiProbe Imaging - MultiView 1000™ Platform 

(SPM), equipped with a 532 nm laser, was used in order to identify the vibrational states of 

the graphene aerogel and is being shown in Fig. 5. 
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Figure 5. Raman spectrum of graphene aerogel. 

 

Three major peaks are found at 1.596, 1.353, and 2.702 cm
−1

, representing the G, D, 

and 2D bands, respectively. The obtained sample exhibits intense G and D bands, which 
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confirms the presence of defects in the graphene aerogel. The D-mode is caused by a 

disordered structure of graphene known as an attractive measure of quality. The G peak arises 

from the stretching of the C-C bonds in graphitic materials, and is common to all sp
2
 carbon 

systems, while the 2D-band (corresponding to an overtone of the D band) is related to the 

stacking order of graphene layers [5]. Graphene aerogel spectrum exhibits intense D and G 

bands and a flat 2D region (2400 to 3250 cm
−1

), with the D band being less intense than the G 

band (ID/IG = 0.93). Raman spectrum of a pristine graphene oxide normally shows an intensity 

ratio between the D and G bands around 0.9 [6], indicating the presence of defects in the 

crystal lattice which is comparable with as obtained aerogel intensity ratio. We can conclude 

that the quality of freestanding graphene aerogel is high with low disordered structure. 

 

Conclusion 

Graphene and graphene/CuGaO2 based aerogels, with various possible nanotechnology 

applications, were obtained by lyophilization followed by thermal treatment in vacuum. The 

graphene oxide obtained from precursors is partially reduced, during the thermal treatment, 

while due to condensation and decarboxylation reactions some hydrophilic bonds are lost, 

leading to a change in the pore sizes after water adsorption. An aerogel with a homogenous 

distribution of the semiconductor within it was obtained by mixing the aqueous solution 

containing reduced graphene and graphene oxide with the CuGaO2 semiconductor, prior to 

freezing. 
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Abstract 

The electrochemical behaviour of LaMnO3-modified graphite electrodes was studied using 

cyclic voltammetry. Potassium ferricyanide was employed as a probe to determine the 

electroactive surface area of LaMnO3 modified electrodes and their diffusion coefficient. The 

electroactive surface area and the diffusion coefficient were calculated using the Randles-

Sevcik equation. 

 

Introduction 

Perovskites are mixed-metal oxides of great interest for scientific researchers due to 

their optical, magnetic, catalytic, and electrical properties and not least because of their low 

price, high oxidation activity and thermal stability [1]. Perovskite ceramics are widely 

commercialized materials and have found numerous applications, including in automobile 

exhaust purification, fuel cells, solar cells and sensors [2,3,4,5]. 

In this paper the electrochemical behaviour of LaMnO3-modified graphite electrodes is 

investigated as a preliminary stage in the identification of a suitable application. 

 

Experimental 

The electrochemical behaviour of the LaMnO3 powder was investigated in a 

conventional three-electrode glass cell equipped with a Pt wire counter electrode, an Ag/AgCl 

(sat. KCl) reference electrode and a graphite (G) disk electrode (S = 0.28 cm
2
) that served as 

substrate for a drop-casted thin layer of LaMnO3. Prior to deposition the G electrode surface 

was polished and rinsed with double distilled water in an ultrasonic bath. The perovskite 

suspension was prepared by adding 10 mg LaMnO3 powder in 500 μl DMF. After 30 min 

ultrasonication a volume of 15 μL suspension was carefully applied on the graphite electrode 

and allowed to air dry at room temperature. The modified G electrode was the working 

electrode and is denoted G_LMO. 

Electrochemical experiments were carried out using the PGZ402 Voltalab potentiostat 

(Radiometer Analytical). Cyclic voltammograms were recorded on the unmodified G 

electrode as well as on the LaMnO3-modified G electrode in 0.1 M KNO3 electrolyte solution 

containing 4 mM potassium ferricyanide. The voltammograms obtained for the modified 

electrode were used to calculate its electroactive surface area and the diffusion coefficient 

(D), using the Randles-Sevcik equation [6,7]: 

 

  2/12/12/351069,2 vCDAnip    

Where: ip = the peak current; n = the number of electrons involved in the redox process; A = 

the surface area of the working electrode; D = the diffusion coefficient of the electroactive 

species; C = the bulk concentration of the electroactive species and v = the scan rate. 

All reagents were of analytical grade and were used as received without further 

purification. All potentials are referenced to the Ag/AgCl (sat. KCl) reference electrode. 
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Results and discussion 

The voltammetry signals of Fe(CN)6
3-/4-

 at the modified graphite electrode were 

compared to the signals of the bare graphite electrode (Figure 1). The G_LMO response is the 

most intense and it can be associated with the large electroactive surface area (0.36 vs. 0.09 

cm
2
) calculated using the Randles–Sevcik equation. The perovskite deposition enhances the 

electron transfer rate due to the reation sites it provides. 

 

 
Figure 1. Cyclic voltammograms obtained in 1 M KNO3 solution supporting electrolyte 

containing 4 mM K3Fe(CN)6, at 25 mVs
-1

, for perovskite-modified graphite electrode 

(G_LMO) compared with the bare graphite electrode (G) 

 

The diffusion coefficients for the two electrodes, in case of the ferrous/ferric redox 

couple at 298 K, were calculated based on the slope of the plot of the current density vs. the 

square root of the scan rate. Figure 2 shows the plot of the current density vs. the square root 

of scan rate obtained for the G_LMO electrode. The redox peak currents are proportional to 

the square root of the scan rate indicating a diffusion controlled electron-transfer process. The 

diffusion coefficients for the two electrodes were: 1.127 • 10
-5 

cm
2
s

-1
 for the G_LMO 

electrode and 8.342 • 10
-7 

cm
2
s

-1
 for the bare G electrode. These results show an increase in 

the apparent diffusivity of the ferricyanide ions in case of the G_LMO electrode by 

comparison with the bare G electrode. 

 

 
Figure 2. The plot of the current density vs. the square root of scan rate obtained for the 

G_LMO electrode. ia = anodic current density; ic = cathodic current density 
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Conclusion 

LaMnO3 was applied on the surface of a graphite electrode. The perovskite acted as an 

electrode modifier that enhanced the graphite electrode’s electroactive surface area, which 

was calculated using the Randles–Sevcik equation. Furthermore, the perovskite material led to 

an increase in the apparent diffusivity of the ferricyanide ions. 
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Abstract 

There is an international concern about the adverse health effects of motor vehicles generated 

air pollutants in many towns and cities. To investigate the importance and effects of exhaust 

emissions from both diesel and gasoline motor vehicles to the human population, it is required 

to effectively measure the aerosol levels emitted into the atmosphere. This work aimed to 

measure emitted exhaust gases from diesel and gasoline light duty vehicles during controlled 

laboratory experiments using photoacoustic spectroscopy (PAS) method and a commercially 

available soot sensor (Opacimeter) as a control set up. Diesel and gasoline light duty vehicles 

were tested with altering engine speed without load (without dynamometer brake). From the 

experiments it was established that the response of the PAS system in aerosol measurements 

agreed well with the well-established and commercially available Opacimeter. 

 

Introduction 

Aerosol emission from anthropogenic sources e.g. automotive industry has become an 

environmental concern on both global and regional scales, mostly because of the emitted 

chemicals harmful to both animals and humans [1]. Of major interest are the gaseous 

pollutants present in the vehicles exhaust emissions whose measurement has previously been 

done using several documented methods which largely depended on the sampling technique 

and instrument used [2]. Hence there is need to use instruments with great sensitivity that are 

capable of real time measurement e.g. Photoacoustic Spectroscopy (PAS). PAS is the 

measurement of the effect of absorbed light on matter (gas, liquid and solid) by means of 

acoustic detection and has been labelled as highly sensitive and selective method under 

laboratory and field conditions. Absorption of amplitude-modulated light periodically heats 

light-absorbing particles in the sample aerosol. Conduction of this heat to the surrounding gas 

generates pressure waves (acoustic), which are recorded by a microphone. Therefore, the 

microphone signal is proportional to the volume concentration of the measured aerosol [3]. 

 

Experimental 

In the experimental set up, two test vehicles were used: Volvo (diesel engine) and Skoda 

(gasoline engine). Measuring instrumentation was attached to the exhaust pipe of each vehicle 

using PTFE pipes as shown in Fig. 1. The inlets of the two instruments were placed as close 

as possible to each other and to the exhaust end to ensure homogeneity in sampling time and 

points.  Gaseous aerosol from the exhausts was then sampled using both PAS and Opacimeter 

in a time scale of 20 to 40 minutes each. For the PAS, a diode laser at an emission wavelength 

of 1064 nm was carefully chosen to be the light source. Measurement was then done under 

altering engine speed without load (without dynamometer brake). The signal generated was 

then recorded and analysed using electronics (manufactured by Videoton Holding Zrt.), which 

was connected to a computer. 
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Figure 1: Picture showing connection of the pipes to the car exhaust 

Results and discussion 

The longitudinal chamber used was first calibrated and tested with reference to the Soot 

sensor (opacimeter) and the results are as shown below. 
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Figure 2: Calibration results 

The two instruments were then operated simultaneously. Figure 3. shows the recorded 

photoacoustic signal and the aerosol concentration measured by the opacimeter. 
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Figure 3: Performance comparison between PAS and the commercial Opacimeter 

The Pearson's correlation coefficient between PAS (longitudinal chamber) and the 

commercial Opacimeter was also calculated and found to be 0.95845. This shows that the two 

equipment have a positive linear dependence i.e., an increase in one corresponds to an 

increase in the other.  

 

Conclusion 

It has been demonstrated that PAS of laser wavelength 1064 nm, can be used to quantitatively 

measure the concentration of gaseous aerosol emission in both diesel and gasoline vehicle 

exhaust.  From the experiments it was established that the response of the PAS system in 

aerosol measurements agreed well with the well-established and commercially available 



 
25th International Symposium on Analytical and Environmental Problems 

368 

Opacimeter. The signal delay observed in the results was mainly due to the use of different 

pipe lengths and flow rates during aerosol sampling.   
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Abstract 

The quantum chemical analysis (RM1 semiempirical method) of sorbitol and mannitol in their 

radical cation states reveals C-C long bonds with lengths around 2.1 or 2.2 Å. In some cases, 

the stabilities of these long bonds appear to be related with the intensities of the 

corresponding peaks found in the mass spectra of these hexitols. 

 

Introduction 

Sorbitol and mannitol belong to the chemical family of sugar alcohols, or the broader category 

of polyols (particularly hexitols). Polyols are polyhydric alcohols derived through chemical 

reduction (hydrogenation) of reducing sugars. Most of the commercially important polyols are 

produced by chemical hydrogenation of their corresponding reducing sugars. For example, 

sorbitol is produced by hydrogenation of dextrose (glucose), while mannitol is derived 

through fructose hydrogenation [1]. 

Alongside monosaccharide sugars, polyols are carbohydrate materials of considerable 

commercial value and interest to the commercial food sector. Besides their role of food 

nutrients and sweeteners, they also provide specific functional properties in manufactured 

food products [1]. 

Sorbitol belongs to the group of naturally occurring hexitols. In fruit and leaves, sorbitol is 

formed as a biochemical intermediate in the synthesis of starch, cellulose, sorbose, or vitamin 

C. In animals, sorbitol can be detected as an intermediate in the absorption of glucose or the 

formation of fructose via glucose. Sorbitol is produced on a large scale by means of the 

catalytic hydrogenation of D-glucose (dextrose) [2]. 

D-Mannitol is a hexitol derived from D-mannose. D-Mannitol is widely distributed in nature, 

occurring in olive trees, plane trees, and fruit and vegetables. It is also naturally found in some 

edible fungi and Laminaria species seaweed (marine algae, especially brown algae, containing 

10–20% mannitol, depending on the time of harvest). Furthermore, a large number of fungi 

and bacteria can produce this polyol from glucose, fructose, or sucrose [2]. 

In this paper we investigate, using computational methods, the presence of C-C long bonds in 

the radical cations of sorbitol and mannitol and the possibility of a relation between the 

intrinsic stability of such long bonds and the intensity of some peaks found in the mass 

spectra of the two compounds. 

 

Experimental 

The molecules of sorbitol and mannitol were initially modelled using the HyperChem 

software [3]. After the “Add H & Model Build” command, the starting neutral molecules 

were pre-optimized using the MM+ force field and then optimized with the RM1 

semiempirical method [4]. The radical cations (formal charge “+1”, spin multiplicity “2”) 
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were obtained from these structures and were finally optimized with the RM1 semiempirical 

method. As for “Spin Pairing”, RHF operators were used for neutral molecules, while UHF 

operators were employed for radical cations. The SCF “Convergence limit” was set at 10
-5

, 

without using the “Accelerate convergence” feature. For geometry optimization and ΔfH 

calculation, the “Polak-Ribière (Conjugate gradient)” algorithm was selected with a RMS 

gradient of 0.01 kcal/(Å mol), the molecules being considered in vacuum (conditions similar 

to those found in the EI-MS detectors). The radical cation molecular graphs showing the total 

spin density were plotted using the “Wire mesh” rendering (carbon – cyan, hydrogen – white, 

oxygen – red, positive spin density – green wire mesh, and negative spin density – violet wire 

mesh). 

The EI-MS spectral data for sorbitol and mannitol were downloaded from the NIST Chemistry 

WebBook site [5] and visualized using the ACD/Labs 6.00 software, while the exact masses, 

the molecular weights and the m/z values given under the chemical formulas are those 

predicted by the ChemBioDraw Ultra (v. 12.0) program (included in the ChemBioOffice 2010 

software). 

 

Results and discussion 

The EI-MS spectra of sorbitol and mannitol are shown in Fig. 1, while their chemical 

structure and five possible fragmentations, which are responsible for some of the EI-MS 

peaks, are shown in Figs. 2 and 3. The intensity of these peaks are shown in Tables 1 and 2. 
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Figure 1. EI-MS spectrum of sorbitol (left) and mannitol (right) 
 

   
 

Figure 2. Left: chemical structure of sorbitol (with carbon chain numbering and optical 

configurations); right: five possible EI-MS fragmentations 
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Figure 3. Left: chemical structure of mannitol (with carbon chain numbering and optical 

configurations); right: five possible EI-MS fragmentations 

 

Table 1. Intensity of target peaks for sorbitol 

m/z RI (%) TIC (%) 

31 34.793 4.937 

61 83.698 11.877 

91 7.791 1.105 

121 0.600 0.085 

151 0 0 

 

Table 2. Intensity of target peaks for mannitol 

m/z RI (%) TIC (%) 

31 16.792 2.754 

61 79.598 13.055 

91 7.091 1.163 

121 0.600 0.098 

151 0.100 0.016 

 

The ball-and-stick model of different variants of radical cations, obtained by using the RM1 

semiempirical method, are shown in Figs. 4 (sorbitol) and 5 (mannitol). The position of the 

long bonds is clearly established using the green wire mesh, which shows the total spin 

density. The C-C bond lengths, together with heat of formation values for the neutral species 

and the various forms of radical cations, are presented in Tables 3 and 4. 

 

 
 

 
 

Figure 4. Ball-and-stick model of different variants of radical cations of sorbitol (numbering 

of carbon atoms starts from left) 
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Figure 5. Ball-and-stick model of different variants of radical cations of mannitol (numbering 

of carbon atoms starts from left) 

 

Table 3. Sorbitol: C-C bond lengths and heats of formation for the neutral molecule and for 

the radical cation (the most stable form is shown in red) 

Bond 
Neutral molecule Radical cation 

Length (Å) ΔfH (kcal/mol) Length (Å) ΔfH (kcal/mol) 

C1-C2 1.538 

446.909 

2.100 650.946 

C2-C3 1.539 2.084 652.723 

C3-C4 1.542 2.122* 651.854* 

C4-C5 1.543 2.167 648.572 

C5-C6 1.538 2.101 652.330 

*MM+ pre-optimization of radical cation 

 

Table 4. Mannitol: C-C bond lengths and heats of formation for the neutral molecule and for 

the radical cation (the most stable form is shown in red) 

Bond 
Neutral molecule Radical cation 

Length (Å) ΔfH (kcal/mol) Length (Å) ΔfH (kcal/mol) 

C1-C2 1.536 

450.572 

2.110 656.222 

C2-C3 1.543 2.179 651.038 

C3-C4 1.543 2.145 651.544 

C4-C5 1.543 2.180 651.038 

C5-C6 1.536 2.110 656.222 

 

For both hexitols it can be seen that, among the five considered EI-MS peaks, the one from 

m/z 61 shows the highest intensity, in relation to the preferred long bond position at C4-C5 

(or, with the same heat of formation value, at C2-C3 for mannitol), which gives for the radical 

cation the lowest heat of formation. 

In the case of sorbitol, this is followed by m/z 31, corresponding to the breaking at C1-C2, 

while the breaking at C3-C4 shows the lowest probability, according to the higher heat of 

formation value for the corresponding radical cation. 

For mannitol, the reverse was found for the cleavages at C1-C2 or C5-C6 and, respectively, 

C3-C4. However, the particularly high value for the heat of formation in the case of C1-C2 or 

C5-C6 fragmentations could indicate that these might not be the ground states of these radical 

cations, and more work would be required in order to geometrically optimize these structures. 
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Conclusion 

The present computational study has proved the existence of C-C long bonds (around 2.1 or 

2.2 Å) in radical cations of sorbitol and mannitol. Also, a relation with the intensity of some 

mass spectrometric peaks for the two compounds was established. 
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Abstract 

Freshwater mussels are considered as the suitable bioindicators of ecosystems health, both, 

aquatic and surrounding terrestrial. These species have high filtration rates, providing an 

important link between the water column and the benthic zone, and also playing an important 

role in the nutrient cycling, substrate stability, bioturbation, and controlling the levels of 

suspended solids. The aim of this study is to obtain preliminary results of Sinanodonta 

woodiana use, as a potential bioindicator for pesticide residues detection in the river Danube. 

LC-MS/MS method indicated the qualitative and quantitative presence of six pesticide 

residues: chlorotoluron, diuron, linuron, metolahlor, terbuthylazine and acetamiprid in S. 

woodiana soft tissue. Biomonitoring with mussels has several potential applications. It may 

be used to complement or supplement the traditional water and sediment monitoring 

programs. 

 

Introduction 

The freshwater bodies, lakes and rivers in Europe, are under heavy contamination pressure by 

different organic and inorganic pollutants and contaminants. In order to preserve these aquatic 

habitats, the use of bioindicators and biomonitors is more than obligatory in monitoring 

programmes. Almost any organism could indicate the processes of the environment 

degradation, but some organisms perform this function much better than the others. The high-

quality bioindicators should be sensible but tolerant, capable for bioaccumulation, widely 

distributed, easy to sample, identify and analyze. 

Freshwater mussels are usually considered as the suitable bioindicators and biomonitors of 

ecosystems health, both, aquatic and surrounding terrestrial. These species have high filtration 

rates, providing an important link between the water column and the benthic zone, and also 

playing an important role in nutrient cycling, substrate stability, bioturbation, and controlling 

the levels of suspended solids. The abundance, diversity and species richness of freshwater 

mussels are severely decreasing worldwide, where nearly half of the species are thought to be 

currently threatened. Consequently, the logic question has arisen: if the mussels are excellent 

bioindicators, but most species are currently endangered, is it justify and economically 

effective to use invasive mussels, such as Sinandonta (Anodonta) woodiana (Lea, 1834) as 

the water contamination bioindicator? 

S. woodiana, Chinese pond mussel, is a native species of East Asia and lives in a large area 

from the River Amur, through China to Cambodia. In the early 1970s, different species of 

carp fish, infested with glochidia, have been excessively imported to European countries for 

biological control of organic debris, freshwater plants and mosquitos. In this way, S. 

woodiana spread out and established stabile populations in almost all European countries, 

including some Indonesian islands, Dominican Republic, Costa Rica and recently USA [1] 
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[2]. In some countries, for example Italy, Chinese pond mussel was introduced intentionally, 

related to some commercial activity, such as the production of artificial pearls in Tuscany [3] and 

as a “bio filter” for garden ponds, commercially sold in some garden centers [4].  

More than 140 billion kilograms of fertilizers and large quantities of pesticides are used and 

disposed annually in the agricultural sector, creating huge sources of diffuse pollution in 

freshwater ecosystems. The presence of these contaminants and pollutants in aquatic and 

terrestrial ecosystems has become a globally important issue. The river ecosystem is a subject 

to increased stress associated with diverse human activities. Modern agriculture contributes to 

the soil and water pollution, as it often involves the use of different pesticides, which results 

in a gradual increase of their residues and metabolites in the aquatic environment and 

consequently in aquatic organisms. 

According to [5], the mussels may cumulate, without any distinct physiological effects, 

significant amounts of pollutants in both, soft tissues and shells. The amounts of the actual 

accumulation may not be indicative of real pollutant emissions only, but they also may 

indicate the mobilization and transfer within the trophic webs of the long-term pollutant 

accumulations that are contained in the aquatic ecosystems bottom sediments. 

The aim of this study is to obtain preliminary results of S. woodiana use, as a potential 

bioindicator for pesticide residues detection in the river Danube. 

 

Experimental 

Mussel collection 

The mussels were collected from two localities on the river Danube: Petrovaradin and 

Sremski Karlovci. The transect method was used for mussel sampling, along the 200 m of the 

coast and 5 m from the coast, at a depth of 0.10 to 1.5 m. The mussels were collected by hand 

or by sieving the sediment using a 1 m
2
 mesh (diameter 25x25 mm). Individuals longer than 7 

cm were separated and only S. woodiana, which is an invasive and allochthonous species. The 

mussels were washed in tap and distilled water, the shells were removed, and complete soft 

tissues were prepared for further analyses. 

 

Pesticide residues detection 

A validated LC-MS/MS method was used for qualitative and quantitative determination of 

pesticide content in the mussel soft tissue. The validation was done in accordance to 

SANTE/11813/2017 by triple quadrupole mass spectrometer (Agilent 6410B Triple Quad 

Mass Spectrometer, USA) in positive electrospray ionization using multiple reaction 

monitoring mode (MRM). The method was validated for accuracy, precision, linearity, limits 

of detection and limits of quantification (LODs and LOQs). The extracts were obtained using 

the acetonitrile-based QuEChERS preparation technique. The calibration was performed in 

MMC. The calibration range was from 0.01 to 0.5 µg/ml. The obtained R
2
 was higher than 

0.99 for all the studied pesticides. The LODs were belowe 0.005 mg/kg and the LOQs were 

set on 0.01 mg/kg. For the recovery, the samples were spiked with the analytes at three 

concentration levels (0.05, 0.1 and 0.2 mg/kg). 

 

Results and discussion 

The average recoveries for all analytes were in the range from 70.1 to 91.3% (RSDs 3.77 – 

10.12%) (Table 1.). The obtained mean values of the responds were with RSD <20%. An 

efficient, sensitive and reliable LC–MS/MS(ESI), has been developed and applied for the 

detection of 26 pesticides in mussel soft tissue. 
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Table 1. Average recoveries 

Pesticides R
2 

Average recoveries ± RSD (%) 

Carbendazim 0.9941 80.7±3.77 

Metribuzin 0.9990 91.2±6.42 

Chloridazon 0.9998 89.4±5.71 

Chlortoluron 0.9936 81.5±6.91 

Chloroxuron 0.9995 90.8±5.17 

Desethyl atrazine 0.9994 86.4±4.87 

Sebutilazin 0.9990 87.2±10.12 

Dimefuron 0.9993 80.4±8.26 

Diuron 0.9998 72.5±5.83 

Etidimuron 0.9998 98.8±7.13 

Isoproturon 0.9997 70.1±9.11 

Metobromuron 0.9996 72.4±6.47 

Metamitron 0.9989 71.3±5.63 

Metazachlor 0.9999 91.3±6.53 

Methabenzthiazuron 0.9997 83.5±7.91 

Metolachlor 0.9997 70.7±6.42 

Propazine 0.9998 80.1±7.70 

Simazine 0.9974 82.4±6.47 

Terbuthylazine 0.9988 73.4±7.61 

Terbuthylazine-desethyl 0.9996 82.7±5.17 

Acetamiprid 0.9918 81.4±5.88 

Imidacloprid 0.9997 82.2±4.90 

Clothianidin 0.9926 89.1±8.26 

Thiamethoxam 0.9990 86.7±5.51 

Thiacloprid 0.9967 81.4±5.72 

6-Chloronicotinic acid 0.9948 80.7±6.24 

 

QuEChERS method indicated the qualitative and quantitative presence of six pesticide 

residues: chlorotoluron, diuron, linuron, metolahlor, terbuthylazine and acetamiprid in S. 

woodiana soft tissue (Table 2.). 

 

Table 2. Pesticide residues in mussel soft tissues (mg/kg) 

Pesticide residues 
Locality 

Petrovaradin Sremski Karlovci 

Chlorotoluron 0.013 0.016 

Diuron 0.006 0.003 

Linuron 0.002 0.002 

Metolachlor 0.010 0.005 

Terbuthylazine 0.003 0.003 

Acetamiprid 0.003 - 

 

Similarly to pesticide residues, the mussels’ ability to accumulate heavy metals appears to be 

a taxonomic feature that depends on both, individual requirements for bio-elements and 

behavior, as well as on the related metabolic processes in a given environment [6]. Recorded 

differences in the pollutant concentrations of specific mussel species living in the same 
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environment are the result of the selective elements uptake with food and the variable 

regulation of their concentration levels in soft tissues and shells [7]. 

S. woodiana represent an excellent bioindicator species, as it is easy for handling regarding 

the size (it could grow up to 30 cm) [8], short juvenile stage, as this species reproduces already 

in the first year of life, having reached the shell length of 3-4 cm [9] and long life span, as the 

individuals can live between 12 – 14 years [10]. The species is a habitat generalist found in 

heavily modified and artificial habitats, tolerant to high siltation rates [1] and prefers habitats with 

higher temperatures (the optimal thermal conditions vary within 10 and 35ºC) [11]. Larvae, 

glochidia are released from May to August (mainly in June and July), and this species can 

develop 2 – 3 larval stages per year, compared to the native species which reproduce once a 

year. Parasitic period lasts between 5 and 15 days, depending on the water temperature [10]. 

As spatial bioindicators and biomonitors, mussels are superior to fish, which are very mobile 

and in some cases migratory. Furthermore, as a monitoring medium, mussels are also superior 

to the sediment, because they can be more easily standardized. While the sources of biological 

variability in mussel samples can be controlled, the factors, such as particle size distribution 

and organic content, which strongly affect the contaminant adsorption to the sediments, 

cannot [12]. 

Biomonitoring with invasive mussel species has several potential applications. They may be 

used to complement or supplement the traditional water and sediment monitoring programs, 

principally to provide information on bioavailability, simultaneously preserving the native 

mussel species populations. Residues in mussels can also be used to define the impact zone of 

potential point source pollution and can serve as a feedback mechanism for determining the 

effectiveness of pollution control measures as they are implemented. These organisms 

constitute the major portion of the benthic biomass in many areas and they significantly 

modify the sediment by burrowing, respiratory and excretory activities, thus altering the 

profiles of contaminants in bottom sediment and contributing to their transformation [12].  

 

Conclusion 

European rivers are contaminated with pesticides and in almost half of the river basins, the 

levels of chemicals that can harm fish, invertebrates and algae have been measured. A 

significant improvement in water quality has been declared a goal for all EU Member States 

and provided by the provisions of the Water Framework Directive. However, new scientific 

research has shown that this goal was not achieved due to the high level of the toxic 

substances in the water. The Danube, with its fascinating ecosystems that provide from 

recreation and fishing to river drinking water for millions of people, are polluted by chemicals 

from cities, agriculture and industry. Such a chemical "cocktail" seriously damages aquatic 

organisms, but also poses a potential risk to humans, other animals and environment. 
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Abstract 

Since the XVI-XVII centuries, Tállya, which was one of the most significant regions of 

the Tokaj-Hegyalja, had become famous for its vine-growing. However, the soil erosion and 

tillage process, as well as toxic compounds from chemical fertilizer, Cu-fungicides had 

transformed the basic soil parameters of the topsoils and brought environmental risks from 

soil pollution especially from trace elements. Research results at Tállya indicated that grape 

cultivation had influenced on the soil environment, particularly the 0-10 cm soil layer via the 

alkalinization process. The average soil pH of the topsoil in Halastó vineyard was 6.36 at the 

slighty acid level, while the soil pH at the control area (the forest) was 4.66 classified in the 

strongly acid category. Besides, the difference between the humus content of the topsoil in the 

control area (4.00%) and in the vineyard (1.48%) illustrated the decline in soil humus and the 

potential from soil nutrient erosion after viticulture was applied. Viticulture and soil erosion 

according to the terrain impacted on soil texture, from there, topsoil in the vineyard had a 

lighter texture than this in the control area. Analysis results showed that all of studied heavy 

metal elements (Zn, Pb, Co, Ni, Cr) had lower total content compared with background 

concentration, except for Cu. There was remarkable high Cu content at the soil surface (87.13 

mg/kg on average) which exceeded pollution limit "B". Enrichment factor analysis (Sc as 

reference element) reflected that Zn (EF = 0.80), Pb (EF = 1.26), Co (EF = 1.52), Ni (EF = 

0.75), and Cr (EF = 1.03) have not enriched in the topsoil, in contrast, EF of Cu was 10.69 at 

significant enrichment level. The high enrichment factor of Cu also indicated that Cu mainly 

originated from anthropogenic sources.  

 

Keywords: Heavy metal accumulation, soil erosion, enrichment factor, vineyard soil, Tokaj  
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Abstract 

Cauliflower and broccoli are the vegetables that are grown and consumed around the world. 

The concentration of nitrate largely determines the quality of the vegetables. As the elevated 

content of consumed nitrates can significantly affect the health of humans and especially 

children, it is necessary to examine the influence of different organic and mineral fertilizers 

on nitrate content in these vegetables as well as the influence of the presence or absence of 

mulch. In the present study nine types of organic, mineral and combined fertilizers have been 

applied to cauliflower and broccoli with and without the presence of mulch. The content of 

nitrates, depending on the applied fertilizer, differed significantly, up to 4.4 times in 

cauliflower with mulch, or up to 3 times in broccoli without mulch. Proper fertilization and 

use of mulch can make a significant contribution to making vegetables a health-safe food.  

 

Introduction 

Although vegetables are considered as healthy food, their inadequate quality can greatly affect 

human health in terms of increasing the risk of chronic illness, cancer, cardiovascular 

diseases, and many others (Nerdy and Putra, 2018). The concentration of nitrates is a 

parameter that can largely determine the quality of vegetables and, depending on 

concentration, places it in potentially dangerous food for human health. Nitrates have been 

linked to diseases like ovarian, colon, rectal, bladder, stomach, esophageal, pancreatic, 

gastrointestinal and thyroid cancer, leukemia and non-Hodgkin lymphoma (Afzaly and Elahi, 

2014).  

In addition to the fact that fertilization plays an important role in achieving high yields, it 

plays a very significant role in achieving a good quality. Taking this into account, it is 

necessary to examine effect of different concentrations and types of fertilizers, as well as 

application of mulch, on the nitrate content in broccoli and cauliflower. 

 

Experimental 

Broccoli (variety Corvet) and cauliflower (variety Snezna grudva) were grown under 9 

fertilization schemes (Table 1), each of which was conducted in two variants - unmulched and 

mulched with plastic foil.  

Before the oneset of the experiment, agrochemical properties of soil and chemical 

composition of applied manure were analyzed (Table 2 and Table 3). 

The concentration of nitrate was assessed by spectrophotometric method  (Giné et al, 1983). 
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Table 1. Fertilization treatments of broccoli and cauliflower 

No Fertilizer Applied 

dose (t/ha) 

Fertilizer 

(mineral) 

Applied 

dose (kg/ha) 
1. Control  - - - 
2. Beef manure 20 - - 
3. Pig manure 20 - - 
4. Beef manure 20 NPK 300 
5. Pig manure 20 NPK 300 
6. Beef manure 20 NPK 500 
7. Pig manure 20 NPK 500 
8. - - NPK 300 
9. - - NPK 500 

 

Table 2. Agrochemical properties of soil before experiment setting (Bogdanović et al., 2011) 

Depth 

(cm) 

pH % 

CaCO3 

% 

humus 
% N 

mg P2O5 

100g
-1

 

mg K2O 

100g
-1

 

NH4-N 

kg ha
-1

 

NO3-N 

kg ha
-1

 H2O KCl 

0-30 7.6 7.0 4.59 3.12 0.16 21.9 22.1 28.0 36.1 

30-60 7.8 7.0 5.42 2.96 0.15 14.3 21.0 23.4 41.6 

  

 

Table 3. Chemical composition of applied manure (Bogdanović et al., 2011) 

Manure type 
pH 

%N %P %K 
H2O KCl 

Well-rotted beef manure 6.9 6.6 1.2 1.82 0.33 

Composted pig manure 7.9 7.7 1.3 3.58 1.68 

 

Statistical analysis was performed using STATISTICA 13.3 [StatSoft, University 

Licence, University of Novi Sad, 2019]. Means of replicates and evaluation of the 

significance of differences between means were determined by descriptive statistics and 

ANOVA analysis, followed by LSD post hoc test (α=0.05).  

 

 

Results and discussion 

Different doses of mineral and organic fertilizers significantly influenced the nitrate content in 

broccoli and cauliflower (Table 4. and Figure 1. and 2.) 

 

Table 4. Descriptive statistics for the concentration of nitrates (µgNO3
-
/g DM) in broccoli and 

cauliflower 

Variable 

Descriptive Statistics 

Valid 

N 

Mean Sum Min Max Variance Std. 

dev 

Coef. 

var 

Std. 

Error 

Broccoli  36 1132.4 40766.8 598.0 1792.2 116638.3 341.5 30.1 56.9 

Cauliflower  36 616.7 22201.3 192.0 1398.7 75703.1 275.1 44.6 45.8 
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Figure 1. The concentration of nitrates in broccoli exposed to different fertilization schemes in 

the presence or absence of mulch 

 

In 67% of broccoli fertilization treatments, the use of mulch had a positive effect as nitrate 

concentrations were significantly lower (Figure 1). The combination of organic and mineral 

fertilizers gave the best result in broccoli without mulch, because concentration of nitrates 

decreased. The use of mulch and beef manure alone and in combination with 300 kg of NPK 

also showed good results in terms of a better quality of broccoli. In cauliflower were found 

larger differences in nitrate content depending on the type of fertilizer with mulch (Figure 2). 

In broccoli, nitrate concentrations varied by as much as 2.9 times. In the presence of mulch, 

concentrations were lower and less variable in the nitrate content of plants in the presence of 

different fertilizers, unlike cauliflower. For cauliflower, there is as much as 4.3 times the 

difference between the highest and the lowest concentration of nitrate (Pig manure 20 t
-1 

ha + 

500 kg/ha NPK and 300 kg/ha NPK, respectively). 

 

The European Food Safety Authority recommended the acceptable daily intake of nitrate in 

the human body and for an adult it amounts to 3.7 mg/kg body weight/day, i.e. for a person 

with bodyweight of 60 kg, it is 222.0 mg/day (Brkić et al, 2017). Therefore, if people 

consume the recommended amount of vegetables (up to 150 g/day), all these variations in 

nitrates (2,59-24,19 mg/150 g portion of vegetable/day) do not pose the risk for health.  
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Figure 2. The concentration of nitrates in cauliflower exposed to different fertilization 

schemes in the presence or absence of mulch 

 

Conclusion 

The promotion of healthy diet is in focus nowadays, which imposes the need for production of 

vegetables that contain as little nitrate as possible, which is under high influence of 

fertilization. In the present paper the combination of mineral and organic fertilizers gives the 

best result in the sense of quality of broccoli and cauliflower. The mulch with plastic foil also 

significantly affected the nitrate concentration in the investigated vegetables. Besides the 

concentration of nitrates, it would be useful to examine the effect of the other types of 

fertilizers and mulching materials on the accumulation of active biomolecules such as 

antioxidants, which are also important features of quality. 
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Abstract 

Hierarchically porous polymers (HPPs) with different meso- and microstructures were 

decorated with controlled size platinum nanoparticles in the range of 1-12 nm. In this project, 

we have tested the HPPs+Pt composites as novel catalysts in the gas and liquid phase for CO 

oxidation and Suzuki coupling reactions, respectively. In the Suzuki coupling reactions, the 

catalysts made of HPP and Pt nanoparticles have shown better catalytic performance and 

recyclability in different solvents, in comparison with SBA+Pt catalysts. Furthermore, the 

samples were examined by different characterization methods such as Raman spectroscopy, 

SAXS, BET, TEM, TGA, ICP-MS to identify their surface properties, thermal stability, and 

the accurate percentage of Pt nanoparticles in the composites. Our results revealed that the 

tuning of the HPP pore structure is the key for high activity and selectivity reactions. 

 

Keywords: HPP, Pt nanoparticles, CO oxidation, Suzuki coupling reaction 
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Abstract 

The development of efficient methods for the removal of different type of organic 

contaminates of natural waters is an ever challenging task in the modern environmental 

technology. The paper reports the physical characterization and adsorption properties of a 

Hungarian oil shale (OSR). Static equilibrium experiments were carried out to study the 

adsorption of acetochlor from aqueous solution. The obtained equilibrium data were 

satisfactorily fitted by a multistep adsorption isotherm within the concentration range of 0 to 

100 mg/l. More than 90 % of the added acetochlor was adsorbed by the studied oil shale. The 

contaminants are bound strongly by the sorbent therefore they cannot be washed out by the 

groundwater flow which, in turn, favors to the natural bacterial decomposition process of the 

polluting compound. This is considered as a significant advantage of the adsorbent because no 

chemical regeneration of the inexpensive oil shale is required. The reported results indicate 

that the oil shale can be used efficiently for the treatment of natural waters to remove their 

organic contaminants. 

Keywords: oil shale, adsorption, acetochlor 

 

Introduction 

Water pollution problems caused by organic contaminants emitted by the chemical industry 

and agricultural activity are especially severe because they threaten both soil and aquatic live 

too. They are present in surface and subsurface waters as a result of natural degradation of 

different pollutants released by the agriculture and by various industrial plants [1]. 

Chloroacetanilide are persistent in the environment [2] and can cause toxicity especially by 

bioaccumulation in animals and plants whereby threatening human health too [3]. The 

removal of these compounds from contaminated raw water is a difficult task.  

The studied oil shale adsorbent contains considerable amounts of clay minerals as well as 

organic matter too which is finely dispersed in the macro- and micropores of the inorganic 

matrix. Oil shale sources are located at several places of the Carpathian Basin, and especially 

large amounts can be found in the Hungarian mines. It is an algae based biomass fossil fine-

grained sedimentary rock containing large amounts of organic matter, clay volcanic ash and 

calcium carbonate. The shale originates from the biomass of yellow green algae  genus 

Botryococcus braunii  accumulated in the volcanic craters over 4 to 5 million years [3]. The 

organic matter (OM) in oil shale is composed of bitumen and large amount of kerogen [4].  

The aim of our work is to investigate the sorption properties of Hungarian oil shale as an 

adsorbent for the removal of acetochlor from model water samples, under laboratory 

conditions. The effect of organic material content and type of the oil shale were examined. 

 

Materials and methods 

Analytical grade sodium chloride, sodium dihydrogen phosphate and disodium hydrogen 

phosphate were obtained from Reanal Chemical Co. (Hungary). The HPLC grade solvent 

mailto:rauch@mukki.richem.hu
https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Fossil
https://en.wikipedia.org/wiki/Calcium_carbonate
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(acetonitrile) was provided by VWR Ltd. (Hungary). The acetochlor standard reference 

material (>99%) was the product of Sigma Aldrich.  

Hungarian oil shale sample was first air-dried, then milled for 1 hour and sieved (particle size 

Particle size distribution of OSR was measured using Mastersizer 

2000 laser diffraction system (Malvern Instruments Ltd). Total organic carbon content (TOC) 

of adsorbents were determined by Apollo 9000 (TEKMAR DOHRMAN) TOC Analyzer. 

Nitrogen gas adsorption isotherms (BET surface) and pore size were obtained with ASAP 

2000 apparatus. 

The main mineral fraction of adsorbents was analyzed using the PHILIPS PW3710 X-ray 

diffractometer (K filter, Cu radiation (50 kV, 40 mA)). The crystalline phases were identified 

using the X’Pert Highscore Plus software. Scanning electron microscopy for oil shale samples 

was conducted using Thermo Fischer APREO SEM attached with EDX units, with 

accelerating voltage 20 kV. The pH of OSR were measured by a Radelkis pH meter (OP-211) 

using a combined glass electrode (Radelkis, OP-0808P).         

The measured physical and chemical properties of the studied OSR are summarized in Table 

1.  
Table 1. Characterization of the oil shale (OSR) sorbent 

Properties OSR 

pH (1 mol/L KCl) 7.21 

BET*, m
2
/g 31.87 

Typical pore size, nm 3.4 

Main fraction, %  80.8 

 50-150 

Organic content, % 9.79 

Carbonate content, % 41.2 

Main mineral phases, % 

 23.0 

Calcite 7.3 

Quartz 1.6 

Siderite 6.2 

Dolomite 2.5 

Albite 1.8 

Caolinite 0.6 

Montmorillonite 38.7 

Illite 0.7 

Amorphous material 17.7 

                                *Specific surface obtained by BET nitrogen adsorption method  
 

Samples having different amounts of organic matter were used in order to investigate the 

effect of OM on adsorption of acetochlor on oil shale. Therefore humic substances (HS) were 

removed from OSR according to the Kézdi‘s method [5]: the oil shale was treated with 

hydrogen-peroxide (30 % w/w) solution, then dried and milled. 

Since montmorillonite is the main mineral in OSR, bentonite from Egyházaskesző (Hungary) 

containing 81 % clay mineral (mostly montmorillonite) was used as an adsorbent too. 

 

Adsorption studies  

The adsorption isotherms were obtained in a series of batch experiments. The procedure is 

summarized in the scheme shown in Fig. 1. Static equilibrium experiments were carried out in 

a solution containing 0.1 mol/l NaCl and 0.01 mol/l phosphate buffer (pH=7). 5-5 g of 

adsorbent were left to swell in 5 ml distilled water for 24 h at room temperature, then 65 ml of 

acetochlor (solute) in appropriate buffer solutions (0-100 mg/l) was added. The suspension 
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was shaken for 1 hour in an orbital shaker then separated by centrifuge at 6000 rpm for 20 

min. The supernatant was filtered then analyzed by HPLC.  

In the supernatant, the concentration of acetochlor was determined by a MERCK LaChrom 

-18 packing 

by an autosampler were isocratically eluted by a hydro-organic eluent containing 65 % 

 

Results and discussion 

The adsorption isotherms are important to describe the solute-adsorbent interaction. A multi-

step isotherm model [6] was employed for the numerical fitting of the isotherm data to Equ. 

(1) by the Microcal TM, Origin 6.0 software.   

 

(1) 

where  

c  

s is the number of steps of the isotherm (i = 1...s),  

qTi  

Ki 
ni], 

bi  

ni is the average degree of association assigned to the i-th step of the adsorption curve. 

 

Figure 1. Effect of organic matter content of oil shale on sorption of acetochlor  

Adsorption isotherms for the acetochlor on oil shale (OSR) at different organic matter content 

values of the solution are shown in Fig. 1.  

Effect of organic material type of sorbent 

In this work the adsorption capacity of three samples containing different amount and type of 

organic phase was compared. Several studies confirmed that the high organic matter content 

of the adsorbent significantly increases the adsorption of organic compounds [6]. In this study 

the organic matter values were as follows: bentonite<humic free oil shale<OSR (see Table 2).  
  

𝑞 =   
𝑞𝑇𝑖𝐾𝑖(𝑐 − 𝑏𝑖 +  𝑐 − 𝑏𝑖  )

𝑛 𝑖

2𝑛 𝑖 + 𝐾𝑖(𝑐 − 𝑏𝑖 +  𝑐 − 𝑏𝑖  )𝑛 𝑖
 

𝑠

𝑖=1

 



 
25th International Symposium on Analytical and Environmental Problems 

389 

Table 2. Organic material content of adsorbents 
 OSR humic free 

oil shale 
bentonite 

TOC (solid), % 14.4 10.5 0.09 
HS, (%) 3.81 0.00 0.05 
Kerogen (%) 10.5 10.5 0.04 
DOC* (mgC/ l) 78.1 93.0 11.7 

     DOC: dissolved organic carbon 

 

The Fig. 1 shows the adsorption isotherms of acetochlor on bentonite, humic free oil shale 

and raw oil shale. It can be seen that acetochlor was bound better by the humic free sample 

than by the HS containing sample. It seems that the higher organic content of OSR resulted in 

lower adsorbed amount of acetochlor. In this untreated sample the surface is covered by HS 

(Fig. 2), therefore it is just partially accessible for contaminants. The presence of humic 

substances increased the solubility of acetochlor, thus HS decreased its adsorbed amounts 

compared to the treated oil shale. 

 

 
Fig. 2 SEM images of row oil shale (a) and humic free oil shale (b) 

 

When HS was removed from the oil shale with hydrogen peroxide the kerogen and bitumen 

fraction remained unchanged on the surface [8]. Making a comparison among the adsorption 

isotherms in Fig. 1 proves that  bitumen and kerogen are responsible for the relatively high 

solid TOC (see Table 2) and sorption capacity. The absence of organic matter (bentonite) 

resulted in the lowest adsorbed amount of acetochlor. This compound is better bound by the 

organic matter content of the adsorbent, while clay minerals do not play an important role in 

this adsorption process. 

 

Conclusion 

Laboratory scale study of adsorption properties of the Hungarian oil shale revealed that it can 

be used as a low-cost adsorbent for the efficient removal of acetochlor and similar organic 

contaminants from polluted raw waters. The results of static equilibrium studies were fitted by 

a multi-step isotherm equation. The adsorption is favored by the special organic matter 

content (bitumen, kerogen) of the adsorbent (raw oil shale) but lower values of HS (H2O2 

treated oil shale, bentonite). 
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Cordyceps militaris and its close relative, Cordyceps sinesnis are well-known medicinal 

mushrooms in the oriental traditional medicine. Mostly due to its atypical, butterfly pulpa-

parasitic lifestyle and rarity, it is considered as the key of longevity in China, Japan and 

Korea. C. sinensis is also native to Hungary. 

The aim of our work was the mycochemical analysis of the mycelium samples of Cordyceps 

militaris originated from Israel.  The procession of the sample started with an extraction with 

methanol by percolation, followed by solvent-solvent extraction, applying n-hexane, 

chloroform and ethyl-acetate, respectively.  

The chloroform and ethyl-acetate fractions were subjected to NP-flash chromatography on 

silica gel using a gradient system of n-hexane : acetone and chloroform : methanol mixtures in 

multiple steps. This separation afforded two fractions, which were identified as mixture of 

two rarely occurring cyclodepsipeptides, beauveriolide I and III, on the basis of NMR and MS 

investigations. The beauveriolides consisting of three amino acids and a β-hydroxylic acid. 

The cyclodepsipeptide mixture could be separated using NP-HPLC applying cyclohexane: 

isopropyl alcohol gradient system, with detection at 215 nm.  

Beauveriolide III was identified in Cordyceps militaris for the first time, while beauveriolide I 

however was previously isolated from this species [1]. Both compounds together with semi-

synthetic beauveriolides are under pharmacological investigation in order to gain detailed 

information about their anti-inflammatory potential. 

 

References:  

[1] Shigeru Nakaya, Saki Mizuno, Hiroki Ishigami, Yasuhiro Yamakawa, Hirokazu 

Kawagishi, Takashi Ushimaru: New Rapid Screening Method for Anti-Aging Compounds 

Using Budding Yeast and Identification of Beauveriolide I as a Potent Active Compound; 

Bioscience, Biotechnology, and Biochemistry (2012); 76:6; 1226-1228 

  



 
25th International Symposium on Analytical and Environmental Problems 

392 

SYNTHESIS OF NEW FLUORINE-CONTAINING β-AMINO ACID ENANTIOMERS 

THROUGH LIPASE CATALYZED HYDROLYSIS 

 

Sayeh Shahmohammadi, Enikő Forró, and Ferenc Fülöp 

 
Institute of Pharmaceutical Chemistry, University of Szeged, H-6720 Szeged, Eötvös u. 6, Hungary 

e-mail: sayeh.s@pharm.u-szeged.hu 

 

Abstract 

An efficient and novel enzymatic method was developed for the synthesis of β-aryl-fluorine-

containing β-amino acid enantiomers through lipase PS IM (Burkholderia cepasia) catalyzed 

hydrolysis in i-Pr2O at 45 °C in the presence of Et3N. In order to follow the enzymatic 

reactions, an adequate analytical method was devised for the enantioseparation of racemic β-

amino esters and β-amino acids.  

 

Introduction 

In recent years, enantiomerically pure β-aryl-substituted β-amino acids have been intensively 

investigated due to their unique and remarkable biological properties [1] and their utility in 

drug research [2]. In particular, incorporation of fluorine into the structure of β-amino acids 

has become the core of interest of scientists in the last decades, because of unique properties 

of fluorine atom and its importance for the synthesis of pharmaceuticals [3]. Enzymatic 

hydrolysis of both cyclic [4] and acyclic [5] β-amino esters is known in the literature. Herein, 

our aim was to devise an enzymatic protocol for the preparation of new enantiomeric β-aryl-

fluorine-containing β-amino acids, important from both pharmaceutical and chemical aspects. 

 

Experimental 

Lipase PS IM was from Amano Pharmaceuticals. Substituted benzaldehydes were from 

Sigma-Aldrich. Triethylamine was from Merck. The solvents were of the highest analytical 

grade and from Sigma-Aldrich. Optical rotations were measured with a Perkin-Elmer 341 

Polarimeter. 
1
H NMR and 

13
C NMR spectra were recorded on a Bruker Avance DRX 400 

spectrometer. Melting points were determined on a Kofler apparatus. The enantiomeric excess 

ee values for the unreacted β-amino easter and the β-amino acid enantiomers produced were 

determined by GC equipped with a Chirasil-L-Val column after double derivatization [6] with 

(i) diazomethane [Caution! the derivatization with diazomethane should be performed under 

a well-working hood]; (ii) acetic anhydride in the presence of 4-dimethylaminepyridine and 

pyridine [90 °C for 10 min → 170 °C (temperature rise 20
 
°C min

-1
), 10 psi].  

 

Results and discussion 

Racemic β-amino acids were synthesized with good yields (42-75%) by Rodionov synthesis 

[7] through the reactions of aldehydes with malonic acid in the presence of NH4OAc in EtOH 

at reflux. Subsequently, the β-amino esters were prepared with yields ranging from 76 to 87% 

by the esterification of corresponding β-amino acids in the presence of SOCl2 in EtOH.   

 

Preparative scale resolution of (±)-1-3 were performed under the optimized conditions [lipase 

PS IM, H2O, i-Pr2O, Et3N,], and the reaction mixture was shaken in an incubator shaker at 45 

°C, 200 rpm. The progress of reaction was followed by taking samples from the reaction 

mixture at intervals and analyzing them by gas chromatography. The reaction was stopped by 

filtering off the enzyme at 50% conversion. The products were separated by column 

chromatography. Unreacted amino esters (R)-1-3 and the product amino acids (S)-4-6 were 

obtained with high ee (≥ 99%), and good yields (≥ 48%). 
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Conclusion 

Novel fluorine-containing amino acid enantiomers have been prepared through PS IM lipase 

catalyzed hydrolysis of racemic amino esters 1-3. Excellent enantioselectivities (E>200) were 

obtained when the reactions were performed with H2O as a nucleophile in i-Pr2O at 45 °C, in 

the presence of Et3N. Both the unreacted amino esters (R)-1-3 and product amino acids (S)-4-

6 were isolated with high ee (≥ 99%), and promising yields (≥ 48%). To follow the enzymatic 

reactions and calculate the enantiomeric excess, conversion and enantioselectivities suitable 

analytical methods were optimized.  
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Abstract 

The growing desire to find new biopesticides has put allelopathy at center of research interest. 

Aim of this study was to investigate allelopathic effect of Cannabis sativa L. extract on 

activity of antioxidant enzymes superoxide dismutase (SOD) and catalase (CAT) in leaves of 

treated plants of Sorghum halepense L. Extract was obtained by classical extraction process 

and applied concentrations were 100%, 50%, 25% and 10%, until control variant was not 

treated. Plant of S. halepense L. was treated under field conditions in initial growth stages. 

After 6h and 24h from treatment leaves of treated plants were sampled. The samples were 

monitored for activity of antioxidant enzymes superoxide dismutase (SOD) and catalase 

(CAT). Results indicate increased activity of monitored enzymes after 6h only in variant 

treated with the highest concentration of extract. After 24h enzyme activity was significantly 

lower compared to the untreated sample. An increase in activity of antioxidant enzymes after 

6h is a response to stress caused by applied extract of C. sativa L., respectively an allelopathic 

effect was observed. 

 

Keywords: Cannabis sativa L., Sorghum halepense L., allelopathy, superoxide dismutase 

(SOD), catalase (CAT) 

 

Introduction 

Invasive plant species have been subject of numerous studies. Finding methods of controlling 

invasive plant species, with good efficiency and minimizing environmental impact, becoming 

a goal of today’s agricultural production. Allelopathy has great potential for finding new 

biopesticides. Allelopathy is a relationship in which plants release chemical substances by 

affecting growth of other plants, inhibiting or stimulating it [1]. Allelopathy is very important 

in weed control since it does not involve the use of synthetic compounds [2]. Numerous 

growth inhibitors have been identified in plants that are responsible for allelopathic properties 

of certain plant species and provide potential for their use in the development of bioherbicides 

[3]. Some of plant species with proven allelopahic properties are: Ambrosia artemisiifolia L., 

Avena sp., Amaranthus retroflexus L., Cyperus esculents L., Chenopodium album L., 

Helianthus tuberosus L., Rumex crispus L., Xantium strumarium L. [4]. McPartland [5] 

indicates a repellent and pesticidal properties of C. sativa L. Allelopathic effect of extract is 

highly dependent on applied concentration and length of exposure of treated plant [6]. Barnes 

& Putnam [7] point to fact that lower concentrations of applied extract may also have higher 

allelopathic activity in sterile soils as opposed to their activity in non-sterile soils. 

Allelochemicals in certain plant species can cause oxidative stress, wich is manifested as 

activation of an antioxidant mechanism [8]. Plants with their enzymatic activity respond to 

adverse environmental influences [9]. Since enzymes such as superoxide dismutase (SOD) 

and catalase (CAT) are very important in process of protecting cells from reactive oxygen 
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species, their activity can be used as an indicator of plant oxidative stress [10]. Aim of this 

study was to investigate effect of C. sativa L. extract on activity of antioxidant enzymes 

superoxide dismutase (SOD) and catalase (CAT) in treated S. halepense L. plants. 

 

Material and method 

Cannabis sativa L. plant material used is of Helena variety, collected at ripening stage in 

Bački Petrovac during 2018. Dry plant material was crushed and 400g was added to 4l of 

distilled water. Classical extraction for 24h at 25
o
C gave extract used, wich was filtered 

through filter paper. Field sprayer treated field with Sorghum halepense L. in initial growth 

stages. After 6h and 24h from treatment, leaves of treated plants were sampled for 

biochemical analyzes. Each 2g of fresh leaves sampled was homogenized in 10ml of 

phosphate buffer (0.1M, pH 7.0). Samples were then centrifuged for 20min at 10000 x g 

(Boeco, Germany) and filtered. Samples thus obtained were used for further biochemical 

analyzes. Activity of antioxide dismutase (SOD) and catalase (CAT) was examined. Readings 

were performed using a Thermo Scientific Evolution 220 (USA) UV/VIS spectrophotometer. 

Activity of SOD was determined based on photochemical reduction of nitroblutetrazolium 

(NBT) in which formazan was produced. A sample of 10µL was added to a 1.2ml solution 

(50mM phosphate buffer (ph 7.8), 13mM L-methionine, 75µM NBT, 0.1mM EDTA) and 

then 600 µL riboflavin was added. Prepared solution was stirred and placed in front of light 

source for 20min. The SOD activity unit is amount of enzyme that inhibits NBT reduction by 

50% at 25oC and 560nm. CAT activity was determined based on a decrease in H2O2 

absorption in presence of enzyme extract at 240nm. Unit of catalase activity is amount of 

enzyme that causes degradation of 1µmol H2O2 over a period of 1min at 25
o
C, expressed per 

miligram of protein. An enzyme extract obtained from leaves of S. halepense L. of 40µL was 

added to a 2ml solution consisting of 50mM potassium phosphate buffer (pH 7.0) and 10mM 

H2O2. Obtained values of monitored parameters are shown as mean values with standard 

error. Values were processed by one-way analysis of variance (ANOVA) and comparison test 

used was Duncan’s test in Statistica for Windows. Values indicated by same letters are of 

same statistical significance at confidence level P<0.05. 

 

Results and discussion 

Applied concentrations of Cannabis sativa L. extract indicate a change in activity of 

monitored enzymes superoxide dismutase (SOD) and catalase (CAT) relative to control. After 

6h of plants treatment with extract only concentration of 100% gave higher activity while 

other applied concentrations decreased activity of SOD. After 24h of treatment, decreased 

SOD activity was observed in treated samples except variant with application of a minimum 

extract concentration of 10%. Obtained values of activity of superoxide dismutase (SOD) 

enzyme with standard error and statistical significance are shown in Table 1. After 6h of 

treatment, CAT values increased significantly relative to control. Concentration of 100% gave 

the highest activity. Unlike 24h post-treatment period where treated samples indicate 

significantly less CAT activity than control variant. Obtained values of catalase enzyme 

(CAT) activity with standard error and statistical significance are shown in Table 1. 

Table 1. Superoxide dismutase (SOD) and catalase (CAT) activities in leaves of Sorghum 

halepense L. after 6h and 24h after treatment with Cannabis sativa L. extract 

 
*values with same letter are at same level of significance (p<0,05) 

Enzyme Concentration 100% 50% 25% 10% 0%

SOD Activity after 6h 782,61±8,78bcd 650,72±26,52ae 660,14±1,92a 686,95±27,18a 720,29±24,22b

Activiti after 24h 688,40±16,85bde 634,06±15,34acde 725,36±12,32bd 784,78±8,76abc 761,59±14,97ab

CAT Activiti after 6h 102,66±36,39bcde 26,75±14,69a 19,93±7,36a 32,42±12,84a 20,55±3,09a

Activiti after 24h 27,07±9,58d 15,15±6,13d 39,77±5,98 9,43±3,87d 72,75±25,93abc
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Allelopathic property of C. sativa L. is also proven by Mahmoodzadeh et al [11], Akhter et al. 

[12], Rueda-Ayala et al. [13] using bioassays, examining effect of applied extract on 

germination and initial growth of Lactuca sativa L. plants. 

 

Conclusion  

Our results indicate an increased activity of monitored SOD and CAT enzymes in samples of 

treated plants Sorghum halepense L. only after 6h at the highest concentration of Cannabis 

sativa L. extract. After 24h, there was a descrease in activity of  SOD and CAT enzymes in 

samples treated with extract used. Changes in enzyme activity have been reported to indicate 

stress in treated plants. Plants treated with the highest concentration of extract exhibit the 

greatest stress after 6h from time of treatment. 
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Introduction: Juncus maritimus Lam. belongs to the genus Juncus. Juncus is one of the 

biggest genera of Juncaceae plant family and by far the most important one from 

phytochemical and pharmacological points of view. Juncaceae species accumulate different 

secondary metabolites, among them flavonoids, phenanthrenes, coumarins, triterpenes, 

steroids and phenolic acid derivatives. However, the major bioactive components of 

Juncaceae species are phenanthrenes. Phenanthrenes compose a small group of aromatic 

secondary metabolites. They are divided into three major groups: mono-, di-, and 

triphenanthrenes. Several isolated compounds possessed different biological activities 

[antiproliferative, antimicrobial, anti-inflammatory, antioxidant, spasmolytic, anxiolytic, 

antialgal effects] [1]. 

In continuation of our work dealing with the isolation of biologically active secondary 

metabolites from Juncaceae species, Juncus maritimus was investigated. 

 

Results and discussion: The dried plant material was extracted with methanol. After 

evaporation, the extract was dissolved in 50% methanol and then subjected to solvent–solvent 

partition with n-hexane, CHCl3 and finally ethyl acetate. The CHCl3 fraction contained 

phenanthrenes; therefore, it was separated by a combination of different chromatographic 

methods, including VLC, MPLC, gel filtration, preparative TLC, and HPLC. The structure 

elucidation of the compounds was carried out by extensive NMR spectroscopic analysis, and 

HRMS experiments. As a result of the preparative work, seven phenanthrenes (maritins A and 

B, juncusol, effusol, jinflexin A, 2,7-dihydroxy-5-formyl-1-methyl-9,10-

dihydrophenanthrene, and effususin A) and two flavonoids (apigenin and luteolin) were 

identified from the aerial part of the plant.  

 

Conclusion: With a combination of different chromatographic techniques, altogether nine 

compounds (seven phenanthrenes and two flavonoids) were isolated from J. maritimus. 

Maritins A and B are new natural products. All compounds were isolated for the first time 

from the plant, with the exception of effusol [2]. 
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Abstract 

Since there are few studies regarding Eucalyptus obliqua and that it is just starting to receive 

the attention in terms of many potential effects and properties, the aim of this study was to 

analyse its essential oil by GC-MS. The major detected compound in the studied essential oil 

was 1,8-cineole (eucalyptol) with 64.7% in content, followed by α-pinene (12.6% in content), 

γ-terpinene (7.4% in content), limonene (3.9% in content) and p-cymene (3.2% in content). 

Considering the fact that Eucalyptus species in great extent owe their medicinal value to the 

main constituent of their essential oil → 1,8-cineole (eucalyptol) it was expected that 

eucalyptol would be the most abundant component. Beside the mentioned components there 

were 20 constituents which in total make less than 10.00% of the studied essential oil. 

 

Introduction 

Due to their biologically active components essential oils are gathering remarkable attention 

which is undeniably growing from year to year. As the by-products of plant metabolism they 

are regarded as evaporable secondary metabolites of plants which are the mixture of mono 

and sesquiterpenes [1]. A large number of isolated allelochemicals show their bioactivity in 

low (10
–5

–10
–6

 mol/dm3) or extremely low concentrations (10
–10

 mol/dm3) [2].  

Genus Eucalyptus has been described by a French botanist L’ Heritier. Until now circa 800 

species have been described all over the world. Originary Eucalyptus sp. come from Australia 

and Tasmania, but now they can be found in almost all tropical and subtropical areas, while 

being cultivated in many other climates. Eucalyptus species have been known for long time in 

terms of their antimicrobial, antiseptic, antioxidant, anti-inflammatory, astringent and 

anticancer effects, as well as for their wound healing, disinfectant and expectorant properties, 

but Eucalyptus obliqua is just starting to receive the attention in this regard. Eucalyptus sp. 

have been traditionally used as a treatment for various health conditions, such as: respiratory 

diseases, common cold, influenza and sinus congestion. Aboriginals used many Eucalyptus 

species in order to deal with gastrointestinal symptoms, open wounds, muscles and joints 

pains, toothache, fever, enteric infections such as diarrhea and dysentery, constipation among 

other stomach problems, asthma, bronchitis and athletes foot [3]. Eucalyptus sp. also show 

great antidiabetic and hypoglycemic potentials [4]. In great extent Eucalyptus species owe 

their medicinal value to the main constituent of their essential oil → 1,8-cineole (eucalyptol). 

Essential oil of eucalyptus has been marked as safe and non-toxic by the United States Food 

and Drug Administration (FDA). However, that comes with the substantial risk whenever the 

essential oil is used pure or in high concentrations, with allergic contact dermatitis as the most 

common observed adverse effect. Considering that the more detailed risk assessment of 

potential toxicity is of great importance [3]. 

The main source of eucalyptus oil in the world is E. globullus, also known as the Blue Gum. 

Except for the essential oil, Eucalyptus species have been used in the production of timber, 
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fuel, paper pulp, as well as like water and wind erosion control measure in environmental 

plantings [3]. 

Eucalyptus obliqua is a tall fast growing evergreen tree, with the species name derived from 

the feature of bearing oblique leaves. It is known for being used to drain swamps, while from 

its leaves the potent antimalarial bioactive components have been extracted [4]. 

 

Experimental 

The eucalyptus essential oil has been extracted from commercially available dried plant 

material by supercritical fluid extraction (SFE).  

Conventional semi-continuous method was applied, using supercritical CO2. The CO2 with 

increased purity was heated through preheating coil. Forty grams of sample together with 

glass beads were put into the extraction cell with volume of 100 mL. As to prevent solid 

samples to enter the system, cotton wool was placed at the end of the cell. Heated CO2 was 

injected into the extraction cell, after which it was allowed to dissolve the essential oil by 

constant static extraction time. The essential oil left the cell by the constant flow rate of the 

CO2, while being captured and harvested with 10 mL of ethanol solvent. Essential oil was 

kept in the refrigerator until the GC and GC-MS analysis. 

Gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) analysis, as 

well as identification of essential oil components, were done as described in our previous 

researches [5,6]. 

Gas chromatography (GC) and gas chromatography–mass spectrometry (GC–MS) analyses 

were performed using an Agilent 7890A GC equipped with an inert 5975C XL EI/CI mass 

spectrometer detector (MSD) and flame ionisation detector (FID) connected by capillary flow 

technology 2-way splitter with make-up. The HP-5MS capillary column (30 m × 0.25 mm × 

0.25 μm) was used. The GC oven temperature was programmed from 60 to 300 °C at a rate of 

3 °C min−1 and held for 15 min. Helium was used as the carrier gas at 16.255 psi (constant 

pressure mode). An auto-injection system (Agilent 7683B Series Injector) was employed to 

inject 1 μL of sample. The sample was analysed in the splitless mode. The injector 

temperature was 300 °C, while the detector temperature was 300 °C. MS data were acquired 

in the EI mode with scan range of 30–550 m/z, source temperature of 230 °C and quadruple 

temperature of 150 °C; the solvent delay was 3 min.  

Identification of all compounds in the analyses was matched by comparison of their linear 

retention indices (relative to C8-C36 n-alkanes on the HP-5MSI column) and MS spectra with 

those of authentic standards from NIST (2011) and homemade MS library databases. 

 

Results and discussion 

The chromatogram obtained by the GC-MS analysis of the studied essential oil can be seen in 

Figure 1.  
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Figure 1. Chromatogram of the E. obliqua essential oil 

 

From the obtained results it could be concluded that the main constituent of the E. obliqua 

essential oil is 1,8-cineole (eucalyptol) with 64.7% in content. Other constituents detected in 

the significant ammount were α-pinene (12.6% in content), γ-terpinene (7.4% in content), 

limonene (3.9% in content) and p-cymene (3.2% in content). Beside the mentioned 

components there were 20 constituents which in total make less than 10.00% of the studied 

essential oil (Table 1). 

Table 1. Constituents of the E. obliqua essential oil 
 

peak    R.T. Start peak % 

#  RI RI 

NIST 

min min area max. 

---    ----- ----- ------- ------ 

1 Thujene<alpha-> 923 924 5.632 5.586 88640 0.1% 

2 Pinene<alpha-> 930 932 5.817 5.74 17974244 12.6% 

3 Camphene 944 946 6.228 6.137 147857 0.1% 

4 Thuja-2,4(10)-diene 950 952 6.378 6.334 20228 0.0% 

5 Pinene<beta-> 974 974 7.031 6.984 1200970 0.8% 

6 Myrcene 988 988 7.421 7.385 829040 0.6% 

7 Phellandrene<alpha-> 1004 1002 7.884 7.84 1347632 0.9% 

8 Carene<delta-3-> 1009 1008 8.09 8.038 70844 0.0% 

9 Terpinene<alpha-> 1015 1014 8.309 8.254 217585 0.2% 

10 Cymene<para-> 1022 1020 8.574 8.525 4617134 3.2% 

11 Limonene 1027 1024 8.75 8.665 5523423 3.9% 

12 Cineole<1,8-> 1033 1026 8.864 8.753 92303398 64.7% 

13 Ocimene<(Z)-beta-> 1035 1032 9.035 8.994 400005 0.3% 

14 Ocimene<(E)-beta-> 1046  9.45 9.427 27069 0.0% 
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15 Terpinene<gamma-> 1057 1054 9.819 9.759 10511232 7.4% 

16 Terpinolene 1088 1086 10.973 10.922 501673 0.4% 

17 Linalool 1099 1095 11.423 11.372 135751 0.1% 

18 Sabinol<trans-> (trans for 

OH vs. IPP) 

1137 1137 13.036 12.986 203070 0.1% 

19 NI 1165  14.257 14.21 96761 0.1% 

20 Terpinen-4-ol 1175 1174 14.688 14.639 1360864 1.0% 

21 Terpineol<alpha-> 1189 1186 15.264 15.2 3566940 2.5% 

22 Gurjunene<alpha-> 1409 1409 25.023 24.963 166526 0.1% 

23 Aromadendrene 1439 1439 26.282 26.179 984478 0.7% 

24 Caryophyllene<9-epi-(E)-> 1462 1464 27.225 27.054 238351 0.2% 

25 Viridiflorene 1497 1496 28.693 28.62 103837 0.1% 

 

Similar results were obtained by [4] who identified 1,8-cineole and α-pinene as being in the 

top five components in terms of their content in the studied essential oil of E. obliqua.  

 

Conclusion 

The major detected compound in the studied essential oil of E. oblique was 1,8-cineole 

(eucalyptol) with 64.7% in content, followed by α-pinene (12.6% in content), γ-terpinene 

(7.4% in content), limonene (3.9% in content) and p-cymene (3.2% in content). Considering 

the fact that Eucalyptus species in great extent owe their medicinal value to the main 

constituent of their essential oil → 1,8-cineole (eucalyptol) it was expected that eucalyptol 

would be the most abundant component. Beside the mentioned components there were 20 

constituents which in total make less than 10.00% of the studied essential oil. 
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Abstract 

For better electrical contacts of potential devices, growth of vertically aligned carbon 

nanotubes (CNT forests) directly onto conductive substrates is an emerging challenge. Here, 

we report a systematic study on the CCVD synthesis of carbon nanotube forests on titanium-

based substrates. As a crucial issue, the effect of the presence of an insulating layer (alumina) 

on the growing forest was investigated. Other important parameters, such as the influence of 

water vapor or the Fe-Co catalyst ratio, and the incorporation of nitrogen into carbon 

nanotube were also studied during the synthesis. As-prepared CNT forests were characterized 

by various techniques: scanning and transmission electron microscopies, Raman 

spectroscopy, energy-dispersive X-ray spectroscopy, spectroscopic ellipsometry.  

 

Introduction 

In the past two decades, in the field of carbon nanotube (CNT) research important results have 

been achieved, which revealed that carbon nanotubes have extremely good electrical and 

mechanical properties. Vertically aligned carbon nanotubes (VACNT) which are often 

referred to as carbon nanotube forests in the literature (CNT forest), were synthesized for the 

first time in 1996 [1]. Their synthesis is a key issue therefore many efforts have been done to 

improve quality. Growing well-aligned carbon nanotube forests is a promising tool in order to 

finely tune features required [2]. Although, there is a growing understanding about the 

molecular-level mechanism of this so called “super-growth” method, still studying the 

influence of the synthesis conditions on the physicochemical properties of CNTs is still 

crucial, in order to reveal and tune the parameter space of the properties such as the 

orientation, the height, the density, and degree of graphitization. The catalyst layer can be 

deposited via various techniques. In 2007, Noda et al. [3] studied the effect of the presence of 

aluminum oxide on silicon substrate in relation to the synthesis of carbon nanotube forests. 

They have found that the intermediate oxide support on the silicon substrate was crucial to 

provide a strong interaction between the oxide layer and the catalyst layer. Here, we 

investigate the effect of aluminum oxide support on the growth of carbon nanotube forests 

over metallic titanium substrates as well as few parameters that influence the growth of 

carbon nanotube forests (ratio of catalyst, the effect of hydrogen, the incorporation of 

nitrogen). 

 

Experimental 

Catalyst Layer Production 

Catalyst and oxide layers were prepared by PLD method. Catalyst and oxide target were made 

of metal oxides’ powder (Fe2O3, CoO and Al2O3) with a total weight of 1 g shaped into a 1 

cm diameter pellet. The mechanical resistance was improved by heat treatment, which in this 
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case lasted 4 h at 500◦C in air. In order to provide reproducible adhering conditions onto the 

substrate, the titanium substrate was sequentially washed with distilled water, absolute 

ethanol, and acetone prior to catalyst layer deposition. For the layer deposition, laser pulses of 

a LLG TWINAMP ArF excimer laser (λ = 193 nm, pulse length: 18 ns, repetition rate: 10 Hz) 

with average fluence of 13 J/cm
2
 were focused on the target pellets placed in front of the 

titanium substrate where the layer was formed. The target substrate distance was 3 cm. 

According to a previous thickness optimization [4], the catalyst layer thickness was set to be 5 

nm proven by spectroscopic ellipsometry measurements (Woollam M-2000F). 

 

CCVD Synthesis 

For the carbon nanotube forest production, the CCVD synthesis method was used. The 

titanium sheets including the catalyst layers were cut into 4×4 mm small sheets, in order to fit 

the quartz boat, (diameter 20 mm). Experiments were carried out at 700
◦
C and the reaction 

time was 30 min. During the synthesis, the carrier gas was nitrogen with a flow rate of 50 

cm
3
/min, the carbon source was ethylene with a flow rate of 70 cm

3
/min, the reducing agent 

was hydrogen with a flow rate of 50 cm
3
/min, while the system contained water vapor with a 

flow rate of 30 cm
3
/min, which contributed to the growth of carbon nanotube forests, and the 

N-containing compound (TPA- tripropylamine) had a flow rate of 45 cm
3
/min in some cases. 

In the first step of the synthesis, the reactor was purged with nitrogen to exclude oxygen from 

the system (2 min). Then hydrogen gas was introduced into the reactor, to reduce the catalysts 

(5 min). Subsequently, ethylene and water vapor were added to the synthesis. When the 

reaction was finished, all gas flows were closed, except nitrogen gas, which remained in the 

system for an additional 5 min. After the reactor was removed from the oven, and it was 

cooled to room temperature; in the final step as-synthesized samples were removed from the 

reactor. “Blank” synthesis was also carried out with the elimination of carbon source ethylene 

(Figure 1.) [5]. 

Figure 1. Schematic image of CCVD reactor. 

 

Microscopic and Spectroscopic Investigations 

Characterization of CNT Samples The orientation of the CNT forests was investigated by the 

means of Scanning Electron Microscopy (SEM), which type was Hitachi S-4700 Type II FE-

SEM (5–15 keV). The diameters of the carbon nanotubes were examined by Transmission 

Electron Microscopy (TEM, Philips CM 10, 100 keV). The graphitic properties of CNT were 

analyzed by Raman Spectroscopy (Thermo Scientific DXR Raman microscope, excitation 

wavelength 532 nm). 

 

 

 

TPA 
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Results and discussion 

We successfully prepared carbon nanotube forests on titanium substrate both with and without 

Al2O3, and investigated the effects of water vapor and the incorporation of nitrogen-

containing compounds in carbon nanotubes. Based on SEM images, the height of carbon 

nanotube forests have an outstanding value with water vapor, especially when the substrate 

was with Al2O3 layer. In those cases when no water vapor was present in the system, the 

height of the carbon nanotube forests was lower, when without alumina layer on the titanium 

substrate, the height of the carbon nanotube forests was only 5 µm, which is an extremely low 

height in therein research. As well as to the effect of hydrogen that the presence of the 

promoter plays an influential role on the height of carbon nanotube forests and in the 

incorporation of nitrogen, in the results can be achieved the lower height of carbon nanotube 

forests in the absence of hydrogen and suppress the incorporation of nitrogen into the carbon 

nanotubes. 

Figure 2. SEM images of CNT forests synthesized with Al2O3 oxide support and without 

Al2O3 oxide support 

 

The catalyst morphology, of a sample with a layer thickness of 5 nm, was investigated right 

after the heat treatment. During this blank synthesis, the carbon source was not allowed into 

the system. From the SEM images, it can be observed, that the catalyst particles are separated 

when the oxide layer is deposited in advance onto the surface of the substrate and their 

average diameter is 27.5 ± 5.7 nm. However, when there was no aluminum oxide layer on the 

substrate, the catalyst particles were aggregated probably as a result of the different wetting 

properties of the oxide and the metal and their average diameter was 50.4 ± 11.6 nm. 

TEM analysis was carried out to verify the quality of individual carbon nanotubes. TEM 

investigations revealed that fewer defects can be detected in the CNT walls when an oxide 

layer is also deposited on the titanium substrate. HR-TEM images revealed that the CNTs 

were typically consisted of 8–9 walls in average. The CNT with an increased number of walls 

showed much less graphitic features. The outer diameter of carbon nanotubes was between 

12–13 nm for both samples. Based on the Raman spectra, only a small difference was 

observed, however, in the presence of Al2O3 the value of the IG/ID peaks fraction was: IG/ID = 

1.18, while in the absence of Al2O3 it was IG/ID = 1.33. 
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We investigated the composition of different catalyst ratios to influence the height of carbon 

nanotube forests with and without Al2O3 layer.  

Figure 3. Heights of CNT forests with Al2O3 oxide support and without Al2O3 oxide support. 

 

From the results of the two series, it was observed that in the presence of an insulating oxide 

layer on the surface of titanium substrate higher CNT forests were obtained. Interestingly, 

when the catalyst ratio was 2:3 or 3:2, the height of the CNT forests was relatively close in 

both cases, independently of the presence of the alumina layer. In our case when there was 

Al2O3 oxide support on the substrate, the highest CNT forest grew over the layers with 1:1 

and 1:3 ratio as shown in Figure 3. In the second case when the substrate was applied without 

Al2O3 oxide layer, the maximum height of carbon nanotube forests was observed at the ratio 

of 3:1 as shown in Figure 3 and practically the height increases linearly with iron content.  

 

Conclusion 

In conclusion, certain parameters during both catalyst preparation procedure and CCVD 

synthesis can strongly affect the growth of vertically aligned carbon nanotubes. Applying 

titanium plates as a substrate it was found that the presence of an alumina layer on the surface 

significantly modifies the morphology of the catalyst layer (before reaction), thus influencing 

the CNT forest growth. One could expect that titanium as a metallic substrate dissolves 

reduced Fe-Co nanoparticles during preliminary hydrogenation and in this way completely 

inhibits carbon deposition. However, in this study, titanium proved to show a different 

feature. Nevertheless, it was attested that the insulating layer plays a significant role in CNT 

forest formation: both the height and the quality of CNT forest depended on the initial 

structure of the catalyst layer. It was also pointed out that water vapor in the gas feed during 

CCVD considerably affects the same parameters of the final product and that the presence of 

hydrogen in the system affects the incorporation of nitrogen into the carbon nanotubes. 

Structural characterization revealed important differences in CNT forests grown with or 

without alumina layer. These minor differences can be a result of many parameters such as 

graphitization of the CNTs, presence of alumina layer, density of CNT forest, fabrication 

conditions, etc. Therefore, we could postulate that the alumina layer does not play an 

important role as a current blocking layer. 
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Abstract 

 

Composites made of polyaniline (PANI) and platinum nanoparticles were prepared in 

order to evaluate their catalytic performance in Suzuki coupling reactions. The differences on 

the oxidation state of the PANI, the temperature of the reaction conditions, the role of the 

solvent and the synergetic effect of the PANI with different sized Pt nanoparticles were 

investigated. The obtained materials were examined with a battery of characterization 

techniques including BET, SEM, TEM, TGA, XPS, and Raman spectroscopy in order to 

determine their surface properties, morphology, thermal stability, and oxidation degree, 

respectively. In comparison with equivalent composites made of SBA and Pt nanoparticles, 

our PANI-based catalysts exhibit better catalytic performance and recyclability even in the 

case of greener solvents.  

 

Keywords: Pt nanoparticles, PANI, Suzuki coupling reaction, green solvent 
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Abstract  

In the last few decades, the development of environmentally benign, sustainable processes for 

the preparation of optically pure intermediates used in the pharmaceutical, food and 

agrochemical industries received increasing attention. Processes applying recyclable, chiral 

heterogeneous catalysts based on readily available, natural, optically pure compounds may be 

convenient alternatives of the classical asymmetric synthetic methods. During our studies, we 

have attempted the development of novel heterogeneous catalysts by adsorption of natural 

amino acids on the surface of inorganic oxides. These materials formed either in-situ during 

reactions or prepared ex-situ were tested in various asymmetric Michael additions. Amino 

acids adsorbed on laponite were found the most efficient in catalyzing the addition of 

aldehydes or ketones to nitrostyrene derivatives. In these reactions occurring via enamine 

catalysis, the material obtained by adsorption of proline was found to be a highly active and 

stereoselective catalyst, although proline afforded low enantioselectivities. In the Michael 

addition of nitroalkanes or β-keto esters to unsaturated ketones, both laponite and alumina 

were efficient in increasing the enantioselectivities. In these reactions, which take place 

through iminium catalysis, only moderate enantioselectivities could be reached. The chiral 

inorganic-organic hybrid materials were characterized by infrared spectroscopy and powder 

X-ray diffractometry, evidencing bonding of the amino acids on the surface of the oxides. Our 

results demonstrated that an inorganic surface on which a chiral organocatalyst is 

immobilized by simple adsorption may have beneficial effect on the asymmetric reaction 

catalyzed by the chiral material, due to surface improved asymmetric induction. In 

conclusion, these hybrid materials are promising candidates for future application in 

environmentally friendly processes. 

 

Introduction and aims 

Asymmetric catalytic methods are convenient procedures for preparing optically pure organic 

chemicals [1]. Recent requirements to decrease the environmental impact and improve the 

sustainability of fine chemicals production motivated the use of heterogeneous, easily 

separable, recyclable chiral catalysts in these processes. From practical reasons is 

advantageous the attachment of chiral soluble catalysts to solid supports by noncovalent 

bonding. Noncovalent immobilizations of optically pure organocatalysts were seldom 

reported [2,3]. Natural amino acids are cheap, readily available chiral organocatalysts. 

However, only few catalytic systems are known in which these catalysts were immobilized on 

supports by simple adsorption or hydrogen bonding and provided improved activity and/or 

stereoselectivity [4,5]. It is also important that anchoring of organocatalysts on supports by 

simple adsorption may be carried out in-situ, without pre-preparation of the solid catalyst. 
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Michael additions are among the most studied C‒C bond-forming organocatalytic asymmetric 

reactions, due to the easy preparation of complex organic molecules via these transformations 

[6]. In our previous studies we have observed the remarkable effect of inorganic oxide 

additives on the proline catalyzed asymmetric aldol reactions [5] and the Michael addition of 

aldehydes on β-nitrostyrene derivatives [7]. In the present work, our aim was to study the 

applicability of the proline-inorganic oxide hybrid catalyst in various asymmetric Michael 

additions. The effect of addition of oxide additives on the asymmetric addition of aldehydes 

or ketones to nitrostyrene will be compared with that obtained in other Michael additions. 

Among the reactions studied using proline catalyst both without and with inorganic additives 

are reactions of α,β-unsaturated ketones with nitroalkanes or β-ketoesters. 

 

Experimental 
Inorganic oxides used in this study were commercially available materials. Amino acids used 

as catalysts and reactants: trans-β-nitrostyrene, aldehydes, ketones, α,β-unsaturated ketones, 

nitroalkanes, β-ketoesters and solvents were of analytical grade and used as provided by 

suppliers. 

In a typical reaction, the given amount of amino acid and inorganic oxide were introduced 

into a glass vial followed by the addition of the solvent and the reactants. The slurry was 

stirred magnetically for the given reaction time, diluted with the solvent and centrifuged. The 

supernatant solution was analysed by GC-MSD for identification of the products and by GC-

FID to determine the conversions and stereoselectivities. The addition products were purified 

by flash chromatography for determination of the yields. The purity of the products was 

checked by 
1
H and 

13
C NMR spectroscopy. The inorganic-organic hybrid materials were 

examined by infrared spectroscopy, powder X-ray diffractometry and scanning electron 

microscopy. 

 

Results and discussion 
In our initial investigation, we examined the scope of the proline catalyzed Michael addition 

of aldehydes to β-nitrostyrenes, a reaction occurring through enamine activation, similarly as 

the organocatalytic asymmetric aldol addition of ketones to aldehydes. In the latter reactions, 

inversion of the sense of the enantioselectivity was observed by addition of γ-alumina, 

explained by the involvement of the solid surface in the stereoselective step [5]. During an 

initial screening, various oxide additives were tested. As compared with the reaction using 

solely the L-proline (Pro) as catalyst, the enantioselectivity of the reaction increased 

significantly in the presence of γ-Al2O3, montmorillonite, bentonite and laponite (Lap). The 

latter material gave the best values in the addition of butanal to β-nitrostyrene. The scope of 

the reaction was found to be broad; in the reaction of several linear aldehydes high 

enantiomeric excesses (ee) were obtained (Figure 1). Substituents on the phenyl ring had 

small effects on the enantioselectivities. In the addition of α-branched aldehydes also 

increased both the conversions and the enantiomeric excesses in the presence of laponite, 

however lower values were obtained as compared with reactions of the linear aldehydes. The 

reactions of ketones was also accelerated and improved enantioselectivities were obtained, 

although, in these reactions the ee values remained low. 

The adsorption of Pro on laponite with the involvement of the surface silanol groups, i.e. by 

hydrogen-bonding, was demonstrated by infrared spectroscopy. To determine the location of 

the amino acid attached to the Lap particles X-ray diffractometric investigations were carried 

out, which indicated the adsorption of Pro on the surface of Lap particles. This may explain 

the relatively easy partial desorption of the amino acid during reaction upon recycling. 

However, the recovered solid hybrid material could be recycled several times with only a 

small decrease in its activity. Results obtained with pyrrolidine derivatives used instead of 



 
25th International Symposium on Analytical and Environmental Problems 

411 

Pro, showed that the carboxylic acid group play role in anchoring the amino acid on the 

surface. Acceleration of the reaction may be attributed to the presence of the acidic surface 

silanol groups. As in homogeneous reactions acid additives influenced only the 

diastereoselectivity of the reaction, while the ee was not affected, the ee increase observed in 

the surface reactions may be ascribed mostly to steric effects. 

 

 

Figure 1. Results of the asymmetric Michael addition of carbonyl compounds to  

β-nitrostyrene derivatives catalyzed by Pro or Pro-Lap hybrid material. 

 

 
 

According to the above-described results obtained in Michael additions occurring via enamine 

mechanism, Pro adsorbed on the surface of an inorganic oxide may increase the activity of the 

organocatalyst accompanied by a significant increase of the stereoselectivity, if steric 

constraints allow the approach of the reactants to the chiral centre situated on the surface. Our 

next goal was to test other Michael additions, which proceed through iminium salt formation 

in order to attempt further extension of the scope of the developed inorganic-organic chiral 

hybrid catalyst. Results obtained in the additions of nitromethane or nitroethane to 4-phenyl-

3-buten-2-one or 2-cyclohexen-1-one are presented in Figure 2. Minor conversions and low 

enantioselectivities were obtained when Pro was used as catalyst. The presence of laponite 

increased significantly the conversions, thus, the corresponding products were obtained in 

good yields. 
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The enantiomeric excesses also increased, however, in all three reactions only around 50% ee 

could be reached. Similarly, in reactions of acetylacetone or α-substituted acetoacetates with 

2-cyclohexen-1-one, both the conversions and the ee values increased with Pro-Lap, as 

compared with Pro. Interestingly, in these transformations also enantiomeric excess values 

around 50% were reached, although the structure of the Michael donor differed significantly 

in comparison with the nitroalkanes. However, these results showed without any doubt that in 

presence of Lap the reactions occur on the surface of the in-situ formed chiral hybrid material. 

According to the above results, we reached to the conclusion that in asymmetric reactions 

proceeding through iminium activation the structure of the surface species formed by 

participation of the adsorbed amino acid and the unsaturated ketone will determine the 

stereochemical outcome of the reactions, whereas the structure of the donor has only marginal 

effect. Moreover, the similar results obtained with the two unsaturated ketones indicated that 

the stereochemistry of the surface reaction is influenced mostly by the adsorbed 

organocatalyst, thus we may anticipate a large substrate scope of this chiral heterogeneous 

catalytic system. 

 

Conclusions 
In summary, during our studies, we have attempted the development of novel heterogeneous 

catalysts by adsorption of natural amino acids on the surface of inorganic oxides. These 

materials formed either in-situ during reactions or prepared ex-situ, were tested in various 

asymmetric Michael additions occurring both through enamine and iminium activation. 

Amino acids adsorbed on laponite were found the most efficient in catalyzing the addition of 

aldehydes or ketones to nitrostyrene. The material obtained by adsorption of proline was 

found to be a highly active and stereoselective catalyst, comparable with the laboriously 

prepared synthetic chiral organocatalysts. In the Michael addition of nitroalkanes or β-

ketoesters to unsaturated ketones also increased conversions and enantioselectivities were 

obtained in the presence of oxide additives. In the latter reactions the similar enantiomeric 

excesses showed that the stereochemical outcome of the additions is influenced mostly by the 

structure of the oxide and the amino acid, thus a generally applicable asymmetric 

heterogeneous catalytic system was developed. Our results demonstrated that an inorganic 

oxide may have beneficial effect on the asymmetric reaction catalyzed by a chiral 

organocatalyst immobilized on its surface by simple adsorption, due to a surface improved 

Figure 2. Results of the Michael addition of various nucleophiles to  

α,β-unsaturated ketones using Pro or Pro-Lap catalysts. 
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asymmetric catalytic process. Accordingly, these hybrid materials are promising candidates 

for future application in environmentally friendly processes. 
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Abstract 

Renewable energy was never more important than in a century when energy consumption is 

unprecedented. Biogas is considered to be one of the most important natural energy sources. 

We aim to enhance biogas production through the pre-treatment of substrates, that are 

normally hard to digest because of their high content of cellulose, hemi- and lignocellulose. 

As part of fungal pre-treatment we used Aspergillus nidulans and Trichoderma reesei. Both of 

these filamentous fungi are well known for their ability to synthetise various enzymes – 

including cellulases. During our experiments A. nidulans and T. reesei filamentous fungi’s 

endoglucanase activities were measured by spectrophotometer and methane-producing was 

monitorized by gas chromatography. 

Introduction 

Our society’s hunger for energy is growing rapidly. Solving the situation should include 

environmentally friendly energy sources, such as plant biomass, which is produced in large 

amounts every day – in both natural and artificial ways. [1] Agroindustry generates 

unbelievable quantities of corn stalk and wheat straw each year, and they cannot be used in 

further processes. Organic waste and by-products are processed and valuable energy (biogas) 

is gained by anaerobic digestion. [2] Filamentous fungi are known as inhabitant of 

lignocellulose-rich plant tissues and also as unique enzyme producers. [3,4] Combining these 

two properties suggests that filamentous fungi can successfully enhance biogas production. 

Experimental 

Filamentous fungi A. nidulans was isolated from cattle rumen previously. T. reesei was used 

from our strain collection. (Department of Biotechnology, University of Szeged, Szeged, 

Hungary) The fungal colonies were maintained on Czapek-Dox-agar plates. [5] Plates contained 

3 g/l NaNO3, 1 g/l K2HPO4, 0.5 g/l MgSO4, 0.5 g/l KCl, 0.5 g/l FeSO4, 15 g/l agar and either 

corn stalk or wheat straw as source of carbohydrate. Corn stalk and wheat straw were inoculated 

with the filamentous fungi as pre-treatment. The steriled substrates were added 20 ml of sterile 

distilled water and 107 spores of either A. nidulans or T. reesei in the different samples. 

Endo-(1,4)-β-D-glucanase activity was measured in every three day during the pre-treatment 

using 3,5-dinitrosalicylic acid (DNSA) method [6]. The absorbance of the samples were measured 

spectrophotometrically at 550 nm using a GENESYS UV-Visible scanning Spectrophotometer 

(ThermoFisher Scientific, Wilmington, DE, USA). After 10 days of fungal pre-treatment the 

samples were inoculated with sludge. (Zöldforrás Biogas Plant, Szeged, Hungary) 

The negative controls contained only sludge, the positive controls contained only α-cellulose 

as substrate.  All anaerobic digestion experiments were carried out under mesophilic 

conditions. Methane-concentration of the produced biogas was measured daily via gas 

chromatography (Agilent 6890N Gas Chromatograph, Agilent Technologies, Santa Clara, 

CA, USA). 
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Results and discussion 

Scanning electron microscopy pictures (SEM) were taken of the plant tissues during pre-

treatment. A. nidulans filamentous fungus obviously inhabited the substrate wheat straw (Fig.  

1-2.). 

 

Endoglucanase activity 

It was observed that endo-(1,4)-β-D-glucanase activity depends mostly on the applied substrate 

and fungus. As it was expected A. nidulans proved to be a stunning enzyme producer. It 

preferred corn stalk as a substrate rather than wheat straw. Figure 3. shows that endoglucanase 

activity was outstanding when corn stalk was applied as a source of carbohydrate for A. 

nidulans. 

 

 

The endoglucanase activity of T. reesei was lower on both substrates, however this fungus 

was also more successful on corn stalk. (Fig. 4.) A descending activity was observed in every 

sample, which refers to the diminishing of nutrients in the solutions. 

Figure 1. and 2. 

Figure 1. and 2. 

Figure 3. 
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Methane production 

 

 

 

 

On Fig. 5. it is shown that fungal pretreatment increased methane yield. The results of 

methane production is expressed as percentage of the non pre-treated substrates. As it was 

expected after the enzyme activity assays, corn stalk combined with A. nidulans had the 

highest methane yield, pre-treatment of substrate with T. reesei also enhanced biogas 

production. 

 

 
 

Figure 5. 

 

 

 

 

Figure 4. 
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Conclusion 

As demonstrated above both A. nidulans and T. reesei have significant enzyme producing 

capability in cellulose-rich environment. Therefore, it is understandable that pre-treatment of 

plant substrate before anaerobic digestion positively affected biogas production. Furthermore, 

it is not only beneficial as renewable energy source, but with this method we could decrease 

the amount of organic waste in a more profitable way. 
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Abstract 

Organizations that maintain the modern economy (companies, business organizations, social 

units) have the basic purpose of operating in order to make the highest profits, which is why 

they are looking for the key positions of production with which they can significantly reduce 

their expenses. A standardized method for tracking environmental pressures resulting from 

social activities is required, so our research team introduces the use of 1,4-dichlorobenzene as 

a model compound in its research protocols following the LCA standard. 

Introduction 

The system with the highest complexity known under terrestrial conditions is the human 

society, in which actors are able to transform the environment according to their particular 

needs, through cooperative action patterns. Thus, environmentally conscious social and 

organizational management has become a key and several methods of its implementation are 

known the Environmental Management System (KIR) [1]. KIR has made it possible to link 

the organization’s objectives, which interpret the pursuit of economic efficiency with the need 

to maintain ever-increasing environmental safety [2]. The assessment of environmental 

problems characteristically addresses the economic aspects by which, in the current state of 

knowledge, it constantly iterates the methods of implementing the mandatory principle of 

continuity. In line with this logic, the need to optimize increasing use of the environment in a 

corporate environment is essential. In this context, society has created a set of standards that 

can be used for life cycle analysis (LCA), the International Standard 14040. The standard 

does not interpret the environmental emissions and environmental impacts and risks 

associated with a particular product as such, but it integrates them into environmental 

problems. Several methods of analysis are known, including acidification potential, ozone 

depletion potential, eutrophication potential, human toxicity potential [3]. Because of the 

variety of methods involved in presenting the results, our research team uses 1,4-

dichlorobenzene (dClB) as a reference compound linked to the LCA standard, as this agent 

may be useful in detecting the ecotoxic potential of substances. During the environmental 

cycle, chlorobenzenes can accumulate in plant and animal organisms. Exposure to 

chlorobenzene in the human population may occur during the production and use of 

chlorinated organic compounds. Their neurotoxic endocrine disruptor activity has been 

reported in numerous literatures [4, 5]. 

 

Aims 

The aim of this present work is to develop a test model that conforms to the LCA standard so 

that the results obtained are comparable and reliable. 

 

Methods 

Prolactinomas adenohypophysis (AdH) was induced by subcutaneously administered estrone 

acetate (CAS registration number 901-93-9, Sigma, Germany; 150 μg / bw kg / week) for 6 

months. Following pentobarbital anesthesia (4.5 mg / kg Nembutal, Abbott, USA), the 

animals were decapitated and the transformed AdHs were sterile removed under a preparative 
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microscope. Subsequently, primary monolayer cell cultures were prepared from the 

preparations. Cell cultures were treated with: Corticosterone (B): 1 μg / ml; AVP (arginine-

vasopressin) 10
-6

 M; + B + AVP: in combination, B was pretreated with AVP 20 minutes 

before treatment, 1,4-dichlorobenzene (dClB): 0.1 ng / ml; chlorobenzene mix (mClB): 0.1 ng 

/ ml]; fenuron (PU) 10
-6

 M; monuron (MU): 10
-6

 M; diuron (DU) with 10
-6

 M agents. 

 

Results and discussion 

The human toxicity potential for dClB effects is standardized by ISO 14040. Accordingly, we 

have introduced impact studies that underpin this standardization in our research. Data 

suggest that dClB modulates ACTH secretion in the adenohypophysis and its prolactinomic 

transformation. 

 

 
Figure 1. Effect of chlorobenzene and phenylurea treatments on ACTH secretion in 

normal adenohypophyseal cell cultures (mean ± SEM, n = 6) 
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Figure 2. Effect of chlorobenzene and phenylurea treatments on ACTH secretion in 

prolactinoma adenohypophysis (PRLOMA) cell cultures (mean ± SEM, n = 6) 

 

Conclusion 

It has been shown that both adenohypophysis and prolactinoma adenohypophysis in cultured 

cell cultures have primary endocrine disruptors in ACTH secretion. The human toxicity 

potential for dClB effects is standardized by ISO 14040. Accordingly, we have introduced in 

our research the so-called standardization effect assays that characterize the endocrine 

disruptor compounds we study, so that the data become internationally comparable. 
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Abstract 

Nowadays in the society sugar substitutes are gaining high importance. These substitues can 

enter the human body through nutrition and may alter metabolic pathways through potential 

related mechanisms. The neuroendocrine system plays a key role in maintaining homeostasis, 

including sugar balance. The aim of this present work was to develop a model system in 

which the effects of certain sugar substitutes on endocrine function can be traced and 

presented with a well-understood data system. 

 

Introduction 

Psycho-immuno-neuroendocrine activity is essential in the homeostasis, which enables human 

potential to maintain social, biological equilibrium. The viability of psychogenic activity (eg. 

learning, cognitive function, behaviour, etc.) is embedded in the complex biogenic activity 

(neuroendocrine immune functions). It is a very interesting question how much the psychic 

activity elements of social life (e.g. cognition) can change when neuroendocrine 

communication is interrupted when it is necessarily altered by chemical environmental 

influences (e.g. nutritional biological agents) through actual technosphere exposures [1, 2]. 

Nowadays, sugar substitutes are widely used, are nutritionally important, and can thus act as 

potential external agents to activate internal biological metabolic pathways; e.g. modulating 

sugar metabolism. Adaptation is achieved in human activities (such as social, learning, 

emotional, intellectual, etc.) through social engagement. We investigated this by studying 

regulation of the hypothalamic-pituitary axis by in vivo and in vitro model systems as 

neuroendocrine regulation, in which the neurohypophysis (NH) hormones oxytocin (OT) and 

arginine-vasopressin (AVP) were prominent [3, 4]. Due to its antidiuretic role, AVP is 

essential in osmoregulation, volume regulation, and is also known as an effector neuropeptide 

of behavior, learning (implicit), memory functions, attachment, trust, cognitive function, 

properties) mediation (creative) element [5, 6]. These endocrine hormones are involved in 

neuronal processes via monoamine (MA) signalling [7], which is confirmed by the 

mechanisms of action of dopamine (DA), norepinephrine (NE), and serotonin (5-HT). Events 

regulated through the cellular energy cascade will be detected, which can be strongly 

modulated by the presence of nutritional biological conditions (sugar substitues). 

 

Aims 

Our aim is to investigate the effects of changes in environmental conditions in cognitive 

processes mediated by neuroendocrine communication, in which we study the (chemical) 

changes in the environmental conditions of neuroendocrine cycles in a standardized model 

system; and how they may affect homeostatic complexity (which we also want to follow 

through cognitive function, learning). 
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Methods 

In our experimental model, male Wistar rats were used to prepare primary neurohypophysis 

cell cultures. The rats were treated in vivo with sugar replacement compounds for 16 weeks: 

erythriol 4 g / day, saccharin 0.2 mg / day, xylitol 40 mg / day and stevia at 40 mg / day. After 

anesthesia with pentobarbital (4.5 mg / kg kg, Nembutal, Abott, USA), the rats were 

decapitated and then subjected to a preparative microscope to separate the neurohypophysis 

and adenohypophysis. Primary, monolayer neurohypophysis cell cultures were prepared by 

enzymatic and mechanical dissociation. The tissues were digested enzymatically (trypsin: 0.2 

% /Sigma, Germany/ for 30 min; collagenase /Sigma, Germany/: 30 μg/ml for 40 min; dispase 

/Sigma, Germany/: 50 μg/ml for 40 min in phosphate-buffered saline /PBS-A/; temperature: 

37°C). After viability and functional standardization, the starting cell density was 2x10
5
/cm

3
. 

cell cultures were treated with 10
-6

M of NA. The AVP content of supernatant media was 

determined by RIA method. 

 

Results and discussion 

According to our results, discrete modulation has occurred as a result of the effects of these 

sugar-substituting compounds on cell cultures, it is demonstrated that the discrete differences 

in the sugar substitutes used were modulated in the activation-driven model system The assay 

protocol shown may be suitable for environmental exposures, in particular for nutritional 

biologically important sugar substitutes. 

 

 
Figure 1. Effect of sugar substitutes on AVP secretion of NH cell cultures (means±SEM, n=6) 

 

 
Figure 2. Effect of NA activated and sugar replacement compounds on AVP secretion in NH 

cell cultures (means±SEM, n=6) 

Conclusion 

In order to meet basic needs in society, many substances which have a significant effect 

on the endocrine system and / or its system of contacts are warranted, and therefore 

endocrine-related compounds of nutritional importance should be investigated. 
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Abstract 

The reason for initiating this topic is the fact that the presence of microplastic in surface 

waters has become an alarming global problem. Except in water, microplastics can be found 

in sediment and soil, but also in groundwaters, bottled waters, sea salt, food from the sea, 

other foods (for example, honey) and drinks (for example, beer), air, etc. Both national and 

European regulations do not prescribe determination of microplastics in wastewaters 

discharged into the environment, as well as in drinking water, food and beverages. 

Considering the prevalence of the problem it can be expect this item to be entered into the 

relevant regulations. In addition, the European Marine Strategy Directive requires EU 

Member States to ensure that by 2020 "the characteristics and quantities of waste in the sea do 

not harm the coastal and marine environment". Preventive action and shared responsibility in 

combating damage would result in the preservation of biological balance. Regardless the 

regulations, it is desirable to know the extent of load of sea water and surface waters by 

microplastic. The production of plastic in the world has increased about 20 times, in the last 

few decades. Although the most of the used plastic is trying to recycle, a significant part gets 

to the environment, intentionally or accidentally. World production of plastic surpassed the 

320 million tons mark in the 2016. Also, it is estimated that between 5 and 13 million tons of 

plastic waste leaks into the World´s oceans every year as a result of inappropriately dumped 

and mismanaged [1]. Sources of microplastics are widespread. It originates from diverse 

sources and can be broadly classified into land- and sea-based sources. They include: 

agricultural runoff, urban runoff, stormwater, aquaculture, textiles, tyres, paints, cruise ships, 

ocean dumping, etc. Terrestrial emissions are the dominant source of microplastics. 

Microplastics originate predominantly from automobile tire wear, household and laundry 

dust, industrial processes (e.g., blasting and deflashing of plastics), and through deterioration 

of surfaces made of or coated with plastic, for example, artificial turf and polymeric paint, etc. 

Most of these emissions occur in urban and residential areas [2]. Sea-based sources of 

microplastics are attributed to the fishing, shipping, and offshore industry sectors. Among 

mentioned sources, wastewater treatment plants are one of the dominant sources of 

microplastics. In his work Li et al. [3] lists the key results from the microplastics studies on 

several wastewater treatment plants.  

Plastic products are produced to be long lasting and therefore pose a long lasting 

environmental hazard. When they get into the water, due to a different effects (wind, rain, UV 

light, mechanical action), the plastic objects are braking to the micro sizes of so-called 

microplastics (secondary microplastics). In addition, plastic origins from personal hygiene 

products (toothpastes, washing agents, roll-on deodorants, exfoliating body washes, facial 

scrubs etc.) gets into the wastewaters as micro-size balls of plastic so-called microbeads 

(primary microplastics). Microbeads are tiny polyethylene spheres which, contrary to 

microplastics, do not come from the degradation of large pieces of plastic. Instead, they are 

manufactured on purpose to be put into consumer products. These tiny plastic microbeads are 

usually less than 1 millimetre at their largest [4]. Due to their small size as well as small 

density, they can pass through the wastewater treatment plant and end up in the water in 

nature. Therefore, their use in the United States, Canada and the United Kingdom is already 



 
25th International Symposium on Analytical and Environmental Problems 

425 

prohibited, and a ban is also expected in the European Union. However, the risk of 

microplastic originating from larger plastic objects is and will remain a big problem for a long 

time.  

Recent researches suggests that plastics can accumulate different pollutants. Based on the 

literature data, it is believed that the remains of plastics can attract and concentrate up to one 

million times more pollutants compared to their amount in seawater. Variety of animals living 

in the water adopt microplastic as food. Ingestion of microplastics by water organisms in most 

cases is accidental because the particle is often mistaken for food [5]. Microplastics ingested 

by water organisms can cause chemical and physical harm (hindering mobility and clogging 

of the digestive tract, inflammation, hepatic stress, decreased growth). The consuption of 

microplastics is common to a wide range of water organisms, such as invertebrates, mussels, 

barnacle, sea cucumbers, zooplankton and fishes. Also, turtles, fish-eating birds and mammals 

can consum microplastics, which can interfere with the food chain as microplastics ingested 

by organisms in the lower trophic level could pass up the food chain when lower trophic 

organisms are fed upon by organisms in the higher trophic level [6]. The presence of 

microplastics in water could lead to contamination of water products that humans use as food. 

One of such product is sea salt. These particles have also been reported in drinking water. 

Eerkes-Medrano et al. [7] reviewed studies about findings of microplastics in drinking water 

(bottled water and drinking water treatment plants).  Presence of microplastics in food for 

human consumption and in air samples has been reported. Thus, microplastics exposure via 

diet or inhalation could occur, and cause the effects on human health.  

Therefore, it is clear that it is necessary to take all measures to minimize damaging impact of 

microplastics on the environment, human and animal health. What are the solutions? 

Education and raising awareness about harmfull effects of microplastics on the environment, 

good management of plastic waste (e.g. recycling), reduce the use of plastic packaging, 

improve wastewater treatment processes and developing and improving of methods for 

microplastics detection and analysis 

These are things to think about when it comes to the use of plastic and its impact on the 

environment. First of all, this refers to education, primarily children and young people, in 

order to raise awareness about the importance of this problem. 
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Abstract 

The research of neurological diseases has great importance and the determination of 

neurotransmitter concentrations is essential during these investigations. The levels of main 

excitatory (glutamate) and inhibitory (γ-amino-butyric acid (GABA)) neurotransmitters often 

change as a result of pathological alterations. For example, in case of migraine, elevated 

glutamate release is suggested to be a part of the pathomechanism, causing hypersensitivity to 

pain. Our goal in this study was to optimize a liquid chromatography method to measure 

glutamate and GABA from the trigeminal nucleus pars caudalis (TNC) of rats, which is 

responsible for pain processing. As a result, we were able to validate our method according to 

international guidelines where the investigated parameters were LOD, LOQ, precision and 

recovery. Furthermore, we applied a new internal standard which has not been published so 

far. This method will be utilized in the investigation of migraine animal models to evaluate 

potential new therapeutic approaches. 

 

Introduction 

Headache, one of the most common disorders of the nervous system, is a major health 

problem worldwide. The global prevalence of active headache disorders for the adult 

population is 46% for headache in general, 11% for migraine, 42% for tension-type headache 

and 3% for chronic daily headache [1]. The treatment of primary headache disorders is 

challenging and requires both acute and preventive therapeutic strategies [2]. The efficacy of 

these treatments is not always satisfactory and the contraindications and side-effects often 

limit the options of the physician [3, 4]. There is, therefore, a constant need for the study and 

development of new therapeutic approaches. 

Animal and human studies suggest that glutamate receptors are present in various parts of the 

trigeminal system [5] which is the system responsible for processing most of the pain 

originating from the head area [6]. The stimulation of the trigeminal nerve results in elevated 

glutamate levels in the spinal trigeminal nucleus pars caudalis (TNC, [7]). The peripheral 

application of glutamate to deep craniofacial tissue proved to activate and sensitize 

nociceptive afferents and neurons in the upper cervical cord [8]. These findings suggest that 

excitatory amino acid receptors (particularly N-methyl-D-aspartate receptors (NMDAR)) play 

an important role in pain processing and the sensitization process as well [9]. 

Based on these findings, our aim in this study was to optimize an HPLC method to measure 

the excitatory amino acid glutamate and its inhibitory counterpart γ-amino-butyric acid 
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(GABA) in rat TNC samples for the future evaluation of these neurotransmitters in preclinical 

investigations of migraine. 

 

Sample acquisition and preparation 

For this study we used male Sprague-Dawley rats weighing 250-300 g. The animals were 

housed in cages under standard conditions with a 12-12-h light-dark cycle and free access to 

food and water. To acquire the TNC, rats were anesthetized with 4 w/w% chloral hydrate 

intraperitoneally then they were transcardially perfused with artificial cerebrospinal fluid (pH 

= 7.4, concentrations in mM: 122 NaCl, 3 KCl, 1 Na2SO4, 1,25 KH2PO4, 10 D-glucose 

monohydrate, 1 MgCl2 x 6 H2O, 2 CaCl2 x 2 H2O, 6 NaHCO3). The samples containing the 

medullary segment of TNC were then removed and stored at -80°C until measurement. 

Before measurement, the tissue samples were sonicated in ice cold 85% methanol (10 µl/mg 

tissue) then they were centrifuged (12 000 RPM, 10 min, 4°C) and the supernatants were 

collected. Then 100 µl sample was derivatized with 100 µl freshly prepared solution (2 ml o-

phthaldialdehyde, 7.94 ml 0.2 M borate puffer (pH = 9.9), 60 µl 3-mercaptopropionic acid) 

and 50 µl distilled water containing the internal standards homoserine and (1R,2S)‐2-amino 

cyclopent‐3‐ene‐1‐carboxylic acid (ACK). 

 

HPLC method 

For the determination of glutamate and GABA, we used an Agilent 1100/1260 system 

(Agilent Technologies, Santa Clara, CA, USA) equipped with a fluorescence detector (FLD). 

Chromatographic separations were performed on a Kinetex C18 150x4.6 i.d. 5 µm particle 

size column (Phenomenex Inc., Torrance, CA, USA) after passage through a SecurityGuard 

pre-column C18, 4x3 mm i.d., 5 µm particle size (Phenomenex Inc., Torrance, CA, USA) 

applying gradient elution. Mobile phase A was 95:5 V/V% 0.05 M sodium acetate (pH = 

5.5):methanol, while mobile phase B was 45:45:10 V/V% methanol:acetonitrile:water. The 

elution started with 95% A decreasing linearly to 50% then staying there for 2 min and 

reequilibrating to 95% in 1 min for a total 16 min runtime. The flow rate was 1 ml/min, 

injection volume was 10 µl and the fluorescent detector was set to 230/440 nm for 

excitation/emission wavelengths. 

 

Results and discussion 

The first step of our method optimization was to determine the optimal excitation and 

emission wavelengths for the fluorescent detector. The acquired spectrum can be seen in 

Figure 1. and 2. and based on these spectrums the wavelengths were set to 230/440 nm for 

excitation/emission. 

 

 

Figure 1. The fluorescent spectum of glutamate 
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Figure 2. The fluorescent spectrum of GABA 

 

During our measurements we used standard solutions in 6 different concentrations for 

external calibration. The calculated calibration curve was linear in the investigated 

concentration range and its details can be seen in Table 1. 

 

Table 1. Main characteristics of calibration 

 Glu GABA Homoserine ACK 

Calibration range (G/ML) 0.08–4 0.008–0.4 0.4 0.4 

Calibration line slope 0.591 3.581 - - 

Calibration line  0.0013 0.0081 - - 

Intercept linearity (R
2
) 0.999 0.999 - - 

Retention time (min) 5.348 10.713 7.036 12.627 

 

The selectivity of the method was checked by comparing the chromatograms of glutamate, 

GABA, homoserine and ACK for a blank TNC sample and those for a spiked sample. All 

compounds could be detected in their own selected chromatograms without any significant 

interference. A sample chromatogram of a TNC sample can be seen on Figure 3. 

  



 
25th International Symposium on Analytical and Environmental Problems 

430 

 

 

Figure 3. Representative chromatogram of a TNC sample with (red) and without (blue) 

internal standards. Glu glutamate; HS homoserine; GABA γ-amino-butyric acid; ACK 

(1R,2S)‐2-amino cyclopent‐3‐ene‐1‐carboxylic acid 

 

In the current study, LOD and LOQ were calculated as shown in Equation 1. The LOD values 

for glutamate and GABA were 0.03 and 0.006 g/ml, respectively. The LOQ values for 

glutamate and GABA were 0.09 és 0.019 g/ml, respectively 

 

LOD = 3.3 ∗
Df

S′ 
 and LOQ = 10 ∗

Df

S′ 
   

Equation 1. 

The calculation of LOD and LOQ values by formula, where σ is the standard error of the 

intercept and S’ is the slope of the calibration curve of the analyte. LOD limit of detection; 

LOQ limit of quantification. 

 

With regard to the within-run precision, after 6 consecutive injections the coefficients of 

variation of the concentrations were 1.3% and 0.35% for glutamate and GABA, respectively. 

The relative recoveries were estimated by measuring spiked samples of glutamate and GABA 

at two different concentration levels with three replicates of each. No significant differences 

were observed for the lower and higher concentrations. The recoveries for the TNC samples 

ranged from 88 to 100% for glutamate and 104 to 122% for GABA. These results are in line 

with Food and Drug Administration recommendations [10]. 

 

Conclusion 

As a result of our method optimization, we were able to measure glutamate and GABA from 

rat TNC samples with a robust, reliable method. This region of the central nervous system 

was not investigated before with similar applications. Furthermore, we also applied a new 

internal standard for amino acid determination, which was not described before. In the future, 

this method will be applied in animal models of migraine to investigate potential protective 

therapies and we plan to extend this method to other biological matrices too, especially for 

cerebrospinal fluid and microdialysate samples. 
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Abstract 

From June to August 2016, a field survey of the distribution of aquatic macrophytes was 

performed along Bečej-Bogojevo channel, survey mark 0+250-1+600km. In this research 

taxonomy and vegetation of macrophytes are given. Dominant aquatic macrophytes were 

identified as well as their morphological and biological characteristics. Based on results at 10 

locations of the Bečej-Bogojevo channel 16 weed species were determined. The main aquatic 

macrophytes occurring in study area are Ceratophyllum demersum L., Trapa natans L., and 

Salvinia natans L.All. Mechanical control measures were effective on all identified species 

except Salvinia natans (L). All. which is restores from fragments, while from biological 

measures in our country only the introduction of the grass carp species is applied 

(Ctenopharyngodon idella Valenciennes in Cuvier & Valenciennes, 1844).  

 

Introduction 

Aquatic macrophyte species are important parts of natural aquatic systems because they 

produce oxygen and perform a water-purification function by binding heavy metals and 

removing nutrient loads [1]. Macrophytes serve as habitats for a wide diversity of organisms, 

they promote sediment deposition, increase water clarity and quality and have an influence on 

fish productivity [2]. Problems with aquatic plants have increased in the last two centuries, so 

they disturb the flow of water in irrigation canals and drainage channels. Deep-rooted 

submerged weeds cause a reduction in oxygen levels and present gas exchange with water 

resulting in unfavorable fish production, and provide ideal habitat for the mosquito 

development, and serve as vectors for disease [3]. The most widespread macrophytes in the 

Danube-Tisa-Danube channel are Ceratophyllum demersum L., Trapa natans L., Typha 

latifolia L., Salvinia natans L. All., Hydrocharis morsus ranae L., Potamogeton lucens L., 

Lemna minor L., Nymphea alba L. [4]. The Danube-Tisa-Danube (DTD) hydro-system is a 

multivalent water system connecting waters of Bačka and Banat regions in Serbia. The Bečej-

Bogojevo canal is 90km long and it starts from the Tisa river at Bečej lock. The canal weed 

control is a complex task demanding knowledge of aquatic plants. Mechanical control is 

expensive and requires access to waterways, while chemical control is easier, quick and 

usually cheaper when compared to mechanical methods [5], but herbicides are often toxic that 

the water cannot be used often for fish culture or human consumption. The species which has 

been most widely used in biological control is the grass carp, Ctenopharyngodon idella. The 

aim of this paper was to review the most frequent aquatic weeds of the canal DTD and to 

provide recommendations for their mechanical, chemical and biological control. 

 

Experimental 

In this paper, during the vegetation period in 2016, the presence of aquatic weed species was 

examined on the Bečej-Bogojevo channel (survey mark 0+250-1+600km) in Serbia. Collected 

plant material was identified by ,,Flora of SR Serbia I-IX,, [6], ,,Flora of Serbia X,, [7], ,,Flora 

of Serbia I,, [8], ,,Flora Europeae I-V,, [9] i Iconographie der Flora des Sudostlichen 

Mitteleuropa,, [10]. The standard phytocenological methods of the Swiss-French school were 
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used to record vegetation [11]. Biological and morphological properties of aquatic 

macrophytes are also shown. The assessment of measures has been compared with the 

literature data, where both the advantages and disadvantages for all measures individually by 

species suppressed are given. 

 

Results and discussion 

Phytocenological analysis was performed on the Bečej-Bogojevo channel at 10 localities by 

Braun-Blanquet method. The results and available weeds in the selected area are given in 

Table 1-3 with their scientific names. During the floristic research different types of species 

were found in the study area on the Bečej-Bogojevo channel. In that area, 16 weed species 

were identified.  

Analyzing higher taxonomic categories, of the 16 constant species, 4 species belong to the 

class Magnoliopsida (Ceratophyllum demersum L., Trapa natans L. (agg.), Rumex 

lapatifolium L., Rumex hydrolaphatum (Huds), 11 species to the class Liliopsida (Typha 

latifolia L., Hydrocharis morsus-ranae L., Typha angustifolia L., Phragmites communis L. 

Trin., Lemna minor L., Potamogeton pectinatus L., Glyceria maxima (Hartm) Holm, 

Potamogeton crispus L., Butomus umbellatus L., Vallisneria spiralis L., Najas marina L.) and 

1 species belong to the classes Polypodiopsida (Salvinia natans L. All.). The flora is divided 

into 11 families, of which the representatives of the families Poaceae, Polygonaceae, 

Hydrochariaceae, Typhaceae, Potamogetonaceae are presented with 2 representatives for 

each family, while the families Lemnaceae, Najadaceae, Ceratophylaceae, Salviniaceae, 

Trapaceae, Butomaceae are presented with only one. 

 

Table 1. Phytocoenological recordings, June 2016 

Surface size (m2) 25 25 25 25 25 25 25 25 25 25 The 

level of 

presence 

Cover 

value General 

coverage 

70 80 95 70 100 95 95 100 100 100 

Number of plant 

species 

3 4 9 7 6 3 6 5 3 5 

 Plant species 1 2 3 4 5 6 7 8 9 10 

Ceratophyllum 

demersum L. 

1.1 2.2 3.3 4.4 3.3 3.3 2.2 1.1 3.3 1.1 V 2625 

Trapa natans 

L.(agg.) 

- 1.1 - 2.2 3.3 - - +.1 +.1 3.3 IV 985 

Typha latifolia 

L. 

- - 2.2 - - - - 3.3 - 4.4 II 1175 

Salvinia natans 

L. Alli. 

- - - - - - - - - - - - 

Hydrocharis 

morsus-ranae L. 

- - - - - - - - - - - - 

Typha 

angustifolia L. 

- - - - 3.3 - - - 3.3 - I 750 

Phragmites 

communis Trin. 

- 4.4 - - 2.2 - - 4.4 - - II 1425 

Lemna minor L. - - - - - - - - - - - - 

Rumex 

lapatifolium L. 

- - 1.1 1.1 - - 1.1 - - - II 150 

Potamogeton 

pectinatus L. 

- - +.1 +.1 - - - +.1 - +.1 II 20 

Glyceria maxime 

(Hartm) Holm 

1.1 - 2.2 - 1.1 - 1.1 - - 1.1 III 375 
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Potamogeton 

crispus L. 

- - +.1 +.1 +.1 - - - - - I 15 

Butomus 

umbellatus L. 

- - +.1 +.1 - +.1 +.1 - - - II 20 

Vallisneria 

spiralis L. 

2.2 +.1 +.1 - - - +.1 - - - II 190 

Rumex 

hydrolaphatum 

(Huds) 

- - +.1 +.1 - +.1 +.1 - - - II 20 

Najas marina L. - - - - - - - - - - - - 

 

During June 2016, at the tested localities, dominant species were Ceratophyllum demersum 

L., Phragmites communis Trin., and Typha latifolia L., of which C. demersum had the highest 

cover value, with the level of presence V. Ceratophyllum demersum is a submerged, perennial 

plant with no roots, attached to the lake bottom by modified leaves. Mechanical measures had 

good effects in some more temperate areas. Engel (1990) [12] states that the best results were 

obtained if suppression was carried out during July. In Serbia, herbicides diquat and 2,4-D 

have been registered for this species. It is successfully suppressed using the fish 

Ctenopharyngodon idella, as a biological control measure. 

 

Table 2. Phytocoenological recordings, July 2016 

Surface size (m2) 25 25 25 25 25 25 25 25 25 25 The 

level 

of 

presen

ce 

Cover 

value General coverage 70 80 95 70 100 95 95 100 100 100 

Number of plant 

species 

5 8 12 9 5 3 8 4 4 6 

  Plant species 1 2 3 4 5 6 7 8 9 10 

Ceratophyllum 

demersum L. 

1.1 2.2 3.3 4.4 3.3 2.2 2.2 1.1 3.3 1.1 V 2425 

Trapa natans 

L.(agg.) 

1.1 1.1 2.2 2.2 2.2 - 1.1 - 2.2 2.2 IV 1025 

Typha latifolia L. - - 2.2 - - - - 3.3 - 4.4 I 1175 

Salvinia natans 

L. Alli. 

- - - - - - - - - - - - 

Hydrocharis 

morsus-ranae L. 

- 2.2 2.2 +.1 - - +.1 - 1.1 2.2 III 585 

Typha 

angustifolia L. 

- - - - 3.3 - - - 3.3 - I 750 

Phragmites 

communis L. 

Trin. 

- 4.4 - - 2.2 - - 4.4 - - II 1425 

Lemna minor L. 1.1 1.1 2.2 2.2 - - 1.1 - - 1.1 III 550 

Rumex 

lapatifolium L. 

- - 1.1 1.1 - - 1.1 - - - II 150 

Potamogeton 

pectinatus L. 

- - 1.1 1.1 - - - +.1 - +.1 II 110 

Glyceria maxime 

(Hartm) Holm 

+.1 - +.1 - +.1 - +.1 - - - II 20 

Potamogeton 

crispus L. 

- +.1 +.1 +.1 - - - - - - I 15 

Butomus 

umbellatus L. 

- +.1 +.1 - - - - - - - I 10 
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Vallisneria 

spiralis L. 

+.1 +.1 +.1 +.1 - - +.1 - - - III 25 

Rumex 

hydrolaphatum 

(Huds) 

- - +.1 +.1 - +.1 +.1 - - - II 20 

Najas marina L. - - - - - +.1 - - - - I 5 

In submerged vegetation during the July, the dominant role had the species Ceratophyllum 

demersum L., whose level of presence was V. When it comes to flotant plants, Trapa 

natans L. was most dominant, with a cover value of 1025 and the level of presence IV. In 

addition to these two species, Phragmites communis L. Trin and Typha latifolia were also 

dominant. Trapa natans L. is a floating herb, that colonizes areas of freshwater lakes and 

ponds where it forms floating vegetation, causing problems for boaters and swimmers. Early 

detection of introductions and rapid control response are key to preventing high impact 

infestations. Herbicides that are effective on T. natans are glyphosate, triclopyr, and 2,4-D. 

The most promising biocontrol species appears to be the leaf beetle Galerucella birmanica.  

 

Table 3. Phytocoenological recordings, August 2016 

Surface size (m2) 25 25 25 25 25 25 25 25 25 25 The 

level 

of 

prese

nce 

Cover 

value General coverage 70 95 95 80 100 90 95 100 100 100 

Number of plant 

species 

5 7 9 5 6 5 8 5 5 6 

Plant species 1 2 3 4 5 6 7 8 9 10 

Ceratophyllum 

demersum L. 

2.2 2.2 2.2 3.3 2.2 2.2 2.2 1.1 2.2 1.1 V 1700 

Trapa natans 

L.(agg.) 

+.1 +.1 1.1 1.1 2.2 - 1.1 - 1.1 +.1 IV 390 

Typha latifolia L. - - 4.4 - - - - 3.3 - 4.4 II 1625 

Salvinia natans 

L. Alli. 

1.1 2.2 3.3 2.2 2.2 1.1 - 3.3 3.3 3.3 IV 1950 

Hydrocharis 

morsus-ranae L. 

- 3.3 2.2 2.2 +.1 1.1 +.1 - 1.1 - IV 835 

Typha 

angustifolia L. 

- - - - - - - - 3.3 - I 375 

Phragmites 

communis L. 

Trin. 

- 3.3 - - 3.3 - - 3.3 - - II 1125 

Lemna minor L. - - +.1 - - - 1.1 - - +.1 II 60 

Rumex 

lapatifolium L. 

- - - - - - 1.1 - - - I 50 

Potamogeton 

pectinatus L. 

- - +.1 1.1 +.1 - - +.1 - +.1 III 70 

Glyceria maxime 

(Hartm) Holm 

+.1 - +.1 - - - +.1 - - - II 15 

Potamogeton 

crispus L. 

- +.1 +.1 - - - - - - - I 10 

Butomus 

umbellatus L. 

- +.1 - - -  - - - - I 5 

Vallisneria 

spiralis L. 

3.3 - - - - +.1 +.1 - - - I 375 

Rumex 

hydrolaphatum 

- - - - - - +.1 - - - I 5 
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(Huds) 

Najas marina L. - - - - - +.1 - - - - I 5 

The dominant aquatic macrophytes in August 2016, were Salvinia natens, with the level of 

presence IV, then Ceratophyllum demersum L., and Typha latifolia L. Many endangered plant 

species are found in aquatic ecosystems. Some of these species are Najans marina L., 

Hidrocharis morsus-ranae L., Ceratophyllum demersum L., Trapa natans L., Butomus 

umbellatus L., Vallisneria spiralis L., which deserves special attention because their 

protection contributes to the conservation of ecosystem diversity. 

 

Conclusion 

Based on the number and coverage, 16 aquatic weeds species were identified at 10 localities 

of the Bečej-Bogojevo canal in the period June-August 2016. The most common are the 

representatives of the family Poaceae, Polygonaceae, Hydrochariaceae, Typhaceae, 

Potamogetonaceae. The predominant aquatic macrophytes at the investigated localities in 

June was Ceratophyllum demersum L., in July Trapa natans L. and in August month Salvinia 

natans L.All. During the vegetation period, in June and July 2016, it is recommended that 

mechanical suppression need to be repeated based on the dominant aquatic flora. In the case 

of the introduction of grass carp into the Bečej-Bogojevo canal, as a form of biological 

control, the application of mechanical suppression would be reduced. 
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Abstract 

Novel BODIPY–estrone and BODIPY–estradiol conjugates have been synthesized via Cu(I)-

catalyzed azide-alkyne click (CuAAC) and/or Sonogashira reactions by selecting position C-

3-O for labeling. The steroidal azides and/or bromides were reacted with BODIPY-based 

fluorescent dye bearing alkyne function. The new fluorescent estrone conjugates might 

replace radiolabeled compounds in certain biochemical assays. 

 

Introduction 

One of the primary goals of modern drug research is the use of environmentally friendly 

biochemical techniques that are based on the principles of green chemistry. Nowadays, 

methods based on the use of fluorescently labeled compounds are gaining prominence. There 

are only a few literature reports about the pharmacological effects of fluorescently labeled 

estrone derivatives. 

 

Experimental 

The labeling was planned with a BODIPY derivative as a fluorescent moiety containing a 

terminal alkyne function, because it is stable under physiological conditions and offers many 

possibilities for its synthesis and functionalization. Conjugation of E1 and E2 via the 

chemically important C-3-O position was accomplished by 1,3-dipolar cycloaddition
2
 

(CuAAC) via triazole ring incorporation or Sonogashira coupling
3
 (Figure 1). We aimed to 

synthesize the conjugates via inserting C4–C8 long linkers between the steroid and the dye. 

 

 
3. Figure Synthesis of estrone-BODIPY and estradiol-BODIPY conjugates 
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Results and discussion 

The synthesis of BODIPY alkyne was performed via our recently established efficient 

methodology
1
. Figure 2. shows the absorption and the fluorescence emission spectra of the 

non-conjugated BODIPY dye (4), the estradiol-BODIPY conjugates (12a–c, 13a–c), and the 

estrone–BODIPY conjugate (17). 

  
4. Figure Normalized absorbance and emission spectra of the dye (4) and the conjugates (12a-c, 13a-c,17) 

 

According to these data, these BODIPY-conjugated steroids have spectral characteristics 

similar to those of the non-conjugated BODIPY dye and may facilitate observations in living 

cells and tissues. 

 

Conclusion 

We have synthesized 6 new estrone-BODIPY and 6 new estradiol-BODIPY derivatives –

conjugated with different chain length linkers – via CuAAC and/or Sonogashira reactions. 

The newly synthesized fluorescent estrone derivatives may serve as good candidates for the 

development of “green” biological assays. Additionally, thanks to the “visibility” of 

fluorescent estrogens, new important biological actions might also be identified. 
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Abstract 

There is a great demand on consumption of natural and healthy foods, which includes also 

fresh fruits and food products made by different technological processes. In our experiment, 

fruit concentrates and powders of elderberry (Sambucus nigra L.) and blackcurrant (Ribes 

nigrum L.) were studied. For evaluating their health protective effect, the antioxidant/ 

reducing properties of both fruits were obtained. The total phenolic content (TPC) and the 

antioxidant capacity determined by the FRAP, TEAC, and DPPH methods were analysed. 

Results are expressed on a dry matter basis for better comparison. TPC and antioxidant 

activity detected by different methods were higher in elderberry (Sambucus nigra L.) for both 

concentrates and powders than in blackcurrant (Ribes nigrum L.). Dry powders made from 

fruit concentrates showed in almost all cases a lower antioxidant activity than the 

concentrates. The results clearly show that it is recommended to characterize the antioxidant 

properties in as many ways as possible in order to evaluate the beneficial effects of fruits and 

their processed goods on the human organism. 

 

Introduction 

One way to increase your fruit and vegetable consumption is to produce a food that is easy to 

prepare, does not require a lengthy preparation, is of good quality and is available at all times 

of the year. Vacuum drying is one of the methods developed to meet these needs to the fullest. 

The low drying temperature and the short drying time used in the technology enable the 

production of long-lasting goods with favourable nutritional and organoleptic properties. 

By choosing the right diet, we can prevent certain diseases. Eating vegetables and fruits rich 

in vitamins and antioxidants can reduce the risk of their occurrence because free radical 

reactions responsible for the onset of diseases can be delayed or inhibited by antioxidants 

[1,2,3,4]. 

The antioxidant or reducing capacity is the combined effect of all the antioxidant 

compounds in a system. Several methods have been developed for evaluation of antioxidant 

power, the number of them exceeds one hundred [5].  

Methods for measuring antioxidant capacity are commonly classified into two groups, as 

hydrogen atom transfer (HAT)- and electron transfer (ET)-based assays [6]. Of course, all 

methods have their strengths and weaknesses, the processes in the body cannot be exactly 

tracked, only an approximate characterization and comparison of the tested samples is 

possible. For example, the FRAP and TPC assays work on a non-physiological pH (pH 3.6 

and pH 10, respectively) [7], and the DPPH and TEAC methods use free radicals that do not 

occur in the body [8,9].  
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Experimental 

All chemicals for the experiments were purchased from Sigma Aldrich. 

 

Sample preparation 

Samples were taken from filtered frozen (-18°C) concentrates of elderberry (Sambucus nigra 

L.) and blackcurrant (Ribes nigrum L.). 

The powders of both fruits were produced in a tray-type LMIM LP-405 vacuum oven with 

three parallel tray drying (temperature detection per tray) at a pressure range of 20 mbar to 

atmospheric pressure, at 10 °C to 60 °C for 240 minutes after a short warm-up time. 

The dry material was crushed using a coffee grinder (Delonghi KG49), and samples were 

stored in sealed polyethylene bags at -32 °C until measurement. 

Both fruit concentrates and lyophilized samples (diluted with distilled water) were analysed 

for analytical measurements. The diluted aqueous solutions were placed in a cooled ultrasonic 

water bath for 30 minutes. The samples were then centrifuged at 13,500 rpm at 10 ° C for 15 

minutes. In all cases, the analytical tests were carried out on the supernatants.  

Electron transfer methods detect the reducing capacity of solutions. The reactions are 

followed by colour changes, which can be monitored spectrophotometrically (Thermo 

Scientific –Evolution 300 UV-VIS spectrophotometer). 

 

Analytical methods 

Determination of total phenolic contents (TPC) by Folin-Ciocalteu method: The Folin-

Ciocalteu spectrophotometric method by Singleton and Rossi [10], at 760 nm is an electron 

transfer based 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 mM 

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 fruit extracts was carried 

out based on the procedure of Benzie and Strain [11], at 593 nm. Ascorbic acid (AA) was 

used as a standard to prepare the calibration solutions. Results were expressed as µMAA/g 

DM. 

Determination of antioxidant capacities by TEAC (Trolox Equivalent Antioxidant 

Capacity) method: Miller and coworkers [12] described the Trolox equivalent antioxidant 

capacity (TEAC) method. The assay is based on formation of the ABTS•+ cation [2,2’-

azinobis (3-ethylbenzothiazoline-6-sulfonic acid)] and its scavenging by antioxidant sample 

constituents measured by spectrophotometry at 743 nm (decay of green/blue chromophore 

absorbance is inversely associated with antioxidant sample content). Trolox, a hydrophilic 

vitamin E analog, was used as a standard and values were expressed as mM TE (Trolox 

equivalent)/g DM. 

Determination of antioxidant capacities by DPPH (2,2-Diphenyl-1-pikrylhydrazyl) radical- 

scavenging activity method: The spectrophotometric method (517 nm) of DPPH radical-

scavenging activity was carried out according to the method of Blois [13] and modifications 

by Hatano and others [14]. The results were expressed as mM of TE (Trolox equivalent)/g 

DM.  

In the last two methods, artificial radicals were used that do not occur in the living organism 

[6], and in the case of the DPPH method the anthocyanins interfere in the measurement [7]. 
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Results and discussion 

Figure 1.A represents data for the total polyphenolic content of elderberry and blackcurrant 

samples. It can be clearly seen that the TPC of the elderberry concentrate was extremely high 

(708.0 mM GA/g DM). For the blackcurrant concentrate, 415.7 mM GA/g DM was measured. 

Comparing the obtained results with literature data [9,15] it can be said that they are almost 

identical. Vacuum drying resulted in a decrease in the TPC, the loss of phenolics was 7.5% 

for elderberry and 18.0% for blackcurrant. 

The antioxidant capacity measured by the FRAP method (Fig. 1.B) showed similar 

correlations. The elderberry concentrate had an outstanding antioxidant power (522.8 µMAA/ 

g DM), followed by blackcurrant concentrate (369.6 µMAA/ g DM). The decrease on 

antioxidant capacity after vacuum drying was 9.7% in the case of elderberry, while very high 

in blackcurrant (32.4%). 

The antioxidant activity determined by the TEAC method (Fig. 1.C), was significant higher 

for elderberry concentrate and powder than for blackcurrant samples. Vacuum drying resulted 

in an increase in radical scavenging properties for both product types, which may be 

explained by a possible change in the endogenous components. 

 

 
  A B 

 

 
 C   D 

Figure 1. The antioxidant capacity measured by different methods 

A) total phenol content, B) FRAP, C) TEAC and D) DPPH 

 
 

In the case of DPPH method (Fig. 1.D), the elderberry concentrate showed the highest 

antioxidant capacity (99.6 µM TE/ g DM), followed by blackcurrant concentrate (78.0 µM 
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TE/ g DM). Vacuum drying caused a significant decrease of the antioxidant power, a decline 

of 15.1% was found for elderberry and 48.6% for blackcurrant. 

 

Conclusion  
Total phenolic content and antioxidant capacity determined by different methods (FRAP, 

TEAC, DPPH) were higher in elderberry (Sambucus nigra L.) than in blackcurrant (Ribes 

nigrum L.). Comparing fruit concentrates to powders made from them, significant differences 

could be found. The concentrates had a higher TPC and antioxidant activity measured by 

FRAP and DPPH methods than the powders, however, using the TEAC assay just the 

opposite was obtained for both fruits. These results clearly show that more methods are 

needed to determinate the antioxidant status of the fruit samples, and to characterize the health 

protective effect of different food products. 
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Abstract 

Microcosm studies were set up to predict and evaluate the most effective conditions for the 

bioremediation of a chlorobenzene contaminated groundwater zone. In the literature there are 

only few studies for chlorobenzene degradation under nitrate reducing circumstances. In most 

of our microcosms the indigenous groundwater bacteria were able to degrade this widespread 

recalcitrant compound under the new conditions. We have isolated a chlorobenzene degrading 

bacterium, Pseudomonas sp. EM1 which is capable of the mineralisation under aerobic and 

anaerobic conditions. 

 

Introduction 

Chlorobenzene is primarily used as a solvent for paints and pharmaceutical products, as a heat 

transfer medium, and in the production of phenol, aniline and silicone. The production and 

usage of this organic compound has been declining due to the availability of more 

environmentally friendly replacements [1,2]. 

Chlorobenzene has a greater density than water and only slightly soluble in water (500 mg/l), 

it belongs to the DNAPLs (Dense Non-Aqueous Phase Liquids). It can be slightly 

accumulated at the bottom of an aquifer as a DNAPL pool which can serve as a continuous 

source of groundwater pollution [3,4]. Different methods have been developed to transform 

chlorobenzene into less toxic by-products, including adsorption [5], ozone oxidation [3],  

Fenton's reaction [6] and catalytic hydrodechlorination [7,8]. Biodegradation also can be an 

effective method. Even though chlorobenzene is a recalcitrant chemical, it can be mineralised 

with microorganisms under aerobic and anaerobic conditions. 

 

Aerobic degradation 

There are a couple of aerobic microbes that can use chlorobenzene as the sole energy and 

carbon source. The activation of the C-Cl bond requires high activation energy and a strong 

attacking nucleophile [9]. Figure 1. shows that the initial aerobic attack of chlorobenzene is 

catalysed by dioxygenases resulting in the formation of 3-chlorocatechol as an intermediate 

[10].  

 
Figure 1: The aerobic initial attack of chlorobenzene 

After the first step of the aerobic chlorobenzene degradation, there are two pathways: ortho 

and meta cleavage. The intermediates are metabolized further compounds of the citric acid 

cycle (CAC)[9]. 
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Figure 2: The ortho and meta cleavage of aerobic chlorobenzene degradation (9) 

Anaerobic reductive dechlorination 

The reduction of chlorobenzene under anaerobic conditions generates benzene and HCl. In 

this pathway the microorganisms use hydrogen as an electron donor and use the 

chlorobenzene as an electron acceptor [11]. This pathway requires the presence of an electron 

donor and it can result in the accumulation of benzene [10]. 

 
Figure 3: Pathway of anaerobic reductive dechlorination of chlorobenzene (12) 

 

Anaerobic nitrate reducing degradation of chlorobenzene 

There are quite a few experimental studies about chlorobenzene degradation under nitrate 

reducing circumstances [12–14]. In the contaminated area the pollution is combined, it 

contains BTEX compounds, cis-1,2-dichloroethylene, vinyl chloride and tert-butyl alcohol. 

Some studies showed that at low dissolved oxygen concentrations there is an enhanced 

biodegradation of BTEX in the presence of nitrate [15,16]. 

 

Experimental 

In the contaminated area the primary contamination is chlorobeneze (> 25,000 µg/l), the 

secondary is BTEX (> 3,000 µg/l), and the tertiary is cis-1,2-dichloroethylene, vinyl chloride 

and tert-butyl alcohol. The polluted groundwater also contains acetic acid and ethanol which 

can serve as carbon and energy sources for the microbes. The pollution was originated from a 

drug company. The unique character of the area and the nature of DNAPLs, the most effective 



 
25th International Symposium on Analytical and Environmental Problems 

445 

chlorobenzene degradation way, the aerobic degradation was unaccomplishable, hence we 

tested the nitrate reducing circumstances. 

First of all we made some microcosm studies to know more about the groundwater. 

Microcosm is like a tiny, simplified ecosystem which can simulate the behaviour of natural 

ecosystems under different conditions. It is an excellent method to predict whether the 

indigenous microflora is capable of the degradation of the pollution and if it is which the best 

circumstances for the bioremediation are. 

The microcosms were set up using 8 groundwater samples from 8 monitoring wells from the 

contaminated area. Three different types of microcosms were set up from every groundwater 

sample. There was an abiotic microcosm supplemented with mercury (II) sulphate, to evaluate 

abiotic degradation and volatilization. There was a biotic microcosm which contained only the 

untreated groundwater, it was used for modelling the natural conditions in the  

1űarea. The third type of the microcosms, the biostimulated microcosm, was supplemented 

with nitrate, phosphate and microelements. Microcosms were incubated at 13-15 °C which is 

characteristic of the natural area. Every fourth week samples were taken to analyse the 

concentration of VOCs, nitrate, nitrite, phosphate, chloride, organic acids and ethanol. Nitrate 

or phosphate was spiked when it was necessary to maintain the appropriated circumstances in 

the microcosms. 

Results and discussion 

Microcosms studies 

Figure 4. shows the overall results of the various chlorobenzene degradation experiments. In 

the groundwater samples from CB-1, CB-2, CB-3, CB-4, CB-7 and CB-8 monitoring wells 

the nitrate reducing circumstances promoted the chlorobenzene degradation. Additional 

microbiological activity (increased acetic acid degradation) was noticed in the biostimulated 

microcosm from CB-5 well, but the biostimulation did not have any positive effects on VOC 

degradation. The nitrate reducing conditions had no additional impact on the groundwater 

from CB-6 monitoring well. Increased BTEX degradation was observed in the microcosms 

from CB-1, CB-2, CB-3, CB-4 and CB-7 monitoring wells. The injection of nitrate, sulphate, 

phosphate and microelements to the contaminated area is recommended due to their positive 

effect on the degradation of chlorobenzene and BTEX compounds. 

Isolation of chlorobenzene degrading bacteria 

We have managed to isolate a novel microorganism (Pseudomonas sp. EM1) which is capable 

of chlorobenzene mineralisation under aerobic and anaerobic (nitrate reducing) 

circumstances. Now this microbe is under licensing procedures. In the future we intend to 

inject Pseudomonas sp. EM1 to the contaminated area. 

 

Conclusion 

Our goal was to determine the most effective conditions for chlorobenzene biodegradation in 

the contaminated aquifer. Microcosm studies were set up to evaluate and predict the effect of 

nitrate reducing circumstances in the polluted samples. In 6 out of 8 cases the biostimulation 

had really positive results and the recalcitrant chlorobenzene was biodegraded by the 

indigenous microflora. BTEX degradation was also contributed thanks to the nitrate reducing 

medium. Pseudomonas sp. EM1 was isolated from the groundwater. This microorganism is 

capable of the degradation of chlorobenzene both in aerobic and anaerobic conditions.  
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5. Figure: The change of chlorobenzene concentrations (µg/l) in the microcosm studies 
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Abstract 

In this work, UV and UV/VUV photolysis of sulfamethazine was investigated. 

Sulfamethazine is one of the most often used antibioticum, wich can be detected in soils and 

surface water. The applied light sources were low-pressure mercury vapour lamps having 

identical geometry and electric parameters. One of the light sources amitts only 254 nm UV 

light, while the other one emitts both 254 nm UV and 185 nm VUV light. 

Both UV and UV/VUV photolysis were found to be effective in the transformation of 

sulfamethazine, but COD decrease was observed only in the presence of VUV light. In 

parallel with the transformation of sulfamethazine, H2O2 formation was detected. Its 

concentration reached higher value in the case of UV/VUV than in UV radiation. 

Spectrophotometric measurements suggested that dissolved oxygen has effect on the formed 

interemdiates in both UV and UV/VUV photolysis. 

Transformation rates were determined in purified wastewater and tap water and compared to 

the values determined in Milli-Q water. Results showed that these mild matrices decreased the 

transformation rates in both cases. The inhibition effect in more pronounced in the case of UV 

photolysis. 

 

Introduction 

Antibiotics are a main and essential resource for the treatment of multiple types of infectious 

diseases, both in humans and animals. However, in recent years its widespread use, both to 

treat diseases and to promote growth the efficiency of food has generated serious concerns, 

mainly due to the increase in the diversity and dispersion of organisms resistant to these 

compounds. The amount of antibiotics sold for animals destined to food is approximately four 

times greater than for human use, whereas the world consumption of antibiotics is estimated 

an increase of 67% for the year 2030. Among antibiotics, sulfonamides are one of the most 

widely used in veterinary medicine. In 2014, sulfonamides were the third group of veterinary 

antibiotics most used in Europe, reaching 11% of the total sale of antibiotics. Its extensive use 

is due to their broad spectrum against most Gram-positive organisms and many Gram-

negative organisms. 1,2 

 

 

 

 

 

 

 

 

Figure 1: Chemical structure of sulfamethazine 
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Sulfonamides are poorly absorbed on soils. In the specific case of sulfonamides, they are 

considered the most mobile antibiotics, and easily transported to water bodies. In fact, these 

compounds are frequently detected in surface waters, groundwater and in different types of 

crops. Therefore, the study of the degradation of sulfonamides, both chemical and biological, 

is crucial to establish the environmental impact of these compounds. 

 

Experimental 

Two low-pressure mercury vapour (LP) lamps (GCL307T5/CELL and GCL307T5VH/CELL, 

227 mm arc length, both produced by LightTech) were used for UV (254 nm) and 

UV/VUV185 nm (254 nm/185 nm) irradiations. The parameters (electrical power 15 W and 

UVC-flux power 4.3 W) of both lamps were the same. The envelope of the UV lamp emitting 

at 254 nm was made of commercial quartz, while the UV/VUV185 nm lamp’s envelope was 

made of synthetic quartz to be able to transmit the VUV185 nm photons. The flux of 254 nm 

photons (5.97 × 10
−6

 molphoton s
−1

) of both lamps (UV and UV/VUV185 nm) was determined 

by ferrioxalate actinometry and found to be the same. The relative radiant power efficiency of 

the 185 nm VUV light is about 6 - 8% compared to the 254 nm emission. 

The reactor geometrical parameters were adapted to the lamp’s parameters: 30 mm internal 

diameter and 320 mm long. Thus the optical path length was 10 mm. The total volume of the 

treated solution was 500 mL. The aqueous solution was continously boubled with oxygen, air 

or nitrogen to set various dissolved oxygen concentration. The gas was boubled through the 

solution using a gas dispersing system. Gas bubbling was started 20 min before the 

measurement. 

Sulfamethazine (Sigma-Aldrich, 99.9%) solutions (500 mL) with initial concentration 1.0 × 

10
−4

 mol L
−1

 was made in ultrapure MILLI-Q water (MILLIPORE Milli-Q Direct 8/16). 

Separation of the aromatic components in the treated solutions was performed by Agilent 

1100 type HPLC equipped with diode array detector (DAD) using LiChroCart® (250-4, RP-

18, 5 μm) reverse-phase column. 

The COD measurments were performed using LCK1414 (Hach) colorimetric cuvette test with 

a 5.0-60.0 mg dm
-3

 measuring range and a DR2800 spectrophotometer. The concentration of 

H2O2 was measured with a cuvette test by Merck, with a 0.015 - 6.00 mg dm
-3 

measuring 

range. The NO3
-
 concentration was determined by using colorimetric cuvette test provided by 

Merck, with a 0.4-111 mg dm
-3

 range. For the experiments in various matrices, drinking water 

from Szeged (Hungary), and industrial wastewater (purified with reverse osmosis) has been 

choosen. The main analytical parameters available for both matrices are compared in Table 1. 

 

Table 1. Typical parameters of the used matrices that could affects water treatment 

Parameters Drinking water Purified wastewater 

pH 7.3 5.5 

Conductivity (µS cm
-1

) 482 21.9 

COD (mg dm
-3

) 0.69 < 15 

NH4-N (mg dm
-3

) < 0.4 < 0.4 

NO3
-
 (mg dm

-3
) < 0.7 1.5 

Cl
- 
(mg dm

-3
) 8.75 - 

TOC
 
(mg dm

-3
) 8 - 
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Results and discussion 

Comparing the transformation rate of sulfamethazine in UV and UV/VUV radiated solutions, 

we could observed that the presence of VUV strongly enhanced the transformation rate 

opposite that it has a quite low intensity comparing to the UV light intensity. In UV radiated 

solution the direct photolysis of sulfamethazine takes place, its efficiency depends on the 

molar absorbance of the target substance at 254 nm and quantum yield of its transformation. 

In VUV radiated aqueous solution, the 185 nm VUV light is absorbed by water and results in 

the formation of reactive species, namely hydrogen radical (H), hydroxyl radical (HO) and 

with lower yield hydrated electron (eaq
-
) 3-6.  

 

H2O + hv (<190 nm)  H• + HO•    Φ(HO•) = 0.33  (1) 

H2O + hv (<200 nm)  {e
-
, H2O

+
} + H2O  {e

-
, H2O

+
} + (H2O)  eaq

-
 + HO• + H3O

+ 
 (2) 

        Φ(eaq
-
) = 0.045 – 0.05  

 

Thus, the transformation of sulfamethazine in UV/VUV irradiated solution can take place by 

two different ways: direct UV photolysis and radical based reactions. The relative 

contribution of the radical based reaction seems to be similar to that of direct UV photolysis, 

since the transformation rate determined in UV/VUV irradiated solution is about two times 

higher than that determined in UV radiated one. 

 

 
Figure 1. Relative concentration of sulfamethazine versus time of irradiation in the case of 

UV and UV/VUV photolysis 

 

The effect of dissolved oxygen concentration on the transformation rate was investigated at 

1.0×10
-4

 M initial concentration. The H• and e
-
aq, reacts with dissolved oxygen and produce 

by this way a less reactive HO2
•
 and O2

•-
 radicals. Opposite that, highly reactive species are 

eliminated by this way, oxygen generally has a positive effect on the transformation of 

organic substances because of the formation of peroxyl type radicals 4-8. Although, a 

positive effect of oxygen was expected in both cased, using UV photolysis, the transformation 

rate was slightly decreased with increase of the dissolved oxygen concentration after the first 

period. This can be explained by the formation of various intermediates, having different 

absorption at 254 nm and able to competes for 254 nm photons with sulfamethazine. At the 

same time, the effect of dissolved oxygen in UV/VUV irradiated solution was found to be 

negligible. Probably the negative effect (elimination of H•) and the positive effect (formation 

of peroxyl radical) compensates each other’s. 
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The changing of the absorbance of the solutions was followed by taking spectra of the 

samples. There was no difference between the spectra series taken in air and nitrogen 

saturated UV irradiated solutions, while both of the shape of spectra and the changing of 

absorbance at characteristic wavelengths showed significant difference in the case of 

UV/VUV photolysis, and depended on the dissolved oxygen concentration. The observed 

effect of dissolved oxygen is most probably can be explained by the possibility of peroxyl 

radical formation. 

 

 

 
Figure 2. Spectra of sulfamethazine solutions radiated with UV and UV/VUV light 

 

The pH decreased during both treatments, probably because of the formation of organic acids 

due to the fragmentation and oxidation processes. Althougt oxygen has no effect on the initial 

transformation rates, it has significant effect on the COD decrease and H2O2 formation. Using 

UV photolysisi the decrease of the COD value is negligible, which suggest that, hardly 

oxidable intermediates form in this case. Using UV/VUV photolysis the COD decrease is no 

mere than 25% during the time required for the transformation of sulfamethazine. After this 

periode the COD decrease became faster and reach almost 70% by the end of tretament (120 

min). Withouth dissolevd oxygen there is no COD decrease proving the essential role of 

oxygen in the mineralization. 

H2O2 forms only in the prsence of dissolved oxygen. After a slight increase, the H2O2 

concentration became constant in UV radiated solution. In the presence of VUV light the 

H2O2 concentration is higher and its formation is faster. H2O2 concentration reches highest 

value, when sulfamethazine decomposed completely. After that decrease slowly and getting 

be closer to the value deteined in pure Milli-Q water. 
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Figure 3. pH, COD and H2O2 concentration versus time of irradiation in aerated UV (A) and 

UV/VUV (B) radiated solutions 

 

Transformation rates were determined in purified wastewater and tap water and compared to 

the values determined in Milli-Q water. Results showed that these mild matrices decreased the 

transformation rates in both cases. The inhibition effect in more pronounced in the case of UV 

photolysis. 

 

Conclusion 

 Both UV and UV/VUV photolysis effective for the elimination of sulfamethazine 

from aqueous solutions 

 Dissolved oxygen has no significant effect on the transformation rate 

 VUV light having low intensity highly increase the transformation rate 

 COD decrease can be observed only in the case of combination UV and VUV 

photolysis 
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Abstract 

The qualitative analysis of the organic loads of waste fountain solution (WFS) was 

investigated in the paper. Two liquid/liquid (L/L) extraction methods were used for WFS 

sample preparation: L/L extraction with methylene chloride and sequential L/L extraction 

with n-pentane, methylene chloride and methylene chloride at pH 2. Qualitative 

characterization of the organic load profile of offset effluent was performed using a gas 

chromatographic/mass spectrometric method. 

 

Introduction 

The sheet-fed offset printing process is based on the interaction of printing ink and fountain 

solution with the process materials. The fountain solution is expected to keep the printing ink 

off the non-printing areas of the printing plate with a liquid film, to maintain the hydrophilic 

nature of the non-printing areas, to promote fast spreading over the plate, to lubricate the plate 

and the rubber blanket, and to control the emulsification of ink and water. The fountain 

solution usually contains plate preservative agents, wetting agents, isopropyl alcohol or 

glycol-based surfactants, buffer substances, and antimicrobial additives [1]. WFS is generated 

as a reaction between printing plate, an initial fountain solution, printing inks and printing 

substrate. Therefore, the offset printing sites should apply measures that would be focused on 

monitoring, prevention and then on preparation for re-use of the WFS before being discharged 

into water and soil recipients. 

Due to the dynamic markets and the competitive forces that govern it, most manufacturers do 

not define the exact chemical composition of the developer [2] or other offset materials such 

as WFS. Unique publish information about the composition of a chemical in the printing 

process is available in Material Safety Data Sheet (MSDS), patent holders, or a scientific 

publication setting the chemical definition of analytical methods. 

The paper aims are to characterize the WFS and to validate the extraction methods for the 

future selection of adequate effluent treatment for its safe disposal in a printing environment. 

 

Experimental  

The qualitative organic load profile of WFS was analysed by gas chromatographic/mass 

spectrometric (GC/MS) method. The analysis was performed using a gas chromatograph with 

a mass detector (Agilent 7890A GC with 5975C MSD, USA) and with an Agilent J&W 

Scientific DB-5MS chromatographic column of appropriate dimensions (30 m x 0.25 mm ID 

x 0.25 μm). Helium was used for the gas carrier. The samples were injected at an injector 

temperature of 270
o
C, while the detector temperature was 150

o
C. WFS sample was prepared 

with L/L extraction with methylene chloride and sequential L/L extraction with n-pentane, 

methylene chloride and methylene chloride at pH 2. 

In L/L extraction with methylene chloride (I method), 1 L of WFS sample in a separation 

funnel was extracted with 30 ml of methylene chloride (CH2Cl2, J.T. Baker, USA). The 

extract was first collected in a laboratory beaker with three tablespoons of anhydrous sodium 
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sulfate (Na2SO4, p.a., Sigma-Aldrich, Germany) due to high contamination of WFS. The 

extract was then transferred to a separation funnel. The extraction was repeated once more 

with another 30 ml of methylene chloride. The cumulative extract is evaporated to dryness 

and reconstituted with 2 ml of phenanthrene d10 (concentration of 0.4 µg/mL) in a mixture of 

hexane and methylene chloride (1:1). After L/L extraction with methylene chloride at the 

actual pH of WFS (pH 8.0), the pH of WFS was adjusted to 2 additions of concentrated 

hydrochloric acid (HCl, 35%, p.a., Merck, Germany). As the pH values of the compounds 

change their shape, adjust the pH of WFS to 2, the invisible ionized compounds at pH 8.0 

become visible at pH 2. The L/L extraction process with methylene chloride at pH 2 was 

repeated according to the same procedure described above. 

 
   Waste fountain solution    

      

   Membrane filtration    

            

   

2 mL TCMX
*
 (1 μg mL

-1
)  

and 

2 mL DCBF
**

 (1 μg mL
-1

) 

   

      

 Sequential L/L extraction  

      

        

n-pentane (50 mL)  CH2Cl2 (50 mL)  
CH2Cl2 pH 2  

(50 mL) 

        

1 g Na2SO4  1 g Na2SO4  1 g Na2SO4 

        

n-pentane extract  CH2Cl2 extract  CH2Cl2 pH 2 extract 

        

400 μL SS
***

: chrysene-d12 

and acenaften-d10 
 

400 μL SS
***

: chrysene-d12 

and acenaften-d10 
 

400 μL SS
***

: chrysene-d12 

and acenaften-d10 

        

Evaporation in N2 stream 

to 1 mL 

 
Evaporation in N2 stream to 

1 mL 
 

Evaporation in N2 stream to 

dry 

        

      Methylation 

        

Extract 0.5 mL  Extract 0.5 mL  Extract 0.5 mL 

        

2μL Phenanthrene d-10 

(100 μg mL
-1

) 
 

2μL Phenanthrene d-10 

(100 μg mL
-1

) 
 

2μL Phenanthrene d-10 

(100 μg mL
-1

) 

        

GC/MS  GC/MS  GC/MS 

 
*
TCMX = 2,4,5,6-tetrachloro-m-xylene, 

**
DCBF = decahlorobiphenyl, 

***
SS = surogat standarda 

 

Figure 1. Scheme of WFS preparation procedures by sequential L/L extraction 

 

Sequential L/L extraction (II method) of WFS was performed according to the procedure 

presented in the study of Dsikowitzky et al. [3] with increasing concentrations of individual 

chemicals due to the multicomponent and contamination of offset effluent. Figure 1 

schematically shows the WFS preparation procedures by sequential L/L extraction. To 
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remove suspended solids from WFS, before sequential L/L extraction, 1L WFS was filtered 

through a membrane filtration set with a cellulose nitrate membrane filter (Sartorius Stedim 

Biotech GmbH, Germany) and a vacuum pump (MILIPORE, Germany). The third fraction 

with CH2Cl2 in an acidic medium was subjected to a methylation procedure. Methylation was 

performed according to the procedure of Santos-Delgado et al. [4] as follows: the evaporated 

extract was dissolved in 1 mL of methanol. 250 μL of concentrated sulfuric acid (H2SO4 p.a., 

Merck, Germany) was slowly added to the extract, after which the extract was left in the 

ultrasonic bath for 1 minute. The extract was then heated in a water bath for 12 minutes at 

59
o
C. 6 mL of 2% potassium chloride solution was added to the cooled extract. The esters 

were extracted with 1 mL of hexane, and then 0.5 mL of the extract was separated for GC/MS 

analysis. 

A blank sample (1 L of distilled water) was prepared for each fraction to the same procedure 

as WFS. The dishes were washed with acetone: hexane in a 1: 1 ratio before use. 

Deconvolution Reporting Software (DRS) was used to create the GC/MS organic profile of 

WFS. The Automated Mass Spectral Deconvolution and Identification System (AMDIS) 

software was used to identify organic substances. For more accurate identification, all mass 

spectra obtained with the AMDIS software were compared with the NIST (National Institute 

of Standards and Technology) reference spectra of the database. The presence of an organic 

compound in a WFS sample has been proved if the probability of presence, obtained by using 

AMDIS software and the NIST database, is more than 70%. 

 

Results and discussion 

To obtain profiles with more detected organic substances, a cumulative GC/MS profile of 

both L/L extraction methods with the probability of organic substances presence more than 

70% was determined (Table 1). The cumulative qualitative GC/MS profile of organic 

substances in the WFS indicates that the effluent contains 73 organic substances with a 

probability of presence more than 70% by using AMDIS software and the NIST database. 

 

Table 1. Cumulative GC/MS profile of organic substances in the WFS 

Organic compounds 
I 

method 

II 

method 

AMDIS  

>70% 

NIST  

>70% 

Hydrocarbons     

Tridecen   + + + 

1-heksadecene  + + + 

Eikosan  + + + 

Heneikosane  + + + 

Tetrakosane  + + + 

Heksakosane  + + + 

Heptakosane  + + + 

Oktakosane  + + + 

Skvalene  + + + 

Triakontane  + + + 

Polycyclic Aromatic Hydrocarbons (PAH)     

1-Naphthalenol +  + + 

2-Naphthalenol +  + + 

Phenanthrene +  + + 

Anthracene +  + + 

Alcohols     

Phenylmethanol  + + + 

2-ethyl-1-hexanol + + + + 
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1-undecanol +  + + 

1-dodecanol  + + + 

1-tetradecanol + + + + 

Ethers     

bis (chloromethyl) ether +  + + 

2-Butoxy-ethanol + + + + 

2-(hexyloxy)-ethanol  + + + 

2-phenoxy-ethanol + + + + 

2-(2-methoxyethoxy)-ethanol +  + + 

2-(2-Ethoxyethoxy)-ethanol + + + + 

2-(2-Butoxyethoxy)-ethanol + + + + 

2-[2-(2-Butoxyethoxy) ethoxy]-ethanol + + + + 

1-[2-(2-methoxy-1-methoxyethoxy)-1-

methoxyethoxy]-2-propanol 

 
+ + + 

Ketones     

1-(2,4,6-trimethylphenyl)-ethanone + + + + 

1-Phenyl-1-propanone  + + + 

4-Methyl-3-penten-2-one  + + + 

Phenols     

Phenol  + + + 

2-methoxy-phenol  + + + 

2,6-Diisopropyl-phenol + + + + 

m-tert-butyl-phenol  + + + 

2,4-di-tert-butyl-phenol  + + + 

o-phenyl-phenol +  + + 

Substituted benzenes and benzene derivatives     

1,3,5-trimethyl-benzene  + + + 

1,2,3,5-Tetramethyl-benzene  + + + 

1,3-dimethyl-5-(1-methylethyl)-benzene + + + + 

1,3-bis(1-methylethyl)-benzene  + + + 

1,4-bis(1-methylethyl)-benzene  + + + 

Benzoic acid +  + + 

p-aminotoluene + + + + 

Vanillin  + + + 

Benzoic acid methyl ester  + + + 

Benzoic acid 4-methyl methyl ester  + + + 

Organic acids     

Dodecanoic acid  + + + 

Tertradecanoic acid + + + + 

Hexadecanoic acid + + + + 

Octadecanoic acid + + + + 

Fumaric acid +  + + 

Terephthalic acid +  + + 

Esters     

Octane acid methyl ester  + + + 

Decanoic acid methyl ester  + + + 

Tetradecanoic acid methyl ester  + + + 

Hexadecanoic acid methyl ester  + + + 

Linoleic acid methyl ester  + + + 

9-(Z)-Octadecanoic acid methyl ester + + + + 

Octadecanoic acid methyl ester  + + + 

Phthalic acid dionyl ester +  + + 
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Amides 

1-methyl-1-nitrosourea +  + + 

N-(4-ethoxyphenyl)-acetamide  + + + 

N-butilbenzensulfonamid  + + + 

Organic compounds with nitrogen     

Diazomethane  + + + 

2-ethylpyridine  + + + 

N-butylbenzenesulfonamide +  + + 

Organic compounds with nitrogen and oxygen     

5-chloro-2-methyl-2H-isothiazol-3-one  + + + 

1,3-benzothiazole  + + + 

2-methylthiobenzothiazole  + + + 

Organic compounds with phosphorus     

Tributyl phosphate  + + + 

Amines     

Phenylamine +  + + 

2,6-dimethyl-benzenamine  + + + 

 

Comparison of GC/MS profiles obtained by L/L extraction with one solvent (I method) and 

with three solvents (II method) it was found that sequential L/L extraction (with 58 organic 

compounds) detected 48% more organic substances compared to L/L excretion with 

methylene chloride (with 30 organic compounds). Also, PAH compounds were detected only 

by L/L extraction with methylene chloride, while hydrocarbons and organic compounds with 

nitrogen and oxygen were detected only in sequential L/L extraction. It is concluded that the 

nature of the solvent determines a number and classes of extracted organic compounds. 

 

Conclusion 
The obtained GC/MS profiles show that 48% more organic substances are detected by 

sequential L/L extraction compared to L/L extraction with methylene chloride. Thus, the 

extraction solvent determines the class of organic compounds that will be extracted from the 

WFS. 

When we have a complex effluent such as WFS to obtain a profile with more detected organic 

substances, it is best to determine the cumulative GC/MS profile of both L/L extraction 

methods. 
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Abstract 

In this study, a method for the determination of triclopyr in soil samples has been developed. 

The analyte was extracted with acidified acetonitrile, while the determination and 

quantification of triclopyr were performed by high-performance liquid chromatography 

(HPLC) with a diode array detection. Optimal HPLC-DAD conditions were: mobile phase 

acetonitrile and 0.1% H3PO4 (50:50), the flow rate of 0.9 ml/min, and 220 nm of wavelength. 

In terms of method validation, accuracy (expressed as recovery), linearity, precision (RSD) 

and LOQ were determined. Obtained results for the recovery using this method, at the three 

spiking levels, were 81-93%. Precision, expressed as RSD, was 9.1%, while the LOQ was 

0.01 mg/kg. Therefore, it can be concluded that the proposed method could be applied for the 

analysis of triclopyr residues in the soil samples.  

 

Introduction 

Triclopyr (3,5, 6-trichloro-2-pyridyloxyacetic acid) [1] is an auxin-type, post-emergent 

herbicide, widely used for weed control in pastures, rangelands and non-crop areas (Figure 1). 

After application, it is rapidly absorbed by the foliage and roots and translocated throughout 

the plant, inducing an auxin-type response in susceptible plant species, causing epinastic 

bending and twisting of the stems that result in growth inhibition [2, 3]. Triclopyr has shown 

high efficacy for a wide variety of annual and perennial broadleaf weeds.  

 

 
 

Figure 1. Triclopyr – structural formula  

 

However, with their widespread use in agriculture, the potential adverse effects of their 

residues becoming evident. Due to their intensive use, herbicides fate and their presence in the 

environment become a great concern. 

Due to agricultural activities, residual activity in the soil can result in damage to succeeding 

crops, contamination of water sources by leaching, and toxicity to non‒target organism. 

Triclopyr concentrations remain in the soil after application, are of great concern. Residual 

herbicide may affect the growth of succeeding vegetation and can reach groundwater. The 

trace determination of herbicide residues, generally in environmental samples, presents a 

challenging analytical problem [4].   

In order to evaluate the presence of triclopyr residues in the soil, it is necessary to apply the 

appropriate method. Aim of this study was to develop and validate the method for the 

determination of triclopyr residues in soil.  
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Experimental  

Analytical standard of triclopyr (purity 95%) was purchased from Dr. Ehrenstorfer 

(Augsburg, Germany). Acetonitrile (HPLC grade) and phosphoric acid were provided by J.T. 

Baker (Deventer, The Netherlands), while water was purified by Milli-Q (Millipore, Billerica, 

MA, USA) system. For the extraction, QuEChERS sorbent kits and pouches of salts were 

purchased from the Agilent Technologies (Cat. No. 5982-5650).  

For the method validation blank soil samples were used. Previously, soil samples were 

homogenized, sieved (2 mm) and air-dried at room temperature before their use.  

Triclopyr was extracted from soil by modified QuEChERS method. Ten grams of 

homogenized soil sample in a 50 mL polypropylene tube was enriched with the appropriate 

amount of triclopyr analytical standard. Afterward, 10 mL of acetonitrile was added and hand-

shaken for 1 min. A mixture of buffered salts (4 g MgSO4, 1 g NaCl, 1 g trisodium citrate 

dihydrate and 0.5 g disodium hydrogen citrate sesquehydrate) was added, hand-shaken for 1 

min, vortexed for 1 min, centrifugation at 3000 rpm during 5 minutes.  

A separated acetonitrile layer was filtered through a 0.45 μm nylon filter to an autosampler 

vial and analyzed using HPLC/DAD.  

Validation of the method was performed through the following parameters: linearity, 

accuracy, precision, and limit of quantification (LOQ).  

 

Results and discussion  

For the chromatographic analysis, an Agilent 1100 Series system with DAD detector and 

Zorbax Eclipse XDB-C18 (50 mm × 4.6 mm, 1.8 μm) were used. The mobile phases, 

composed of acetonitrile and 0.1% phosphoric acid (50/50, V/V) were pumped at a flow rate 

of 0.9 ml/min, while wavelength was 220 nm (Figure 2 and 3).  

 

 
Figure 2. HPLC/DAD chromatogram of triclopyr in acetonitrile  

 
Figure 3. HPLC/DAD chromatogram of triclopyr in soil matrix  
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Method for the determination of pesticide residues in soil samples has been validated in 

accordance with SANCO/3029/99 rev.4 11/07/00 [5]. The achieved values completely 

fulfilled the required criteria (Table 1).  

 

Table 2. Analytical parameters for HPLC/DAD determination of triclopyr  

 

Parameter  
Concentration 

interval (µg/ml) 
Slope

a
 

Correlation 

coefficient
a
 

Recovery  

(%)   

LOQ  

(mg/kg)  

 Triclopyr  0.01-120 3.29 0.999 81-93  0.01  
a
Y = ax + b  

 

The QuEChERS method, without purification step, was applied to estimate the effectiveness 

of the method. Obtained results for the recovery using this method, at the three spiking levels, 

was 81-93%. Precision, expressed as relative standard deviation, was 9.1%, while the limit of 

quantification was 0.01 mg/kg.  

All of these parameters meet the SANCO criteria that prescribe yield extraction of 70-110%, 

precision reported as repeatability less than 20%, and quantification limit of at least 0.05 

mg/kg. 

 

Conclusions  

In this study, methods based on reversed-phase liquid chromatography and modified 

QuEChERS method vas validated. The proposed procedure, without cleanup, is more 

practical due to the consumption of less solvent in comparison with the method including 

purification step. According to SANCO criteria, results of all analyzed parameters were 

satisfied, recommending this method for use on real soil samples.  
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Abstract 

Monitoring and controlling of short-term physico-chemical processes frequently require gas 

analyzers with high time resolution. The scope of the present study was to shorten the 

response time of the longitudinal-differential cell-based photoacoustic systems. Finite element 

analysis and visual investigation of the gas flow were used to improve the purge of the gas 

sample through the photoacoustic cell. A diffuser providing quick purging was attached to the 

first buffer of the cell. The optimization of the measurement parameters (including 

temperature, tube materials, flow rate) and the use of the diffuser resulted in a reduced 

response time, which was found to be around 1 second. In addition, response time 

characteristics was determined by measurement of instantaneous injection of analyte. 

 

Introduction 

In-situ and real time gas measurements are essential to detect rapid changes and allow 

continuous optimization of industrial processes. Photoacoustic (PA) spectroscopy-based gas 

measuring systems meet the requirements of process analysis due to their high sensitivity, 

wide dynamic range, robust construction, automatic operation and short response time. The 

typical response time of a PA system is around 2-3 seconds, it is expected that the scope of 

applications can be extended by improving response time of the analyzers [1-2]. 

 

Experimental 

Response time measurement 

NO, NO2 and N2 gases were used for the measurement of response time. Figure 1. shows the 

experimental setup. The gas flows were continuously 3 l/min. A four-way switching valve 

generated Heaviside function like concentration changes (NO-N2 and NO2-N2). The materials, 

length and temperature of the pipe between the four-way switching valve and the 

photoacoustic chamber were changed to measure their effect on the response time. The PA 

chamber with and without diffuser were measured. The needle valve was set to maintain 1 

l/min gas flow. The gas was drawn by a membrane pump. The NO gas was measured with the 

addition of water vapor. The NO gas was measured with QCL and NO2 gas was measured 

with diode lasers. 
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Figure. 1. Response time measurement system 

 

Transfer function measurement 

NO and N2 gases were used for the measurement the transfer function. The gas flows were 

continuously 2 l/min. 0.5 ml and then 0.25 ml NO (157 ppm in N2) gas were injected in the N2 

flow through a membrane with a Hamilton syringe (Figure 2.). The needle valve was set to 

maintain 1 l/min gas flow. The gas was drawn by a membrane pump. The NO gas was 

measured with the addition of water vapor. The NO gas was measured with QCL lasers. 

 
Figure. 2. Measurement system for determination of the transfer function 

 

Results and discussion 

Finite element analysis and visual investigation of the gas flow indicated that in the 

longitudinal-differential PA cell the purge of the gas sample is limited. Therefore, a diffuser 

allowing quicker purging was attached to the first buffer of the cell. Response time 

measurements of a PA system with longitudinal-differential cell (with and without diffuser) 
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were performed with nitrogen monoxide (NO) and nitrogen dioxide (NO2). Results showed 

that the diffuser reduces the response time on average by 35%. Furthermore, several factors 

influencing the response time were investigated (e.g. material of the cell and pipes, 

temperature, flow rate etc.). For NO and NO2 measurement, heated polytetrafluoroethylene 

(PTFE) pipe was found to have the lowest response time. In case of NO and NO2 

measurement it is also important to operate the PA cell at elevated temperature, the optimal 

temperature was found to be 80°C. Moreover, the most important parameter is the flow rate of 

the gas sampling, which is highly limited by the PA cell, because above a certain flow rate the 

flow becomes turbulent resulting in rapidly decreasing signal-to-noise-ratio. It was found that 

the present system can be operated with a flow rate up to 1 liter/min, which in combination 

with the low volume of the cell results in short rinse time [3]. The optimization of these 

parameters and the use of the diffuser resulted in a reduced response time, which was found to 

be around 1 second. The efficiency of the diffuser was investigated by a finite element 

modelling performed in COMSOL Multiphysics 5.3. The results of the model proved 

efficiency of the diffuser. Figure 3. shows the streamlines of a PA cell without diffuser (a) and 

with diffuser (b). 

 
Figure. 3. Streamlines (a) PA cell without diffuser (b) PA cell with diffuser 

In addition, the transfer function of the system can be calculated based on response time 

characteristics. If the transfer function of the system is known and the response of the system 

is measured, then convolution based analysis can be used to study real-time physico-chemical 

processes affecting the response time (e.g. adsorption-desorption). 
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Response time characteristics was determined by measurement of instantaneous injection of 

analyte. The results (Fig. 4.) clearly show that the response of the system extended. Our 

further aim is to develop a system theory based method that allows the calculation of the 

concentration changes occurring at the inlet of the PA system with a time resolution below the 

response time of the system. 

 

Conclusion 

The PA system response time was reduced to 1 second. The influencing factors of response 

time were defined. A method was designed to determine the transfer function of the system 

and the first measurement was made. 
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