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Abstract 

In biomass utilization technologies enzymatic hydrolysis and fermentation processes are widely 

used. Development of rapid and non-destructive measurement methods is needed to detect the 

enzymatic biodegradation of cellulosic biomass, for instance. In our researches the applicability 

of dielectric measurement methods was investigated for the monitoring the efficiency of 

enzymatic hydrolysis of Cobex (corn cob) biomass. The dielectric behavior of the Cobex 

suspensions and fermentation broth was characterized by the dielectric constant and dielectric 

loss factor, measured at a frequency range from 200 to 2400 MHz. The dielectric parameters 

were also determined during the ethanol fermentation process of the preliminary hydrolyzed 

biomass. Our results verified, that the dielectric parameters in the frequency range of 200-100 

MHz are sensitive to the chemical changes occurred during the enzymatic hydrolysis of 

cellulose contented biomass, and, as well as to the presence of ethanol component in the 

fermentation broth. There was found good correlation of dielectric constant (at frequency range 

from 300 to 900 MHz) with the concentration of reducing sugars (produced in enzymatic 

hydrolysis), and the dielectric constant and dielectric loss factor (determined at the frequency 

of 300 MHz) with the ethanol concentration. 

 

Introduction  

The dielectric properties of biomaterials and biosystems have been investigated for decades to 

make possible the appropriate planning and design of processing equipment operating at 

microwave and radio frequencies. Dielectric constant (eô) measures the ability of materials for 

storage of energy in electric field; dielectric loss factor (eôô) corresponds with the energy 

dissipation of materials. Open-ended coaxial line sensors connected to vector network analysers 

are commonly used for the measurement of the dielectric properties and dielectric behaviour of 

materials at wide frequency ranges [1].  

Dielectric properties are responsible for the materials-electromagnetic field, distribution of 

electromagnetic field inside of the materials [2]. In high water contented material the dielectric 

constant decreases with frequency, if polar molecules can follow the polarity change of the 

electromagnetic field. Nevertheless, over a critical frequency value, phase lag occurs between 

the dipole rotation and the change of the polarity of electric field. The two main dielectric loss 

mechanisms can be the dipole rotation and ionic conduction, depending on the applied 

frequency and the compounds of the system. Considering the frequency range of microwave 

heating should be noted that ionic conduction plays crucial role in heating efficiency at 915 

MHz [3]. But, depending on the temperature and the components of the system, both the dipolar 

mechanisms and ionic conduction have also effect on the dielectric behaviour and thermal 

efficiency of microwave irradiation at the frequency of 2450 MHz [4]. 

In high water contented medium the dielectric parameters of water determined mainly the 

dielectric behaviour of the system [5]. The temperature has also effect on dielectric behaviour. 
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In polar dispersion region, the dielectric constant increases as temperature increases, but at other 

frequency ranges an opposite tendency can be found. In the frequency range of 300-3000 MHz 

the temperature increment cause the decreasing of dielectric constant, because the higher 

thermal energy makes difficult for dipolar components to align with the polarity change of 

electric field [1]. Considering the effects of water content on dielectric parameters, it can be 

concluded that the bound water contributed less in the dielectric behaviour of the materials, 

than the free water content. Free water molecules - as polar components - can orient easier in 

varying polarity electromagnetic field. Increase of the concentration of ionic components led to 

decrease of dielectric constant and increase of dielectric loss factor, because the dissolved salts 

are conductors in electric field [6]. The increase of water content in suspensions decrease the 

viscosity, and, therefore the óbindingô forces playing role in ionic conduction mechanisms are 

decreased [7]. 

One of the most important key compounds produced in enzymatic hydrolysis of lignocellulosic 

biomass is the glucose. Measurement of the glucose concentration enables to monitor the 

cellulose degradation process due to chemical, thermochemical and enzymatic processes, 

respectively. In glucose and sucrose contented solution has been verified, that relative 

permittivity decreased as the concentration increases. But, if salts are present in the solution 

generalized tendencies cannot be given at the frequencies higher than 200 MHz [4]. Beside the 

detection of chemical changes, the biological changes of materials can be monitored by 

dielectric measurements. Zhu et al. [8] verified that bacterial growth increases the capacitance 

of milk samples that led to increased dielectric constant. If microorganisms can decompose the 

macromolecules into lower molecular weight products the conductivity of the medium 

increases, therefore, at radio frequency ranges, the dielectric loss is influenced mainly by ionic 

conduction. Kouzai et al. [9] developed waveguide penetration method to determine the 

dielectric behaviour of fermentation broth. They verified, that the decrease of glucose 

concentration and the increase of ethanol concentration are correlated well with the complex 

permittivity. Arnoux et al. [10] used the permittivity to monitor the biomass production in lactic 

acid fermentation process. Olmi et al. [11] applied dielectric measurement method for on-line 

detection of the efficiency of sugar/alcohol conversion and carbon dioxide production in beer 

fermentation process. 

The main objective of our work was to investigate the applicability of dielectric parameters for 

the detection of the efficiency of enzymatic hydrolysis and fermentation of cellulosic biomass. 

 

Experimental 

Dielectric constant (eô) and dielectric loss factor (eò) are measured at frequency range from 200 

to 2400 MHz by open-ended coaxial-line probe (SPEAG DAK 3.5), connected to a vector 

network analyzer (ZVL-3 VNA, Rhode&Schwarz). Samples were measured in 

polytetrafluoroethylene (PTFE) tube container (diameter of 30 mm, volume of 35 mL). 

Immersion depth of DAK probe was 10 mm, temperature of samples was controlled at 25ÁC by 

water bath. The averaged dielectric parameters were calculated from 30 measuring points. 

Corn cob residues (COBEX F12/30) was used as raw material for the enzymatic hydrolysis 

tests, which has an average particle size of 840 mm, moisture content of 7.3 w%, and cellulose 

and hemicellulose content of 32.1% and 37.3%, respectively. For the 7 days enzymatic 

hydrolysis tests Cellic CTEC2 (Novozymes) industrial enzyme blend (with cellulase, ɓ-

glucosidase and hemicellulose activities) was used at the temperature of 40ÁC and pH of 4.8 

using 3.5 w% TS contented Cobex suspensions. For the ethanolic fermentation stage 

commercial Saccharomyces cerevisie was applied in 0.5 w% concentration. For the enzymatic 

hydrolysis and fermentation experiments Labfors Minifors (Infors) bioreactors were used.  
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The cellulose degradation was characterized by the concentration of reducing sugars measured 

by DNSA method. Ethanol concentration of the fermentation broth was measured based on 

refraction index, after distillation. Beside the non treated Cobex samples (Cont.), alkaline (Alk.) 

pre-treatment (dosage of 50 mg/gTS NaOH) and microwave (MW) pretreatment (100 mL of 

suspension with MW power of 500 W for 4 minutes at 2450 MHz frequency) were also applied 

before the enzymatic hydrolysis to increase the biodegradability of the biomass. 

 

Results and discussion 

In the first series of our experiments, the dielectric behavior of non-treated (Cont.)  alkaline 

(Alk.) and microwave (MW) pretreated biomass was investigated as the change of dielectric 

constant as the function of measuring frequencies. Our results show, that partial decomposing 

of cellulose fraction due to microwave pre-treatment resulted in the decreased dielectric 

constant, compare to the control sample. However, the dosage of NaOH increased the dielectric 

constant of Cobex suspension (Figure 1.). This increment is caused mainly by the strengthening 

of ionic conduction mechanisms [4]. For a given sample, the dielectric constant decreases as 

the hydrolysis time increased. These establishments are in a good agreement with the literature: 

in the biomass pre-treatment step, and/or the enzymatic hydrolysis process the macromolecules 

decompose to smaller molecular weight components, which can be polarized easier in the 

electric field [9]. This effect can be manifested in the decrease of dielectric constant. 

 

 
 

Figure 1. Dielectric constant of enzimatically hydrolized samples in the frequency range of 

200-2400 MHz (t=25ϲC) (ādó denotes the days of enzymatic hidrolysis) 

 

Our research aimed the investigation of the relationship between the dielectric parameteres and 

the degree of celluose hydrolysis. The cellulose degradation was characterized by the change 

of the concentration of reducing sugars (RS). The experimental results show a good correlation 

of dielectric constant at lower frequencies with the concentration of reducing sugars. At 

frequencies of 300 MHz and 900 MHz the relationship can be given by quadratic or linear 

equation for alkaline pre-treated (Alk.), or control (Cont.) sample, respectively (Figure 2.).  
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Figure 2. Correlation between dielectric constant and the concentration of reducing sugars 

 

Olmi et al. [11] found a good correlation between the dielectric loss factor and ethanol 

concentration in a four steps beer fermentation process. Therefore, measurements were 

conducted to examine the dielectric parameters during the ethanol fermentation of hydrolized 

corn cob biomass.  

It was verified that the sugar/ethanol conversion (production of ethanol from sugary by yeast 

fermentation) can be detected by the dielectric parameters. At the measuring frequency of 300 

MHz a good correlation was found between the ethanol concentration and dielectric constant 

and dielectric loss factor, as well (Figure 3.). 

 

 
 

Figure 3.Change of dielectric constant and dielectric loss factor as a function of ethanol 

concentration (f=300 MHz, t=25ϲC) 
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Conclusion 

The main aim of our research was to investigate the relationship between the dielectric 

parameters and conventionally used analytical parameters in the biological utilization of 

cellulosic biomass.  

Our results show that the reducing sugar yield in the enzymatic hydrolysis process was in a 

good correlation with the dielectric constant determined at lower frequency range.  

In fermentation process, the sugar/ethanol conversion rate can be detected by the measurement 

of dielectric constant and dielectric loss factor, as well.  

These results verified the applicability and usability of dielectric measurements, as a non-

destructive, chemical-free and rapid method, for the monitoring of enzymatic hydrolysis of 

cellulosic biomass and ethanol fermentation process, as well. 
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Abstract 

Direct liquid fuel cells (DMFCs)  are very appealing alternatives for fighting climate change, 

particularly in the field of personal mobility solutions. However, DMFCs also have some 

serious competitive disadvantages, like the high cost of the noble metal catalysts, the difficulties 

of the catalyst application, and the poisoning of the catalyst due to carbon monoxide formation. 

Here we demonstrate that depositing platinum on TiO2 by atomic layer deposition (ALD) is an 

easy, reproducible method for the synthesis of TiO2-supported platinum catalyst for methanol 

oxidation with excelent anti CO poisoning properties. 

 

In troduction 

Direct liquid fuel cells (DMFCs) enjoy increasing scientific attention today due to their low 

working temperature, high power density, and compact size. The most universally used 

catalysts in DLFCs today are platinum and platinum group metals. Despite of its drawbacks, 

platinum shows excellent electrocatalytic properties in most fuel cells. It is the most used 

catalyst for both the cathodic side as oxygen reduction reaction (ORR) and the anodic side as 

hydrogen oxidation reaction (HOR) or methanol oxidation reaction (MOR) catalyst. However, 

during the last process, carbon monoxide forms as an intermediate that can have serious 

negative effects on the performance of the catalyst due to the strong CO-Pt interactions. 

Transition metal oxides, including titanium oxides, are widely used as catalyst support materials 

due to their high surface area and excellent chemical stability. In MOR metal oxides also help 

the oxidation of carbon monoxide and reduce anode catalyst poisoning. One of the main 

setbacks of the oxides is their low electrical conductivity, especially compared to the other 

supporting materials used in fuel cells, such as carbon structures or metal foams [1],[2],[3],[4] 

 

Experimental 

Working electrodes were synthesised by atomic layer deposition, depositing a titanium dioxide 

layer and platinum nanoparticles on AvCarb P75 carbon paper support. The Beneq TFS 200 

ALD equipment was used during the process. To prepare the electrode, first 25 cycles of TiO2, 

then 20 cycles of platinum were deposited on the same GDL (25c TiO2 & 20c Pt). For 

comparison, we also prepared carbon paper/Pt nanoparticle electrodes without the underlying 

titanium dioxide layer (20c Pt). Before and after the synthesis the weight of the carbon paper 

was measured to calculate the weight of the deposited materials. The TiO2 loading was 0.019 

mg cm-2, while the platinum loadings were 0.277 and 0.116 mg cm-2 in 20c Pt and 20c Pt & 

25c TiO2 catalysts, respectively. 

The as-synthesized catalysts were characterized by transmission electron microscopy. A FEI 

Tecnai G2 20 X-Twin microscope was used. The crystal structure of the electrodes was 

analyzed by powder X-ray diffraction measurements (XRD). The Cu KŬ radiation was 

generated by a Philips PW1830 X-ray generator operating at 40 kV.  
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The electrochemical measurements were conducted in a custom made three-electrode PTFE 

cell using an ACM Instruments Gill AC potentiostat at room temperature. ALD modified 

AvCarb P75 carbon papers were used as working electrodes, while Ag/AgCl (3 M NaCl) and 

Pt wire were utilized as reference and counter electrodes, respectively. The two halves of the 

cell were separated by a glass frit. During the measurements 0.5 M sulphuric acid and 0.5 M 

sulphuric acid + 0.5 M methanol were used as electrolytes. The electrochemical properties of 

the ALD modified electrodes were examined by cyclic voltammetry between 0 and 1200 mV 

vs RHE at a sweep rate of 10 mV s-1. The electrochemical surface area (ECSA) of the catalysts 

was calculated from the hydrogen adsorption/desorption region of the obtained voltammograms 

by the following equation: 

 

ὉὅὛὃ ά Ὣ
ὗὬ άὅὧά

πȢςράὅ ὧά ὡz άὫὧά
ρzπ 

 

Here, Qh is the charge calculated from the Hdes region of the voltammogram, while the 0.21 

represents a charge required to oxidize a monolayer of hydrogen adsorbed on Pt and the WPt is 

the loading of platinum [5],[6]. The methanol oxidising properties and the CO tolerance of the 

electrode were evaluated from the CV measured in the methanol containing electrolyte by 

comparing the ratio of the peak current during the forward (if) and the backward (ib) scan. It is 

generally accepted that the ratio of these peaks is correlated with the tolerance of the catalyst to 

carbonaceous species. An increase in the if/ib ratio means enhanced CO oxidation properties of 

the catalyst [7]. 

 

Results and discussion 

As can be seen in Fig 1.(a,b) platinum nanoparticles are well distributed on the surface of the 

carbon support, while only fewer nanoparticles formed in the titanium dioxide containing gas 

diffusion electrode. The average particle sizes were 3.2 nm, and 2.4 nm in 20c Pt and 25c TiO2 

& 20c Pt catalysts, respectively. The difference in particle size could be attributed to the 

difference of the surface energy, and consequently, the wettability of the carbon and TiO2 

covered carbon supports. The smaller particle size implies higher surface area, which in turn 

means more active sites for methanol oxidation. 

 

 
 

Figure 1.:  TEM images(a,b) and the characteristic XRD patterns of the ALD synthesised 20c 

Pt and 25c TiO2 & 20c Pt catalysts 

Fig 1.(c) shows the XRD patterns of the ALD-synthesised electrodes. In the case of 20c Pt 

electrode, the two reflections at 39.5 ̄and 44.4̄ correspond to the platinum (111) and (200) 

planes. In the case of the titanate containing electrode, the reflections of platinum are broadened 
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because of the smaller particle size. In bare carbon paper, the two reflections are attributed to 

the (100) and (101) planes of the graphite content of the carbon fibre GDL. 

 

The electrocatalytic properties of the ALD-synthesised electrodes were investigated by cyclic 

voltammetry (CV). The hydrogen adsorption/desorption region is visible between 0 and 0.4 V 

(vs. RHE) in Fig 2. (a).  

 

 
Figure 2.: The cyclic voltammograms measured in 0.5 M H2SO4 (a) and 0.5 M methanol / 0.5 

M H2SO4 electrolytes (b), the elec-trochemically active surface area (c) and the mass activity 

(d) of the ALD synthesised catalysts compared to the drop-casted platinum nanoparticle 

catalysts 

The electrochemical surface area was calculated as 55.35 and 80.05 m2 gPtī1 for the 20c Pt and 

25c TiO2 + 20c Pt catalysts, respectively. The methanol oxidation properties of the electrodes 

were evaluated by measuring cyclic voltammograms in 0.5 M sulphuric acid/0.5 M methanol 

electrolyte. The higher the if/ib ratio (i.e., the ratio of the peak current of the forward (if) and 

backward (ib) scan), the more efficient the oxidation of methanol to CO2, which means less 

carbonaceous species accumulation on the surface of the catalyst [8].  

 

Conclusion 

Atomic layer deposition is a suitable method to synthesize well-distributed platinum 

nanoparticles on carbon paper and titanate covered carbon paper supports, where both the 

platinum and TiO2 were synthesised by ALD. The morphology and the crystal structure of the 

as-prepared electrodes were characterised and the electrocatalytic methanol oxidation activity 

was evaluated. This yielded platinum nanoparticles with high electrochemical surface area and 

mass activity with the use of titanate covered carbon paper GDL support. The mass activity of 

the new catalyst exceeded that of the reference Pt catalyst obtained by traditional wet chemistry 
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by one order of magnitude. Moreover, the increased if/ib ratio leads to better methanol oxidation 

properties and renders the reported preparation method a promising alternative for creating 

poisoning tolerant anode catalysts in DMFCs. 
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The chiral separation of biologically active compounds, in the case of the synthesis of 

enantiomerically pure drugs, is a particularly important application area of HPLC in 

pharmaceutical analysis. Ç-Amino lactones and Ç-amino amides are pharmaceutically important 

molecules for several reasons. For example, water-soluble derivatives of the Ç-amino lactones 

can exhibit cytotoxic activity through a prodrug mechanism for different human cancer cell 

lines [1].  Ç-Amino amides are well-known subunits of biologically-important compounds such 

as bestatin, a potent aminopeptidase B, which is quite useful in the treatment of cancer through 

its ability to enhance the cytotoxic activity of known antitumor agents [2] 

In this study, the separation of enantiomers of isopulegol-based Ç-amino lactones and Ç-amino 

amides was studied on seven covalently immobilized polysaccharide-based chiral stationary 

phases. The separation of the stereoisomers was optimized by investigating the effects of the 

composition of the bulk solvent and the influence of the temperature on the chromatographic 

behavior. Since the enantiorecognition mechanisms of the polysaccharide-based selectors are 

not entirely known [3], the elution orders of the enantiomers cannot be predicted. Therefore, 

during our work, close and thoughtful attention was paid to the elution sequences. In addition, 

the relationships between the compoundôs structure and the chromatographic parameters were 

also investigated. Experiments were performed in the temperature range 10ï50 ÁC and 

thermodynamic parameters were calculated from plots of lnŬ versus 1/T. The separations were 

generally enthalpy-controlled, but entropy-controlled separation was also observed. Our results 

contribute to a better understanding of the enantiorecognition mechanism of polysaccharide-

based chiral stationary phases.  
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Abstract 

This study investigated the removal of phosphate (PO4
3-) from disodium hydrogen phosphate 

(Na2HPO4) solution using Iron-loaded pomegranate peel (IL-PP) as a bio-adsorbent. The full 

factorial design using Minitab19 software was applied to analyze the effects of influencing 

parameters and their interactions and derive the equation that adequately describe PO4
3- removal  

by IL-PP. Effective PO4
3- removal up to 90% was achieved within 60 min, at pH 9 and 25 ÁC 

temperature using a 150 mg dose of IL-PP.  

 

Introduction  

Excess release of phosphorus is the main culprit for the eutrophication of freshwater and marine 

ecosystems [1]. Furthermore, phosphorus which is a critical element for plant growth is threaten 

by exhaustion [2]. Therefore the recovery of phosphate from wastewater is highly required 

protect the ecosystem and sustain the environment. Biosorption process using agricultural and 

food waste (AFW) presents several advantages such as simplicity, cost-effectiveness, and wide 

availability of potential bio-adsorbents that can be further applied to soil as fertilizer after 

adsorption of phosphate. 

Pomegranate peel (PP) is among the widely abundant AFW [3]. Valorization of PP as bio-

adsorbent for heavy metals, dyes and other contaminants removal was investigated in several 

studies and it showed promising adsorptive characteristics in both raw and activated forms or 

even as active carbon [4ï6]. The present study investigated the efficiency of IL-PP at PO4
3- 

removal from Na2HPO4 model solution using factorial design methodology in order to prove 

the performance of IL-PP as an alternative to conventional phosphate adsorbents. 

 

Experimental 

PO4
3ī removal rate was calculated as follows: 

ἠἭἵἷἾἩἴ Ϸ  
ἍἱἍἮ

Ἅἱ
Ȣ     

Where # (mgĿLī1) and # (mgĿLī1) are the initial and final PO4-P concentrations, 

respectively. 

23 full factorial design was used to evaluate the effect of pH, adsorbent dose, temperature and 

their interactions on PO4
3- removal by IL-PP. Factorial design plots such as plots for the main 

effects and interactions, Pareto chart, and normal plot for the standardized effects describe how 

the effect of one factor varies with the level of the other factors. This technique investigates all 

possible combinations and verifies the accuracy of the obtained mathematical model through 

the analysis of variance (ANOVA) to achieve optimum removal of PO4
3ī. Parameters such as 

initial PO4-P concentration (40 mg.L-1), contact time (60 min) and stirring speed (150 rpm) 

were kept constant and the three factors pH, adsorbent dose, and temperature of solution were 

varied at two levels as given in (Table 1). A centre point was duplicated and added to matrix in 

order to verify the curvature of the studied model. 
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Table 1. Factors and levels used in the factorial design for PO4
3- removal by IL-PP 

Factor Symbol Low level (-1) High level (+1) Centre point (0, 0, 0) 

pH 

Adsorbent dose 

Temperature 

A 

B 

C 

3 

100 

25 

9 

150 

45 

6 

125 

35 

 

Results and discussion 

The mean of the experimental results for the respective high and low levels of pH, adsorbent 

dose and temperature are shown in Figure 1. 

 

 
Figure 1. Cube plots for PO4

3- removal by IL-PP 

Table 2 presents the main effects and interactions, model coefficients, standard deviation of 

each coefficient, standard errors, Fisher test value (F-value), and probability value (P-value).  

Table 2. Estimated effects and coefficients for PO4
3- removal by IL-PP 

Term Effect Coef SE coef t-value p-value VIF 

Constant  71.195 0.125 569.56 0.001  

pH (A) 12.650 6.325 0.125 50.60 0.013 1.00 

Adsorbent dose (B) 32.565 16.282 0.125 130.26 0.005 1.00 

Temperature (C) 5.440 2.720 0.125 21.76 0.029 1.00 

A*B ī6.855 ī3.428 0.125 ī27.42 0.023 1.00 

A*C ī1.480 ī0.740 0.125 ī5.92 0.107 1.00 

B*C ī2.145 ī1.072 0.125 ī8.58 0.074 1.00 

A*B*C ī1.065 ī0.533 0.125 ī4.26 0.147 1.00 

Ct Pt  0.055 0.280 0.2 0.876 1.00 

S 0.135015 

R2 100.00% 

R2 (Adj) 99.96% 

 

The effects of pH (A), adsorbent dose (B), temperature (C), and the interaction (A*B) were 

significant at a 5% probability level (P < 0.05). However the effects of interactions (A*C), (B 

*C) and (A*B *C) were not significant (P > 0.05). Furthermore, the adjusted square correlation 

coefficient R2 (adj) had a value of 99.96%, which indicates that the presented model perfectly 

fit the statistical model [7].  

In this way, PO4
3- removal by IL-PP could be expressed using Eq. (1). 
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0ÈÏÓÐÈÁÔÅ ÒÅÍÏÖÁÌϷ χρȢρωυφȢσςυ ὃ ρφȢςψς ὄ ςȢχςπ ὅ σȢτςψ ὃϽὄ
πȢχτπ ὃϽὅ ρȢπχς ὄ Ͻὅ πȢυσσ ὃϽὄϽὅ πȢπυυ ὅὸ ὖὸ                                           (1) 

where: A (pH), B (adsorbent dose), C (temperature), AB, AC and BC (their 2- way interaction) 

and ABC (their 3-way interaction). (3< pH <9, 100 mg< Adsorbent dose < 150 mg, 25 ÁC < 

temperature < 45ÁC). 

ANOVA was performed to investigate the significance of parameters affecting PO4
3ī removal 

to ensure the accuracy of the model. Table 3 presents the sum of the squares used to estimate 

the effect of factors, the F-ratio (i.e., the ratio of individual mean square effects to the mean 

square error) and the P-value (i.e., the level of significance leading to the rejection of the null 

hypothesis). The results showed are in accordance with the estimated effects shown in Table 2 

and thus confirm the accuracy of the factorial design model. 

Table 3. ANOVA for PO4
3- removal by IL-PP 

Source DF Adj SS Adj MS F-Value P-Value 

Model 8 2610.03 1118,32 2610.03 0.015 

Linear 3 2500.19 2499.60 6667.18 0.009 

pH (A) 1 320.05 959.50 2560.36 0.013 

Adsorbent dose (B) 1 2120.96 6361.90 16967.67 0.005 

Temperature (C) 1 59.19 177.40 473.50 0.029 

2-Way Interactions 3 107.56 107.54 286.84 0.043 

A*B 1 93.98 281.88 751.86 0.023 

A*C 1 4.38 13.13 35.05 0.107 

B*C 1 9.20 27.63 73.62 0.074 

3-Way Interactions 1 2.27 6.77 18.15 0.147 

A*B*C 1 2.27 6.77 18.15 0.147 

Curvature 1 0.00 0.00 0.04 0.876 

Error 1 0.13 0.02   

Total 9 2610.15    

 

Figure 2 shows the main effects of each parameter on PO4
3ī removal by IL-PP and thus helps 

to identify which parameters affect the response variable the most. A larger deviation is 

synonymous with a large effect [8]. Accordingly, adsorbent dose appears to have the greater 

effect on PO4
3- removal by IL-PP, followed by pH and then temperature that has a negligible 

effect.  

 
Figure 2. Main effects plot for PO4

3- removal by IL-PP 
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Figure 3 plots the interactions of the studied parameters. If the interaction lines are not parallel, 

this implies that the interaction has a strong effect, whereas parallel interaction lines indicate a 

weak effect Interpretation of interaction plot implies that if the interactions lines are not parallel, 

the interaction under control is strong and vice versa [9]. The most important interaction for 

PO4
3ī removal by IL-PP appears to be (pH Ĭ adsorbent dose), followed by (adsorbent dose Ĭ 

temperature). The least important interaction was (pH Ĭ temperature), which had almost parallel 

interaction lines.  

 
Figure 3. Interaction plot for PO4

3- removal by IL-PP 

A Pareto chart can be used to evaluate the significance of effects on the basis of how much they 

exceed the reference line [10]. Figure 4 shows that (A), (B), their interaction (AB), and (C) had 

a significant effect because their values exceeded that of the reference line (12.7, in red). 

However, the effects of interactions  (B Ĭ C), (A Ĭ C) and (A Ĭ B Ĭ C) are not significant as 

their values didnôt exceed the red line.  

Figure 4. Pareto chart of the standardized effects for PO4
3- removal by IL-PP 

The results of 23 factorial design have showed that pH (A), adsorbent dose (B), their interaction 

(AB), and temperature (C) are the factors with significant effect on the PO4
3- removal from 

Na2HPO4 solution using IL-PP. On the other hand, the effect of temperature between high and 

low level was very weak and tends to be negligible (0.25%) when using optimum pH (9) and 

adsorbent dose (150 mg), therefore for technical and cost-effectivity reasons, a reduced model 

that take in consideration only the significant factors and neglect temperature is suggested. The 
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new model is 22 factorial model with two factors (pH and adsorbent dose) at two levels and can 

be described using Eq. (2): 

0ÈÏÓÐÈÁÔÅ ÒÅÍÏÖÁÌϷ χρȢρωφȢσσ ὃ ρφȢςψ ὄ σȢτσ ὃϽὄ πȢπφ ὅὸ ὖὸ              (2) 

 

Conclusion 

The efficiency of IL-PP to remove PO4
3- from aqueous solution was evaluated in this study. 

Results introduce IL-PP as an efficient bio-adsorbent which could be used in a green technology 

for wastewater treatment, waste biomass management and phosphate recovery.  

 

Acknowledgements 

Thanks the support of the J§nos Bolyai Research Scholarship of the Hungarian Academy of 

Sciences (BO/00576/20/4, (BO/00161/21/4) and the New National Excellence Program of the 

Ministry of Human Capacities UNKP-21-5-550-SZTE). 

 

References 

[1] H. Bacelo, A.M.A. Pintor, S.C.R. Santos, R.A.R. Boaventura, C.M.S. Botelho, 

Performance and prospects of different adsorbents for phosphorus uptake and recovery 

from water, Chem. Eng. J. 381 (2019) 122566. 

https://doi.org/10.1016/j.cej.2019.122566. 

[2] P.M. Melia, A.B. Cundy, S.P. Sohi, P.S. Hooda, R. Busquets, Chemosphere Trends in 

the recovery of phosphorus in bioavailable forms from wastewater, Chemosphere. 186 

(2017) 381ï395. https://doi.org/10.1016/j.chemosphere.2017.07.089. 

[3] N.H. Solangi, J. Kumar, S.A. Mazari, S. Ahmed, N. Fatima, N.M. Mujawar, 

Development of fruit waste derived bio-adsorbents for wastewater treatment: A review, 

J. Hazard. Mater. 416 (2021) 125848. https://doi.org/10.1016/j.jhazmat.2021.125848. 

[4] S. Ben-Ali, I. Jaouali, S. Souissi-Najar, A. Ouederni, Characterization and adsorption 

capacity of raw pomegranate peel biosorbent for copper removal, J. Clean. Prod. 142 

(2016) 3809ï3821. https://doi.org/10.1016/j.jclepro.2016.10.081. 

[5] F. G¿zel, ¥. Aksoy, G. Akkaya, Application of Pomegranate (Punica granatum) Pulp as 

a New Biosorbent for the Removal of a Model Basic Dye (Methylene Blue), World Appl. 

Sci. J. 20 (2012) 965ï975. https://doi.org/10.5829/idosi.wasj.2012.20.07.1609. 

[6] M. Afsharnia, M. Saeidi, A. Zarei, M.R. Narooie, H. Biglari, Phenol Removal from 

Aqueous Environment by Adsorption onto Pomegranate Peel Carbon Mojtaba, Electron. 

Physician. 8 (2016) 3248ï3256. https://doi.org/10.19082/3248. 

[7] F. Geyiki, H. B¿y¿kg¿ngºr, Factorial experimental design for adsorption silver ions 

from water onto montmorillonite, Acta Geodyn. Geomater. 10 (2013) 363ï370. 

https://doi.org/10.13168/AGG.2013.0035. 

[8] A.K. Hegazy, N.T. Abdel-Ghani, G.A. El-Chaghaby, Adsorption of phenol onto 

activated carbon from Rhazya stricta : determination of the optimal experimental 

parameters using factorial design, Appl. Water Sci. (2013). 

https://doi.org/10.1007/s13201-013-0143-9. 

[9] S. Mtaallah, I. Marzouk, B. Hamrouni, Factorial experimental design applied to 

adsorption of cadmium on activated alumina Salma Mtaallah , Ikhlass Marzouk and 

B®chir Hamrouni, Jounal Water Reuse Desalin. 08 (2018) 76ï85. 

https://doi.org/10.2166/wrd.2017.112. 

[10] A. Regti, A. El Kassimi, M.R. Laamari, M. El Haddad, Competitive adsorption and 

optimization of binary mixture of textile dyes: A factorial design analysis, J. Assoc. Arab 

Univ. Basic Appl. Sci. 24 (2017) 1ï9. https://doi.org/10.1016/j.jaubas.2016.07.005.  

  



27th International Symposium on Analytical and Environmental Problems 

 
20 

 

PASSIVE SAMPLING FOR PESTICIDES AND PAHs IN THE SIMONA PROJECT  

 

M§ria Mºrtl, Eszter Tak§cs, Andr§s Sz®k§cs 

 

Agro-Environmental Research Centre, Institute of Environmental Sciences, Hungarian 

University of Agriculture and Life Sciences (MATE), H-1022 Budapest, Herman Ott· u. 15, 

Hungary 

e-mail: Mortl.Maria@uni-mate.hu 

 

Abstract 

Passive samplers (solid phase extraction, SPE disks and Polar Organic Chemical Integrative 

Sampler, POCIS) were tested to monitor 85 pesticides (including glyphosate and 

aminomethylphosphonic acid, AMPA), 19 polycyclicaromatic hydrocarbons (PAH) 

components, metals in the Drava river. Among pesticides the time weighted average 

concentrations of terbuthylazine, S-metolachlor and tebuconazole were the highest. Some 

chlorophenoxy acids (2,4-D, mecoprop-P and MCPA) also appeared at lower levels. Bentazone, 

DEET and diuron were detected in all samples at low levels. Among the 19 PAHs phenanthrene 

occurred at the highest concentrations, but fluoranthene, pyrene and naphthalenes also 

contributed to the total PAH concentration. In the case of the POCIS sampler selective for 

glyphosate and AMPA, the levels of AMPA metabolite exceeded significantly that of the parent 

herbicide compound. 

 

Introduction  

In the frame of project SIMONA (DTP2-093-2.1) entitled ñSediment-quality Information, 

Monitoring and Assessment System to support transnational cooperation for joint Danube Basin 

water managementò [1], development and test of a monitoring system was carried out in one of 

the test areas of the Drava River Basin (at Barcs) in 2020-2021. The project, proceeding with 

the participation of 17 full partners and 13 associated partners from 14 countries, aims to 

respond to the current demand for effective and comparable measurements and assessments of 

sediment quality in surface waters in the Danube river basin by delivering a ready-to-deploy 

sediment-quality information, monitoring and assessment system to support transnational 

cooperation for water management in the region. Thus, the main objective of project SIMONA 

is to achieve an improved, harmonized and coordinated sediment quality monitoring practice 

in the Danube river basin. For this purpose, a harmonized Sediment Sampling Protocol and a 

Laboratory Analysis Protocol have been established [2] within the project, and laboratory 

analysis has also been extended by a passive sampling regime. 

The main components of the passive sampling system were (a) sediment box for the systematic 

collection of suspended particles, (b) sensors for recording different physicochemical parameter 

(e.g., temperature, turbidity, dissolved oxygen, pH) and (c) passive samplers for uptake of 

different contaminants. There are numerous commercially available or home-made passive 

sampler devices (e.g., silicon rubber, SPE disks, POCIS) providing the time weighted average 

(TWA) concentration of dissolved pollutants, and their sorbent phases are selective for different 

groups of target components. First we have tested the Polar Organic Chemical Integrative 

Sampler (POCIS) designed to of hydrophilic organic chemicals (pesticide residues). Next we 

have applied the POCIS selective for glyphosate and its main metabolite 

aminomethylphosphonic acid (AMPA) and several SPE disks for sampling of metals, 

polycyclicaromatic hydrocarbons (PAHs) and pesticide residues. 
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Experimental 

We have used Affinisep passive samplers for the monitoring of different classes of pollutants. 

The disk-based passive samplers (Chelating, HLB, C18) included in the SIMONA sampling 

protocol were used to collect metals, pesticides, and PAHs. For glyphosate and AMPA 

metabolite a selective POCIS phase was applied. 

Instrumental analysis was performed at B§lint Analitika Ltd. using liquid chromatography 

coupled with mass spectroscopy (LC-MS) or gas chromatography chromatography coupled 

with tandem mass spectroscopy (GC-MS/MS) for determination of 85 target pesticides and a 

GC-MS (selective ion monitoring, SIM) method for 19 PAH compounds. The results of the 

measurements refer to the amount of contaminants collected by the entire disk at the current 

stage of evaluation, and are currently being calibrated to absolute concentrations for the liquid 

phase. However, based on the scientific literature, data related to the sampling rates (Rs) and 

time weighted average (TWA) levels of solved pollutants were also calculated in some cases. 

Suspended sediment samples were collected monthly either in a 30-li ter water sample (point 

sample), or in a standardized sediment box used for long-term sample collection. Contamination 

levels were quantitatively determined in both sample types. During the monitoring phase, water 

temperature, turbidity, dissolved oxygen levels and pH were measured on a continuous basis 

by electrochemical and photoelectric sensors. 

 

Results and discussion 

The point samples collected in the barrel contained little sediment, which significantly limited 

the reliability of the analytical measurement. In contrast, the sediment box collected and 

partially separated the suspended sediment by the baffles of the box, allowing the analysis of a 

significant amount of sample. 

We have compared the passive sampling procedures using the binding phase (adsorbent) in the 

form of a disk and powder (POCIS) during the development of the monitoring procedure in 

surface water (Drava). According to the results of our preliminary investigations in 2020, the 

amounts of bound pesticide residues were similar, but in some cases the membrane holding the 

adsorbent was torn, so the powder was lost, thus we decided to use a disk. 

Regarding the pesticide residues, pollution pattern and trends were in accordance of our 

expectations. Preliminary results prior to the agricultural season indicated that bentazone, 

DEET and persistent diuron are the main background pollutants. The latter active ingredient is 

no longer authorized in the EU. The concentrations of terbuthylazine, S-metolachlor and 

tebuconazole increased significantly during the spring, and then decreased gradually during the 

summer except of tebuconazole, which was detected only in May. The highest concentrations 

(1140 ng/sample) were measured for the chloroacetamide type herbicide, S-metolachlor in 

May, while terbuthylazine from the triazines was present at 439, 83, 19.7 and 14.3 ng/disk 

sampled in May, June July and August, respectively (see Figure 1). Chlorophenoxy acids 

appeared later at lower levels. 2,4-D and mecoprop-P concentrations measured in June, were 

18.2 and 8.8 ng/sample respectively, whereas only about 1 ng/sample of mecoprop-P and 

MCPA were detected in July. 

Point water samples were collected when the passive samplers were changed in every month. 

Levels of the pesticide active ingredients measured in these samples were in the range of 1 to 

20 ng/L. These values are in the same order of magnitude and similar to TWA concentrations 

calculated from the sampling rates (Rs) taken from the literature [3,4]. On the basis of these 

values the calculated highest TWA concentration for terbuthylazine was 23.5 ng/L in May, and 

the concentration of metolachlor remained under 10 ng/L in the winter. 
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Figure 1 Amounts of pesticide active ingredients having the highest concentrations 

 

Two of the 19 PAH target compounds, acenaphthylene and dibenzo(a,h)anthracene were below 

the detection limit in all samples collected. In addition, anthracene was not detected in May, 

whereas neither benzo(a)pyrene, nor indeno(1,2,3-cd)pyrene were detectable in the sample 

collected in June. The other compounds were measurable at levels between 0.312 and 35.0 

ng/sample. The total PAH concentration measured in the May sample was about twice as high 

as in June, and the level in July was higher than in May (83 ng/sample). Among the 19 PAHs 

phenanthrene had the highest concentration, but fluoranthene, pyrene and naphthalenes also 

significantly contributed to the total PAH concentration (see Figure 2). 

 

 
Figure 2 Amounts of PAH compounds measured on the C18 disk 
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In the case of the POCIS sampler selective for glyphosate, the higher concentration of the 

AMPA metabolite compared to glyphosate was noticeable: 5.5 ng of glyphosate and 126.5 ng 

of AMPA were collected in March, while 21.8 and 353.5 ng/sample were measured in June.  

 

Conclusion 

The use of the disk was proven to be more convenient compared to the POCIS containing 

sorbent powder between the two membranes. Use of the membrane for the disks decreases the 

background noise in the chromatogram, but further experiments are required for a more precise 

assessment of the effect. The test is now in progress regarding the application of the membranes 

together with the C18 disks as they are present in all samples. We have also observed that the 

elution procedures provided by the manufacturer are not defined at an expectable accuracy, 

thus, these processes need to be optimized and fit into the analytical procedure. Therefore, 

different hydrophilic/lipophilic balanced (HLB) disks were prepared for the LC and GC 

determinations of pesticide residues. 

Similar results were obtained for grab samples (point sample) and from estimations using the 

sampling rates (Rs) from the scientific literature. The current list of priority compounds contains 

persistent and most toxic components, but for the regular monitoring further compounds should 

be involved. Among the pesticide active ingredients thiabendazole, azoxystrobin, boscalid, 

propiconazole, terbuthylazine-desethyl, clomazone, pendimethalin, dimethenamid, 

pyrimethanil, metrafenone, PBO, thiacloprid and tetraconazole were also detected. 
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Abstract 

Plastics has become became a major consumable product and alternative in agriculture as a 

result of its playing role in energy conservation, maintaining of uniform soil temperature, and 

controls of weeds and fertilizer transport and thereby contaminate the soils. This research aims 

to provide the cost-effective method for microplastics separation and extraction from the 

agricultural soils. The soils were randomly collected from the greenhouse farming and 

conventional agriculture. The plastics used for recovery tests were collected from the field and 

cut off into pieces. Result from the field shows that density separation with ZnCl2 using this 

method has the highest extraction capacity (400 Ñ100 pieces/Kg) and recovery rate (90%) 

compare to other floatation solutions. The method was very effective in extracting both low and 

high densities microplastics.  Furthermore, the results infer that NaCl2 and distilled H2O were 

effective in extracting low densities microplastics such as LDPE and PP. This method provides 

several alternatives depend on the economy and target of users. 

 

Introduction  

Plastic is an indispensable tool in agricultural sector because of its role in processing and 

handling of agricultural products from nursery, planting to post harvest periods. It became a 

major consumable product and alternative in agriculture owing to its properties of cheapness, 

impermeability to precipitation and gases, malleability lightweight, maintaining of uniform soil 

temperature, and controls of weeds (Sussana, 2018; Patel and Tendel, 2017). The horticultural 

industries are emerging as major potential consumers of the plastics in form of sheets and films 

for crop protection, energy conservation, diseases, and pest control, water conservation supply 

and drainage, fertilizer transport, and building and structures (Patel and Tendel, 2017). Global 

plastic production has increased from 2 million tons in the 1950s to 359 million tons in 2018, 

the rate of this plastic recycle is very low (plastic Europe, 2019). More than half is used in 

protective cultivation such as a greenhouse, small tunnel, mulching, etc. Asia accounts for 

48.21%, Europe 18.5%, North America 17.7%, Africa 7.1%, Latin America 4% and 2.6% go 

to CIS countries. China and Japan witnessed drastic growth in the sector and account for more 

than 30% of plastic production. Similarly, in India 5 tones of plastics is produced annually and 

0.35 million tones go to agriculture ( Espejo et al, 2012; Patel and Tendel, 2017). 

The sources of plastic contaminants in agriculture come from primary sources such as sewage 

sludge, organic and inorganic fertilizer application, irrigation water application, atmospheric 

and wind deposition, etc.(Kaweck, et al, 2021; Wu et al, 2021; Yang et al, 2021; Katsumi et al 

2021). Also, the sources can be secondary as a result of larger plastic materials disintegration 

from mulching, greenhouse films, plastic gauze, etc. (Mo et al 2021, Schothorst et al, 2021; 

Babagyayou et al, 2020; Huang, 2020). The disintegration is caused by the aging of plastic 

films as a result of climatic, agrochemical use, and environmental pollution factors(Dehbi, 

2015; Alhamdan, 2009).  These plastic contaminants litter the municipalities, cities, and 

farmlands because the rate of degradation is very low. Microplastic waste generated can be 

transferred horizontally and vertically in the soil by wind, water, microorganisms, and leaching. 



27th International Symposium on Analytical and Environmental Problems 

 
25 

 

The Presence of plastic contaminants causes imbalance to the ecosystem such as soil, plants, 

water bodies, aquatic lives, underground water, insects, animals, and human health(Serrano-

Ruiz et al, 2021; Zhang et al 2021; Rondoni et al, 2021; Li et al 2021; Mora et al, 2021). 

However, being the studies of microplastics in the agricultural soil new and emerging(Wang et 

al, 2021), there is a lack of standard methods on how to identify and quantify the large 

concentration of microplastics in the soils (Li et al 2019; He et al, 2018). Furthermore, most of 

the available methods have limitations of use because of their high cost and rigorous nature of 

preparation stages. Also, some methods (such as Wu et al, 2021; Li et al, 2020; Zhang et al, 

2018) consider single polymer type (low-density plastics). This has limitations in the 

agricultural soils because it comprises different compositions (organic matter, minerals, and 

clay) and plastic contaminants with different densities. Application of these methods will not 

be suitable for soils with multiple contaminants of different sizes and densities.  
 

Materials and Methods 

Sampling 
The validation test was carryout on three different soils from two agricultural farmlands with 

different land use. The first farmland was subjected to greenhouse farming while the second 

was subjected to arable farming. The greenhouse farmland was already divided into 15 parcels; 

each parcel has the same size of 52.30m in length and 9m breadth. Three parcels were randomly 

selected. At this time each parcel is equally divided into two parts ( known as parts A and B). 

In each part, the soil layer was divided into two layers (0-20cm and 20-40cm). Four samples 

from the same layers were bulk together and formed one composite sample. The same 

procedures were followed for the arable farmland. Thus, a total of 20 samples were collected 

from two different layers of the soils with different land-use type. However, for recovery test, 

five field plastics contaminants of macroplastics plastics that were use were obtained from the 

same field. These were cut off to pieces and formed microplastics  

Laboratory Analysis 

This methodology was implemented base on the improvement of the Liu et al (2019) method. 

The method was developed because of the high cost of other recently developed method among 

the other reasons. Briefly, the soils were oven-dried at 400C, sieved with 5mm. A weight of 10g 

were placed on 250 ml conical flasks, 40 ml of 30% H2O2 and 10 mls of Fenton reagent were 

used for organic matter digestion. The solutions were place of heat sources of 700C until the 

solutions were dried up or nearly dry. Immersion of the flask containers to cold water and 

addition of few drops of butyl alcohol reduced the spout out of the samples. 40 ml of 5mol/L 

ZnCl2 solution (1.5g/cm3) was used as floatation salt. The solutions were capped with aluminum 

foil and shaken for 1 hour at 250 rpm in orbital shaker and emptied in 100ml beakers and 

allowed settling for 24 hours. About 20ml of upper supernatants were pipetted with glass 

pipette. 20ml of ZnCl2 were added to the solution and shaken for 30 minutes in the orbital shaker 

for the second time. This was done in order to effectively remove the microplastics presence in 

the soils. The upper supernatants were combined with the second one and form a single 

microplastics extracts. These were later filtered through 20um and 0.45um respectively using 

vacuum pump. The filters were dried and taken to microscope laboratory for microplastis 

identification and quantification. The suspected plastic particles were confirmed through; 1. 

using needle and heat method and 2. Raman spectroscopic analysis. 
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Figure 1.Extraction method and results. (A); Schematic diagram of the method. (B); Validation 

of the method of 4 floatation solutions. (C); Recovery test using different floatation solution on 

different microplastics densities 

 

Result and Discussion 

Microplastics were detected in all soils tested with different floatation solutions. Table a.  

Shows that; ZnCl2 and NaI yielded higher MiP concentration of 400 Ñ100 pieces/Kg and 

266.67Ñ 120 pieces/Kg respectively. Also, NaCl2 and distilled H2O recorded the low average 

concentration of 100 pieces/Kg and 66.66 pieces/Kg respectively. Similar findings were 

reported in the method developed by Li et al, (2019) where ZnCl2 and NaI reported to have the 

excellent yield of microplastics extraction compare to other salts.  However, the recovery test 

by Table b. shows that ZnCl2 has the highest recovery rate of 90% followed by NaI which has 

80%. These recoveries conform to findings of Wu et al, (2021) and Li et al, (2019).  

Furthermore, the careful observation of the table shows that all the floatation solutions tested 

good for low density plastics (PP and PE) as all the low densities were recovered in high 

number. But for the high density plastics (PET, PVC and PU), high recovery rates were only 

found in the samples treated with ZnCl2 and NaI solutions. This result confirmed the findings 

of Zhang et al, (2018) which concludes that density separation with NaCl2 was efficient in 

extracting low density plastics such as PP and LDPE. 

However, the recovery tests reveal capacity of floatation solutions on plastic structure. ZnCl2 

and NaI were tested very well in extracting fibers, film, and fragment. But the ZnCl2 yielded 

average result (5 pieces) in terms of foamôs extractions while the NaI was recorded very low in 

terms of foam structures. The reason of low recovery of PU (foam) despite its less density 

compare to PET and PVC might be associated to the nature of foam materials of larger pore 

space that were occupied by soil particle materials and increases it density. Similarly, for NaCl2 

and distilled H2O, only fibers and films were recovered at the high rate. This finding also tally 

A.

 

B. 

S/n Floatation 

solutions 

Sample 1 

(Pieces/Kg) 

Sample 2 

(Pieces/Kg) 

Sample 3 

(Pieces/Kg) 

Total 
 

Mean SD 

1. ZnCl2 300 300 600 1100 400.00 173.21 

2 NaI 100 200 500 800 266.67 208.17 

3 NaCl2 100 100 100 300 100.00 00 

4 H2O 00 00  200 200 66.66 115.47 

 

 

C. 

S/n Floatation 

solutions 

  MiP(10pieces)   Total Recovery 

rate (%) PP  

Fiber 

LDPE 

Film 

PET 

Fragment 

PVC 

Fragment 

PU 

Foam  

         

1. ZnCl2 10 10 10 10 5 45 90 

2 NaI 10 10 10 10 0 40 80 

3 NaCl2 10 7 4 0 0 21 42 

4 H2O 10 9 0 0 0 19 38 
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with several findings which concluded that these salts solutions are efficient in removal of 

fibrous materials (Liu et al 2018; Corradini et al, 2019; Li et al, 2019) 

 

Conclusion 

This method tests the extraction capacity of different floatation solutions on low and high 

density micropplastics. The method was developed to minimize the cost of microplastic 

extraction analysis.  In both the validations and recovery tests, the method shows very good 

result with ZnCl2 and NaI  for the separation and extraction of high and low density plastics 

particles as well as all the plastic structure with the exception of foam. Similarly, for the 

extraction of low density microplastics as well as structures such as fiber and film, NaCl2 and 

distilled H2O can serve as good floatation solutions. 
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Abstract 

   Ultrasound-assisted extraction (UAE) is one of the modern method that is applied today with 

the aim to decrease solvent consumption, shorten the extraction time, increase the extraction 

yield, and enhance the quality of extracts. In this paper, the effect of extraction time and the 

ratio of the sample to the solvent have been studied on the ultrasonic extraction of hawthorn 

fruits. The hawthorn fruit was collected from Normafa, Hungary. 10% ethanol and pure distilled 

water were used as extraction solvent. Folin-Ciocalteu method was performed to visualization 

of total phenolic compounds (TPC) and the ferric reduction antioxidant power (FRAP) method 

to quantify antioxidant activity in the extracts. Analyzing the results by two-way-ANOVA at 

significant level p < 0.05 by using SPSS software demonstrated that there is significant effect 

of time of extraction and the ratio of the sample to solvent.  

   For TPC the best value was obtained at (9 min, 0.05 g/ml sample-solvent ratio) with a mean 

(451.106 Ñ 0.79 mg/L) by using 10% ethanol, and at (3 min, 0.075 g/ml sample-solvent ratio) 

with a mean (365.289 Ñ 15.96 mg/L) by using distilled water. While the best antioxidant activity 

was with a mean  (223.033 Ñ 1.01 mg/L) at (9 min, 0.075 g/ml sample-solvent ratio)  and 

(50.678 Ñ 2.02 mg/L) at (6 min, 0.1 g/ml sample-solvent ratio) by using the 10% ethanol and 

distilled water respectively. More work is needed to define better conditions for using the 

distilled water as a solvent in the ultrasonic extraction. 

Introduction  

   Hawthorn is a common name of all plant species in the genus Crataegus, that is belonging to 

the Rosaceae family, the size of the trees ranged between shrubs and trees that can reach a 

height of up to 10 m.  Normally has bright green leaves, white flowers, and bright red berries, 

each containing one to three or five seeds, depending on the species.  Most of the species grow 

in North America as well as in East Asia, Europe especially Turkey [1,2]. The fruits of 

hawthorns are also edible, as most people who have tried them will testify. The colour of the 

ripe fruit ranges from yellow, through green to red, and on to dark purple. Most of the species 

ripen their fruit in early to mid-autumn [3]. The leaves, flowers, and berries of hawthorn contain 

a variety of flavonoids which include oligomeric procyanidins, vitexin, quercetin, and 

hyperoside. Other chemical constituents include tannins, nitrogen-containing compounds,  

triterpenoids such as ursolic acid, 2Ŭ,3ɓ,19Ŭ-trihydroxyursolic acid, corosolic acid,  

cycloartenol, uvaol, oleanolic acid, crataegolic acid, butyrospermol, 24-methylene-24- 

dihydrolanosterol. Table 1 is showed the chemical constituents of hawthorn fruits [4]. 
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Table 1: chemical constituents of hawthorn fruits. 

Chemical constituents The amount Reference 

Flavonoids 0.1- 1 % 

[1] 
Oligomeric proanthocyanidins 1-3% 

Triterpene acids 0.5-1.4% 

Organic acids 2-6% 

Epicatechin 178.3 mg/ 100g dry fruit 

[5] 

Chlorogenic acid 69.4 mg/ 100g dry fruit 

Hyperoside 24.6 mg/ 100g dry fruit 

Isoquercitrin 13.4 mg/ 100g dry fruit 

Protocatechuic acid 3.2 mg/ 100g dry fruit 

Rutin 2.6 mg/ 100g dry fruit 

Quercetin 0.9 mg/ 100g dry fruit 

 

   In folk medicine, hawthorn fruits have been used as a cure against stress, nervousness, sleep 

disorders, heartache, stomachache, and sore throat [6]. Nowadays hawthorn extracts are among 

the most popular herbal medicinal products in many European countries and the USA after 

getting attention due to its potential cardiovascular enhancing and protective properties, where 

In Germany, hawthorn extract has been approved and registered as a therapeutic agent for the 

treatment of minor forms of coronary heart disease and congestive heart failure. The current 

study suggested that hawthorn could be used as an alternative therapy for various cardiovascular 

diseases, such as angina, hypertension, hyperlipidemia [7]. 

 

Materials and methods 

1) Hawthorn fruit was collected from Normafa, Hungary. 

2) Ethanol (Ó99 %, REANAL LABOR, Co., Hungary) was used for extraction purpose.  

3) The applied chemicals and reagents for the analysis were collected per following list: 

methanol (LACH-NER, Co., Czech Republic), gallic acid (SIGMA-ALDRICH, Co., 

USA, product of China), acetic acid (96 %, REANAL LABOR, Co., Hungary), L-

ascorbic acid (reagent grade, SIGMA-ALDRICH, Co., USA, product of China), 

hydrochloric acid (37 %, CARLO ERBA Reagents S.A.S, France), Folin-Ciocalteu 

reagent (SIGMA-ALDRICH, Co., USA), sodium acetate (Analar grade, VWR 

Chemicals, Belgium). 2,4,6-Tris(2-pyridyl)-s-triazine (Ó99 %, SIGMA-ALDRICH, 

Co., USA), sodium carbonate (MERCK KGaA, Germany), ferric chloride (REANAL 

LABOR, Co., Hungary). 

Raw materials and extraction methods: 

   After removing the sticks and the crushed fruit, Hawthorn fruit was washed and cleaned, and 

dried from the water, then Shredding of the different portions was done using GM 200 

pulverizer, the (UAE)  process was performed by using (ULC PREMIUM,WEBER 

ULTRASONICS AG, Germany) with power 100 W this apparatus available in livestock and 

food preservation  technology department,  during  (3, 6, 9 minutes ), and by using ( 0.05. 0.075, 

0.1 g/ml sample-solvent ratio) by using 10% ethanol and distilled water.  
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Total phenolic compounds (Folin-Ciocalteu method): 

   Total phenolic compounds (TPC) were estimated by the Folin-Ciocalteu method [8]. The 

absorbance was measured at 760 nm Gallic acid (0.3 mM) was used as the standard and the 

amount of TPC was calculated as:       TPC = (A Ŀ 2500 Ŀ DF )/(S Ŀ  a) [(mg GAE)/L] 

Antioxidant activity (AA) assays (FRAP Method): 

   The ferric reduction antioxidant power (FRAP) method was applied to quantify antioxidant 

activity. Reading the absorbance at 593 nm was performed after exactly 5 minutes of 

incubation. The calibration was realized with ascorbic acid (10 mM). The calculation was done 

using the following equation: AA = (A Ŀ 1550 Ŀ DF )/(S Ŀ a ) [(mg ASE)/L]                                            

Where A is the absorbance; S is the amount of sample (ÕL); ὄ is the slope of the calibration 

curve; DF is the dilution factor. 

Statistical analysis:  

   All experiments were repeated twice.  Two-way analysis of variance and Tukeyôs test with 

95% confidence level were employed to compare the significant differences among results 

using software SPSS (version 27.0). 

 

Results and discussion 

Total phenolic compounds:  

   As shown in Figure 1, samples extracted by using 10 % ethanol  at (9 min, 0.05 g/ml sample-

solvent ratio)  gave the highest total phenolic content (TPC) with the mean yield (451.106 Ñ 

0.79 mg/L),   and  lowest extraction efficiency was at (3 min, 0.05 g/ml sample-solvent ratio) 

with the mean yield (80.453 Ñ 1,99 mg/L) while the other samples converged, and their average 

ranged between ( 132.678 - 273.261 mg/L). 

  Total phenolic content (TPC) was lower when the distilled water was used as shown in figure 

2, the highest yield was obtained at ((3 min, 0.075 g/ml sample-solvent ratio)with the mean  

(365.289 Ñ 15.96 mg/L).  

  
Fig 1: Effects of extraction time and sample ratio on 

the yield of TPC using 10% ethanol. 

Fig 2: Effects of extraction time and sample ratio on 

the yield of TPC using distilled water. 
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Antioxidant activities (AA) assays: 

   The results of the FRAP analysis (figure 3) showed that the highest antioxidant activity by 

using 10% ethanol was  at (9 min, 0.075 g/ml sample-solvent ratio) , with mean (223.033 Ñ 1.01 

mg/L) while  the lowest activity was at (3 min, 0.05 g/ml sample-solvent ratio) with mean 

(66.9334 Ñ 0.67 mg/L). It can be seen that the activity of the antioxidants increased with the 

increase in the extraction time, regardless of the percentage of the sample. 

  
Fig 3: Effects of extraction time and sample ratio 

antioxidant activity using 10% ethanol.  
Fig 4: Effects of extraction time and sample ratio 

antioxidant activity using distilled water. 

 

  The figure 4 showed that the highest antioxidant activity by distilled water  was  at (6 min, 0.1 

g/ml sample-solvent ratio), with mean (50.678 Ñ 2.02 mg/L) as well as at (3 min, 0.075 g/ml 

sample-solvent ratio) the antioxidant activity was very close with mean (50.2 Ñ 1.35 mg/L), 

while  the lowest activity was at (6 min, 0.05 g/ml sample-solvent ratio)with mean (13.864 Ñ 

0.67 mg/L). 

   It can be seen that extraction time has a clear effect on the total content of phenols and the 

activity of antioxidants. It is expected that it increases with the increase in the extraction time, 

but the extraction time is a critical parameter in the extraction process, and it has a complex 

effect. Where during the extraction process, the solvent needs time to diffuse into the cell, and 

then the analytes react with the solute and dissolve into the extraction solvent, finally, the target 

compounds diffuse out of the matrix and transfer into the liquid phase. Therefore, the extraction 

time depends on the time required for the dissolution and diffusion process.  The possible reason 

might be that inadequate extraction time would cause incomplete neutralization for the analytes 

and insufficient dissolution and diffusion. However, too long an extraction time would lead to 

structural destruction and decomposition of target analytes [9]. Also, the effect of the sample 

ratio and its surface area can be explained by this multi-stage process for the diffusion of the 

solvent and its ability to extract. 

   Different techniques and solvents, such as ultrasound, microwave, supercritical fluid, 

leaching, and heating under reflux, have been introduced to extract bioactive substances from 

the Hawthorn plant. [10] concluded that deionized water extract and 80% acetone extract 

showed better antioxidant activities compared to ethanol 80% and methanol 80% and that 

deionized water extract showed a significantly different FRAP from other three extracts during 

using the UAE,  while [11] indicated milk and whey were better than distilled water in (Tannins, 

Pectic substances, Food fibers) extraction process at different temperatures.   
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Conclusion 
  The effect of three times (3, 6, 9 minutes  ) and three different percentages for the sample 

(0.05, 0.075, 0.1 g/ml sample-solvent ratio ) were studied, and the results indicated a significant 

effect of each on the extraction process. By measuring the total content of phenols, it was found 

that the best content (451.106 Ñ 0.79 mg/L) and (365.289 Ñ 15.96 mg/L) were obtained at (9 

min, 0.05 g/ml sample-solvent ratio ), (3 min, 0.075 g/ml sample-solvent ratio ) using 10% 

ethanol and distilled water, respectively. The extracts gave the highest oxidation activity at (9 

min, 0.075 g/ml sample-solvent ratio ) with a mean  (223.033 Ñ 1.01 mg/L) by using 10% 

ethanol, while the best value was (50.678 Ñ 2.02 mg/L ) at ( 6 min, 0.1 g/ml sample-solvent 

ratio) using distilled water. according to the results, it can be said that it is possible to use 

distilled water as a solvent to extract the active substances, but it needs further study and the 

use of other conditions to reach better conditions for the extraction process. 
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Abstract 

The well-established Bayer process is the primary means of alumina production from bauxite; 

however, it generates more than 2.7 billion tons of bauxite residue (commonly called red mud) 

annually [1]. This quantity can be reduced by applying the so-called desilication step before the 

extraction of alumina at high temperature. This is a commonly used method when the bauxite 

ore contains high concentrations of silica. Bauxites contain silica in various forms, some of 

them are rather reactive and are capable of dissolving under typical Bayer digestion conditions, 

causing major caustic and alumina losses, scale formation in the pipes and exerting unfavorable 

effect on the quality of the final product. Our main goal was to contribute to the control of these 

processes by investigating the chemical events that take place during desilication. 

Kaolinite is the main reactive silica containing clay mineral in bauxite. During desilication, it 

transforms into mixed sodalite (that is, different anions present in the product), called DSP 

(desilication product) [2]. In order to gain more information about the dissolution of the 

kaolinites and the subsequent formation of DSP in these systems, a suitable apparatus was 

designed, and the processes were investigated under conditions largely mimicking the industrial 

ones (using sodium aluminate solution with specific concentrations of the spent liquor and 

carrying out experiments at 95ÁC). To identify the key parameters responsible for the kinetics 

of the dissolution, the raw kaolinite was ground to change the characteristics of the starting 

material, hence affecting the dissolution rate [3]. The concentration of the Si(IV) during the 

dissolution-DSP formation process was monitored with ICP-OES, and the starting and final 

materials were characterized by a variety of experimental techniques. 
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One of the most urgent worldwide problems is waste treatment, burdening all human activities 

from households to large industries, which increases in parallel with the overpopulation. In this 

presentation, we overview different type of waste sources which can be easily converted to 

carbon particles for large scale composite production by nanotechnology. In the past decade, 

graphene-based nanocomposites and carbonaceous composite materials gain significant interest 

in terms of potential environmental applications. Due to its versatile composite and film 

forming capabilities, graphene-based materials such as graphitic carbon, graphene, graphene-

oxide and reduced graphene-oxide can act both as matrix or filler in composite materials. 

Moreover, the sp2 hybrid state of carbon atoms in the honeycomb like lattice structure prove 

remarkable electric and conductive characteristics, which can be heavily influenced by the 

degree of oxidation matrix-filler ratio and the type of the other components. In addition, 

carbonaceous materials are applied to improve the mechanical properties of structural materials 

for long time. Traditional applications such as membrane filtering or adsorption processes can 

be also built on waste-derived graphene based nanocomposites. In terms of electrical 

applications, due to the bandgap influenced by the composition the photocatalysis is also a 

potential way to reuse graphitic materials. Besides this interesting approach, we highlight how 

the valorization of waste materials can prove a cost-effective and benign solution in the green 

synthesis of various carbon based nanocomposites. 

 

 
Fig.1. Illustration of the main classes of graphene energetic nanocomposites. 
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Many chiral compounds are involved in processes that take place in living organisms. Typically 

only one enantiomer of the image-mirror image pairs of chiral molecules occurs in nature, such 

as the L-enantiomers in case of amino acids. The two members of the enantiomer pairs may 

have significantly different biological effects, so it is important to either synthesize the pure 

enantiomers or separate the racemate mixtures. 

The L-enantiomer of phenylalanine, a biologically active amino acid, can better (than the D-

enantiomer) cross the blood-brain barrier and is involved in the synthesis of neurotransmitters 

with antidepressant and analgesic effects in human body. It also plays a significant role in 

biosynthesis of flavonoids in plants. 

Studying the bioactivity of drugs after the replacement of certain atoms or functional groups 

with fluorine became an intensively researched topic in the second half of the last century. 

Fluorine-containing active ingredients were only present in 2% of pharmaceutical medicines in 

the ó70s, while it can be estimated at around 25% nowadays. Incorporation of fluorine can alter 

many of the properties of the compounds, such as the steric interaction of the functional groups, 

lipophilicity or the ability to make H-bridge interactions, thus increasing the efficacy of a drug 

by orders of magnitude.  

In this study, ion-exchanger type chiral stationary phases were utilized to separate fluorinated 

ɓ3-phenylalanine derivatives. We examined the effect of mobile phase composition, quality of 

the base additive, concentration of acid and base additives, and temperature on the 

chromatographic properties. The elution order was determined in all cases. We also studied the 

relationships between structural peculiarities, retention and thermodynamic parameters. 
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Abstract 

The path pf preventing and solving the environmental problems in the world is surrounded by 

innovations, new technologies. However, it should not be overlooked that these are aimed at 

human well-being and are mainly coordinated by companies. People make decisions for people 

but along with different interests. Understanding the personal values behind the business 

decision can move forward a more responsible approach to business. The paper presents 100 

government and 100 business studentôs opinions about business ethics by selected questions of 

the ATBEQ questionnaire. The results show that self-sacrifice is not kept immoral by the 

students, and morality can go beyond self-interest. However, the primary responsibility of 

companies is making money. There are few significant differences found between government 

and business students, but the distributions of the responses suggest different patterns of 

thinking. 

 

Introduction  

The main source of environmental problems is social [1]. We are meeting an ever-increasing 

level of needs led to new technologies in agriculture, mechanical engineering, health care, or 

even education. New materials and new production technologies often upset the balance of 

nature and lead to environmental pollution. Technological and management efforts are more 

sophisticated but apparently not enough. Assuming that novel technologies aim for the higher 

satisfaction of consumer needs and considering that both purchasing and manufacturing 

decisions are made by people, solutions also must be found in minds. Environmental 

consciousness can be improved on an individual level [2], and there has been a particular 

emphasis on social responsibility at the corporate level for decades. Several models and 

approaches have been developed in the field to understand the motivations and limitations of 

environmentally and socially friendly behaviors. Carrollôs pyramid [3] distinguishes four levels 

of responsibility, including economic, legal, ethical, and philanthropic ones. The review of the 

model in 2016 [4] confirmed that ethics permeates these levels. Economic and legal levels are 

marked órequired by the societyô. Henceforth, ethical responsibilities are marked as expected 

and philanthropic level as desired. An ethical approach is presented in the early definition of 

Bowen about the social responsibility of a businessman: it ñrefers 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 societyò [5]. 

According to environmental protection, social responsibility, or ethics, a focus on business 

students is mainly justified by the fact that they will be the company decision-makers in a few 

years. Understanding their preparedness allows for an improvement in higher education. The 

Attitudes Towards Business Ethics Questionnaire (ATBEQ) is an instrument oriented towards 

attitudes on selecting business ethics situations [6] based on the work of Stevens [7]. The 

curiosity of ATBEQ is that it is specially applied for business students worldwide. It is a 
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commonly accepted research instrument in social and management science [8]. Since the 

change of values is a slow and complex process, the method is applicable for exploring the 

fundamentals of the approach of business students to business ethics. 

 

Clark et al. [9] give a comprehensive summary of the five moral philosophies which used to 

provide the basis for empirical investigations: 

¶ ñMachiavellianism: Business firms are a self-contained organism with its own ónatural 

lawsô which can be bent but not broken. 

¶ Ethical relativism: Deals with feelings and attitudes and is based on social convention, 

which accepts behavior sanctioned by established group norms. Hence, moral good 

means conforming to the way things are in a given time and place and selfishness 

becomes the root of all evils. 

¶ Legalism: Doing an action or series of actions defensively out of a sense that doing it 

this way will promote the impression that a practitioner is óthoroughô and ócoveredô 

from an imagined legal point of view. 

¶ Social Darwinism: Individuals, by pursuing their own selfish interests, unwittingly and 

effectively promote the social welfare. Businesses survive because they obey the natural 

laws of competition. 

¶ Moral objectivism: The moral guide is rational self-interest which includes the right to 

defy fate by making rational decisions which lead to productivity and happiness.ò [9] 

(p.127) 

 

Experimental 

The result of the paper is based on a voluntary online survey among Hungarian Higher 

education students. The survey questionnaire includes the ATBEQ questions based on [10]. 

The analysis highlights seven statements (noted the moral philosophy it belongs to). Since 

Machiavellianism is the most characteristic among Hungarian students in the database, 

questions about it and self-interest are in focus: 

¶ The only moral of business is making money (Machiavellianism). 

¶ Moral values are irrelevant to the business world (Machiavellianism). 

¶ óóBusiness ethicsôô is a concept for public relations only (Machiavellianism). 

¶ A business person cannot afford to get hung up on ideals (Machiavellianism). 

¶ True morality is first and foremost self-interested (Moral objectivism). 

¶ Self-sacrifice is immoral (Moral objectivism). 

¶ You should not consume more than you produce (Moral objectivism). 

The respondents were asked to mark their agreement on a 5-point scale between totally disagree 

(1) and totally agree (5). The results are represented with the mean values of the evaluations in 

the figures. Analysis of variance uses the non-parametric Kruskal-Wallis H test. The 

significance level is observed at 5%. The data collection period ran from fall 2018 to summer 

2020. The survey was managed by Evasys Survey Automation System; data analysis is 

supported with IBM SPSS version 25. 100 business and 100 state science students are randomly 

selected from the database for the analysis. Both sub-samples consist of 50 male and 50 female 

respondents. The representativeness of the sample is not checked. 

 

Results and discussion 

According to most of the selected questions, the opinions of government and business students 

are close to each other (Figure 1). Students of government studies agree with the statement that 

the only moral of business is making money and consuming must be limited at the incomes 

more than business students. Significant differences (Table 1) were found about the self-
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interested nature of morality; business students accept it more than government students. Self-

sacrifice is generally accepted as a moral act, especially among government students. 

 

 
Figure 1. Mean values of the evaluations 

 

Although the mean values do not differ remarkably between the student groups, the distribution 

of the responses on the 5-point scale shows the differences of opinions (Figure 2). According 

to the money making-nature of the business, the agreement level is stronger among the 

government students. True morality is first and foremost self-interested is rather agreed (score 

4 or 5 marked) by 15% of government students and 37% of business students. The immorality 

of self-sacrifice is totally refused (score 1 marked) by 47% of the former and 31% of the latter 

students. 

 
Figure 2. Distribution of results by student groups 
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Literature in the field often points out that females are more sensitive to environmental 

problems [11]. Figure 3 shows the results by study type and gender; significant results are 

marked in Table 1. Male respondents marked higher scores for issues that describe the self-

interest of business. Furthermore, female studentsô scores are higher about the statements that 

we should not consume more than we produce, especially among business students. 

 

 
Figure 3. Results by gender  

  
Government 

and business 

studies 

Gender, 

total sample 

Gender, 

government 

studies 

Gender, 

business 

studies 

K-W 

H 

Sig. K-W 

H 

Sig. K-W 

H 

Sig. K-W 

H 

Sig. 

The only moral of business is 

making money 

.42 .517 5.472 .019 7.891 .005 .396 .529 

Moral values are irrelevant to the 

business world 

.343 .558 4.604 .032 .989 .320 4.159 .041 

óóBusiness ethicsôô is a concept for 

public relations only 

.082 .774 6.775 .009 9.741 .002 .405 .524 

A business person cannot afford to 

get hung up on ideals 

.835 .361 8.137 .004 2.337 .126 6.78 .009 

True morality is first and foremost 

self-interested 
5.9 .015 .008 .930 .24 .624 .064 .800 

Self-sacrifice is immoral 6.39 .011 3.175 .075 4.616 .032 .364 .546 

You should not consume more than 

you produce 

.402 .526 1.342 .247 .028 .867 2.224 .136 

Table 1. Results of non-parametric analysis of variance (significant results in bold) 

 

Conclusion 

Considering that personal values and culture affect behavior, improving environmentally-

conscious actions requires the understanding of the mindset. It is a complex challenge; the 

analysis of moral philosophies provides an essential point of reference for this. The analysis 

presented in this paper allows some warning signs for shaping the mind of the future decision-

makers: 

¶ It is encouraging that self-sacrifice is not felt immoral by the students, and morality can 

go beyond self-interest. Nevertheless, most of them cannot let go of the idea that the 

business is only for making money. 
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¶ The results confirm that females are more sensitive to social issues than males; the latter 

group presents a more business-oriented approach. 

¶ The difference between government (as future policymakers) and business (as future 

company decision-makers) students are not significant in most questions of the analysis, 

but the distributions of the responses suggest different patterns of thinking. Business 

students are slightly more critical to the social responsibility of companies. 

 

Accordingly, targeted interventions seem to be necessary to achieve better convergence of 

views of the groups and to strengthen the purpose of the concept of corporate social 

responsibility. 
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Abstract 

Nowadays, environmental protection and sustainability are getting more and more attention. 

Thus, our aim was to develop a cost and energy efficient catalyst layer building method for the 

synthesis of carbon nanotube forests. A simple spray coating method was used to develop a 

catalyst layer on the surface of the titanium substrates. Then vertically aligned carbon nanotubes 

(VACNTs) were synthesized directly on the substrate via catalytic chemical vapor deposition 

(CCVD) method. During our research, the effect of catalyst layer deposition parameters on the 

structure of CNTs was investigated and characterized by scanning electron microscopy (SEM), 

transmission electron microscopy (TEM) and Raman spectroscopy. 

 

Introduction  

Vertically aligned carbon nanotubes (VACNTs) have been in the focus of intense research over 

the years due to their remarkable mechanical and chemical properties such as exceptional 

electrical and thermal conductivities. VACNTs and their composites are also getting more 

attention in environmental engineering applications based on their features, for example, 

sorption capacity, component separation and catalytic activity as well [1,2]. Catalytic chemical 

vapor deposition (CCVD) is a favored method for the mass production of CNTs it is 

cost-efficient and simple to use, moreover, it is the only suitable process to synthesize VACNTs 

[3]. Comparing the possibilities for the production of VACNTs, there are several methods for 

the formation of thin catalyst layers (i.e., atomic layer deposition (ALD), physical vapor 

deposition (PVD), pulsed laser deposition (PLD), magnetron sputtering (MS), dip-coating etc. 

[4,5]) which are able to control layer thickness and morphology, however, they require rather 

expensive instruments. Among these methods, dip-coating might be an exception, because it 

requires less complicated instruments, thus, it is widely used for catalyst layer deposition. Spray 

coating might be an even cheaper method than dip-coating to build thin layers and it also has 

more variations (thermal, plasma, manual etc. [6,7]). In this research our aim was to study the 

efficiency of manual spray coating for building bimetallic catalyst layers containing iron and 

cobalt. Then, their applicability for VACNTs synthesis via CCVD was investigated, which was 

carried out on the surface of titanium substrates. To gain knowledge about the efficiency of 

manual spray coating in this specific application, the parameters of the layer formation 

(substrate pretreatment, coating temperature and number of spraying cycles) were investigated. 
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Experimental 

During the synthesis, a titanium substrate was used to build up the catalyst layers with a spray 

gun, also used for car painting or art drawing. The concentration of catalyst ink was 0.11 M and 

the ratio of Fe:Co was 2:3. The latter was prepared from Fe(NO3)3Ĭ9H2O and Co(NO3)2Ĭ6H2O 

precursors that were dissolved in absolute ethanol. The Ti substrate was heat treated for 1 h at 

400 ÁC before and after the deposition of the catalyst. This was carried out in a static oven to 

form a native TiO2 layer on the surface and oxidize the catalytic particles. The TiO2 layer might 

block the diffusion of catalyst particles into the substrate. In some cases, heat treatment process 

was changed. To prepare thin layers, the pretreated Ti substrate was placed on a heated plate 

(120-200 ÁC), then the catalyst ink was sprayed onto the substrate surface. For this purpose, 

compressed air and a spray gun was used that was operated at constant speed and distance. In 

one spraying cycle the ink was sputtered 10 times from both directions. The whole process was 

repeated 5 times (5Ĭ10) applying a 30 second-pause to evaporate the solvent from the surface. 

For the growth of VACNTs, CCVD was used during which the gas feed contained ethylene 

(70 cm3/min) as carbon source, nitrogen (50 cm3/min) as carrier gas, hydrogen (50 cm3/min) 

for reductive environment and water vapor (30 cm3/min) for prolonging the activity of catalyst 

particles. The synthesis time was 35 min and the temperature was 700 ÁC. The scheme of the 

production of VACNTs is presented in Fig. 1.  

 
Figure 1. The scheme of manual spray coating layer deposition and production of VACNTs 

via CCVD 

 

Results and discussion 

Since the parameters of the catalyst layer significantly affect the growth VACNTs during 

CCVD synthesis, they were examined during this work. The effects of heat treatment of Ti 

substrate, spraying temperature on the properties of VACNTs growth, and number of sputtering 

cycles were investigated in detail. 

In the first sample series, the effect of heat treatment of Ti substrate was investigated during the 

fabrication of catalyst layer. For this purpose, four different samples were prepared: heat 

treatment a) before and after ï as a reference ï, b) only before, c) only after spray coating, and 

d) without any treatment (Fig.2). VACNTs were grown successfully in the first three cases, 

while in the fourth case only amorphous carbon was deposited onto the surface of Ti substrate. 

Heat treatment before spray coating forms a native titania layer that might allow the better 

adhesion of catalyst ink to the surface. At the same time, heat treatment after spray coating 

stabilizes the catalyst layer by converting metal nitrate layer into metal oxid layer. The Raman 

spectroscopy results indicated that heat treating the substrate was benefictial for the graphitic 
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properties of VACNTs. For the verification of carbon deposit, samples were investigated by 

SEM (Fig. 2). 

The thickness of the catalyst layer can be controlled by the number of spraying cycles, which 

also influences the formation of separated catalyst particles. Therefore, the number of spraying 

cycles were varied between 1, 2, 3, 4, 5 and 10 cycles. SEM measurements showed that 1Ĭ10 

spraying could not provide enough catalyst particles on the surface for the growth of VACNTs. 

However, applying 10Ĭ10 spraying cycles yielded too many catalyst particles that merged 

together resulting in thick carbon fibers grown on the surface. Applying 2Ĭ10 or 5Ĭ10 spraying 

cycles resulted in VACNTs with 8.1 Õm or 12.2 Õm of height, respectively.  

 
Figure 2. SEM images of VACNTs grown on different heat treated Ti substrates and their 

corresponding heights 

 

The TEM images also verified that VACNTs grown on the surface of Fe:Co = 2:3 and 5Ĭ10 

spraying cycles catalyst layer show good graphitic properties with only few defect sites in their 

walls, which is in good agreement with Raman spectroscopy results.  

Finally, the effect of temperature during spray coating on the formation of VACNTs was also 

investigated. During spraying, the Ti plate was heated between 120-200 ÁC to evaporate 

absolute ethanol rapidly from the surface, on which the catalyst particles were uniformly 

deposited. VACNTs only formed at 120 ÁC and 140 ÁC; the corresponding SEM images and 

height distributions of these samples are shown in Fig. 3. 
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Figure 3. Height distribution and SEM images of VACNTs synthesized at different spraying 

temperatures 

 

The evaporation rate above 140 ÁC was too high, thus no homogenous catalyst layer was formed 

on the Ti substrate. 

 

Conclusions 

In summary, spray coating process was proved to be a suitable method for the formation of thin 

catalyst layers during the production of VACNTs. Heat treatment of Ti substrate, especially 

after catalyst layer deposition, is needed to sustain stable catalyst layer and synthesize VACNTs 

with satisfactory orientation. The optimal number of spraying cycles to obtain VACNTs on the 

surface of Ti substrate was 5 cycles. Increasing the temperature to 140 ÁC during spray coating 

can result in higher VACNTs with better quality. 
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Abstract 

Non-steroidal anti-inflammatory pollutants such as ibuprofen are continuously introduced in 

water media through various environmental routes. Due to their variability in physico-chemical 

properties, characteristics of sludge used in secondary treatment and other features, 

pharmaceutical residues are partially removed in conventional wastewater treatment plants. The 

effect of inorganic constituent (nitrates) present in real aquatic matrices was examined to assess 

the overall efficacy of the photocatalytic removal of ibuprofen by nanostructured mixture 

ZnO/SnO2. 

 

Introduction  

Pharmaceutical active compounds (PhACs) represent one of most dominant group of 

micropollutants which are continuously introduced into aquatic media, primarily through 

untreated or inadequately treated wastewater. After usage, the pharmaceuticals undergo to 

different reactions in which they are transformed into metabolites. These metabolites are often 

more polar and persistent than the parent compounds. Numerous studies have confirmed that 

ibuprofen exhibits negative ecotoxicological effects on various aquatic species [1,2]. The aim 

of this study was to investigate the impact of nitrate ions on photocatalytic degradation of 

ibuprofen. 

 

Experimental 

The synthesis of nanostructured materials was carried out using mechanochemical solid-state 

method. Initial precursors (ZnO, and SnO2, purity 99.9%) were grounded in an agate mortar for 

10 minutes in a molar ratio of 2:1, then annealed in furnace for two hours at 700 ÁC and once 

more grounded for 10 minutes [3,4]. 

Photocatalytic experiment was performed on laboratory scale. A mercury high pressure lamp 

of 125 W was used as the radiation source, (manufacturer Philips, HPL-N) emission spectrum 

in the UV range at 304, 314, 335 and 366 nm with maximum emission at 366 nm. The initial 

concentration of nanostructured mixture ZnO/SnO2 and analyzed pharmaceutical (ibuprofen) 

was 0,40 mg mL-1 and 5 mg L-1, respectively. In order to demonstrate the effect of inorganic 

ions on overall efficiency of ibuprofen decomposition, the nitrate ions were selected. At certain 

time intervals, 1 mL of treated sample was filtrated through 0,45 Õm syringe filters in order to 

remove nanoparticles. Detection in changes in the ibuprofen concentration is followed by the 

application of high-performance liquid chromatography (HPLC, Agilent 1260). The 

concentration of nitrate used for experiment was in the range of 5 to 20 mg L-1. 10 mL of 

samples were filtered and quantitatively transferred to UV-VIS cuvettes. HACH NitraVer 5 

reagent was added to the cuvette containing the sample. The concentration of nitrate ions was 

determined on UV-VIS spectrophotometer (DR5000, HACH, Germany). 
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Results and discussion 

The obtained results are shown in the Table 1. In order to compare the effect of nitrate ions on 

the decomposition of ibuprofen, a pseudo first-order constant was used. 

 

Table 1. Influence of nitrate ions on photocatalytic degradation of ibuprofen 

Initial concentration of nitrate 

ions (NO3
-, mg L-1) 

Rate constant 

(k, min-1) 

0 0,045 (3) 

5 0,0140(4) 

10 0,0070(6) 

20 0,0070(5) 

 

By increasing the concentration of nitrate ions, a significant decrease in the value of the 

degradation constant was recorded. The decrease in the value of the degradation constant was 

85 % when analyzing concentrations of 10 and 20 mg L-1. The inhibitory effect during the 

photocatalytic process is caused by an increase of NO3
- charge, which emphasizes the 

electrostatic repulsion between ions and leads to reducing the rate of active adsorption sites on 

the surface of photocatalysts [5].  

 

Conclusion 

Pharmaceutical compounds are micropollutants which are continuously introduced in water 

streams considering their inefficient removal by conventional wastewater treatment. The 

heterogenous photocatalytic treatment by newly synthesized nanomaterial ZnO/SnO2 for 

removal of nonsteroidal anti-inflammatory pollutants is demonstrated to be efficient. According 

to obtained results, the inhibitory effect on ibuprofen removal was proven by increasing the 

concentration of nitrate ions.  
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Abstract 

Citizens worldwide are concerned about rampant water pollution as well as the application of 

the bioeconomy regarding reusing residual biomass from large-scale agricultural crops. 

An approximate 128.78 million tons of banana were produced globally in 2019 according to 

data by the Food and Agriculture Organization of the United Nations. The bananaôs crop 

constitutes a significant source of economic growth, income, food security and nutrition of 

many developing countries, is consumed worldwide because of its availability throughout the 

year.  

Biochar is a bioproduct of the pyrolysis of residual biomass and also is a low cost and 

environmental-friendly material that has a huge potential for removing pollutants from 

wastewater. This present work focuses on ammonium removal from water using biochar 

produced from banana leaves. First, the temperature to reach the maximum performance of the 

biochar concerning biomass through weight difference between the initial biomass and the 

obtained biochar was determined. After that, the ammonium efficiency removal was analysed 

through the batch studies with modification of pH, initial concentration of ammonium, the dose 

of biochar and contact time. The kinetic studies showed the adsorption isotherm data fitted well 

with Langmuir model. Meanwhile, the kinetics followed pseudo-second order model. 

The results obtained in this study show biochar from banana leaves as an excellent material to 

remove ammonium from aqueous solutions. 

 

Keywords: biochar, wastewater treatment, adsorption, ammonium removal, sustainability. 
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Abstract 

High-performance liquid chromatography (HPLC) is a widely used technique. It can be applied 

for both preparative and analytical chromatography, for example in the food industry, 

bioanalytics, pharmaceutical industry, or environmental analysis. One important application 

area of HPLC is the so-called chiral separations; i.e. for the efficient separations of chiral 

compounds, techniques based on liquid chromatography employing chiral stationary phases 

(CSPs) are the most frequently applied solutions nowadays. The intense development of achiral 

stationary phases observed in the last decades resulted in a striking evolution of CSPs; reducing 

the physical dimensions of the HPLC columns CSPs with significantly higher theoretical plates 

have become commercially available. The full potential of these high-efficiency columns can 

only be exploited on chromatographic hardware specialized to ensure elevated pressures and 

low dead volumes, i.e. on ultrahigh-performance liquid chromatography, UHPLC. 

The main technical difference between the two systems is the backpressure limit. Since the 

UHPLC systems can operate up to 1500 bars, smaller particles in the column can be employed, 

with lower column diameters, and shorter retention times, better resolutions and peak capacities 

can be achieved. 

Macrocyclic glycopeptides are a relatively new type of selectors, but they are widely used 

nowadays in chiral separations. They can have multiple groups (hydroxyl, amino, carboxylic, 

etc.) that can interact with the sample molecules and can also contain multiple aromatic groups. 

Because of this wide range of possible interactions, macrocyclic glycopeptide-based columns 

are able to separate a lot of chiral components. For our experiments, we used teicoplanin and 

teicoplanin-aglycon as selectors. 

We studied the enantiomeric separation of some ɓ2-amino acids by performing experiments in 

an HPLC and a UHPLC system in a comparative manner. 
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Abstract 

Buildings around the world (their design, maintenance and disposal) contribute significantly to 

global warming. It is no coincidence that achieving the sustainable operation of buildings is a 

priority objective worldwide, not only in terms of the choice of materials but also in terms of 

achieving the best possible technological solutions. The aim of the project is to deliver the 

highest possible quality results in a comprehensible way to all audiences in any way connected 

with the building industry: interested parties, renovators, builders, architects, contractors, etc. 

 

Introduction  

 

The buildings (design, maintenance and end 

of life) contribute significantly to global 

warming, accounting for almost 30% of total 

greenhouse gas emissions, according to a 

recent study. This includes insulation, 

heating and cooling of buildings, but since 

everything is connected to everything else, it 

is in fact every component of it. 

 

This paper shows the results of the Spread if Innovation Solution for Sustainable Construction 

project, what runs at the Adult Learning ERASMUS +-Strategic Partnership program. It is co-

ordinated by LCA Center Association; from 2019.10.01 to 31/12/2021 and there four partners 

are working together, an Italian innovation spin-off company, Ecoinovazione srl., a Finnish 

software developer, BIONOVA ltd., as well as the EMI Nonprofit Ltd. 
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The main goal is to create awareness of ordinary people to learn about the importance of 

sustainability in terms of construction and prior to weigh on the market building materials and 

their properties. This helps if you are the life-cycle approach presented extraction of the 

environmental impacts of housing and building / apartment maintenance of building materials 

in the manufacture of building materials, materials beyond the integration from the end of the 

buildingôs life cycle, i.e. the dismantling or demolition re-use. Increasing environmental 

awareness also comes to the fore in the project, because through it, indirectly facilitated by a 

move towards sustainability criteria within the building materials manufacturers, designers and 

contractors. 

The researches began with a questionnaire survey, which was designed to get an idea of what 

you know about the public about sustainability, how to understand certain concepts and provide 

what information, and formulate what is required by your Web Application or related to manual. 

Answers about governing customize the pre-project tasks. In general, about the man in the street 

it expects housing to be efficient, to be comfortable, casual, but we are less sure how 

environmentally friendly solution can be achieved. Therefore, the established application and 

preparation of the manual was an important input. 

The project produced two main outputs: 

¶ One of them a Handbook and its annexes, which include important information about 

the built-in, redecorating life-cycle approach. It was written in four languages, was 

completed in pdf format. The English version is now available on the website 

(howtobuildgreen.eu). 

 
¶ Other one is a web application, which includes the main technical characteristics and 

environmental data, and some market information in a variety of building materials 

(CFP or energy content, EPD). In addition, it is preparing a guide to aid the construction 

or renovation of a sustainable, environmentally conscious, or smart house through 

practical councils. We support the man on the street sensitization for use in education, 

environmental problems developed for the project elements. 



27th International Symposium on Analytical and Environmental Problems 

 
52 

 

  
In the project, we examined different materials, structures and finished buildings proposed by 

architects from an environmental and economic point of view. The analysis of alternatives helps 

an external party to understand which options are better and more advantageous, and can help 

in future choices. 

This paper shows the LCA and LCC results of different solutions, especially the renovation of 

Kadar cubic. 

  
Environmental life cycle assessment provides an opportunity to understand the environmental 

impacts of our acts, processes, products, etc. In this work, an excellent team of experts has 

worked together to provide high quality, and the same time understandable insights for 

construction decisions. The team hopes that its work will be useful for all. 
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Abstract  

Palladium (Pd) is part of the platinum group metals (PGMs) and represents a ñcriticalò raw 

material with economic importance. In our days, the secondary sources with Pd content are 

called ñthe urban mines of precious metalsò. Therefore, a lot of researchers focused their 

attention to the removal and recover studies of Pd ions from secondary sources. Regarding the 

recover process from aqueous solutions a lot of methods have been studied, among which 

adsorption process gained a special attention due to its well know advantages. 

 In this context, the present paper aims at the synthesis and characterization of Mg3Al-LDH and 

its functionalization with IL(methyl trialkyl ammonium chloride) in order to obtain adsorbent 

materials with high efficiency in the removal process of  Pd ions from aqueous solutions.  

 

Introduction  

It is well known that the sorption processes are more appropriate for the recovery of metal ions 

from diluted solutions. The challenge in the adsorption process is represented by the 

development of new efficient adsorbent materials. An effective adsorbent material must meet 

the following requirements: excellent selectivity, high adsorption kinetics and capacity,  

thermal and chemical stability, and ease of synthesis. These properties are fulfilled by layered 

double hydroxides (LDH). [1,2]  For more than a decade, studies have been carried out in the 

functionalization of different solid supports with different functional groups to increase the 

adsorption capacity and the selectivity of these materials. To this end, the researchers' attention 

was focused on the use of ionic liquids (IL) in the processes of functionalization of solid 

supports. The reason for such interest comes from the almost unlimited possibilities of 

tunability / design of new ionic liquids for specific applications and needs, insignificant 

volatility, high thermal stability, and wide ionic and electrochemical conductivity. [3,4] 

Therefore, immobilization of IL in suitable solid supports is a solution for the removal of metal 

ions from aqueous solutions since the advantages of IL are combined with the properties of 

LDH.  

 

Experimental 

Mg3Al-LDH was synthesized using the co-precipitation method at low-supersaturation. The 

functionalization of Mg3Al-LDH with the same quantity of the studied ionic liquid (IL- methyl 

trialkyl ï ammonium chloride) was realized through co-precipitation (sample named Mg3Al-

IL) and through ultrasonication (sample named Mg3Al-ILUS). The obtained adsorbents were 

characterized by X-ray diffraction (RX), Fourier-transform IR (FTIR) spectroscopy, scanning 

electron microscopy (SEM) and energy dispersive X-ray analysis (EDX). The obtained 

adsorbent materials were used in the recovery process of Pd ions from aqueous solutions. The 

adsorption processes were conducted in batch mode.   
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Results and discussion 

The XRD patterns recorded for the synthesised materials and functionalized with methyl 

trialkyl ammonium chloride are presented in Figure 1. 

 
Figure 1. XRD patterns of the studied materials 

 

The results of the characterization proved the fact that through ultrasonication, is assured a 

uniform distribution of the IL onto the surface of the LDH, while via co-synthesis is obtained 

an impregnation of the IL between the LDH layers, which will bring a higher stability of the 

obtained material. Palladium adsorption studies onto the studied materials were carried out in 

batch mode. The efficiency of the palladium adsorption onto the studied materials was 

determined by establishing the dependence of their adsorption capacity on the contact time, 

initial concentration of Pd (II) ions in the solution and temperature. The adsorption data were 

discussed from the kinetic and equilibrium point of view. The adsorption experimental data 

indicate that the adsorption process unfolds quickly, the equilibrium between Pd(II) ions and 

the studied adsorbent materials being achieved in 60 min. It is obvious that the functionalization 

of the Mg3Al with methyl trialkyl ammonium chloride led to a an increase of approximately 

50% of the maximum adsorption capacity of the studied materials in the recovery process of 

Pd(II) ions from aqueous solutions. The recovery degree of Pd(II) ions increased from 75.6% 

for raw Mg3Al to over 95% for the functionalized materials.  Data presented show that the 

kinetics of Pd(II) removal by adsorption on the studied material is described by a pseudo-

second-order expression, because the correlation coefficient is very close to 1 and the 

theoretically predicted equilibrium sorption capacity is close to the value experimentally 

determined. Langmuir isotherm studies were conducted in order to investigate the maximum 

adsorption capacity and the affinity of the studied material towards Pd(II). 

The Langmuir isotherm describe better the adsorption process of Pd(II) ions onto the studied 

material, comparted with other isotherm models due to the values of the obtained correlation 

coefficient which are close to unity. Moreover, the maximum adsorption capacity of the studied 

material obtained from the Langmuir plot is very close to that obtained experimentally. 

 

Conclusions 

It was observed that the presence of IL onto the LDH structure double the maximum adsorption 

capacity of the studied materials.  

The maximum adsorption capacity of the studied materials increases in the order: Mg3Al Ḻ 

Mg3Al-ILUS< Mg3Al-IL. Comparing the maximum adsorption capacities developed by the 

layered double hydroxide with or without functionalization with methyl trialkyl ammonium 

chloride, in the process of Pd(II) recovering from the aqueous solution, with the adsorption 

capacities developed by other adsorbent materials reported in the literature, it can be concluded 

that the layered double hydroxide Mg3Al is an efficient adsorbent, especially if it is 

functionalized with the studied IL. 
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Abstract 

Removing surfactants from liquid effluents has been a fundamental issue since they are found 

in several industrial effluents, hospitals, restaurants, and even homes. When disposed into 

aquatic environmental, surfactants can implicate in significant changes, including several 

adverse effects to aquatic organisms. The present study was developed to assess the 

ecotoxicological effects of surfactants (anionic and nonionic) to aquatic organisms Vibrio 

fischeri bacteria, Daphnia similis crustacean. The ionizing radiation (Electron Beam Irradiation 

- EBI) was applied as a possible technology for the treatment of these contaminants in order to 

reduce acute toxic effects. The obtained data showed that the surfactants were toxic for both 

organisms, and the nonionic were more toxic than anionic. EB irradiation reduced surfactants 

toxicity by 40% acute toxic effects for nonionic surfactant and more than 70% for anionic, for 

both exposed organisms classes. 

 

Introduction  

The surfactant market is estimated to reach US$ 39.86 billion by 2021, an increase of 5.4% 

between 2016 and 2021. Surfactants are the single most important ingredients in laundry and 

household cleaning products, comprising from 15 to 40% of formulation of these products. 

Furthermore, they are used in several industrial processes, such as in the textile, pharmaceutical, 

tannery, paper, chemistry industries [1,2].   

Despite the importance of surfactants in daily life and industry processes, they are one of the 

main hazardous pollutants in wastewater and water bodies. Beyond the visual aspect of foam, 

the impacts of detergents on rivers are very critical. Practically the entire biota can be affected, 

with a significant loss of biodiversity. The biodegradation capacity of the water body is reduced 

due to the depreciation of the dissolved oxygen level in water. As a consequence of surfactants 

residues we have also the flowering of algae, which often releases toxins into the water bodies. 

Previous studies have been reported toxic effects of surfactants to different aquatic organisms 

including algae, daphnids, and bacteria, with data of effect concentrations (EC) lower than 0.5 

mg Lī1 to Vibrio fischeri bacteria, for example [3,4]. Moreover, these contaminants can 

interfere in energy metabolism and transport of nutrients and oxygen; compromising the 

enzymatic activities and normal physiological function of organisms. Linear alkylbenzene 

sulphonate (LAS) in liver and internal organs of rainbow trout showed rapid absorption into 

systemic circulation [5,6]. 

Important concentrations of surfactants have been detected in surface waters and effluents in 

different regions of the world. For anionic surfactants: in Brazil, it was detected in surface 

waters concentrations between 14 and 155 Õg L-1; in India, the levels in surface and ground 

water system are ranging from 2 to 62 ɛg L-1; in Nile river (Egypt) in surface water ranged 

between 0.07ï2.45 mg L-1 [7,8,9].  
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Regarding surfactants characterization, analytical and assessment techniques to achieve 

effective identification and quantification of several surfactants in different environmental 

matrices have been developed, with appropriate extraction, purification, and preconcentration. 

In this sense, several techniques such as spectrophotometry, titrimetry, and chromatography 

have been used [10,11].  

 Due the capability to specifically identify surfactant types, chromatographic techniques 

(mainly HPLC-MS and GC/MS) are the most common methods usually adopted to analyse 

various surfactants (anionic, cationic, non-ionic, amphiprotic, and semi-polar surfactant groups) 

and their degraded products, mainly when the surfactant is a component of an environmental 

matrix. Although relatively simpler techniques, such as spectrophotometric, can be applied if 

the surfactant is present as a single component [11].  

The chemical characteristics, the low biodegradation, high toxicity of surfactants, confirm the 

needs for combined treatment processes for better degradability and in this regard, a possible 

technology may be ionizing radiation. The electron beam irradiation has been applied in several 

environmental matrices, for the treatment of industrial and domestic wastewater and hazardous 

pollutants [12,13].   

In this context, the aim of the present study was to assess the acute toxicity of surfactants in 

aquatic organisms from distinct trophic levels, as well as electron beam treatment efficiency for 

toxicity reduction.  

 

Experimental 

Samples 

The present study evaluated the surfactants nonionic (Alkyl aryl ethoxylated and aromatic 

sulphonate) and anionic (Sulphonated Dodecylbenzene) in an aqueous solution. The maximum 

concentration evaluated in acute assays was 1g L-1. 

 

Electron beam irradiation 

The liquid effluents were irradiated using a Dynamitron Electron Beam Accelerator and 

applying the following parameters: 1.4 MeV, fixed energy, batch system, conveyor speed of 

6.72 m minī1 and variable electric current according to the required doses. The samples were 

distributed in pyrex vessels, ensuring 4 mm sample thickness, and the vessels were protected 

by plastic wraps. The samples were irradiated at 2.5 kGy dose.  

 

Acute toxicity assays 

Acute toxicity assays with Daphnia similis were carried out in accordance with NBR 12713: 

2016 [14].  A minimum of five concentrations and a negative control with natural water (the 

same used in the D. similis culture) were evaluated per assay.  Twenty organisms per 

concentration, at least 6ï24 h, were exposed to the samples for 48 h. The observed effect after 

the exposure period was immobility.  The results were expressed as EC50, the median 

concentration to observe an effect for 50% of all exposed organisms. Statistics were applied 

according to the standard methods recommendation, obtained by the Trimmed Spearman-

Karber method.  

The assays with Vibrio fischeri bacteria were performed in MicrotoxÈ, M-500, Microbics 

system. The bacteria luminescence was analyzed before and after 15 min of exposure to the 

samples; toxicity was evidenced by loss of luminescence. The assays were performed in 

triplicate, with a minimum of four concentrations, with a dilution factor of 2. The negative 

control with diluent solution (NaCl 2%) and a positive control with phenol were also performed. 

The methodology was in accordance with Brazilian Technical Standard Methods NBR 
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15411:2012 [15]. The EC50 values were obtained from a statistical procedure based on the 

gamma effect (ɔ) and the sample concentration (C%), using linear regression. 

For both data, sample toxicity removal (%) after EBI treatment as calculated from EC 50 values, 

transformed to toxicity unit (UT), before and after irradiation. 

 

Results and discussion 

Acute toxic effects and EBI treatment values are reported in Table 1, Figure 1 and 2, 

respectively.  

 

Table 1. Acute toxicity (EC50 values) and confidence limits (CL) of anionic and nonionic 

surfactants samples. 

Aquatic organism Surfactant EC50 (mg L-1) CL 95% (mg L -1) 

D. similis Anionic 19.7 (15.8-24.6) 

 Nonionic 11.0 (9.2-13.2) 

V. fischeri Anionic 64.4 (23.7-74.6) 

 Nonionic 2.3 (0.6-8.0) 

 

 

 

 

 
Figure 1. Acute toxicity (EC50% values) of anionic surfactant versus applied EBI dose. 
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Figure 2. Acute toxicity (EC50% values) of nonionic surfactant versus applied EBI dose. 

  

The acute effects data obtained herein showed that the surfactants were toxic for both 

organisms, which nonionic are more toxic than anionic, with EC50 lower than 11 mg L-1 (Table 

1).   

Previous studies reported acute toxic effects of surfactants to different aquatic organisms 

including algae, daphnids, and bacteria. For V. fischeri, were described values of EC50 = 

0.35mg Lī1 (sodium dodecyl sulfate) and 1.92 (amine-oxide-based surfactant AO-R12) [3,4]. 

For several algae species exposed to cationic surfactants, median growth inhibition 

concentration ranged between 0.55-10.6 mg L-1, with deleterious effects for photosynthetic 

activity [16]. While exposure to fish (Clarias gariepinus) LC50 (mg L-1) values for anionic 

surfactants were 10.57-15.16 and for nonionic between 16.88-22.61 [17].  

Regarding the results obtained after the EBI treatment (Figure 1 and 2), considering 2.5 kGy as 

a suitable dose for acute toxicity removal, about 40% acute toxicity removal were obtained for 

nonionic surfactant for both organisms. While the reduction was better for anionic, 

approximately 70% removal of acute effects for D. similis and 80% for V. fischeri.  

 

Conclusion 

The surfactants are critical issues for aquatic environmental and the present study showed that 

they were very toxic to both organisms. The proposal of this study was also to evaluate the 

toxicity reduction of the samples after treatment by electron beam. This technology has been 

obtaining promising results in the treatment of several organic compounds. In fact, in this study, 

the electron beam technology was effective in reducing the toxicity of the surfactants, even that 

the low, the effects reduction was considerable.  
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Abstract 

Iron(II ) clathrochelate complexes obtained with glyoximes are macrobicyclic ligand systems, 

which completely encapsulate the metal ion, and are formed under mild conditions with high 

yields [1]. In particular, the riblike-functionalized clatrochelates both with the inherent and with 

the terminal closo-borate substituents synthesized recently have been proposed as new 

radiopharmaceuticals for boron neutron capture therapy of cancer [2]. 

In our research work new iron(II ) complexes were synthesized with a-glyoximes, boric acid 

derivatives, amines, Schiff bases, such as [Fe(Me-Pr-Glyox)3(BOïEt)2], [Fe(Et-Bu-

Glyox)3(BOïR)2] (R = methyl, propyl, butyl), [Fe(phenyl-Me-GlyoxH)2(amine)2], [Fe(Et-Bu-

GlyoxH)2(amine)2], [Fe(2-heptanone)2(en)(amine)2], where GlyoxH, Glyox = mono- or bi-

deprotonated glyoxime, en = ethylenediamine and the used amines: dibutylamine, 3-picoline, 

4-aminopyridine, 6-amino-3-picoline, 3-amino-1-propanol, imidazole, 2-aminopyrimidine, 3-

methylpiperidine, 3-amino-1H-1,2,4-triazole. For preparation ironII-sulfate was dissolved in 

water and mixed with alcoholic solution of the glyoxime, then the corresponding amines and 

the other complexing agents were added. The mixture so obtained was refluxed under inert 

atmosphere. 

The molecular structures of our products were studied by IR, Mºssbauer and UVïVIS 

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

The biological activity, like antimicrobial effect, was studied for a few bacteria. 

 

Introduction  

The unique properties of a metal ion encapsulated in the cage of a macropolycyclic ligand and 

isolated from the influence of external factors have allowed the use of clathrochelates as models 

of important biological systems, electron carriers, and catalysts of photochemical and redox 

processes [3]. 

Several iron chelates have been reported for application in the treatment of thalassaemia, other 

transfusion-dependent diseases, and also used as MRI contrast agents. Other iron complexes 

are also known for their antibacterial, antifungal and biomimetic activities [4]. 

Schiff bases play an important role in inorganic chemistry as they easily form stable complexes 

with most transition metal ions. These days, bioinorganic chemistry has increased the interest 

in Schiff base complexes, since it has been recognized that many of these complexes may serve 



27th International Symposium on Analytical and Environmental Problems 

 
62 

 

as models for biologically important species. The remarkable biological activity of the acid 

hydrazide (RïCOïNHïNH2) class of Schiff base, their corresponding aroyl hydrazones (Rï

COïNHïN=CHïR) and the dependence of their mode of chelation with transition metal ions 

present in the living systems have been of significant interest. The coordination compounds of 

aroyl hydrazones have been reported to act as enzyme inhibitors and are useful due to their 

pharmacological applications [5]. 

In this paper we report the synthesis, characterization and biological evaluation of novel 

iron complexes with glyoxymes, Schiff bases and boric acid derivatives. 

 

Experimental 
Used materials: FeSO4Ŀ7H2O, Me-Pr-GlyoxH2, Ph-Me-GlyoxH2, Et-Bu-GlyoxH2, boric acid, 

borax, ascorbic acid, 2-heptanone, ethylenediamine, dibutylamine, 3-picoline, 

4-aminopyridine, 6-amino-3-picoline, 3-amino-1-propanol, imidazole, 2-aminopyrimidine, 

3-methylpiperidine, 3-amino-1H-1,2,4-triazole, MeOH, EtOH, n-PrOH, n-BuOH. 

Methods: 

- Synthesis of [Fe(Glyox)3(BO-R)2]  type complexes 

0.0075 mol Me-Pr-GlyoxH2 or Et-Bu-GlyoxH2 was dissolved in 20 ml MeOH or EtOH or PrOH 

or n-BuOH, then this solution was added to an aqueous solution of 0.0025 mol (0.7 g) FeSO4 

and 0.4 g ascorbic acid dissolved in 25 ml water. The role of ascorbic acid is to prevent the 

oxidation of FeII to FeIII . Afterwards 0.0075 mol (0.46 g) boric acid dissolved in 15 ml H2O was 

added. The mixture was refluxed for 15 min under inert atmosphere, and then 0.00375 mol (1.4 

g) borax dissolved in 15 ml distilled water and 55 ml of the corresponding alcohol were added. 

The obtained solution was heated for 2ï3 hours on a water bath, under inert atmosphere. After 

cooling the crystalline complexes were filtered off, washed with the used alcohol and diethyl 

ether, then dried in air. A typical reaction is shown below: 

3
- H2SO4, - 6 H2O

+ FeSO4 + 2 H3BO3 + 2 EtOHC
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- Synthesis of [Fe(GlyoxH)2(amine)2]  type complexes 

0.005 mol phenyl-Me-GlyoxH2 or Et-Bu-GlyoxH2 was dissolved in 20 ml EtOH and this 

solution was added to the aqueous solution of 0.001 mol (0.3 g) FeSO4 and 0.4 g ascorbic acid 

dissolved in 10 ml water. After that 0.002 mol amine (dibutylamine, 3-picoline, 4-

aminopyridine, 6-amino-3-picoline, 3-amino-1-propanol, imidazole, 2-aminopyrimidine, 3-

methylpiperidine) dissolved in 5 ml EtOH was added. The obtained solution was heated for 2ï

3 hours on a water bath under inert atmosphere. The filtered crystalline complexes were washed 

with EtOHïwater mixture (1:1) and diethyl ether. A typical reaction as an example: 
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- Synthesis of [Fe(2-heptanone)2(en)(amine)2]  type  complexes 
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0.005 mol 2-heptanone (0.7 ml) and 0.0025 mol (0.19 ml) ethylenediamine were dissolved in 5 

ml EtOH, then refluxed for 1ï2 hours. The resulting colored solution was added to the aqueous 

solution of 0.0025 mol (0.7 g) FeSO4 and 0.4 g ascorbic acid dissolved in 15 ml water. At last 

0.005 mol amine (imidazole, 3-amino-1H-1,2,4-triazole) dissolved in 10 ml EtOH was added. 

The obtained mixture was refluxed in a water bath for 2ï3 hours. After cooling the crystalline 

complexes were filtered off, washed with EtOHïwater mixture (1:1) and diethyl ether. Finally 

the crystalline complexes were dried in air. A typical reaction: 

N

CH3C (CH2)4 CH3

H3C C (CH2)4 CH3

N

H3C C CH (CH2)3 CH3

N

N

CH3C CH (CH2)3 CH3
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H3C C (CH2)4 CH3

O
2
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- 2H2O
H2N

N NH

N

H2N

N NH

NH3C C

N

N

CH3C
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CH CH2 CH2 CH2 CH3

CH CH2 CH2 CH2 CH3

+ 2 H2N

N NH

N

 
Results and discussion 

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

Table 1. Microscopic characterization, calculated molecular weights and yields of the 

prepared complexes. 
 

Nr. Compound 
Calc. mol. 

weight 

Yield 

(%) 

Microscopic 

characterization 

1. [Fe(Me-Pr-Glyox)3(BO-Et)2] 594.06 76 
Brown, small triangle-based 

prisms (microcrystals) 

2. [Fe(Et-Bu-Glyox)3(BOMe)2] 650.16 10 
Greenish-brown triangle-based 

prisms (microcrystals) 

3. [Fe(Et-Bu-Glyox)3(BOïn-propyl)2] 706.27 84 Black triangle-based prisms 

4. [Fe(Et-Bu-Glyox)3(BOïn-butyl)2] 734.33 95 
Dark brown triangle-based 

prisms 

5. [Fe(phenyl-Me-GlyoxH)2] 410.21 45 
Reddish-brown irregular 

microcrystals 

6. 
[Fe(phenyl-Me-GlyoxH)2 

((n-Bu)2NH)2] 
668.70 42 

Reddish-brown triangle-based 

prisms 

7. [Fe(phenyl-Me-GlyoxH)2(3-picoline)2] 596.46 45 
Reddish-brown triangle-based 

prisms (microcrystals) 

8. 
[Fe(phenyl-Me-GlyoxH)2 

(4-amino-pyridine)2] 
598.44 32 

Reddish-brown triangle-based 

prisms 

9. 
[Fe(phenyl-Me-GlyoxH)2 

(6-amino-3-picoline)2] 
626.49 70 

Reddish-brown triangle-based 

prisms 

10. 
[Fe(phenyl-Me-GlyoxH)2 

(3-amino-1-propanol)2] 
560,43 90 

Purple-brown, small triangle-

based prisms (microcrystals) 

11. [Fe(Et-Bu-GlyoxH)2((n-Bu)2NH)2] 656.77 40 
Reddish-brown irregular 

microcrystals 

12. 
[Fe(Et-Bu-GlyoxH)2 

(6-amino-3-picoline)2] 
614.57 96 

Brown triangle-based prisms 

(microcrystals) 

13. 
[Fe(Et-Bu-GlyoxH)2 

(3-amino-1-propanol)2] 
548.50 48 Brown triangle-based prisms 

14. [Fe(Et-Bu-GlyoxH)2(imidazole)2] 534.44 65 
Reddish-brown triangle-based 

prisms (microcrystals) 

15. 
[Fe(Et-Bu-GlyoxH)2 

(2-amino-pyrimidine)2] 
588.49 89 

Reddish-brown triangle-based 

prisms (microcrystals) 

16. 
[Fe(Et-Bu-GlyoxH)2 

(3-Me-piperidine)2] 
596.63 34 

Reddish-brown triangle-based 

prisms 

17. 
[Fe(2-heptanone)2(en) 

(imidazole)2] 
442.43 48 

Brown triangle-based prisms 

(microcrystals) 

18. 
[Fe(2-heptanone)2(en) 

(3-amino-1H-1,2,4-triazole)2] 
474.43 23 

Dark brown triangle-based 

prisms 
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Infrared spectroscopic study 

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

reflection diamond ATR) and Bruker Vector 22 at room temperature, in the wavenumber range 

of 4000ï400 cmī1. The samples were measured in solid state (in powder form) or in KBr 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 11 14 17 18 

nO-H - - - - 3402 w 3281 w 3721 w 3721 w - - 

nN-H 3184 s 3447 s 3385 s 3447 s 
3227 

m 
3175 w 3185 w 3553 w 

3393 
vs 

3354 
vs 

nC-H 2956 w 2928 w - 
2928 

m 
3057 w 2956 w 

2918 

m 

2917 

m 

2995 

m 
2781 w 

nC=C - 1684 w 
1734 

m 
1747 

vs 
1678 

m 
1643 s 

1646 
vs 

1646 
vs 

- 
1647 

vs 

nC=N 1400 
vs 

1636 

m 
1636 s 1647 s 

1645 

m 

1541 

m 
1552 s 1553 s 

1636 
vs 

1553 s 

dCH2 - 
1420 

m 

1420 

m 

1456 

m 
1414 s 1440 s 1451 s 

1451 

m 
- 1454 w 

dCH3 - 1385 s 1385 s 
1383 

m 

1365 

m 
1372 s 

1392 

m 

1391 

m 

1396 

m 
1398 w 

nN-N - - - - - - - - - 
1124 

vs 

nN-O - - - 
1115 

vs 
1195 

m 
1230 s 1173 s 1175 s - - 

nN-OH - - - - 1015 s 
1106 

vs 
1103 

vs 
1102 s - - 

ɜBïO 1185 
vs 

1140 
vs 

1111 
vs 

1016 
vs 

- - - - - - 

ŰO-H 1044 

m 
995 m 945 s 934 s 972 vs 947 vs 963 vs 967 s 1069 s 984 s 

gC-H 711 vs 621 s 617 s 619 s 708 vs 694 vs 734 s 734 s 627 s 615 s 

nFe-N 543 vs - - - 483 s 
557 s 

426 vs 

516 s 

418 vs 

530 s 

418 vs 
- - 

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

 The most important bands for the characterization of complexes are nC=N (1400 ï 1647 

cmī1) and nFe-N (418 ï 557 cmī1). If we compare the influence on the nature of the glyoxime 

ligand (aliphatic or aromatic), we can observe the displacement of nC=N band to higher values 

and the displacement of nFe-N band to lower values in case of aliphatic ligand, which are in 

accordance with the electronic effects. 

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. 

Mºssbauer spectroscopy 

The Mºssbauer spectra were recorded at room temperature (295 K) and liquid nitrogen 

temperature (78 K) with Wissel type Mºssbauer spectrometer in constant acceleration mode 

and in transmission geometry. 

The Mºssbauer spectroscopic measurements indicate the oxidation and spin state of Fe, and 

also the purity of the complexes. In case of aromatic ligands the high spin FeIII  oxidation state 
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is observed due to the electron attraction of the ligand, however, in case of aliphatic ligands we 

obtain low spin FeII. 

 

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 4ï10 mg). 

The thermal stability of complexes is limited within the temperature range of 50ï100 ÁC. In the 

case of [Fe(Glyox)3(BO-R)2] type complexes the first decomposition step belongs to leaving 

RO group, until 170 ÁC, then the BOx part is lost until 300 ÁC. Subsequently, the decomposition 

of the glyoxime unit takes place, which is accompanied by big exothermic peaks. This behavior 

can be explained with the presence of oxygen in the molecule. The process ends at 700 ÁC. In 

the case of [Fe(GlyoxH)2(amine)2] type complexes the first step of the decomposition 

mechanism is the loss of the amino group between 50ï200 ÁC, then the glyoxime units leave. 

The end of the process is at 500 ÁC. The decomposition of [Fe(2-heptanone)2(en)(amine)2] type 

complexes begins with leaving of the amino groups until 300 ÁC, then the heptanone unit leaves. 

Finally the N-CH2-CH2-N unit is lost between 500 ï 700 ÁC. The general mechanism for 

decomposition is as follows: 

[Fe(Glyox)3(BO-R)2]  [Fe(Glyox)3(B)2]  [Fe(Glyox)3]  Fe2O3 

[Fe(GlyoxH)2(amine)2]  [Fe(GlyoxH)2(amine)]  [Fe(GlyoxH)2]  [Fe(GlyoxH)]  

 Fe2O3 

[Fe(2-heptanone)2(en)(amine)2]  [Fe(2-heptanone)2(en)(amine)]  [Fe(2-hept.)2(en)]  

 [Fe(2-heptanone)(en)]  [Fe(en)]  Fe2O3 

 

UVïVIS spectroscopy 

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

EtOH/water solutions containing the substance in 10ï4 mol/dm3 concentration. Using Sºrensen 

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

acidity constants were calculated, too. The obtained values were between 1.2Ŀ10-11 ï 1.1Ŀ10-10. 

 

Biological study 

The antimicrobial effects for two complexes: [Fe(Et-Bu-Glyox)3(BOMe)2] and [Fe(Et-Bu-

Glyox)3(BOPr)2] were studied with Bacillus Subtilis Gram-positive and Escherichia Coli 

Gram-negative bacteria. The observation was made with the disk method. The complexes were 

dissolved in DMSO with 10 mmol/l concentration. In both cases antibacterial effect was not 

observed. 

 

Conclusion 

In this work new iron(II ) complexes were synthesized and characterized with physico-chemical 

methods. Thermal decomposition mechanism was monitored with thermoanalytical 

measurements. Antibacterial activity was also investigated. 
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Abstract 

The main metals from various species of seashells, commonly found on the Black Seaôs 

Romanian coast, were determined by using microwave plasma atomic emission spectroscopy 

(MP-AES) and energy-dispersive X-ray spectroscopy (EDX). As expected, calcium was the 

main component, followed by magnesium, aluminum, iron and manganese. 

 

Introduction  

Although seashells are generally regarded as waste products with little commercial value, they 

can be chemically modified to give useful materials by using simple technologies. For example, 

they can find applications as support for growing biomass, for heavy metal decontamination 

and for hydroxyapatite fabrication [1]. 

Various authors studied the elemental distribution in marine organisms and sediments from the 

Black Sea coast. By using atomic absorption spectroscopy (AAS), Cadar et al. determined the 

heavy metal (Cd, Cu, Pb and Zn) concentrations in marine water, sediments and algae from the 

Romanian coast in 2017 and 2018 and found some contamination related to the harbor activities 

(ConstanἪa and Mangalia) [2]. Heavy metals (Cd, Co, Cr, Hg, Ni, Pb, Sn) from tellina (Donax 

trunculus) on the Turkish coast were determined by inductively coupled plasma optical 

emission spectrometry (ICP-OES) and it was found that temperature changes affected the metal 

accumulation in the species [3]. Trace elements (As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Zn) were 

determined by ICP-OES in the Black Sea mussel (Mytilus galloprovincialis) and rapa whelks 

(Rapana venosa) from Bulgarian coast and they were found not to exceed the maximum 

residual levels prescribed for seafood [4]. Also, the chemical composition (Ag, Al, As, Ba, Ca, 

Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Ti, V, Zn) of Rapana thomasiana from 

the Romanian coast was studied with ICP-OES by Sereanu et al. in order to assess the degree 

of shells mineralization [5]. 

During our efforts to find practical applications for seashells as biomass support and 

hydroxyapatite precursors [6-8], we made some preliminary analysis regarding the elemental 

distribution in molluscan shells collected from the Black Seaôs shore. 

 

Experimental 

Reagents (65% HNO3, 28-30% NH3) were analysis grade from Merck. 

Raw seashells were collected in 2020 and at the beginning of 2021 from a Black Sea beach 

(43.819222 N, 28.589222 E) in the city of Mangalia, Romania (Figs. 1 and 2). They were dried 

naturally for seven days before further processing. 
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Figure 1. Seashell collection site in Mangalia, Romania 

 

 
 

Figure 2. General aspect of the collection site 

 

For MP-AES analyses, some of the most common types of seashell species found in the Black 

Sea were selected: Mytilus galloprovincialis (sample 1), Mya arenaria (sample 2) and 

Cerastoderma edule (sample 3). Dry seashells were washed using an ultrasonic bath and were 

carefully cleaned on the surfaces of the exoskeleton with a plastic brush. The shells were 

crushed by pressing them, after which particles smaller than 2 mm were separated using a sieve. 

These were dried at 115 ÁC for 20 minute after which 2.000 g of each sample was calcined at 
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550 ÁC for 10 h in alumina crucibles with a temperature increase of 5 ÁC/min. The crucibles are 

brought to room temperature and the samples are weighted, after which they are kept in a 

desiccator in the crucibles with concentrated HNO3 until complete digestion. After dilution with 

double-distilled water, the samples were analyzed using an Agilent MP-AES 4100 

spectrometer, with the following parameters for all samples and wavelengths: 0 degree viewing 

position, 120 kPa nebulizer pressure (nitrogen as carrier gas), 30 seconds sample uptake time, 

15 seconds stabilization time, 10 seconds read time and 3 replicates for all measurements. All 

glassware was washed with 2% HNO3 and rinsed with double-distilled water. Solid CaCO3, 

Fe2O3 and metallic magnesium were dissolved in HNO3 in order to prepare the three standard 

stock solutions (1000 ppm calcium, 1000 ppm iron and 100 ppm magnesium). Calibration used 

five levels (0.00, 0.80, 2.00, 10.00, 20.00 ppm for calcium and 0.00, 0.60, 1.50, 7.50, 15.00 

ppm for magnesium and iron). For maximum sensibility, calibration and data recording used 

the top five most intense emission lines offered by the spectrometer software, leaving aside 

those lines that interfere with sodium and potassium (393.366, 396.847, 422.673, 430.253, 

445.478 nm for calcium, 279.553, 280.271, 285.213, 383.829, 518.360 nm for magnesium and 

259.940, 302.064, 358.119, 371.993, 385.991 nm for iron). Two dilutions were used for the 

three samples which were analyzed: for magnesium and iron, present in much lower quantities, 

the samples were 50 times more concentrated then those for calcium. 

For EDX analyses, dry raw seashells were first sieved through a 1 cm mesh sieve. The larger 

fraction was kept on the sieve and the small foreign bodies were disregarded by blowing 

compressed air. The samples were then washed in the ultrasonic bath for half an hour, after 

which they were immersed in 6% sodium hypochlorite for 3 x 24 h to remove the outside 

organic matter. After this treatment, the samples were repeatedly washed with tap water and 

finally with double-distilled water. After drying in the oven at 80 ÁC, the samples were 

immersed in 1 M NaOH for 24 h in order to remove any organic residues from the surface of 

the exoskeletons [9]. They were again repeatedly washed with tap water and finally with 

double-distilled water, then they were dried at 80 ÁC. The dried samples were mechanically 

broken and the 4-7 mm fragments were isolated using a custom made sieving device. Heavy 

metals from seashells were concentrated for EDX analysis by using sulfide precipitation. In 

order to achieve this, the samples were digested by using 65% HNO3 (200 mL of acid for 100 

grams of seashells). The yellow suspension was boiled until the volume was reduced to half, 

during which the liquid became almost clear. The pH was adjusted to 10 by using ammonia and 

the mixture was diluted with double-distilled water until the volume was doubled. Sodium 

sulfide was added until the reaction with silver nitrate gave a positive result (0.3 mL of 0.1 mol 

L-1 Na2S). The dark-green precipitate that formed was subjected to centrifugation and washing 

with double-distilled water (two cycles), after which it was dried in an oven at 105 ÁC and 

subjected to EDX analysis by using an accelerating voltage of 25 kV. 

 

Results and discussion 

In the case of MP-AES analyses, after inspecting the correlation coefficient (r) and calibration 

errors, the 422.673 nm line (r=0.99981) was selected for calcium and the 279.553 nm line 

(r=1.00000) for magnesium. By comparing the amount of calcium determined with MP-AES 

and the mass of the samples it was confirmed that the exoskeletons are made almost entirely of 

calcium carbonate, with only traces of other elements. The weight ratios between calcium and 

magnesium obtained for the three samples were 224.8:1 for the first sample, 1180.8:1 for the 

second sample and 1067.2:1 for the third sample, with a mean value of 824.3:1. Iron was below 

the detection limit of all monitored wavelengths and for all samples, even though the calibration 

correlation coefficient was very good (r=0.99997 for 259.940 nm and r=0.99999 for 385.991 

nm) and the calibration errors were minimal (under 3.33%) for the selected wavelengths. 
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The EDX analyses results are given in Fig. 3 and Table 1. 

 

 
 

Figure 3. Peaks in EDX analysis of sulfide residue 

 

Table 1. Percentages of each element in EDX analysis of sulfide residue 

 

Element Weight % Atom %  

O K 60.46 66.52 

Mg K 9.41 6.81 

C K 6.35 9.30 

N K 5.93 7.46 

Si K 5.90 3.70 

Ca K 3.06 1.34 

S K 2.73 1.50 

Al K  2.57 1.68 

P K 2.22 1.26 

Fe K 1.23 0.39 

Mn K 0.15 0.05 

Total 100.00 100.00 

 

In the EDX spectrum, the presence of C, N, O and P elements was observed, which may 

originate from the organic matter existing between the aragonite lamellae from the 

exoskeletons. Due to the fact that these elements were not quantitatively isolated in the analyzed 

sample, no conclusions can be drawn regarding their relative abundance in the shells. Sulfur 

can originate from both protein mass and sulfide added to precipitate heavy metals. Also, the 

residual calcium and magnesium salts originate from the incorporation in the mass of the 

precipitate. The largest amount of calcium and magnesium was removed during the heavy metal 

separation protocol. Finally, the ratio of the elements extracted quantitatively from the sample 

is Si : Al : Fe : Mn = 63.6 : 28.9 : 6.7 : 0.9 (atomic %) or Si : Al : Fe : Mn = 59.9 : 26.1 : 12.5 : 

1.5 (mass %). The other elements are below the spectrometer detection limit. 

 

Conclusion 

EDX and MP-AES analyses revealed calcium to be by far the main metallic component, 

followed by traces of magnesium, aluminum, iron and manganese. Although some nonmetals, 

namely oxygen, carbon, nitrogen, silicon, sulfur and phosphorus were also identified in EDX 

analyses, only silicon can be quantified with the applied protocol. 
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Abstract 

The challenges we experience professionally always teach us to retreat, to document ourselves, 

to learn, to become better and to succeed in asserting ourselves in the fields we have trained 

and perfected throughout several years. This also happened in the pandemic times with Covid-

19, when we had to document RT-PCR techniques in order to be able to detect at the molecular 

level the SARS-CoV-2 virus responsible for disturbing the world worldwide. Thus, in the 

molecular biology laboratory, analysts must make very important decisions about the final 

result of the RT-PCR test to determine ï given several analytical criteria ï whether the result is 

negative, positive or equivocal. There are situations where the RT-PCR equipment does not 

detect all the genes responsible for a clearly positive result, or when the cycle threshold (Ct) is 

higher than specified in the reagent insert kit, and then it is the analyst's duty to decide what is 

the final result of molecular test. This paper brings to the fore the involvement, duty and the art 

of researchers and specialists who must assume the final result of the RT-PCR test in the 

detection of the SARS-CoV-2 virus responsible for the global pandemic of Covid-19. 

 

Introduction  

We are in the midst of a COVID-19 pandemic, and in Romania at the moment, we are sad and 

terrified of the 4th wave of SARS-CoV-2 infection, when the infection rate exceeded 12 

positive cases per 1000 inhabitants, and when hospitals have courtyards full of ambulances 

waiting for a place available in the hospital to transfer critically ill patients, and unfortunately, 

patients are also getting younger and younger.  

We go back a little in time, in 2013, and we remember the onset of the viral disease with the 

virus SARS-CoV-1 (Severe Acute Respiratory Syndrome Coronavirus), which underwent 

mutations being named in 2018 MERS-CoV (Middle East Respiratory Syndrome Coronavirus), 

so that in 2019 we reach the SARS-CoV-2 virus (Severe Acute Respiratory Syndrome 

Coronavirus) [1, 2, 3]. 

Testing methods for the detection of SARS-CoV-2 virus are very important, because the 

accurate molecular result plays a very important role in the correct diagnosis and ideal treatment 

prescription, enabling the doctor to cure quickly and confident the patients [4, 5]. Thus, the 

rRT-PCR ï the real time reverse transcription polymerase chain reaction is the molecular test 

mostly used in the detection of the nucleic acid of SARS-CoV-2 virus. This technique detects 

usually two or three of viral genes responsible for the infection, and one common 

Coronaviridae family. The SARS-CoV-2 virus is a beta coronavirus, single-stranded RNA, 

positive-sense, part of Coronaviridae family, and Orthocoronavirinae subfamily. From 

molecular point of view, the genome encodes some specific glycoproteins (spike ï S, membrane 

ï M, envelope ï E, and nucleocapsid ï N) which can be detected with PCR technique [6-10]. 
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For the first time, the quantitative rRT-PCR technique for detection of SARS-CoV-2 virus was 

developed in Germany, at the Charit® Institute of Virusology, and it was reported also by World 

Human Organization (WHO) last year (2020) on January 13. Followed this method there were 

subsequently reported others additional protocols which have as assay target three different 

specific genes: SARS-CoV-2 RNA-dependent-RNA-polymerase (RdRp), E and N gene [11]. 

For all RT-PCR techniques, for all protocols, there are necessary approves from Emergency 

Use Authorization (EUA) for reagents; for extraction, sequences and amplification; analytical 

sensitivity, specificity, and precision. 

The results of RT-PCR are very important for the correct diagnosis, but also some others aspects 

have to be taken in consideration for the right diagnosis and the best treatment prognosis, such 

as: collection of nasopharyngeal secretions (swab type, sampling and collection method); 

transportation and preservation of the samples; blood tests (neutrophils, inflammatory 

biomarkers, lymphocytes); Ct ï cycle threshold value; and if necessary the CT (computer 

tomographic) examination.  

Sometimes the RT-PCR results have to be evaluated taking in consideration not only the final 

result, but also the detection of both two genes (common family Coronaviridae ï E gene and 

also SARS-CoV-2 gene), Ct value for both genes, as well as the graphical shape of all detected 

genes. But for this it is the task of the analyst to decide if the final result is positive or negative, 

even the RT-PCR amplification equipment gives the final result ñpositiveò, ñpresumptive 

positiveò or ñequivocalò. Our paper debates exactly this situation where the final result has to 

be decided having in view not only the result of the amplification equipment, but also some 

other aspects regarding the amplification information and the reagent insert kit specifications.       

 

Experimental 

The RT-PCR technique is a molecular method of detection of nucleic acid of SARS-CoV-2 

virus in order to establish if the patient is infected or not! The protocol involves the swab-

sampling of the nasopharyngeal secretion, transportation and preservation of the samples, RT-

PCR extraction and amplification. The analytical work was done in the Laboratory of Molecular 

biology from Banatôs University of Agricultural Sciences and Veterinary Medicine ñKing 

Mihai the Ist of Romaniaò from Timisoara, Romania. The sampling preparation was performed 

in a biological safety cabinet class II (hood with biosecurity level 2), and the personnel wore 

protective equipment according to biosafety specifications. The extraction was performed with 

an automatic RT-PCR extractor 48 from Bioneer, and the amplification was performed with the 

RT-PCR Exicycler 96 from Bioneer.  

We evaluated the RT-PCR results since 1st of January 2021 to 30th of September 2021 from the 

Laboratory of Molecular Biology from Banatôs University of Agricultural Sciences and 

Veterinary Medicine ñKing Michael the Ist of Romaniaò from Timisoara, Romania 

(BUASVMT). Thus, we performed a number of 2590 total tests, from which the RT-PCR 

equipment gave us 2440 negative results, 150 positive results, and 57 presumptive positive 

results ï that represents 2.2% from total RT-PCR tests. This means that at least 2.2% 

(presumptive or inconclusive positive) from total RT-PCR results had to be re-evaluated by the 

analyst in the laboratory for setting the final RT-PCR result which was reported also to the 

Ministry of Health from Romania and also to the patients. 

 

Results and discussion 

For an accurate RT-PCR result, for each run we include a negative and a positive control, that 

is part of the insert reagent kit, and is absolutely necessary for an internal quality control. The 

result for each control run (negative and positive) has to be ñvalidò. Also, each sample amplified 
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on the RT-PCR equipment contain the Bioneerôs AccuPower PCR PreMix reagent and also 

internal control, and for all samples we have to have a valid result for internal control. 

The results of the RT-PCR amplification can be clear-cut, negative or positive for SARS-CoV-2, 

with valid internal control, with non-detected gens of Coronaviridae family and SARS-CoV-2 

specific gene ï for negative result; and with Ct (cycle threshold) value for both E. and SARS-

CoV-2 gene ï for positive result. 

The Ct value is very important and could be a very important specification, but not singular, in 

the right diagnosis and best treatment for the patient! The Ct ï cycle threshold in RT-PCR is a 

positive reaction and response, being detected by accumulation of a fluorescent signal. Ct is the 

number of cycles required for the fluorescent signal to exceed the background level, and is 

inversely proportional to the amount of target nucleic acid from the sample. Thus, a high Ct 

value is correlated with a low viral RNA-SARS-CoV-2 load, and of course a lower risk of 

Covid-19 transmission [12].  The RT-PCR assay undergo up to 40 cycles for amplification, but 

the maximum value of Ct for positive results is set by the producer of the insert reagent kit. For 

Bioneerôs AccuPower PCR reagent kit, the maximum value of Ct for positive results is lower 

33, which means that positive results have Ct values lower than 33.  

However, the RT-PCR equipment gives as a final result sometimes a ñpresumptive SARS-CoV-

2 positiveò result, that means that the result is equivocal, is not certain positive.  

So, what we should do in this case? How we have to evaluate all the data and give a correct 

final result? In this case we have to evaluate not only the final result, but we have to check the 

detection of all genes, the values of Ct for E gene and SARS-CoV-2 gene, and also we can 

evaluate the graphical presentation of the amplification curves. Figure 5 presents a case of 

ñpresumptive SARS-CoV-2 positiveò, but because we can easily see that only the SARS-CoV-

2 gene was detected and the Ct was 31.87, and the E gene was non-detected, we can give as a 

final result as negative for SARS-CoV-2 infection. 

Based also on literature data and the specifications of the reagent kit producer, we can consider 

a result of suspect, inconclusive or weak positive with Ct values higher than 33, as indicating 

minimal amounts of target nucleic acid, in our case SARS-CoV-2-RNA could represent early 

or late infection, residual vaccine or even environmental contamination.   

Other situations can be identified as a ñpositive test result from RT-PCRò, with valid negative 

and positive control for presented run.  

Even if the final reported result from RT-PCR after amplification is ñpositive test resultò, when 

we check the graphical representation we can observe that E gene is not detected, SARS-CoV-

2 gene is detected ï but the Ct value exceed the reagent kit recommendation (as maximum 33 

value for positive result), and IPC (internal control is valid). So, in this case the final result 

reported to the patient is ñnegative for SARS-CoV-2 infectionò!    

There are many scientific experimental papers published about the Ct value regarding 

COVID-19, which try to elucidate and make clear the importance and the right evaluation 

and interpretation of the Ct value. Thus, Polese-Bonatto and her research team evaluated 

the Ct value for children and adults infected with SARS-CoV-2, using RT-PCR confirmed 

infection, using a method that detects three gene-targets, and the results were comparable 

between children and adults. On the other hand, Ct value is correlated with some 

hematological and blood biochemical parameters, such as: aspartate-aminotransferase (AST), 

neutrophils, and monocytes [13].  

Other scientific reports presented clear conclusive data about strong correlations between 

Covid-19 and some blood biochemistry, coagulation tests, and inflammatory factors, such as: 

leucocytes, lymphocytes, neutrophils, platelet, hemoglobin, total protein, globulin, albumin, 

procalcitonin, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), 
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antistreptolysis O (ASO), D-dimer, fibrinogen, lactate dehydrogenase (LDH), interleukin-6 

(IL-6), interleukin-2 receptor (IL-2R) [14-18].  

There is another situation where the RT-PCR result is ñinvalidò. In this case, first we have to 

evaluate if the IPC (internal control) is valid or not for that sample, if the negative and positive 

control for that run is valid, and also to check if there is any of the specific gene detected.  

An example of this situation presents the final RT-PCR test result as ñinvalidò, the IPC is also 

ñinvalidò, and none of the E gene and SARS-CoV-2 gene is detected. In this case the final RT-

PCR result is ñEquivocalò that means that the test has to be performed again, and we have to 

repeat extraction and amplification to be sure for the final result. 

More and more researchers try to make correlations between different blood tests results, 

computed tomography (CT) evaluation, radiographic evaluation (RX), and magnetic 

resonance imaging (MRI) evaluation, encephalography technique, just to find new and new 

findings which can in recent future to prevent and treat with success this pandemic disease of 

Covid-19! 

Bairwa and his team found strong association with Covid-19 mortality of some hematological 

and biochemical markers. Thus, they evaluated 249 hospitalized patients infected with SARS-

CoV-2 which presented elevated procalcitonin, C-reactive protein, AST, serum potassium, 

neutrophils count, RBC (red blood cells) count, and prothrombin time; while the lymphocyte 

count, oxygen saturation, partial oxygen pressure, alanine-aminotransferase (ALT), and 

lactate dehydrogenase decreased ï most of the situations having strong association with 

mortality [19]. 

World Human Organization (WHO) Working Group on the Clinical Characterization and 

Management of Covid-19 infection publishes regular reports about the new findings regarding 

this new and pandemic disease published in Lancet ï Infectious disease a clinical report where 

they underlined some endpoints used in clinical studies planned and done during Covid-19 

outbreak and also clinical progression scale, presented a score of severity of disease from 

ñuninfectedò to ñdeadò of Covid-19 [20].  

Having all this very complex data in our view, trying to bring new experimental proves and 

findings into the world attention, we are part of this scientific work, and, also with our 

experimental experience we come and add information that can help in this fight against the 

SARS-CoV-2 virus and help as much as we can for all people to return to their previous lives, 

to get through the disease easily or to get vaccinated and thus to develop antibodies that protect 

us in the near future.  

 

Conclusion 

RT-PCR technique is used with success for qualitative and quantitative detection of SARS-

CoV-2 RNA viral infection and Covid-19 disease. The samples represents swab 

nasopharyngeal secretions and the molecular test involves the extraction of the RNA and the 

amplification on RT-PCR.  

Most of the time the results from RT-PCR technique is very clear, is ñpositive SARS-CoV-2ò 

or ñnegativeò, but sometimes the result could be ñinvalidò or ñpresumptive SARS-CoV-2 

positiveò ï and in these situations the analyst from the laboratory, usually geneticist specialist 

(medical doctor, biologist, biochemist, or chemist) has to evaluate all data and information from 

the equipment and to give the final medical report.  

The geneticist plays a critical role in the final decision of the final medical report and result of 

the RT-PCR test. But there are more characteristics that should be taken in view and should be 

evaluated. Because all these, the cooperation between the medical doctor that follow the 

medical state of the patient, the laboratory specialists, and the family doctor for the historical 

medical data for the patient in critical and very important. 
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Prevention, correct diagnosis, medical prognosis, and right treatment could be the difference 

between a medical success and the medical failure! 

Not the last, very important is the pre-analytical phase (sampling the biological specimen ï in 

our case the nasopharyngeal secretions), analytical and post-analytical phase plays all very 

important role in the great achievements and professional recognition! 
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Abstract 

The possibility of applying electrocoagulation treatment to remove heavy metals (zinc, copper, 

and chromium) from wastewater generated during the washing process of the screen printing 

plate was carried out. The electrocoagulation efficiency is estimated based on reducing the 

concentrations of detected heavy metals in the screen wastewater at defined process parameters 

such as electrode material, current density, interelectrode distance, and operating times. 

 

Introduction  

After the screen printing process is completed, it is necessary to wash the screen plate to remove 

the leftovers of the used printing inks. For that purpose, special chemicals are used as a 

combination of different solvents, thinners, and alkaline detergents. Special chemicals are 

applied to the plate with a sponge or brush, and after a certain period, they are rinsed with water 

[1]. In this way, a screen effluent is generated. 

 

Experimental 

The electrocoagulation cell is made of borosilicate glass with a volume of 250 mL. Two plate 

iron and two plate aluminum electrodes with the exact dimensions of 10 cm x 5 cm x 0.1 cm 

and a total area of 100 cm2 were used. In Fe(-)/Al /Fe/Al(+) electrode combination, only the 

outer electrodes were connected in a bipolar mode to a digital DC power supply (DF 1730LCD) 

equipped with potentiostatic or galvanostatic operational options. 220 mL of the screen 

wastewater were mixed with the appropriate amount of sodium chloride (0.50 g), at 450 rpm 

by a magnetic stirrer (IKA color squid, Germany). The current density of 8 mA cm-2 and the 

interelectrode distance of 1.0 cm were applied. Electrolyte samples (15 mL) were taken at 

certain treatment times (1, 5, 10, 20, 40, and 60 min). All collected samples were centrifuged 

for 10 min at 2000 rpm (Centrifuge Tehtnica Ģelezniki, Slovenia). The Atomic Absorption 

Spectroscopy (PerkinElmer Analyst 700, USA), according to the standard EPA 7000B method, 

was carried out for heavy metal analyses [2,3]. 

The efficiency of electrocoagulation removal of heavy metals (zinc, copper, and chromium) 

from the screen wastewater was determined by using the equation [2]: 

 

(%)100Ö
-

=
o
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M
C
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Where: 

EM (%) ï the electrocoagulation removal efficiency of a suitable heavy metal, 

Co (mg L-1) and Ct (mg L-1) ï concentrations of analyzed heavy metal in the screen 

wastewater before electrocoagulation and at a particular operation time (t), respectively. 
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Results and discussion 

Efficiencies of electrocoagulation treatment removal of analyzed heavy metals from screen 

wastewater at precisely defined operating parameters (system with Fe and Al electrodes, current 

density of 8 mA cm-2, interelectrode distance of 1 cm, and process times of 1, 5, 10, 20, 40, and 

60 minutes) are shown in Figure 1. 

 

 
Figure 1. Efficiencies of electrocoagulation removal of zinc, copper, and chromium from 

screen wastewater 

 

The obtained results of electrocoagulation treatment show that: 

¶ The efficiencies of heavy metals removal decrease in order: copper > zinc > 

chromium. Thus, the nature of the metal affects the order of removal. 

¶ The efficiency of all heavy metals not linear increases with increasing operating time. 

¶ The operating process times of all three heavy metals are 60 minutes. 
 

Conclusion 

It is possible to remove heavy metals (zinc, copper, and chromium) from the wastewater 

generated while washing the screen printing plate by applying electrocoagulation treatment. 

Maximum efficiencies of electrocoagulation treatment with defined operating parameters for 

copper, zinc, and chromium were 87.3, 75.3, and 50.0%, respectively. 
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Abstract 

As the air pollution generated from mobile sources is a problem of a general interest, Toadiesô 

restrictions on pollutant emissions require the use of catalytic convertor as a standard on car 

engines both SI and CI. Due to incomplete combustion in the engines, there are a number of 

products CO, HC, NOx, etc. that have a negative impact on air quality. The scope of this paper 

is to characterize the performance of catalysts with different basis (aluminum oxide, ceramics 

and zeolite) and different shapes while infused with a fixed percentage of Palladium at 0.2% on 

the reduction of these harmful gases. To this purpose a two cylindrical Benzene engine was 

utilized and a gas sensor were attached to the outlet of the exhaust system before and after the 

catalytic convertor. The model has also given access to the amount of pressure drop caused by 

the catalyst parts which are compared in the paper.  
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Introduction  

Laser-induced breakdown spectroscopy (LIBS) has numerous advantages like determination of 

ppb-ppm level concentrations, microdestructivity, the ability of making high resolution laterally 

(Õm) or depth-resolved (100 nm) analysis, sensitive measurement of heavy and light elements 

and direct analysis of solid samples with minimal sample preparation. The aim of the present 

work was to demonstrate that LIBS is a suitable analytical technique to assess the trace element 

distribution of pharmaceutical and biological samples. As test samples, we used specimens of 

chickpea milkvetch (Astragalus cicer), a perennial plant with excellent nutritional value and a 

commercially available dietary supplement pill (Supradyn). 

 

Experimental 

The LIBS spectra were taken by using the J200 LA-LIBS tandem spectrometer (Applied 

Spectra Inc., USA) with the following settings: laser pulse energy 14 mJ, spot size 60 Õm, 

integration time 1.05 ms, gate delay 0.5 Õs, repetition rate 10 Hz. The laser parameters were set 

to collect data from the whole sample surface with no overlapping measurement points, and 

from each location, only one spectrum were recorded. 

The only sample preparation in the case of pill was cutting it in half with a sharp scalpel and 

embedding it in bluetech glue in order to fix them in the sample holder. Seeds of Astragalus 

cicer were surface sterilized with 20% (v/v) sodium hypochlorite for 20 min, and washed with 

sterile distilled water four times in 20 min. Seeds were dried on a sterile metal filter and we 

polished them one by one using P-400 sanding paper in order to scratch the external seed coat. 

Seeds were placed on agar medium (the scratched surface of the seeds contacted the medium). 

Plastic, square Petri dishes contained half-strength Murashige and Skoog medium (0.8% (v/v) 

agar, 1% sucrose). Samples were grown under controlled conditions (12 h/12 h light/dark cycle, 

relative humidity 55ï60% and temperature 25 Ñ 2ÁC) for 14 days. When the plants grew big 

enough, the plantlets were carefully removed with tweezers and their roots were rinsed with 

deionized water to wash away the remaining of the medium in which they were cultivated. 

Plantlets were then pressed, dried and mounted on a glass microscope slide with double-sided 

foam tape. 

 

Results and discussion 

In Figure 1., the elemental distribution maps of five trace elements (Ca, Mg, Cu, Mo and Zn), 

are presented in the pill. On the elemental distribution maps, the colour scale ranges from blue 

to red, where blue indicates low intensity and red indicates high intensity. As it ought to be, the 
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images testify that all of the elemenst are distributed in a more or less homogenous way 

troughout the pill. Based on the certificate of the manufacturer, Ca and Mg are present in the 

pill at the highest concentration (51.3 and 21.2 mg per pill), whereas Cu, Mo and Zn are present 

at least an order of magnitude lower concentration. This also reflects in the intensities of the 

elements in the maps, however please note that there are significant differences between the 

sensitivity of the spectral lines used for plotting as well. Since the pills are made by mixing and 

pressing together powdered chemicals containing these elements (and others), whether we can 

detect an element or not also depends on the size of the grains. Interestingly, Cu and Zn appears 

to be present in a significant amount in the coating of the pill as well, as opposed to the other 

elements which occur only in the main body of the pill. Ca, Mg and Mo seems to be present in 

larger grains than the other two elements. These information can help the formulation and 

quality control of the manufacturing of such pills. 

 
Figure 1. Optical microscopy image (top left corner) and LIBS elemental distribution maps of 

some of the trace elements in a multivitamin dietary supplement pill. 

On the elemental distribution maps, presented in Figure 2., the distribution of four selected 

essential micro Fe, Mn and macro K, Mg nutritious elements can be seen in Astragalus cicer 

seedlings. The macroelements are presented in the plants in the range of mg/g concentration 

whereas the 

microelements are in the range of Õg/g. It appears that the distribution of these elements is 

nearly homogenous throughout the whole plant except in the case of Mn. Manganese is mainly 

enriched in the roots and to some extent also in the lower part of the stem. The cotyledons do 

not show significant manganese concentration. Mn is presented in a lowest concentration in the 

plants thus it has the lowest intensities from these four elements. K is an important 

macroelement involved in osmoregulation that therefore has the highest concentration therefore 

it is represented with the highest intensity. Similarly, the macroelement Mg being a structural 

element in chlorophyll pigments and involved in biochemical processes show consistent 

distribution in the seedlings. Regarding Fe, a similarly equable distribution could be observed 

reflecting the general necessity of this microelement in plant organs. The distribution of all of 

the four selected elements shows a common feature: higher concentrations were recorded for 

the center (inner part) of the root and the cotyledons and they were found to decrease towards 

the edges. It is clearly visible that these elements are more concentrated in the root than in the 

cotyledon. Each map has a well-illustrated shape of the root of the plant. With this non invasive 

and in situ technique we can get extra information from the distribution of the elemental content 
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of the plants with minimal sample preparation compared to classical ICP-MS measurements 

where complicated sample preparation when digestion of the sample is a must. 

 
Figure 2. Optical microscopy image (top) and LIBS elemental distribution maps of the plant 

sample 

Acknowledgements 

The financial support from the National Research, Development and Innovation Office of 

Hungary via projects No. EFOP-3.6.2-16-2017-00005 and K135303, K129063 are kindly 

acknowledged. 

  



27th International Symposium on Analytical and Environmental Problems 

 
84 

 

ENHANCED ELECTROCHEMICAL DETECTION OF ANTI -INFLAMMA TORY 

PHARMACEUTICALS FROM WATER USING ADVANCED VOLTAMMETRIC 

DETECTION METHODS  

 

Anamaria Baciu1, Sorina Motoc (m. Ilies)2, Florica Manea1 

 
1Department of Applied Chemistry and Engineering of Inorganic Compounds and 

Environment, Politehnica University of Timisoara, 6 Bv. V. Parvan, 300223 Timisoara, 

Romania; 
2ñCoriolan DrŁgulescuò Institute of Chemistry, Romanian Academy, 24 Mihai Viteazu Bvd., 

300223 Timisoara, Romania; sorinailies@acad-icht.tm.edu.ro 

e-mail: anamaria.baciu@upt.ro 

 

Abstract 

Pharmaceuticals and personal care products as pollutants (PPCPs) have been detected in the 

environment in the last decades. The major concerns with the ecotoxicities of PPCPs come from 

prescription and over-the-counter medications due to their specific targets on living tissues. In 

this study, the influence of the operating conditions of the voltammetric techniques, i.e., cyclic 

voltammetry (CV), differential-pulsed voltammetry (DPV) and square-wave voltammetry 

(SWV) on the electroanalytical performance of fullerene-carbon nanofiber paste electrode (F-

CNF) for two anti-inflammatory, ibuprofen (IBP), and naproxen (NPX) determination is 

studied. From the cyclic voltammetry characterization, it can be seen that NPX oxidation 

occurred in two steps, starting with the potential value of +0.9V, followed by the oxidation at 

the potential value of 1.16V vs Ag/AgCl. The IBP oxidation occurred at more positive potential, 

at the potential value of +1.25V vs Ag/AgCl, informing about its difficulty to be oxidized. The 

optimization of the step potential (SP) and the modulation amplitude (MA) were achieved for 

DPV, which were further applied for SWV technique that exhibited fastest voltammetric 

response. The best performance in term of the lowest limit of detection (0.5 nM) was achieved 

for NPX determination using SWV technique at the potential value of +1.05V and, the lowest 

limit of detection (0.6 nM) was achieved for IBP using optimized DPV technique at potential 

value of +1.3V. This electrode has a great potential for practical utility in NPX and IBP 

determination in water at trace concentration levels. 
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Abstract 

A series of CeO2 supported Cu, Co, and Ni catalysts have been synthesized by the 

wetimpregnation method for CO2 thermo-catalytic hydrogenation from 200 ï 400 ÁC in the 

fixed bed reactor. All catalysts were characterized by XRD, N2-isotherms, and H2 temperature-

programmed reduction. XRD results have suggested that the incorporated Cu, Co, and Ni have 

uniformly distributed on the CeO2 surface, N2-isotherm analysis confirmed that the pores of 

CeO2 were blocked by incorporated metals and H2-TPR indicated strong interaction between 

active metal and CeO2. The CO2 consumption rate and product selectivity depend on the type 

of active metal on CeO2 and reaction temperature. The order of CO2 consumption rate for 5wt% 

catalysts was 5Ni/CeO2 > 5Co/CeO2 > 5Cu/CeO2 at 400 ÁC. The high CO2 consumption rate 

for 5Ni/CeO2 was attributed to the presence of more number of active metallic Ni during the 

reaction which dissociated H2 molecule to H-atoms. The formed H-atoms reacted with active 

CO2 molecule and formed CH4 with 100% selectivity. 

 

Introduction  

Carbon dioxide is one of the environmental pollutant gases which is liberated by the use of 

fossil fuels, high growth of petrochemical and automobile industries. It causes global-warming 

in the atmosphere. The concentration of CO2 in the atmosphere can be diminished by the capture 

and utilization or storage (CCUS) [1]. Among these methods, CO2 utilization is the most 

important one. In this method, CO2 is converted into chemicals and fuels such as CO, 

hydrocarbons, and 2 alcohols using a solid catalyst [2]. The products are used as fuel and 

important feedstock in the chemical industry. 

 

CO2 + H2 Ÿ CO + H2O ȹH298 K = +41 kJ/mol RWGS reaction 

CO2 + 4H2 Ÿ CH4 + 2H2O ȹH298 K = -165 kJ/mol Sabatier reaction 

CO2 + H2 Ÿ CH3OH + H2O ȹH298 K = - 49.5 kJ/mol 

 

Methanol synthesis Active metal-supported catalysts such as Pt, Pd, Ru, Rh, Co, and Ni [3-5] 

have been used for the study of CO2 catalytic hydrogenation. In these metals, Ru, Rh, Pt, and 

Pd supported catalyst have shown high CO2 utilization. However, these metals are very 

expensive. Therefore, non-noble metals such as Cu, Co, and Ni supported catalysts are useful 

for CO2 hydrogenation. The selectivity of CO or CH4 depends on the type of catalyst, support, 

and reaction conditions. The CO2 catalytic hydrogenation at high-temperature results in coke 

formation on the surface of the catalyst which deactivates the active metal. It can be overcome 

by the use of selective support. Metal oxides like Al2O3, ZrO2, SiO2, carbon materials, CeO2, 

TiO2, and MnO2 [6-9] were used as supports to deposit the active metals for the study of CO2 

catalytic hydrogenation. Among these supports, CeO2 has high oxygen storage capacity and 
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redox property which enhances the catalytic activity [10]. T.A. Le et al have studied CO and 

CO2 hydrogenation over Ni supported on different supports such as SiO2, TiO2, ɔ-Al 2O3, ZrO2, 

and CeO2 [11]. In this article, we have chosen CeO2 as the support and incorporated different 

non-noble metals like Cu, Co, and Ni to find out CO2 consumption rate in CO2 thermo-catalytic 

hydrogenation and selectivity of the products CO or CH4 in the temperature range from 225 ï 

400 ÁC in the fixed bed reactor under atmospheric pressure. 

 

Experimental 

The CeO2 supported Cu, Co, and Ni catalysts were synthesized by the incipient wet 

impregnation method.The Rigaku Miniflex-II X -ray diffractometer was used to record the X-

ray diffractions of CeO2 supported catalysts using Ni filtered Cu KŬ radiation having tube 

voltage 30 KV and current 15 mA. The Quantachrome NOVA 3000e gas adsorption analyzer 

was used to measure N2 adsorption-desorption isotherms at 77 K. The hydrogen temperature-

programmed reduction (H2 -TPR) was carried out using the Quantachrome Autosorb-iQ 

instrument. The CO2 thermo-catalytic hydrogenation has been studied in the fixed bed. About, 

0.15 g of the catalyst was loaded at the center of the reactor, CO2 /H2 (1:4 vol. %) flow rate 50 

mL/min, and temperature 200 ï 400 ÁC were maintained. Before studying the reaction, Cu and 

Ni catalysts were reduced at 400 ÁC for 2h and Co catalysts were reduced at 500 ÁC for 2h. The 

composition of the gas came out from the reactor was analyzed by online-gas chromatography 

Agilent 6890N having a thermal-conductivity detector and flame-ionization detector. 

 

Results and discussion 

Fig. 1 shows the XRD patterns of CeO2 supported Cu, Co, and Ni catalysts. In Cu, Co and Ni 

supported on CeO2, the diffraction peaks of CuO, Co3O4, and NiO have not appeared which 

indicated that incorporated metal oxides were highly distributed on the surface of CeO2 or not 

in the detection limit of XRD. The textural properties are presented in table 1. 

 

 
 

 

Figure 1. XRD of CeO2 supported Cu, Co, and Ni catalysts 
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Sample Surface area 
(m2/g) 

Average pore size 

(nm) 

Total pore volume 

(cm3/g) 

CeO2 139.5 8.95 0.28 

1Cu/CeO2 132.9 8.17 0.27 

5Cu/CeO2 131.6 8.12 0.26 

10Cu/CeO2 122.1 8.4 0.25 

1Co/CeO2 132.4 7.9 0.26 

5Co/CeO2 130.8 8.0 0.25 

10Co/CeO2 121.9 8.1 0.24 

1Ni/CeO2 133.3 8.0 0.27 

5Ni/CeO2 129.4 8.1 0.26 

10Ni/CeO2 124.7 8.3 0.25 

Table 1 Textural properties of bulk CeO2 and CeO2 supported Cu, Co, and Ni catalysts  

 

For the comparison study, the CO2 consumption rates of 5Cu/CeO2 , 5Co/CeO2 , and 5Ni/CeO2 

catalysts at 400 ÁC were presented in Fig. 2. At most of the temperatures, 5Ni/CeO2 has obtained 

a high CO2 consumption rate compared with other catalysts. The order of CO2 consumption 

rate was 5Ni/CeO2 > 5Co/CeO2 > 5Cu/CeO2 . The metallic Ni was more active towards 

dissociation of H2 molecule to H-atoms which reacted with more active CO2 molecules. Hence, 

it showed a high CO2 consumption rate compared with other metals Cu and Co supported on 

CeO2. 

 

 
 

Figure 2. CO2 consumption rate of 5Cu/CeO2, 5Co/CeO2, and 5Ni/CeO2 catalysts 

 

Conclusion 

In this work, we have reported the CO2 consumption rate of CeO2 supported Cu, Co, and Ni 

catalysts in CO2 thermo-catalytic hydrogenation. The characterization results have confirmed 

the existence of active metals and strong interaction with CeO2. The Ni supported catalysts have 

shown a high CO2 consumption rate compared with Co/CeO2 and Cu/CeO2 catalysts. The 

selectivity of CH4 was higher for Co and Ni supported on CeO2 whereas CO selectivity was 

higher for Cu supported on CeO2. Hence, the type of active metal and nature of support has 

influenced the CO2 consumption rate and selectivity of the product. 
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Abstract 

The use of semiconductor-based photocatalysts (e.g. metal oxides) in sewage water treatment 

is expected to be of great interest despite its shortcomings [1]. High surface area organic 

semiconductor-based structures are promising alternatives for the photodegradation of various 

organic pollutants. In addition, these polymer structures could be great backbones to produce 

polymer/metal oxide composite photocatalysts by Atomic Layer Deposition (ALD). 

 

Introduction  

Organic-based semiconductors, such as conjugated polymers are very appealing alternatives of 

the traditional metal-oxide-based photocatalysts, with easier recovery and visible light 

excitability. Forming these polymers in a PolyHIPE (High Internal Phase Emulsion) structure 

is a great way to produce high surface area photochemically active backbones with great 

mechanical stability [2]. 

The atomic layer deposition is a novel thin layer or nanoparticle synthesis method which is 

based on the reaction of the gas-phased precursors adsorbed on the surface of the substrate. By 

changing the number of the cycles, the thickness of the layer or the size of the nanoparticle is 

finely tunable. With this method, it is possible to deposit metals, metal oxides, selenides, 

sulfides etc [3]. 

 

Experimental 

The composites were synthesized by atomic layer deposition, depositing titanium dioxide and 

zinc oxide layers on the conjugated polymer support with different cycle number. The Beneq 

TFS 200 ALD equipment was used during the process. The as-synthetized composites were 

characterized by Scanning electron microscopy (SEM), thermogravimetric analysis (TGA) and 

X-ray diffraction (XRD). 

 

Results and discussion 

On figure 1 (a) we can see the thermogravimetric curve of the 300 cycle TiO2, where the amount 

of titanate was 12,13%.  
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Figure 1. The thermogravimetric curve (a) and the X-ray diffractogram (b) of the 300 cycle 

ALD synthetized catalyst. 

 

On figure 1. (b) we can see the X-ray diffractogram of the 300 cycle composite catalyst. The 

reflexions of the (101), (004), (200), (105), (201), (204) Miller index planes of the anatase are 

clearly visible, which indicates that crystalline anatase formed on the surface of the polymer 

backbone. 

 

Conclusion 

We successfully synthetized TiO2/polymer and ZnO/polymer composite photocatalysts and 

found the ideal cycle number to prepare our samples with the desired amount of oxide. The as-

synthetized catalysts were characterized by SEM, TGA and XRD. 
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Abstract 

Measurements were carried out on selected points of Szeged to achieve a raw noise distribution 

of the city. The aim of the measurements was to obtain the environmental noise load values 

produced by traffic mostly. The first measurements were carried out in 2012 and they were 

repeated on the same location spots in 2015, 2018 and 2021. 

 

Introduction  

Almost all the information someone collects is acquired through sight and hearing (about 83% 

percent through sight and 11% through the hearing). At the present time more and more people 

live in large, crowded cities. This artificial environment ï compared to the natural environment 

ï can be noisy. It can be even harmful to the hearing. It is a good idea to check from time to 

time that our environment is still within the healthy limits. 

The normal hearing of humans ranges from 20 Hz frequency to 20000 Hz.[1] 

The hearing itself is logarithmic. The industrial tools for noise measurements are based on 

sound pressure level and the data are given in decibel (dB) scale.[2] It is given by Eq.1: 

 

 ὒὴ ςπὰέὫρπ
Ўὴ

ὴπ
 Ὠὄ (1) 

 

where æp is the sound pressure fluctuation, and p0 is the reference pressure fluctuation value 

(audition threshold); p0 = 20 ÕPa. 

Table 1 shows some common examples for easy comparison. 

 

L(SPL) (dB) phenomenon 

0 audition threshold; mosquito at 3 m 

10 human breathing at 3 m 

30 theatrical stillness 

40 living area at night; stillness of nature 

60 office room 

70 street traffic at 5 m 

90 noise in factory 

100 jackhammer at 1 m; disco inside 

120 train horn at 10 m 

130 pain threshold 

Table 1. Sound pressure level examples 

 

The 85 dB or higher sound pressure level over a long-term exposure can cause permanent 

hearing damage. This damage is cumulative throughout the entire life. 

The auditory sensation depends on the frequency of the sound strongly: at the same sound 

pressure level a 200 Hz sound feels much weaker than a 1000 Hz sound. It can be visualized 
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by the equal loudness curves which are measured first by Harvey Fletcher and Wilden A. 

Munson in 1933. It was repeated between the year 2000 and 2003.[3][4][5][6] 

Professional noise meters use weighting curves to show similar responses to the human hearing. 

The A-weighting is used for auditory purposes. The C-weighting is almost flat; that can be used 

to measure the real physical sound pressure values.[7] 

Though +6 dB means twice the power, the human perception works in a separate way. If a 

sound is observed two times louder than the previous one ï it means +10 dB higher level.[8][9] 

From 2018, the measurements were extended to acquire samples of the CO2 and CO 

concentrations of the air. So far all CO measurements were 0 ppm. 

The atmospheric level of CO2 is 414 ppm by Mauna Loa Observatory, Hawaii (NOAA-ESRL) 

[10]; the normal value of CO2-concentration at sea level is 250-350 ppm by industrial 

recommendations. [11] 

 

Experimental 

Figure 1 illustrates the different locations in Szeged where the measurements were carried out. 

Locations 1, 3 and 5 are close to main roads in Szeged with heavy traffic. Locations 2 and 6 are 

near to less important roads, but sometimes they have heavy traffic, too. Location 4 is chosen 

to be far away from any traffic; it is among housing blocks (sleeping area ï no heavy daytime 

activity). The measurements contain morning, mid-day and evening data. 

Just out of curiosity the noise levels around the area of the Youth Days of Szeged (red area in 

the map) were measured, too. This festival is held in each August. Locations 7 and 8 are used 

only for these measurements. 

 
Figure 1. Locations of the measurements in Szeged 
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Table 2. Measurement locations and descriptions. 

location description (and GPS coordinates) 

1 intersection of roads "Sz®kely sor" and "Temesv§ri krt." (46o 14.728ô N ; 020o 

09.842ô E) 

2 close to the inner city bridge (46o 14.991ô N ; 020o 09.605ô E) 

3 intersection of roads "R·mai krt." and "J·zsef Attila sgt." 

(46o 15.696ô N ; 020o 09.479ô E) 

4 near a housing block, "Csaba u. 43" (46o 15.732ô N ; 020o 10.116ô E) 

5 school at "R·kusi krt." near Tesco (46o 16.253ô N ; 020o 08.290ô E) 

6 school at "Boldogasszony sgt. 8" (46o 14.759ô N ; 020o 09.738ô E) 

7 parking area at the bridge (46o 14.933ô N ; 020o 09.410ô E) ï only for YDS 

8 museum garden (46o 15.124ô N ; 020o 09.162ô E) ï only for YDS 

 

Results and discussion 

The following tables show the current measured data for each location and all the previous 

noise and CO2 values.[12] 

 

location 1 Year workday morning 

(7:00-8:00) 

workday daytime 

(12:00-15:00) 

workday evening 

(20:00-22:00) 

Sound level (dB) 2012 61.9 Ñ 5.2 55.5 Ñ 7.1 52.9 Ñ 6.8 

Sound level (dB) 2015 64.6 Ñ 6.0 58.0 Ñ 8.0 52.2 Ñ 7.7 

Sound level (dB) 
2018 

58.6 Ñ 7.6 56.1 Ñ 7.3 50.7 Ñ 7.0 

CO2 (ppm) 286 Ñ 3 189 Ñ 9 268 Ñ 6 

Sound level (dB) 
2021 

61.7 Ñ 6.3 60.0 Ñ 6.8 56.6 Ñ 8.1 

CO2 (ppm) 385 Ñ 5 255 Ñ 6 391 Ñ 10 

Table 3. Measurements on location 1. 

 

location 2 Year workday morning 

(7:00-8:00) 

workday daytime 

(12:00-15:00) 

workday evening 

(20:00-22:00) 

Sound level (dB) 2012 59.2 Ñ 7.3 57.4 Ñ 7.8 54.9 Ñ 8.1 

Sound level (dB) 2015 60.7 Ñ 8.5 56.9 Ñ 9.9 55.6 Ñ 7.1 

Sound level (dB) 
2018 

59.3 Ñ 7.7 60.1 Ñ 6.0 50.1 Ñ 6.4 

CO2 (ppm) 293 Ñ 17 193 Ñ 2 273 Ñ 20 

Sound level (dB) 
2021 

57.9 Ñ 5.6 61.6 Ñ 8.1 54.3 Ñ 6.2 

CO2 (ppm) 390 Ñ 19 301 Ñ 6 330 Ñ 6 

Table 4. Measurements on location 2. 

 

location 3 Year workday morning 

(7:00-8:00) 

workday daytime 

(12:00-15:00) 

workday evening 

(20:00-22:00) 

Sound level (dB) 2012 64.4 Ñ 3.4 63.4 Ñ 4.3 60.0 Ñ 4.9 

Sound level (dB) 2015 67.5 Ñ 2.7 65.1 Ñ 4.0 60.1 Ñ 5.0 

Sound level (dB) 
2018 

66.0 Ñ 3.7 64.9 Ñ 4.1 61.5 Ñ 4.7 

CO2 (ppm) 282 Ñ 15 174 Ñ 4 258 Ñ 5 

Sound level (dB) 
2021 

67.8 Ñ 2.8 66.9 Ñ 2.7 65.9 Ñ 3.7 

CO2 (ppm) 416 Ñ 9 263 Ñ 18 291 Ñ 3 

Table 5. Measurements on location 3. 
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location 4 Year workday morning 

(7:00-8:00) 

workday daytime 

(12:00-15:00) 

workday evening 

(20:00-22:00) 

Sound level (dB) 2012 43.4 Ñ 2.1 50.0 Ñ 3.5 42.9 Ñ 2.9 

Sound level (dB) 2015 44.6 Ñ 2.1 35.3 Ñ 2.7 42.1 Ñ 4.1 

Sound level (dB) 
2018 

41.4 Ñ 2.5 42.5 Ñ 2.9 41.9 Ñ 0.9 

CO2 (ppm) 270 Ñ 7 169 Ñ 20 262 Ñ 8 

Sound level (dB) 
2021 

52.1 Ñ 1.3 52.0 Ñ 2.8 50.4 Ñ 1.1 

CO2 (ppm) 429 Ñ 5 287 Ñ 10 309 Ñ 11 

Table 6. Measurements on location 4. 

 

location 5 Year workday morning 

(7:00-8:00) 

workday daytime 

(12:00-15:00) 

workday evening 

(20:00-22:00) 

Sound level (dB) 2012 57.5 Ñ 2.9 49.3 Ñ 2.5 51.4 Ñ 3.2 

Sound level (dB) 2015 52.1 Ñ 3.3 51.0 Ñ 3.3 49.0 Ñ 3.2 

Sound level (dB) 
2018 

51.2 Ñ 2.9 52.4 Ñ 3.0 49.9 Ñ 3.1 

CO2 (ppm) 285 Ñ 12 189 Ñ 12 266 Ñ 6 

Sound level (dB) 
2021 

62.8 Ñ 1.8 55.2 Ñ 2.2 52.3 Ñ 4.4 

CO2 (ppm) 428 Ñ 4 301 Ñ 10 311 Ñ 2 

Table 7. Measurements on location 5. 

 

location 6 Year workday morning 

(7:00-8:00) 

workday daytime 

(12:00-15:00) 

workday evening 

(20:00-22:00) 

Sound level (dB) 2012 64.0 Ñ 3.4 59.6 Ñ 6.2 51.9 Ñ 8.3 

Sound level (dB) 2015 62.9 Ñ 4.7 63.8 Ñ 4.6 60.2 Ñ 4.0 

Sound level (dB) 
2018 

57.4 Ñ 7.6 60.3 Ñ 6.7 60.1 Ñ 3.9 

CO2 (ppm) 279 Ñ 7 218 Ñ 14 237 Ñ 3 

Sound level (dB) 
2021 

64.4 Ñ 6.0 63.8 Ñ 5.9 57.1 Ñ 7.4 

CO2 (ppm) 349 Ñ 23 306 Ñ 11 323 Ñ 16 

Table 8. Measurements on location 6. 

 

The measurements to check the noise levels of the Youth Days of Szeged are shown in table 9. 

The samples were taken in the time period of 22:00-24:00. 

 

Youth Days of 

Szeged 

Year location 1 location 2 location 7 location 8 

Sound level (dB) 2012 54.2 Ñ 6.1 59.0 Ñ 4.1 59.7 Ñ 2.4 64.9 Ñ 2.5 

Sound level (dB) 2015 53.8 Ñ 7.2 60.6 Ñ 4.4 64.2 Ñ 2.3 61.3 Ñ 2.3 

Sound level (dB) 
2018 

49.4 Ñ 4.3 58.8 Ñ 5.8 62.5 Ñ 1.6 64.4 Ñ 2.0 

CO2 (ppm) 254 Ñ 2 256 Ñ 11 247 Ñ 4 255 Ñ 3 

Sound level (dB) 
2021 

56.2 Ñ 6.5 59.5 Ñ 6.3 65.0 Ñ 2.7 70.4 Ñ 2.1 

CO2 (ppm) 333 Ñ 10 279 Ñ 4 276 Ñ 7 269 Ñ 4 

Table 9. Measurements during Youth Days of Szeged. 

 

Conclusion 

The results show that Szeged is a fine city to live in. It has a somewhat quiet acoustical 

environment. Even during summer festivals. 
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Amazingly the structure of the city is very good for the air ventilation, too. The measured CO2 

values are quite low, despite the fact that sometimes the measurements were carried out in 1 m 

distance only from the motor vehicles (location 2 and 6). In addition to this, there is a clear 

indication that the CO2 values are increasing. On the other hand no CO could be measured. 

This work aims to measure the environmental load produced mainly by the traffic. Currently 

there is no real tendency in the data. When more and more electric vehicles will appear in the 

transportation a strong change may be seen. 
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Abstract 

Pure water scarcity is an emerging global issue. Thus, new efficient and sustainable wastewater 

treatment techniques are required. In heterogeneous photocatalytic degradation, the 

photogenerated highly reactive radicals mineralize the present toxic compounds such as 

pharmaceuticals. CeO2 is a semiconductor metal oxide that belongs to the first generation of 

photocatalysts [1]. Its utilization in photocatalysis under simulated sunlight irradiation (SSI) 

can be improved by the application of CeO2 in nanoforms, when more economical 

performances under SSI are reached by tailoring their optical bandgap energy. Another way for 

the enhancement of the photocatalytic activity of CeO2 under SSI is the preparation of the CeO2 

heterojunction with another metal oxide semiconductor to reduce the electronīhole pair 

recombination. The CeO2-ZrO2 binary system with a high ceria concentration and cubic fluorite 

structure is considered a promising photocatalyst-candidate and was tested so far in the 

photodegradation of Congo red under UV and SSI [2]. In this work, cerium-zirconium mixed 

oxide (0.8CeO2-0.2ZrO2) was prepared by a simple, low-cost, environmentally-friendly two-

step mechanochemical synthesis. X-ray diffraction (XRD) analysis found the major phase of 

cubic CeO2 with an average crystallite size of around 37 nm, while scanning electron 

microscopy (SEM) images showed agglomerates of 0.8CeO2-0.2ZrO2 composed of spherical 

nanoparticles (NPs) with sizes in the range of 99-256 nm. Raman spectroscopy confirmed the 

structural features of the synthesized cerium-zirconium-oxide NPs, while the use of diffuse-

reflectance spectroscopy enabled the estimation of the 3.17 eV optical bandgap energy. The 

photocatalytic efficiency of the newly synthesized NPs was investigated in the removal of 

tolperisone hydrochloride (TLP). Experiments were conducted in the presence of 0.8CeO2-

0.2ZrO2 NPs and under the influence of two types of irradiation (UV and SSI). Furthermore, 

the effect of the initial pH value was also examined. The obtained results indicate a great 

potential of these NPs in the removal of TLP from an aqueous environment. 
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Abstract 

Within regular legislation of the Republic of Serbia, air quality monitoring is done on a daily 

basis, which we compared with the indicative measurement on a location which is in the vicinity 

of the measuring station ñNovi Sad ï Limanò. Location of the conducted indicative 

measurement is in the city park called ñLiman parkò. Mean values of the measured pollutant 

concentrations of O3 and NO2 were taken into account (the indicative measurements were done 

in a period of one hour). Both measuring points are located near the biggest boulevards which 

have a lot of traffic activity. Indicative measurements were done using the Aeroqual monitor 

with a GSE (gas sensitive electrochemical) sensor, while the comparative measurements were 

took by automatic measuring stations put out by the state. Such a comparison of the measured 

NO2 and O3 concentrations in the air of city of Novi Sad was not done before and it can give us 

insight into a possible harmful impact on the public health of the citizens of Novi Sad as well 

as the harmful impact on the environment. Results of the measurements pointed out the 

variations of air pollutant values; for O3 a 27.78% and for NO2 92.78% difference between the 

two locations that are 450 m apart from one another. The measurements were performed at the 

same time on the same day, temperature and relative humidity were nearly identical.  

 

Key words: Air Quality, Nitrogen-Dioxide (NO2), Ozone (O3), City of Novi Sad 

 

Introduction  

City of Novi Sad is the administrative center of the South ï Backa district and the autonomous 

province of Vojvodina. The city is located on the bank of the Danube river, occupying 699 ha 

with two municipalities, Novi Sad and Petrovaradin. According to the list from 2018. Novi Sad 

has a population of 402861 and population density of 488 citizens per 1 km2. Novi Sad is an 

urban area with a high degree of economic development and with a low share of agricultural 

activities [1]. 

Novi Sad has an extremely favorable natural geographical position, which is confirmed by the 

fact that it lays on the intersection of roadways and waterways. It is positioned on the east tourist 

route which connects the north, central and west part of Europe with the Adriatic, Aegean and 

Black sea. Importance of this route, as well as Novi Sad, is emphasized even more by Corridor 

VII (Danube river) and Corridor X (Central Europe ï Black and Aegean Sea), which have a 

direct effect on the Novi Sad area. The city lays on a main European road E-75, which is the 

main artery for the south, central and east Europe [2]. 

Complex chemical processes that occur in the air under influence of primary air pollutants 

directly change the air quality. In order to have insight into the quality of air of an urban area 

such as the city of Novi Sad, an analysis of the pollutants has to be done. Comparative analasys 

was done in the course of one day on two different locations which are distanced only 450 m 

from one another (by air). An average value of the measured pollutants was calculated in the 
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period of one hour (13:00) when most of the insolation is present, when the temperature is 

highest and when the traffic is the heaviest.  

 

The measurement positions (both indicative and the ones used for comparison) are both close 

to each other but the indicative measurements were done in a ñgreen zoneò - in a city park. On 

the satellite picture below we can see the two measuring points and their distance.  

 

 
Picture 1. Satellite view of the two measuring points 

Indicative measurement (mobile, Novi Sad ñLiman parkò) 

Automatic measuring station (Novi Sad ï Liman)  

 

Experimental 

To measure our indicative relevant data regarding to the quality of air, relative to the NO3 and 

O3 pollution, the portable device Aeroqual series 500-monitor was used, which can measure 

and report changes of the levels of pollution in real time. A non-standard and indicative method 

was used based on an interchangeable gas sensitive electrochemical sensors (GSE). These GSE 

sensors permit continuous monitoring of a range of gases at low mixing ratios [3]. The 

measurements from the static measuring station were taken from the measuring station which 

was installed by the IPA 2012 sustainable project "Establishment of an integrated 

environmental monitoring system for air and water quality" [4] which was realized with the 

ñSerbian Environmental Protection Agency (SEPA)ò.  

 

Results and discussion 

The urban part of the city of Novi Sad that was used as a representative sample for the analysis 

of air quality represents one of the most densely populated areas of Novi Sad with a 

supplemented green park zone called ñLiman parkò, intended for pastime and recreation of 

citizens. Spending time in parks on fresh and clean air is of a great importance, considering that 

the modern man has very little free time for departing urban areas. Green park zones and city 

park zones are usually the only accessible areas for daily contact with nature and clean air. 

Observing the common anthropological meaning of adults and children going to the park, which 

contributes to the development and maintenance of the physical and psychological health, 

maintaining vitality, quality of life, relaxing and having fun all of this represents the special 

pastime activity of adults and children. Those are sets of activities which directly affect the 

modern man, upgrading physical and psychological public health [5].  
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Comparative analysis of the measured concentrations of ozone (O3) and nitrogen-dioxide (NO2) 

that were done with the portable Aeroqual series 500 device and on the automatic measuring 

station Novi Sad ï Liman are shown in the table below (table 1). The measurements were done 

in the same time (13:00) of the same day (20.10.2021).  

Table 1. Average values of the measured data 

Location 
Temperature 

[ÁC] 

Relative 

humidity [%] 

Ozone (O3) 

[Õg/m3] 

Nitrogen-

dioxide (NO2) 

[Õg/m3] 

Indicative 

measurement 

(mobile, Novi 

Sad ï ñLiman 

parkò) 

21.58 41 56 46.21 

Automatic 

measuring 

station (static, 

Novi Sad - 

Liman) 

21.71 43.27 71.56 23.97 

 

If we take a look at the obtained data on the two locations that were measured in the same time, 

next is concluded: the temperature was nearly identical, as was the relative humidity with a 

small increase of 2.27% on the static measuring station Novi Sad ï Liman but the concentrations 

of pollutants ozone and nitrogen-dioxide were at a visible discrepancy. Provided that the 

location ñLiman parkñ is surrounded by two big four lane boulevards with heavy traffic (one of 

the boulevards is connected to a regional road) and that the other location is enclosed by the 

residential and commercial buildings.  

 

 
Graph 1. Comparative measurements of average values 
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The detected presence of NO2 in ñLiman parkò is 92.78% more then on the automatic measuring 

station Novi Sad ï Liman, while O3 measurements are 27.78% less in ñLiman parkò. This 

extremely visible difference in the detected amount of nitrogen-dioxide in the park is a 

consequence of the proximity of heavy traffic roads (four lane boulevards) that surround the 

green zone as well as the high presence of public transportation and high number of cars which 

still use obsolete propulsions based on diesel and other fossil fuel engines. Additionally, ñLiman 

parkò is a green zone that isnôt adequately protected by a ñgreen barrierò that should decrease 

the air pollution inside of it (from the satellite view picture it can be seen that ñLiman parkò has 

minimal tree canopy protection). Concentration of the detected O3 which is 27.78% less on the 

automatic measuring station is unexpected and can be explained by the fact that the indicative 

measurements were done in a location which is surrounded by tree canopies, so that less amount 

of sunlight could penetrate into the measuring zone. The fact that the location of the automatic 

measuring station Novi Sad ï Liman is directly exposed to sunlight and UV rays is also a factor 

which resulted in an increase of the detected bad ground level ozone. 

Presence of detected NO2 and O3 pollutants has a harmful effect on the respiratory system of 

the citizens and also has a negative impact on the environment. Fact is that the content of ozone 

is increased on warm and sunny days (when people usually spend time in parks and outdoors) 

which is especially harmful for public health. Vulnerable groups (children and older people) 

that have diagnosed asthma and other respiratory diseases are the ones most exposed to the 

harmful effect of bad ground level ozone. Besides these groups, outdoor workers and citizens 

with vitamin C and vitamin E deficiency are also at risk [6]. Breathing air with a high 

concentration of NO2 can irritate airways in the human respiratory system. Such exposures over 

short periods can aggravate respiratory diseases, particularly asthma, leading to respiratory 

symptoms (such as coughing, wheezing or difficulty breathing), hospital admissions and visits 

to emergency rooms. Longer exposures to elevated concentrations of NO2 may contribute to 

the development of asthma and potentially increase susceptibility to respiratory infections. 

People with asthma, as well as children and the elderly are generally at greater risk for the health 

effects of NO2 [6].  

 

Conclusion 

Air quality control in the urban areas of city of Novi Sad covers two different locations which 

have diametrically different purposes, one is intended for residency while the other is intended 

for recreation and relaxation. The fact that a different pollutant amount was measured between 

these two locations (which are 450 m apart by air) leads us to the assumption that the location 

directly influences the detected amounts of O3 and NO2. To raise the level of air quality, one of 

the recommended actions would be the greening of urban areas and the transition of public 

transport to alternative green energy drives to decrease the pollution that is currently being 

made by obsolete public transportation as well as personal vehicles that consume fossil fuels. 

Another recommended action would be the construction of transit roads which would relieve 

the traffic system of the city and decrease heavy traffic and to encourage the use of bicycles 

and other man powered transportation devices. Putting a permanent air quality measurement 

station in the green zones would also be of great help with the analysis of polluntant 

concentration in these zones.  
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Abstract 

Two pharmaceuticals, trimethoprim (TRIM), an antibiotic, and 5-fluorouracil (5-FU), a widely 

used cytostatic, were applied as target substances to compare the efficiency of various AOPs, 

such as UV (254 nm), UV/VUV (254/185 nm) photolysis, ozonation, and O3/UV process. 

Opposite that, there is no significant difference between the molar absorbance of target 

substances; TRIM transformed very slowly, while 5-FU degradation was fast in 254 nm 

radiated solutions. The low-intensity 185 nm VUV photons highly increased the transformation 

and mineralization rate of both components. Ozonation was highly effective for eliminating 

both compounds. However, the mineralization was limited due to the formation products being 

resistant to ozone. The O3/UV process primarily increased the mineralization rate, but no 

significant change in the transformation rates was observed. Comparing the individual methods 

in terms of energy consumption, the O3, and O3/UV combination was the most effective for 

both compounds. The effect of biologically treated wastewater as a real matrix significantly 

reduced the transformation rate in the case of UV/VUV  photolysis, while the matrix effect was 

moderated for O3/UV and negligible or even positive for ozonation. 

 

Introduction  

Antibiotics are used in huge amounts against bacterial diseases. Due to their frequent use, 

primarily in animal husbandry, their large quantities are emitted into the wastewater and finally 

reach the surface waters and groundwater. Consequently, they appear in drinking water sources. 

The traditional biological water treatment process is not adequate for their complete 

elimination; thus, it is crucial to investigate and develop additive water treatment processes that 

can effectively remove these hazardous contaminations. 

TRIM, which has been used since the 1960s, is mainly effective in treating urinary tract 

infections and, at the same time, in the treatment of otitis media and bacterial diseases [1]. 

Numerous studies report the occurrence of TRIM in the environment, which is a consequence 

of its relatively low biodegradability; its presence in raw wastewater has been reported by 

several countries [2, 3]. 5-FU is one of the most frequently used chemotherapeutic 

antimetabolite [4, 5]. In wastewaters from hospitals, it can be detected in 10-100 Õg Lï1 

concentration.  

 

 

 

 

 

 

 

Fig. 1. Chemical structures of TRIM and 5-FU 
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In this work, the degradability of these two drug substances with different advanced oxidation 

processes, such as UV (254 nm) photolysis, UV/VUV (254/185 nm) photolysis, ozonation, and 

O3/UV combination, was studied. Low-pressure mercury vapor lamps radiating at 254 nm are 

widely used for disinfection [6]. The same lamp emitting 185 nm VUV photons besides 254 

nm UV is used for TOC decrease and produces high-purity water for electronics and 

pharmaceutical industries. In water and wastewater treatment, ozonation (O3) is often used as 

pre- and post-treatment methods [7] and for water disinfection. The efficiency of ozonation is 

often enhanced by its combination with 254 nm UV radiation due to the increased radical 

formation rate. 

 

Experimental 

Two low-pressure mercury vapor (LPM) lamps were used as light sources. UV lamp emitting 

at 254 nm (GCL307T5L/CELL, produced by LightTech, having 227 mm arc length) covered 

by commercial quartz envelope was used for UV photolysis. For UV/VUV photolysis a low-

pressure mercury-vapor lamp having the same electric and geometric parameters 

(GCL307T5VH/CELL produced by LightTech, having 227 mm arc length) was used. The 

envelope of this lamp was made of synthetic quartz transmitting 185 nm VUV photons besides 

254 nm UV light. The UV (254 nm) photon flux was determined by ferrioxalate actinometry 

and that was the same (3.68Ĭ10ī6 molphoton s
ī1) for both LPM lamps. The flux of the 185 nm 

VUV photons was determined by methanol actinometry and found to be 3.23 Ĭ 10ī7 molphoton 

sī1. In the case of UV (254 nm), and UV/VUV  photolysis, air, oxygen, nitrogen or O3 containing 

oxygen was bubbled continuously through the solution. O3 was produced from O2 by an 

Ozomatic Modular 4HC silent electric discharge ozonator. TRIM (Sigma-Aldrich, Ó98.5%) and 

5-FU (Sigma-Aldrich, Ó99%) solutions with an initial 1.0Ĭ10ī4 mol Lī1 solutions were prepared 

in ultrapure MILLI-Q water (MILLIPORE Milli -Q Direct 8/16), and 500 mL solution was 

treated in each case.  

UV-Vis spectra of the samples were taken with an Agilent 8453 diode array spectrophotometer. 

Separation of the aromatic components in the treated solutions was performed by Agilent 1100 

type HPLC, equipped with a diode array detector (DAD). For the analysis of TRIM and its 

degradation products, Kinetex 2.6u XB-C18 100A column (Phenomenex) (flow rate 0.75 mL 

min ï1, the mixture of phosphate buffer and acetonitrile 80-20 v/v%), while for the analysis of 

5-FU and its products, Aminex (HPX-87H) column was used to separate 5-FU and its 

degradation products (flow rate 0.8 mL min -1, mobile phase: 0.005 M sulfuric acid) was used. 

The wavelength of the detection was 285 nm for TRIM and 265 nm for 5-FU. Total organic 

carbon (TOC) measurements were performed using an Analytik Jena N/C 3100 analyzer. The 

amount of energy required is a model developed by Bolton [8]. In this work, biologically treated 

wastewater was used to study the matrix effect. Its parameters are collected in Table 1. 

 

Table 1: Parameters of biologically treated wastewater 

pH 7,8 

conductivity (ÕS cmï3) 1258 

COD (mg dmï3) 24,4 

NH4 ï N (mg dmï3) <0,4 

HCO3
ï ï C (mg dmï3) 103,4 

NO3
ï ï N (mg dmï3) 3,37 

Clï (mg dmï3) 120 

TOC (mg dmï3) 6,9 
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Results and discussion 

The efficiency of direct photolysis is determined by the molar absorbance of the target 

compound at the irradiation wavelength and the value of the quantum yield for its conversion. 

The difference between the molar absorbance values of the two compounds at 254 nm is 

negligible: 3650 M ï1 cm ï1 for TRIM and 3506 M ï1 cm ï1 for 5-FU. However, 5-FU completely 

converted in 15 minutes (Fig. 2b), less than 20% of TRIM decomposed within 90 min in 

dissolved O2 containing solution (Fig. 2a). The low quantum yield of TRIM transformation is 

most likely due to its intensive fluorescence around 350 nm, in 254 nm irradiated solutions (Fig. 

2c). For 5-FU, no fluorescence was observed, which supports that after the absorption of 254 

nm photon, a chemical bond cleavage takes place with quantum yield F = 0.022. The intensity 

of fluorescent light decreases by the dissolved O2 (Fig. 2c), which suggests that the formation 

of reactive species (1O2, O2
Å╖╖╖ or CO3

2-
·) may be responsible for the slight increase of the 

transformation rate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Kinetics profile of TRIM (a) and 5-FU (b) transformation during UV, UV/VUV, 

ozonation, and UV/O3 treatments, absorption spectra, and the effect of O2 on the emission 

spectra of TRIM (excitation: 254 nm) (c) 

 

Table 2: Initial transformation rates (r0), electrical energy per order (EEO), and effect of 

biologically treated domestic wastewater as matrix on the transformation of TRIM and 5-FU  

 r 0
ref

 (Ĭ10ï7 M  sï1) EEO (kWh m -3 order-1) Matrix effect (r 0/r 0
ref) 

TRIM 5-FU TRIM 5-FU TRIM 5-FU 

UV ~0.04 2.00  3.5   

UV/VUV  0.83 3.35 10.6 2.1 0.36 0.42 

O3 4.88 5.75 2.8 0.88 1.47 1.34 

O3/UV 5.28 7.60 2.8 1.4 1.26 0.88 
r 0

ref: initial transformation rate determined in Milli-Q water; r 0: initial transformation rate determined in 

biologically treated domestic wastewater as matrix  

 

a b 

c 
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During UV photolysis, the dissolved organic compound absorbs the photons, but the 185 nm 

VUV photons are adsorbed by water and result in the formation of H· and ·OH (F185nm = 0.33). 

The low-intensity 185 nm VUV radiation highly increased the transformation and 

mineralization rate of both substances, most probably due to the reactions with formed radicals. 

The effect is much more pronounced for TRIM than for 5-FU because of the relatively high 

contribution of the UV photolysis to the transformation. A significant effect of dissolved O2 

and 185 nm photons on the absorbance at 257 nm (Fig. 3a and b) indicates that both factors 

affect the quality and quantity of the aromatic products and are required for efficient 

mineralization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The absorbance of the treated solutions determined at 257 nm versus time of treatment 

 

Using ozonation, the transformation rate of both components exceeds that determined for 

UV/VUV photolysis (Fig. 2a,b and Table 2), but ozonation was less effective for mineralization 

than UV/VUV photolysis (Fig. 4). At the given pH, mainly molecular O3, a quite selective 

oxidizing agent reacts with organic substances. Thus, the TOC content remained constant after 

a fast drop of TOC value; finally, no more than 15% TOC can be removed. In contrast, during 

UV/VUV photolysis, the decrease in TOC is continuous despite the slower conversion rate. The 

combination of ozonation and UV photolysis generally enhances efficiency due to non-selective 

and highly reactive ·OH formation via UV photolysis of O3. The O3/UV combination did not 

increase the transformation rate but highly enhanced the mineralization with the formation and 

transformation of intermediates (Fig. 3). 

Regarding energy efficiency (EEO), UV/VUV photolysis, ozonation, and O3/UV combination 

proved effective, partly depending on the target compound. In these cases, we also examined 

the matrix effect using biologically treated domestic wastewater. For UV/VUV photolysis, the 

matrix decreased the transformation rate, while for ozonation increased that. 

The most plausible explanation is that for UV/VUV photolysis, the dominant reaction partner 

is the non-selective ·OH, thus the competition between the matrix components and target 

substances decreases the transformation rate. While for ozonation matrix components can 

behave as promotors and enhance the transformation of O3 and consequently the formation of 
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reactive oxygen-containing species and transformation of TRIM and 5-FU. In the case of 

O3/UV a slightly negative effect for 5-FU degradation was observed since, in this case, both O3 

and radical-based transformation are significant. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. TOC content versus time of treatment  

Conclusion 

In the present work, two pharmaceuticals, trimethoprim (TRIM), an antibiotic, and 5-

fluorouracil (5-FU), a widely used cytostatic, were applied as target substances to compare the 

efficiency of various AOPs, such as UV (254 nm), UV/VUV (254/185 nm) photolysis, 

ozonation, and O3/UV process. The low-intensity VUV light highly enhanced the 

transformation and mineralization rates. Ozonation was the most efficient for transforming 

target substances, but it was pretty inefficient for mineralization. In terms of transformation, 

mineralization, and electrical energy efficiency, the O3/UV treatment was the most efficient. 

Moreover, biologically treated wastewater as a matrix just slightly affected the efficiency of 

this method, opposite to the UV/VUV photolysis. 
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Abstract 

Graphene quantum dots (GQDs) were fabricated by simple electrochemical oxidation of 

graphite electrodes. Modified GQDs were obtained by gamma irradiation of GQDs, EDA, and 

IPA mixture at a dose of 25 kGy. In this approach, GQDs with the amino groups were produced 

(25ɔ-GQDs). These GQDs have shown a high uniformity, good dispersibility in water, and 

strong photoluminescence in the blue part of the electromagnetic spectrum. Modified GQDs 

were studied in the optical detection of Co2+ ions. The PL intensities of GQDs were measured 

in the presence of Co2+ ions in the concentration range 0-7.5 Õmol L-1. It was demonstrated that 

PL intensities decreased linearly in the concentration range 0-2.5 Õmol L-1. The value of the 

coefficient of determination (R2= 0.95949) indicates the potential of 25ɔ-GQDs for application 

in optical sensing of Co2+ ions.  

 

Introduction  

Due to intensive human activities such as agriculture and industry, a large amount of hazardous 

substances is present in the environment. Usual pollutants are heavy metals. Cobalt is one of 

the most widespread trace elements in nature. The only known biological role of cobalt in 

organisms is that it forms an integral part of vitamin B12 (cyanocobalamin). All other Co 

compounds are toxic for living beings [1]. Mostly used analytical methods for Co2+ detection 

such as inductively coupled plasma optical emission spectrometry (ICP-OES), colorimetric, 

and electrochemical methods possess some drawbacks: high-cost instruments, complicated 

sample preparation, and long duration of the analysis. Therefore, some alternative methods have 

been developed [2, 3]. 

Nowadays, photoluminescence (PL) methods attract attention for Co2+ ions detection. One of 

the most investigated materials on the PL detection field are graphene quantum dots (GQDs) 

[4]. GQDs are 0D carbon nanomaterials built from sp2 hybridized C atoms organized in the 

hexagonal crystal lattice with oxygen contained functional groups (hydroxyl, carboxyl, 

carbonyl, and epoxy) attached on their surface and edges. The size of GQDs is lower than 10 

nm, while the average height is around 2 nm [5]. Thanks to their great features such as 

absorption of UV and visible light, PL in the visible part of the spectrum, solubility in water 

and polar solvents, nontoxicity, and biocompatibility, GQDs are widely examined for 

applications in electronics, bioimaging, drug delivery, and optical sensing [6-8]. The origin of 

PL in GQDs is still insufficiently explained but is considered that it can be formed by the 

combination of some different factors: quantum confinement effect, edge effect, functional 

groups on their surface, etc. [5]. Due to PL, GQDs were investigated as an optical sensor for 

Co2+ ion detection. Boonta et al. produced S, N-doped GQDs for PL detection of bivalent cobalt 

ions [2]. PL intensities of GQDs were measured in presence of Co2+ in the concentration range 

of 0-60 Õmol L-1. It was observed that PL of GQDs was quenched by Co2+ and that intensities 

of PL decreased linearly from 0 to 40 Õmol L-1.  
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Herein, we produced pristine graphene quantum dots (p-GQDs) from graphite electrodes in a 

simple top-down electrochemical approach. Then, we successfully introduced amino groups in 

the structure of GQDs by gamma irradiation at a dose of 25kGy using a mixture of water, 

ethylenediamine (EDA), and isopropyl (IPA) alcohol as a medium for radiation. In this case, 

EDA was used as a source of amino groups, while IPA served as a quencher of oxygen radicals 

during irradiation. Before irradiation, a mixture was bubbled with argon to remove dissolved 

oxygen. In these conditions, we performed a structural modification of GQDs. Obtained GQDs 

with amino groups were labeled as 25ɔ-GQDs. These GQDs were investigated as PL sensors 

for Co2+ ions.  

 

Experimental 

Pristine graphene quantum dots (p-GQDs) were synthesized using the previously described 

electrochemical method [8]. A water dispersion of p-GQDs in the concentration of 1 mg mL-1 

was mixed with 4% EDA and 3% IPA. In the final stage, Ar was passed through dispersion. 

Then, the mixture was exposed to gamma irradiation at a dose of 25 kGy. As a source of gamma 

irradiation, a Co-60 was used.  

To investigate a chemical composition of 25ɔ-GQDs infrared spectroscopy with Fourier 

transformation (FTIR) was used. For FTIR analysis, the 25ɔ-GQDs powder was used. FTIR 

spectrum was recorded in attenuated total reflection mode (ATR) on the Thermo Scientific 

Nicolet 6700 FTIR instrument (Thermo Fisher Scientific, Waltham, MA, United States). The 

spectral resolution was 2 cm-1. 

Morphology of 25ɔ-GQDs was examined by atomic force microscopy (AFM). Water dispersion 

of 25ɔ-GQDs in a concentration of 0.25 mg mL-1 was used for analysis. AFM images were 

obtained using Quesant (Agoura Hills, CA, United States) microscope operating in the tapping 

mode in air and at room temperature. QWM300 AFM probe, rotated, monolithic, silicon probe 

for non-contact high-frequency application was used. Standard silicon tips (Nano and More, 

Gmbh, Wetzlar, Germany) with a force constant of 40 N m-1 were used. Mica was used as a 

substrate for imaging. AFM images were analyzed using Gwyddion 2.58 software. 

The optical properties of 25ɔ-GQDs were investigated by UV-Vis spectroscopy. Dispersion of 

25ɔ-GQDs was prepared in a concentration of 0.25 mg mL-1. The absorption spectrum was 

recorded on Shimadzu UV-2600, UV-Visible Spectrophotometer (Shimadzu, Corporation, 

Tokyo, Japan) at 20Á C in the wavelength range 200-800 nm.  

For PL measurement, a dispersion of 25ɔ-GQDs in the concentration of 0.125 mg mL-1 in 

methanol was prepared. PL spectra of 25ɔ-GQDs were recorded on Horiba Jobin Yvon 

Fluoromax-4 spectrometer (Horiba, Kyoto, Japan). PL intensities were measured under the 

different wavelengths of exciting light in the range 300-400 nm, in air condition, at a 

temperature of 25ÁC.  

For detection of Co2+ ions, water dispersion of 25ɔ-GQDs in a concentration of 0.03 mg mL-1 

was mixed with selected ions in the concentration range of 0-7.5 Õmol L-1. The PL intensities 

of 25ɔ-GQD in presence of Co2+ were measured on Horiba Jobin Yvon Fluoromax-4 

spectrometer (Horiba, Kyoto, Japan), under an excitation wavelength of 360 nm. PL spectra 

were collected at room temperature in air conditions.  

 

Results and discussion 

On the UV-Vis spectrum of 25ɔ-GQDs (Figure 1a) absorption bands at 206 and one shoulder 

band around 250 nm can be observed. The band at 206 nm is attributed to the ˊ-ˊ* transition of 

C in aromatic bonds. Shoulder band localized around 250 nm steams from n- ˊ* transitions in 

C=O bonds. Results obtained by FTIR analysis are presented in Figure 2b. Three lower bands 

at 2872, 2926, and 2868 cm-1 steam from stretching vibrations of C-H bonds in -CH and -CH2 
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functional groups. The band at 1571 cm-1 originates from ˊ-conjugated domains in 25ɔ-GQDs. 

In the FTIR spectrum of pristine GQDs, the band at 1365 cm-1 steams from symmetric 

stretching of O-C=O groups [8]. In the sample 25ɔ-GQDs, this band is shifted at 1373 cm-1 due 

to reduction of the carboxyl group, under the gamma irradiation. Two bands at 1068 and 3363 

cm-1, which steam from stretching vibrations of C-N and N-H bonds, confirmed the 

incorporation of amino groups in the GQDs structure.  

 
Figure 1. UV-Vis absorption (a) and FTIR (b) spectra of 25ɔ-GQDs. 

 

AFM images of 25ɔ-GQDs (Figure 2 a, b, and c) show that these GQDs are spherical, well-

dispersed nanoparticles. According to their height profiles (Figure 2 d and e), the measured 

height was between 0.5 and 2 nm which indicates that these dots are structured from one 

graphene layer. 

Figure 2. AFM images (a, b) with height profiles (d, e) and 3D AFM picture (c) of 25ɔ-GQDs. 

 

Emission spectra of 25ɔ-GQDs under excitation wavelength 300, 340, 380, and 400 nm are 

presented in Figure 3. Obtained results show that the maximum emission peak was shifted under 

the different wavelengths of exciting light. This behavior in literature was described as 

excitation-depended PL, and it is a consequence of various factors (quantum size effect, etc.) 

[5]. Maximum of emission peak of 25ɔ-GQDs was found at 455 nm under an excitation 

wavelength of 380 nm which means that 25ɔ-GQDs emit light in the blue part of the spectrum.  
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Figure 3. PL spectra of 25ɔ-GQDs under different excitation wavelengths (300, 340, 360 and 

400 nm).  

 

Emission spectra of 25ɔ-GQDs in presence of Co2+ in the concentration range 0-7.5 Õmol L-1 

show that PL intensities decreased with the increase in the concentration of Co2+ ions (Figure 

4a). It can be assumed that Co2+ leads to quenching of PL intensity which can be described by 

the Stern-Volmer equation: 

A0/A= 1+ Ksv [Q] 

 

where A0 presents an integrated area under emission peak in absence of quencher, A is the 

integrated area under the emission peak in presence of quencher, Ksv is Stern-Volmer constant 

which presents a slope of the curve obtained by linear fitting of dependence A0/A of quencher 

concentration data.  

By the results obtained from linear fitting of A0/A dependence of quencher concentration data 

(Figure 4b, c), it can be observed that PL intensity of 25ɔ-GQDs decreases linearly in the 

concentration range 0-2.5 Õmol L-1. The value of the coefficient of determination R2 = 0.95949 

makes 25ɔ-GQDs a good potential sensor for Co2+ ions.  

 

 
Figure 4. PL spectra of 25ɔ-GQDs a), A0/A in the dependence of Co2+ concentration b), results 

obtained by linear fitting of experimental data c). 

 

Conclusion 
In this work, we successfully introduced amino groups in GQDs structure by gamma irradiation 

in an easy, low-cost, eco-friendly procedure without using toxic chemicals. The presence of 

amino groups in GQDs structure was proved by FTIR spectroscopy. 25ɔ-GQDs emit blue light 

and were investigated as a PL sensor for Co2+ ions. Obtained results show great potential for 

the use 25ɔ-GQDs for optical sensing of Co2+ ions, and maybe other similar heavy metals. 
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Abstract 
Surface acoustic wave (SAW) and bulk acoustic wave (BAW) sensors are nowadays widely 

used in a variety of applications and equipments. Due to their high sensitivity, tunable 

specificity and small size, SAW sensors can be successfully used for applications such as 

temperature, mass, pressure, humidity or biological sensors. Taking into consideration the 

possibility of detection of small quantity of gas, but also the possibility of wireless operating 

mode of such a sensor, SAW based gas sensors have attracted much interest lately [1, 2, 3]. 

Thus, an ST-X cut quartz substrate at 262 MHz, can achieve a 0.5 ppm sensitivity for NO2 

detection [4], an Y-X cut LiNbO3 substrate can achieve a 3.5% sensitivity for CO2 and N2 [5].  

A typical SAW resonator consists of a piezoelectric substrate, onto which pair of micrometer 

comb-like metallic electrodes is formed. This pair of micrometer electrodes is called the 

interdigital transducer (IDT) respectively the reflector, forming together a resonant cavity. 

Considering the piezoelectric effect, a radio frequency input signal will produce an acoustic 

wave propagating at the surface of the substrate. In turn, the wave generated will produce an 

electric charge distribution onto the reflector that can be analyzed in terms of radio frequency 

output signal. The resonant frequency of the device can be altered by the velocity of the surface 

acoustic wave traveling between IDT and reflector, but also by the geometry of the interdigital 

pins. The sensibility of the SAW device related to the velocity of the acoustic wave can be 

exploited in the construction of SAW sensors, in particular the construction of gas sensors. 

In this paper, we are studying the photolithography of silver delay lines onto a piezoelectric 

substrate, through the negative photo-resistor method. The piezoelectric substrate was prior 

coated with a thick layer of silver using thermal evaporation with Emitech K975X thermal 

evaporator. A thin film of UV photosensitive coating was form onto the piezoelectric substrate, 

using the spin coating technique. The image of the interdigitalised transducers was obtained 

using a mask printed onto transparent printing paper, with a negative colored image in black 

and white. The main factors that are influencing the quality of the obtained silver electrodes 

were presented and discussed, as follows: the affect of the speed at which the spin coating is 

performed, the affect of the photo-resist dilution, the affect of the UV exposure time and the 

dilution of the solvent used for the chemical etching of the obtained image. 
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Abstract 

Several environmental and public health problems are caused by toxic pharmaceuticals with 

biological activity released into the environment. Conventional biological water treatment 

methods are generally not effective enough to completely remove pharmaceuticals, especially 

antibiotics from waters, so advanced oxidation processes should be used as a complementary 

method. In this study, the removal efficiency of trimethoprim (TRIM) was investigated using 

UV (254 nm), UV/VUV (254/185 nm) photolysis, and UV/S2O8
2ï and UV/VUV/S2O8

2ï 

treatments. Opposite to the relatively high molar absorbance of TRIM at 254 nm, the simple 

UV photolysis was ineffective for its elimination. Its removal and mineralization were 

significant in the case of UV/VUV  photolysis due to the ÅOH formation from water via 

absorption of 185 nm VUV light. The addition of S2O8
2ïhighly increased the transformation 

and mineralization rate in both cases due to the formation of SO4
ïÅ. At the highest concentration 

of S2O8
2ï, both UV and UV/VUV 185nm photolysis removed the total TOC content within 45 

minutes.  

 

Introduction  

The consequences of the release of pharmaceuticals into the environment have become a global 

problem in the last decade and caused several environmental and public health problems. 

According to the published literature, the global use of antimicrobials could reach 200,000 tons 

per year [1], and a significant part of that enters the wastewater. A considerable amount of 

pharmaceuticals, primarily antibiotics, are also used as veterinary drugs. The conventional 

biological wastewater treatment method is not suitable for completely removing these 

components, so the increasing use of antibiotics significantly increases the risk of developing 

antibiotic-resistant bacteria, dangerous for animals and humans [1]. In this study, trimethoprim 

(TRIM), a widely used antibiotic, was used as a model compound, detected several times in 

wastewaters and grey waters [2]. TRIM has been used for treating various infections (e.g., 

urinary tract infection) since the ó60s and is often applied together with sulfonamides to enhance 

their effect. TRIM consists of a pyrimidine-2,4-diamine and a 1,2,3-trimethoxybenzene ring 

connected via a methylene bridge (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The chemical structure of TRIM 
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The Advanced Oxidation Processes are chemical water treatment processes based on the radical 

generation and suitable for removing small amounts of harmful organic contaminants that 

cannot be removed by biological water treatment. In this work, the transformation and 

mineralization of TRIM were investigated using UV, UV/VUV, UV/S2O8
2ï and 

UV/VUV/S2O8
2ï methods. While 254 nm UV radiation is generally used for water disinfection 

and adsorbed by the dissolved organic and inorganic substances, 185 nm VUV light having 

small intensity is adsorbed by water and produces ÅOH (2.8 V). Persulfate (S2O8
2ï) is a potent 

oxidizing agent (2.1 V) that can be activated by 254 nm UV light to form highly reactive and 

more potent oxidizing agents, sulfate radicals (SO4
ïÅ) (2.5ï3.1 V) [3]. Consequently, in 

UV/VUV radiated solutions containing S2O8
2ï, both ÅOH and SO4

ïÅ can form and cause the 

degradation. 

 

Experimental 

Two low low-pressure mercury vapor (LPM) lamps were used as light sources. UV lamp 

emitting at 254 nm (GCL307T5L/CELL, produced by LightTech, having 227 mm arc length) 

covered by commercial quartz envelope was used for UV photolysis. For UV/VUV photolysis 

low-pressure mercury-vapor lamp having the same electric and geometric parameters 

(GCL307T5VH/CELL produced by LightTech, having 227 mm arc length) was used. The 

UV/VUV 185nm lampôs envelope was synthetic quartz to transmit the VUV185nm photons. The 

UV (254 nm) photon flux was determined by ferrioxalate actinometry and that was the same 

(3.68Ĭ10ī6 molphoton s
ī1) for both LPM lamps. The flux of the 185 nm VUV photons was 

determined by methanol actinometry and found to be 3.23 Ĭ 10ī7 molphoton s
ī1. 

In the case of UV (254 nm), and UV/VUV 185 nm photolysis, air was bubbled continuously 

through the solution. Gas bubbling was started at least 20 min before the measurement. TRIM 

(Sigma-Aldrich, Ó98.5%) solution with an initial 1.0Ĭ10ī4 mol Lī1 concentration 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 a diode array detector (DAD). For the analysis of TRIM and its 

degradation products, Kinetex 2.6u XB-C18 100A column (Phenomenex) was used at 30 ÁC. 

The eluent contains  20% acetonitrile and 80% phosphate buffer, the flow rate was 0.8 mL min 
╖ 1, and 20 ÕL sample was injected. The wavelength of the detection was 285 nm. Total organic 

carbon (TOC) measurements were performed using an Analytik Jena N/C 3100 analyzer. The 

concentration of H2O2 was measured with a cuvette test by Merck, having a 0.015 - 6.00 mg Lï

1 measuring range. 

 

Results and discussion 

During 254 nm UV irradiation, direct photolysis is the main pathway for the transformation of 

TRIM. The efficiency of UV photolysis primarily depends on the molar absorbance of the target 

compound. Opposite to the relatively high molar absorbance of TRIM at 254 nm (2942 Mī1 

cmī1 [4]), its transformation is negligible during the first 20 minutes due to the very low 

quantum yield [5]. After this induction period, a slow degradation can be observed in the air-

saturated solution. One plausible explanation could be a slow accumulation of low-reactivity 

species, such as HO2
·/O2

·- or CO3
·-.  

Opposite to the low intensity, the presence of 185 nm VUV light highly improved the efficiency 

(Fig. 2.) due to the formation HÅ and ÅOH radicals from water:  

H2O + hv (<190 nm)  H· + ·OH            F(ÅOH)185nm = 0.33 [6] 

H2O + hv (<200 nm)  {eï, H2O
+} + H2O  {eï, H2O

+} + (H2O)  eaq
ï + ·OH + H3O

+    

F( eaq
ï )185nm =0.05 [6] 
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In the presence of dissolved O2, H
Å and eaq

ï transforms into the less reactive HO2
· and O2

·-, and 

the main reactive species is the ÅOH, which is a non-selective, strong oxidant. 

 

Table 1. Initial transformation rates of TRIM at 1.0Ĭ10ï4 M initial 

concentration 

 

 

 

 

 

 

 

 

 

The addition of S2O8
2ï highly enhanced the transformation rate in the case of both light sources. 

Due to the 254 nm UV radiation from S2O8
2ï highly reactive sulfate radicals (SO4

Åï) are formed: 

S2O8
2ï + hv  2 SO4

Åï.             F(SO4
Åï)254nm = 1.4 Ñ 0.3 [7,8] 

The SO4
ïÅ has similar reactivity to ÅOH; however, it is more selective and less reactive towards 

organic substances. The reaction rate constants of SMT with ÅOH and SO4Å
ï were calculated 

from the competition kinetics method by Luo et al. [4] and found to be  6.02Ñ0.13Ĭ109 Mī1sī1 

and 3.88Ñ0.07Ĭ109 Mī1sī1, respectively. 

In the UV/S2O8
2ï process, the relative contribution of the direct photolysis to the TRIM 

transformation is negligible, and SO4Å
ï based transformation is dominant. Comparing the molar 

absorbances of TRIM (2942 Mī1 cmī1) and S2O8
2ï (20ï22 Mī1 cmī1 [8]), a higher portion of 

the photons absorbed by TRIM even at the highest concentration of S2O8
2ï. (Table 1, Fig. 2). 

In the case of UV photolysis, the effect of 3Ĭ10-3 M SO4Å
ï was also investigated, which is 

slightly enhanced the tansformation. 

Fig 2. Effect of Na2S2O8 dosage on the degradation of TRIM in the case of UV (A) and 

UV/VUV 185nm (B) photolysis 
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In the UV/VUV/S2O8
2ï method, ÅOH and SO4

Åï based reaction also contributes to the 

transformation. In both cases, the transformation rate of TRIM increases linearly with the initial 

S2O8
2ï concentration, but the effect of S2O8

2ï addition is more pronounced in the case of 

UV/VUV irradiation (Fig. 3). Due to the absorption of 185 nm VUV light by the SO4
ï, the 

regeneration of the SO4
Åï was supposed. 

Fig 3. Effect of Na2S2O8 dosage on the initial transformation rate of TRIM in the case of UV 

and UV/VUV185nm photolysis 

 

It is essential to study the mineralization of biologically active compounds. During UV 

photolysis, the mineralization of the treated solution is neglected; the TOC value just slightly 

decreased (Fig. 4), while in the case of UV/VUV photolysis, the degree of mineralization is 

significant; the TOC value decreased by approx. 80% (Fig. 4b). With increasing the initial 

concentration of S2O8
2ï, the mineralization rate highly increased in both cases. At the highest 

applied concentration of S2O8
2ï, the transformation rate of TRIM is higher for UV/VUV 

photolysis (Table 1.), but the mineralization rate became similar (Fig. 4.). 

Fig 4. Effect of Na2S2O8 dosage on the mineralization of TRIM in the case of UV (A) 

UV/VUV 185nm (B) photolysis 
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The characterization of methods includes the energy investment; thus, the electrical energy 

required for the 90% transformation of TRIM was calculated (Table 2.). 

 

Table 2. The electrical energy required for transformation of 90% TRIM (kJ) and 90% of the 

TOC content at 1.0Ĭ10ï4 M initial concentration  
c(S2O8

2ï) Ĭ10ï4 M 

0 5 10 20 

TRIM 90% 
UV 108 27 14 8 

UV/VUV 185nm 24 12 8 4 

TOC90% 
UV ï 233 142 68 

UV/VUV 185nm 127 108 108 54 

 

 

As Table 2. shows, in the case of UV photolysis, even at the lowest concentration of S2O8
2ï, the 

electrical energy consumption was reduced significantly and approached that required for  

UV/VUV photolysis. Although the transformation rates (Fig. 2.) and the mineralization (Fig. 

4.) were similar at the highest S2O8
2ï concentration using UV and UV/VUV light sources, the 

energy consumption is much lower. 

 

Conclusion 

The photolysis of TRIM without the addition of S2O8
2ï was only effective during UV/VUV  

photolysis. The addition of S2O8
2ï highly increased the transformation and mineralization rates 

in both cases. At the highest S2O8
2ï (2.0Ĭ10ï3 M) concentration, both UV and UV/VUV  

photolysis eliminated the TOC within 45 minutes. The electrical energy consumption was lower 

at each S2O8
2ï concentration using UV/VUV photolysis than UV photolysis, especially for 

mineralization. 
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Abstract 

Vacuum-ultraviolet (VUV) photolysis is based on high-energy radiation (l < 200 nm) where 

photons are absorbed by water and produce highly reactive species; primarily HOÅ and HÅ, and 

in smaller quantities eaq
ï. VUV photolysis, due to the radicals formed, can efficiently transform 

and mineralize organic contaminants without any other additives. In this work, the effect of 

different inorganic ions (Clï, NO3
ï,HCO3

ï), present in large amounts in wastewater, was 

investigated in the case of two different types of VUV light sources. The conventionally used 

low-pressure mercury-vapor lamp emits both 254 nm UV and 185 nm VUV photons and is 

widely used in water treatment for disinfection (254 nm) and producing high purity water 

(254/185 nm). The other applied light source was the Xe* excimer lamp, used mainly in the 

laboratory scale, emits quasi-monochromatic 172 nm VUV light. The effect of inorganic ions 

during VUV photolysis depends on the radical scavenging capacity, molar absorbance of ions, 

and the properties of the radicals and radical ions formed from them by VUV or UV photolysis 

(for UV/VUV185nm), which is well reflected by the results presented.  

 

Introduction  

VUV photolysis is based solely on high-energy (l < 200 nm) radiation. In the case of VUV 

photolysis the decomposition and mineralization of organic contaminants are initiated by the 

reactions with reactive hydroxyl (ÅOH) and hydrogen radicals (ÅH) formed during the VUV 

photolysis of water: 

H2O + hɜ (<190nm) Ÿ HÅ + ÅOH       F172 nm = 0.42 [1]     F185 nm = 0.33  [2] (1) 

H2O + hɜ (<200nm) Ÿ [eï, H2O
+] + H2O Ÿ [eï, H2O

+] + (H2O)  Ÿ eaq
ï + ÅOH + H3O

+  (2) 

       F172 nm = F185 nm = 0.05 [2]  

The quantum yield of the ÅOH formation from water is slightly different at 172 nm (0.42) and 

185 nm (0.33). A much more significant difference was reported between the absorption 

coefficients at these wavelengths. The absorption coefficient of water at 185 nm is 1.62 cmī1 

[3,4], while, at 172 nm, this value is 550 cmī1. Consequently, the penetration depth of VUV 

radiation is about 11 millimeters for 185 nm, but no more than 0.04 mm for 172 nm [5,6]. 

It is generally accepted that water absorbed VUV photons exclusively due to its much higher 

concentration than dissolved substances. Most studies about the application of VUV photolysis 

to eliminate organic substances from aqueous solutions focus on reactions with primary 

radicals, mainly ÅOH, and do not address the effect of matrix components; experiments are 

performed mainly in pure aqueous solutions. However, from the practical application point of 

view, the effect of matrix components must be considered. Moreover, according to recent 

literature [7], some inorganic ions have significant absorption in the VUV wavelength range, 

and their molar absorbance highly exceeds that of water. Thus, competition can occur between 

the inorganic ions and water for the high-energy photons. By acting as a radical scavenger, 

inorganic ions may also reduce the efficiency of VUV photolysis. Some data about the molar 

absorbance of inorganic ions at 185 nm were reported, but no data about the molar absorbance 

of inorganic ions at 172 nm. 
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This study aims to investigate the effect of various inorganic ions (NO3
ï, Clï, HCO3

ï) present 

in relatively high concentrations in biologically treated wastewater. This work used two types 

of VUV light sources: the conventionally used low-pressure mercury-vapor (LPM) lamp 

emitting both 254 nm UV and 185 nm VUV photons, and a Xe* excimer lamp, emitting quasi-

monochromatic 172 nm VUV light. For LPM lamp, the molar absorbance of inorganic ions not 

only at 185 nm but also at 254 nm must be considered. 

 

Experimental 

The Xe* excimer lamp (130 mm long, 46 mm diameter, 20 W, from Radium XeradexTM) light 

source for VUV172nm photolysis and LPM (GCL307T5WH, 227 mm arc length, 15 W, from 

LightTech) for UV/VUV185nm photolysis were used. The VUV photon flux of the lamps was 

measured by methanol actinometry; the photon flux of 172 nm VUV light was 1.04 Ĭ 10ī5 

molphoton s
ī1, while the photon flux of 185 nm VUV light was 3.23 Ĭ 10ī7 molphoton s

ī1. For the 

LPM lamp, the photon flux of 254 nm UV light was molphoton s
ī1, determined by ferrioxalate 

actinometry. The H2O2 concentration was measured with a Spectroquant H2O2 cuvette test from 

Merck, using a Spectroquant Multy spectrophotometer (Merck, SN072188). All high purity 

salts, used for the investigation were purchased from Sigma-Aldrich, and their purity 

wasÓ99.9%. 

 

Results and discussion 

During VUV photolysis of water, reactive ÅOH and ÅH are formed (1,2). In the absence of 

organic matter and dissolved O2; H2O2 can form exclusively by the recombination of ÅOH 

radicals (3)[8]: 

2 ÅOH Ÿ H2O2                         k = 4.0 Ĭ 109 ï 2.0 Ĭ 1010 Mï1 sï1      (3) 

The dissolved O2 changes the radical set, due to the addition to HÅ, and reaction with eaq
ï: 

O2 + HÅ Ÿ HO2
Å                      k = 2.1 Ĭ 1010 Mï1 sï1       (4) 

O2 + eaq
ï Ÿ O2

Åï                       k = 2.0 Ĭ 1010 Mï1 sï1       (5) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The concentration of H2O2 as a function of time during UV/VUV185nm and VUV172nm 

photolysis of pure water 

 

The recombination of HO2
Å and O2

Åī results in H2O2 formation: 

O2
Åī + HO2

Å + H2O Ÿ O2 + H2O2 + HOī            k = 9.7 Ĭ 107 Mï1 sï1                            (6) 

Consequently, dissolved O2 significantly increases the rate of H2O2 formation, partly by 

inhibiting the recombination of HÅ and ÅOH radicals and mainly by the formation of HO2
Å and 

O2
Åï. The pH is also a key factor because it determines the concentration ratio of O2

Åī and HO2
Å 

(pKa = 4.8 [9]). 

 

0.0

2.0

4.0

6.0

8.0

10.0

0 30 60 90

c
(H

2
O

2
) 

(˷
1

0
-5

M
)

t (min)

oxygen

nitrogen

0.0

1.0

2.0

3.0

4.0

5.0

0 20 40 60 80

c
(H

2
O

2
) 

(˷
1

0
-5

M
)

t (min)

oxygen

nitrogen

VUV 172 nm 

UV/VUV 185 nm 



27th International Symposium on Analytical and Environmental Problems 

 
121 

 

Table 1: Molar absorbance, concentration, relative absorbed photons, the equilibrium 

concentration of H2O2, and its initial (r0) and relative formation rate (r0/r0
ref, where r0

ref is the 

formation rate of H2O2 determined in pure water) 

 

 

For VUV172nm photolysis, the H2O2 concentration changes according to a saturation curve as 

expected. Both equilibrium concentration and the formation rate determined in O2-saturated 

solution exceeded that in O2-free solution (Fig. 1.). For UV/VUV185nm photolysis, the 

equilibrium concentration was reached after a maximum value (Fig. 1.), and no H2O2 formation 

was in the O2-free solution. This kind of time dependence of H2O2 concentration is probably 

due to the additive effect of 254 nm UV light, which causes the photochemical decomposition 

of the formed H2O2 [8]: 

H2O2 + 254 nm Ÿ 2 ÅOH           F(ÅOH) = 0.5       (7) 

The reaction between H2O2 and ÅOH consumes ÅOH and produce HO2
Å [8]: 

H2O2 + ÅOH Ÿ 2 HO2
Å          (8) 

The equilibrium concentration of H2O2 is more than ten times higher in the case of excimer 

lamp due to the much higher photon flux and slightly higher quantum yield of the ÅOH 

formation. However, probably the combination of primary radicals (HÅ and ÅOH) is more 

pronounced in this case due to the extremely high radical concentration within the thin (0.04 

mm) photoreaction zone. 

The concentration of Clï, NO3
ï, and HCO3

ï in biologically treated domestic wastewater is 

around 3.4Ĭ10-3 M, 2.4Ĭ10-4 M, and 8.6Ĭ10-3 M, respectively. In this study, the effect of these 

anions on H2O2 formation was investigated. Two concentration levels were used; one of them 

was set close to the concentrations of the given ions in the biologically treated water. The other 

concentration was set to the value where the inorganic ion absorbs between 1% and 10% of the 

VUV photon. 

The Clï is an effective ÅOH scavenger. Its reaction after protonation can result in ClÅ [10]: 
Clï + ÅOH Ÿ HOClÅï    k = 9.7 Ĭ 107 Mï1 sï1                           (9)  

HOClÅï + H+ Ÿ ClÅ + H2O          (10)  

The direct VUV photolysis of Clï most probably also result in ClÅ and eaq
ï (7) [1]: 

Clï + hn185 nm Ÿ ClÅ + eaq
ï         (11)  

In the presence of O2 the reaction with eaq
ï can enhance the H2O2 formation via O2

Åï. Moreover, 

in the case of LPM lamp, the direct UV photolysis can cause the dissociation of the HOCl, 

which is the recombination product of ClÅ and ÅOH. Thus, the effect of Clï is quite complex and 

not easily interpreted. 

The negative effect of Clī was observed on the equilibrium concentration of H2O2 at its higher 

concentration only in the case of VUV172nm photolysis (Fig. 1.). However, in the case of 

    UV/VUV 185nm VUV 172nm 

 c0 (M) 
e185nm 

(M
ï1

cm
ï1

) 

185 nm 

photons 

absorbed 

(%)  

r 0 

(Ĭ10ï8 

mol/s) 

r 0/r 0
ref 

ceq
UV/VUV  

(Ĭ10ï5 M) 

r 0 

(Ĭ10ï8 

mol/s) 

r 0/r 0
re

f 
ceq

VUV 

(Ĭ10ï5 M) 

pure 

water 
55.50 1.62 100 5.2 ï 0.68 24.7 ï 8.54 

Cl- 2.82Ĭ10ï4 
2791 

0.9 4.4 0.85 0.63 23.5 0.95 7.44 

Cl- 3.40Ĭ10ï3 9.5 2.0 0.39 0.49 9.3 0.38 3.73 

NO3
- 2.42Ĭ10ï4 

5000 
1.3 0.93 0.18 0.34 5.9 0.24 5.48 

NO3
- 1.60Ĭ10ï3 8.2 0.38 0.07 0.83 3.3 0.13 2.39 

HCO3
- 3.69Ĭ10ï3 

269 
1.1 3.3 0.64 0.16 8.4 0.34 8.81 

HCO3
- 8.60Ĭ10ï3 2.5 2.6 0.51 0.18 7.7 0.31 8.88 
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UV/VUV185nm, the negative effect is mainly observed at the beginning of the kinetic curve; the 

equilibrium concentration changes only slightly. 

  

 

 

 

 

 

 

 

 

 

 

Fig. 2. Effect of Clï on the H2O2 formation during UV/VUV185nm and VUV172nm photolysis 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Effect of NO3
ï  on the H2O2 formation during UV/VUV185nm and VUV172nm photolysis 

 

Gonzalez and Braun [11] investigated the VUV photolysis of NO3
ï and NO2

ï. The primary 

species induced a series of reactions partially depleting NO2
ï and NO3

ï. Transformation rates 

depended on the presence of O2, and NO3
ï, NO2

ï, peroxynitrite, and N2O were identified as 

reaction products after irradiation of NO2
ï or NO3

ï in aqueous solutions. A reaction mechanism 

was proposed, where NO2
· and NO· are key intermediates and include many redox reactions 

and reaction equilibria. The formed NO2
ï react fast with ÅOH [11]: 

NO2
ï + ÅOH Ÿ NO3H

Å           k =2.5 Ĭ 109 Mï1 sï1        (8)  

NO2
ï + ÅOH Ÿ NO2

Å + ÅOH           k =1.0 Ĭ 1010 Mï1 sï1        (9)  

In the case of LPM lamp the UV light must have a significant role besides VUV. The NO3
ī 

absorb 254 nm UV photons (3.51 Mī1 cmī1), and its UV photolysis (10) increase the amount 

of ÅOH and thus the concentration of H2O2 [11]. 

NO3
ī + hn (254 nm) Ÿ OÅī + NO2

Å
 + H2O Ÿ 2 

ÅOH + NO2
Å                                      (10) 

In the case of VUV172nm photolysis, the formation rate and the equilibrium concentration of 

H2O2 significantly decreased with NO3
ī concentration. This can be explained by the NO2

ī 

formation and its reaction with ÅOH (8,9). The absorption of VUV photons also has a significant 

contribution to the inhibition of H2O2 formation. In the case of UV/VUV185nm photolysis, the 

lower NO3
ī concentration has a negative, while the higher NO3

ī concentration has a positive 

effect on the equilibrium concentration of H2O2, which can be interpreted by the enhanced ÅOH 

formation due to direct UV photolysis of NO3
ī (10).  
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Fig. 4. Effect of HCO3
ï on the H2O2 formation during UV/VUV185nm and VUV172nm photolysis  

 

HCO3
ī significantly reduced the initial formation rate of H2O2. HCO3

ī did not affect the 

equilibrium concentration during VUV172nm photolysis but strongly decreased that in the case 

of UV/VUV 185nm photolysis. The initial concentration of HCO3
ï has no significant effect in 

both cases. The different behavior can be explained by the significantly different ÅOH 

concentrations and the presence of UV light. 

 

Conclusion 

The effect of inorganic ions depends on their radical scavenging capacity, molar absorbance in 

VUV range, and the properties of the radicals and radical ions formed from them by VUV 

photolysis and/or UV photolysis (for UV/VUV 185nm). This wok represents the significant 

difference between Clï NO3
ï and HCO3

ï on the H2O2 formation, in the application of high 

intensity 172 nm VUV and low intensity 185nm VUV radiation. Proper interpretation of the 

experimental results requires further investigation. 
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Abstract 

The occurrence of pharmaceuticals in the environment in general, but specifically in the aquatic 

environment, can have a harmful impact on human health. Hence, it is crucial to prevent their 

release into the environment [1]. Photocatalysis occurs in the presence of light, i.e. photons of 

a specific wavelength, and photocatalyst [2]. Compared to other advanced oxidation processes, 

the process of photocatalytic degradation has proven to be more efficacious in the degradation 

of pollutants that are otherwise challenging to remove from the environment. Applying 

photocatalysis, organic pollutants can be degraded and completely mineralized to CO2, H2O, 

and corresponding inorganic ions as products that are less detrimental to the environment in 

comparison with initial molecules [3]. Ciprofloxacin (Figure 1) is a fluoroquinolone antibiotic 

commonly used both in human and veterinary medicine for treating various infectious diseases 

mainly caused by Gram-negative and some Gram-positive bacteria [4].  

 

 
Figure 1. Structural formula of ciprofloxacin 

 

In this research, we observed the influence of the nature of light on the efficacy of direct 

photolysis of ciprofloxacin in the commercial formulation (drug Ciprocinal), as well as extent 

of its photocatalytic degradation using ZnO as a photocatalyst, in the presence and absence of 

O2. Furthermore, the influence of the catalyst loading and the effect of substrate initial 

concentration on the degradation rate of ciprofloxacin was also examined. The degradation 

kinetics was monitored by UFLC-DAD. 
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Abstract 

The applicability of oxidative laccase for both the degradation and the modification of lignin in 

aqueous media have been intensively studied but limitations still exists due to the low solubility 

of lignin in media that are compatible with laccase [1]. Organic water-miscible solvents are 

often required in laccase-catalyzed oxidations because many of the lignin substrates are 

insoluble in water. Due to the low electrochemical reduction potential, laccase can only oxidize 

the phenolic lignin moiety (<20% of total lignin) and not the non-phenolic aromatic structure 

(80% of total lignin) [2]. Moreover, ligninôs microporous network is not readily accessible for 

laccase molecules due to their large size (~5-6 nm) [3] and further decreases the overall 

oxidation efficiency. The enzymatic oxidative polymerization of four technical lignins with 

different molecular properties, Soda Grass/Wheat straw Lignin (SGWL), Organosolv 

Hardwood Lignin (OHL), Soda Wheat straw Lignin (SWL) and Kraft Softwood (KSL) was 

studied. All lignins were previously fractionated by acetone/water 50:50 (v/v) and the 

polymerisation of the low molecular weight fractions (Mw < 4000 g/mol) was carried out in the 

same solvent system.  The comparative electrochemical behavior of laccase-catalysed reactions 

of different substrate concentrations showed to be effective electron donor in the reduction of 

dioxygen to water and may help us elucidate the suitable experimental conditions for an 

effective catalysis of laccase in lignin reactions. The immersion of a laccase-coated glassy 

carbon electrode (GCE) in the solutions generated large catalytic currents easily recorded by 

cyclic voltammetry at low potential scan rates. Likewise, it was shown that the current record 

varied with the substrate concentration and the type of lignin. A polymerization process of 

lignins on the electrode surface was also observed by the decrease in the oxidation current 

recorded in the same solution, during a second scan. In order to easily assess the differences in 

the analytical signals to establish relationships between samples (objects) and points in a signal 

(variables) the principal component analysis (PCA) was applied to the voltammetric data. The 

multivariate method PCA was used to simplify the discrimination between the polymerization 

reactions of lignin samples from different sources to build a method for selection of favourable 

parameters in the catalytic reactions. Electrochemical studies indicated that the laccase 

immobilized on glassy carbon electrode surface was able to catalyse the oxidation of lignin in 

aqueousïacetone (50/50 vol. %) solution.  
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Abstract 

In order to identify pollutants in real time, it is required at the level of sampling using automated 

systems to allow high resolution data monitoring. These are the real state of the quality of a 

river and allow the detection of both short-term events and long-term changes. At the 

international level there are specialized systems that monitor water in terms of its pollution. 

Some of them are made only for pollutants from the agricultural sector, for example the flow 

of nutrients from rivers [1, 2]; others focused on assessing the ecological status of rivers or the 

impact of river pollution on drinking water. Most studies have been performed on in-situ sensor 

placement [3, 4]. However, precision water monitoring devices, such as chemical analyzers, are 

not widely used due to high investment and maintenance costs, as they are used to monitor river 

basins through analysis stations of national agencies. These types of analyzers are, for example, 

for determining the amount of phosphorus in water. However, ammonium (NH4-N) and organic 

carbon (Total Organic Carbon - TOC) are of significant relevance to the chemical and 

ecological status of rivers, as well as to the identification of their sources. 

 

 
 

Figure 1: Block schematic diagram of an smart sensor system 

 

The idea of the research starts from the need for real-time monitoring of waters along the entire 

course and its effluents to assess water quality and determine the sources of pollutants resulting 

from human activity. Developing of an intelligent system for monitoring in real time the 
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pollutants parameters of the rivers or urban sewerage systems represents the main aim of this 

research. In this way, were used modern technologies such as ultra-low power hardware, 

transmission, processing and storage the data in CLOUD and analysis software solutions of the 

data based on the artificial intelligence algorithms (Figure 1). Thus, the novelty of the study 

consist in application and interpretation of an extended set of data, focusing not only on a single 

type of pollution, but to characterize and classify the entire spectrum of pollution sources using 

the latest methods and technologies, and possibilities to achieve a competitive product on the 

market, respectively. 
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Abstract 

A novel method development of laser-induced breakdown spectroscopy (LIBS) uses 

nanoparticles deposition on the sample surface and achieves significant signal improvement 

(nanoparticle-enhanced LIBS, NELIBS). The present research aims at developing a 

reproducible method of nanoparticle deposition that would allow spatially resolved NELIBS 

elemental mapping of solid samples with an improved signal-to-noise ratio. The applicability 

of the method is demonstrated on a monzogranite rock sample.  

 

Introduction  

LIBS is a micro-analytical technique that uses short laser pulses as an energy source to produce 

a microplasma on the surface of a solid sample, which breaks down sample material and 

thermally excites the atoms generated to produce an atomic emission spectrum. Nowadays 

LIBS is being applied in many research fields due to its unique set of characteristics. It is a 

rapid, sensitive, versatile analytical method, which provides quantitative (ppm level) or 

qualitative information about the sample, is micro-destructive and requires practically no 

sample preparation, therefore allows fast and direct analysis of solid and liquid (even gaseous) 

samples in a non-contact manner. Furthermore, the application of chemical imaging methods 

or elemental mapping provides a spatial distribution of a single chemical species within a 

complex sample, obtaining information in the form of 2D (or 3D) images and also offering a 

high degree of discrimination between different sources [1-3].  

Several novel approaches have been proposed for the signal enhancement in LIBS in recent 

years [3]. Some of them include instrumental arrangements, such as double- or multi-pulse 

LIBS, microwave assisted- or resonance-enhanced LIBS, but the nanoparticle-enhanced LIBS 

approach simply uses a deposition of plasmonic nanoparticles (NPs) on metal sample surfaces 

[4, 5]. The conceptual basis of this approach is that the plasmonic characteristics of the Au, Ag 

or Cu NPs will largely inrease the electrical field strength of the laser pulse in their close 

vicinity, which leads to the field emission of electrons from the metallic NPs. These electrons 

will then facilitate the laser induced breakdown plasma generation as seeds, thereby 

significantly lowering the breakdown threshold and reserving more of the laser pulse energy 

for plasma heating, which eventually leads to higher analytical atomic emission signals. Figure 

1 illustrates this effect [6].   
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Figure 1. Sketch of NPs enhanced photoablation in metallic samples [5] 

 

Although NELIBS has been successfully demonstrated as a useful signal enhancement 

approach for local analysis of solid and liquid samples [7, 8], when simple droplet deposition 

is applied. NELIBS elemental mapping has not yet been shown to work, due to known problems 

with the homogeneity of NP distribution with droplet deposition (coffee spot effect). At the 

same time, LIBS is recently being increasingly explored by geologists and the mining and 

mineral processing industry. LIBS geochemical analysis is generally directed towards 

quantitative analysis of the elemental contents of rocks/minerals and identification of the 

minerals (e.g. mapping of geochemical and mineralogical footprints) [9]. In the present work 

we set the goal of investigating the applicability of the spray coating nanoparticle deposition 

method for NELIBS elemental mapping on a monzogranite rock test sample. 

 

Experimental 

In the deposition experiments, a 0.05 mg/mL dispersion of Pelco NanoXact 30 nm Au NPs (Ted 

Pella, USA) was sprayed onto a 10 x 10 mm diced silicon wafer (Ted Pella, USA). The 

deposition was carried out by a commercial spray gun (DU-30 K) equipped with a 200 ɛm 

nozzle and by employing a 3 bar pressure of argon gas. Surface particle concentration was 

controlled by the spraying times: 10, 25, 50 and 100 s. The sample was kept at a distance of 25 

cm from the nozzle and the spraying was followed by one-minute drying under an infrared 

lamp. Optical microscopy images of the deposition were taken afterwards with an Olympus 

BX-43 microscope. 

Particle distribution of Au NPs resulting from spray deposition were characterized by scanning 

electron microscopy (SEM, S-4700, Hitachi, Japan). The quantification of the surface mass 

concentration of NPs was determined by inductively coupled plasma mass spectrometry (ICP-

MS, 7700x, Agilent Technologies, USA). 1 cm x 1 cm Si chips were masked with electrical 

adhesive tape before the deposition experiments in order to ensure that only the exposed, known 

surface of the substrate were covered by NPs. After the deposition the chips were subjected to 

aqua regia (trace quality cc. hydrochloric and cc. nitric acids, VWR Chemicals) treatment, 

which dissolved the gold NPs. Matrix-matched calibration for the surface area quantification 

was performed using certified calibration standards (IV-ICPMS-71A and IV-ICPMS-71C, 

Inorganic Ventures, USA) in the range of 0 ppb ï 100 ppb, with the application of 209Bi as 

internal standard. All measurements were carried out by monitoring the signal of the 197Au 

isotope.  

The rock samples were prepared in such a way that from each sample, a 30 mm thin section 

was cut employing a diamon cutter (Struers DiscoPlan) to form 35 x 20 x 10 mm rectangular 

bodies for mineral identification by optical microscopy (Olympus BX-43) and the remaining 

part of the bulk sample was diamond-polished for LIBS analysis. The elemental map was 

recorded using a J-200 tandem LA/LIBS instrument (Applied Spectra, USA), with a laser spot 

size of 40 ɛm, 266 nm laser wavelength and 17.5 mJ pulse energy. Stepwise scanning was 

employed and the emission spectrum in the 190 to 1040 nm range was collected. The number 
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of repeated measurements in one sampling location (without translation) was ten. 

Measurements were performed at 4ï5 sampling points in each mineral grain. 

 

Results and Discussion 

Spraying, as a general technical coating procedure, produces a relatively homogenous 

distribution of droplets on the surface of a solid target (Figure 2, left), consequently we also 

expected a homogeneous distribution of NPs on the surface after drying, but we carried out a 

detailed morphological investigation of the depositions. SEM revealed that there is a tendency 

of NP aggregation (Figure 2, right), which results in an Ăisland-likeñ deposition pattern. This 

has already been observed for spray coating in the literature [10], and key factors were also 

identified that determine the quality of a spray-coated Ălayerñ. These are the size and 

dimensional uniformity of droplets in the spray and the droplet impact velocity. Due to the 

presence of the liquid phase, there still is a chance that the deposited microdroplets coalesce 

before they dry, which strongly increases the probability of particle aggregation. It also has to 

be added that the intuition to strongly lower the NP concentration in the sprayed liquid would 

result in a longer spraying time in order to achieve the required surface mass concentration, 

which again would increase the probability of microdroplet coalescence, due to the action of 

surface tension and gravity. 
 

 

 
Figure 2. Optical microscopy (left) and SEM image (right) of a solid sample surface spray-

coated with NPs. Please note that the left image shows the droplets deposited before drying, 

whereas the right image was taken after drying.     

 

 

Optimization of NELIBS conditions requires a control of the surface mass concentration of 

deposited nanoparticles [4, 5]. For spray coating the control parameter is the nanodispersion 

concentration and the spraying time. As it can be seen in Figure 3, the surface concentration 

range we achieved was from 0.287 to 0.942 ɛg/cm2. As the time increased, the surface density 

of NPs increased monotonously, following a linear function for the spray coating deposition. 

The regression coefficient was 0.7 which indicates a low control of surface concentration, 

which is probably due to the random coalescence or dripping of the deposited microdroplets. 

Nevertheless, the optimal mass concentration suggested in the literature [4, 5] could be set on 

the surface by this process. 
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Figure 3. Control of the surface concentration of Figure 4. Reflective optical micros- 

deposited NPs by spray coating, as quantified by copy image of the rock sample with 

 ICP-MS analysis.  four minerals indicated by colors. 

   

 

 

 
Figure 5. Intensity-based LIBS elemental maps of a granitoid rock (10 x 15 mm area). 

Showing Li I 670.7 nm and Mg I 518.3 nm elemental maps of sample without NPs (left side) 

and with NPs (right side). 

 

Granitoid rocks are of industrial interest, as they contain mineral grains with mining-

worthy concentrations of Li [9]. The four most common mineral grains in the sample were 

identified as amphibole, feldspar, biotite and quartz (Figure 4). Subsequently, we tested the 

optimized spray deposition process (a dispersion of 0.05 mg/mL of Au NPs, spraying in five 

repetitions each consisting of five seconds of spraying, with a NP surface concentration of  

0.347 ɛg/cm2 on the rock). In order to ensure comparability of the two maps, we first recorded 
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the LIBS map and then applied the spray deposition of gold NPs and performed the NELIBS 

mapping. 

We present two elemental maps for the studied rock sample in Figure 5; the Li map is 

shown for the spectral line of Li I 670.78 nm, whereas the Mg map is shown for Mg I 518.3 nm. 

As can be seen, the LIBS mapping of the granitoid rock provides information about the 

distribution of Li and Mg within the mineral rock; therefore, it is possible to identify the type 

of mineral that contains most of the targeted trace elements. By the comparison of Figure 4 and 

5, it can be observed that biotite and amphibole minerals contain the most Li and Mg. These 

results suggest that mining for Li in granitoid rocks should be aiming for biotite and amphibole 

grains. An about two-fold signal enhancement could be achieved by NELIBS. The signal 

enhancement allowed us to detect minerals grains with smaller concentration of the elements 

too. For example, quartz, feldspar and biotite grains with low Mg content would also be detected 

(in the lower left quadrant of the image) when the NELIBS approach was used.  
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Investigation of the transmembrane proteins found in bacteria is important, among others, to 

gain knowledge how to effectively control certain pathogens. Molecular chaperones such as T4 

lysozyme or antibodies are found to be efficient for studying the structure of membrane 

proteins. Our aim is to covalently fuse T4 lysozyme to the C terminus of Hemophilus influenzae 

HI0610 membrane protein to study the structure of this fusion protein by X-ray crystallography 

after cloning, expression, purification and crystallization. 

HI0610 transmembrane protein was cloned into pTTQ18 plasmid by using recombinant DNA 

technology. T4 lysozyme was covalently fused to the target protein during the cloning. The 

protein expression was followed by SDS gel-electrophoresis to investigate the presence of the 

required macromolecule. Optimization of protein expression was also performed where IPTG 

concentration, temperature and time dependence were tested. Subsequently, the protein was 

purified by affinity chromatography and the efficiency of Ni-NTA and Talon resins was 

compared. The target protein was further purified by size exclusion and ion exchange 

chromatography. 

T4 lysozyme was successfully fused to HI0610 fucose-proton symporter by genetic 

engineering. Gel-electrophoresis confirmed that the target macromolecule was expressed in an 

appropriate amount. Optimal conditions for protein expression were the following in Luria-

Broth medium: 37ϲC, 12 h of induction time, 0.5 mM IPTG. During affinity chromatography, 

the target protein was recovered in high purity. Investigating the eluted proteins obtained during 

protein purification using two affinity columns, we concluded that the Ni-NTA resin bound the 

target protein more efficiently than that of Co2+ ion containing Talon resin. However, after 

affinity chromatography further purification steps were necessary to reach the highest protein 

purity. Therefore, size exclusion and cation exchange chromatography were also performed to 

remove the contaminating proteins.  

The final analysis of the purified concentrated sample revealed no detectable contaminations 

even by the sensitive silver staining and become suitable for crystallization and structural 

studies. 
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Abstract 

In our work parallel measurement of wavelength dependent optical absorption, size distribution 

and number-concentration were produced using multi wavelength photoacoustic spectrometer 

(4ɚ-PAS) and scanning mobility particle sizer (SMPS). For comparative study two different 

fuel type was tested at three different working points of the engine. The thermal evolution of 

the emission was also examined using thermodenuder (TD) unit. Bimodal size distribution of 

emissions at reference temperature was achieved using pure petroleum-based fuel (B0). The 

OAC values measured at the operating wavelengths of the instrument decreased with increasing 

rev and rated torque at all wavelengths. The wavelength dependence quantified by Aerosol 

Angstrºm Exponent (AAE) can be used here for qualitative analysis of carbon emission and 

showed increased volatility of organic particles towards higher temperatures. 

 

Introduction  

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

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

particle is one of the dominant source of light absorbing carbonaceous particulate matter (LAC), 

which is the second most important climate relevant atmospheric constituent too (Bond et al., 

2013). Diesel engines equipped with a modern, sophisticated after-treatment system also meet 

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

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

alternatives not only for reducing emissions but also for more environmentally friendly fuel 

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

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

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

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

introduced in-situ measurement method for volatile classification of DPM is based on 

measuring the size distribution of a temperature-treated and denuded aerosol assembly 

(Burtscher et al., 2001). The use of a thermodenuder (TD) for the pretreatment of depleted DPM 

not only allows the classification of volatiles, but also provides an indirect opportunity to study 

the state of the particles in relation to a given exhaust gas temperature under steady-state 

measurement conditions. Measuring aerosol light absorption is also a key, climate-relevant 

quantity. Moreover, the absorption spectrum of the LAC, which is quantified by its wavelength 

dependence (AAE) is the only physical quantity that can be measured in real-time and which 

serves composition and air quality relevant informations (Utry et al., 2014; Ajtai et al., 2015). 

In this work, we demonstrate the experimental results of number concentration, size distribution 

and absorption spectra measurement of DPM in the function of the operational condition of 

diesel engine using different fuel types using scanning mobility particle sizer (SMPS) and 

multi-wavelength photoacoustic spectrometer (4ɚ-PAS). We also study the measured quantities 

in the function of thermal stability. 
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Experimental 

The experimental set up of sampling system what we used is shown in Fig.1. For the 

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

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

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

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

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

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

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

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

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

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

150ÁC and 300ÁC respectively.  

 

 
 

Figure 1. The experimental set-up of the sampling system. Operatory conditions of engine, 

type of fuels, posterior temperature treatment conditions. 

 

Results and discussion 

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

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

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

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

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

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

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

wp#2 and wp#3, a monomodal size distribution achieved at 40ÁC (Fig. 2). Regardless of engine 

operating condition and fuel type, the monomodal size distribution has shown similar 

characteristics than in several previously described diesel soot emission studies (Butcher et al., 

2001). In general, regardless of fuel type, engine operating condition, and sample temperature, 

B7 fuel provides similar emission characteristics (i.e. GMD and GSD values) as B0, but with a 

total number concentration (TNC) approximately 10-20% lower for all case. In the transition 

from wp#1 to wp#2, the number concentration decreases significantly while further increasing 

the torque at a constant engine speed in the transition from wp#2 to wp#3 more or less remained 

unchanged. It is noteworthy, however, that although the torque increases from 100 Nm to 280 
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Nm at 2500 rpm (transition from wp#2 to wp#3), the TNC values and the population of particles 

show a high degree of similarity but varies slightly in population statistics.   

 

 
 

 
 

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

different operatory parameters of the test engine. Total Number Concentration (TNC), Count 

Median Diameter (CMD), Geometric Standard Deviation (GSD). Total Volume 

Concentration (TVC) 

 

At higher torque (280 Nm), the population contains fewer small (less than GMD) but more 

large (greater than GMD) particles than at lower torque (100 Nm) at the same speed (2500 rpm) 

(Fig. 2). This seemingly marginal change as a function of size distribution resulted in significant 

differences in TVC values. Similarly, despite significant differences in TNC values measured 

in wp#1 to wp#2 transition the TVC concentration has remained more or less similar. This can 

also be explained by the differences in the population statistics of the emitted diesel aerosol 

assembly. 

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

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

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

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

or in spectral terminology brown carbon fractions. In this context Fig.3 can be interpreted as 

the following. The AAE value of B7 is higher than that of B0. This indicates the presence of 

organic carbon soot with high absorption ability towards the shorter wavelengths. Increasing 

the rev and torque the AAE value is decreasing and indicates increasing elemental and black 

carbon dominancy in the emitted aerosol assembly. Finally, the increasing denuder temperature 

resulted in decreasing AAE values. This tendency means that the volatile organic compounds 

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

type of fuels and sampling temperature. 

 

Because AAE indirectly determines the ratio of organic to inorganic in the test sample, 

examining the relationship between the number concentration in the population statistics and 

the AAE data requires more extensive measurement that goes beyond this work. 

 

Summary and conclusion 

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

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

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

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

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

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

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

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

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

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

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

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

 

Acknowledgements 

The measurements were carried out with the support of the TKP 2020 (NKFIH-1279-2/2020), 

Thematic Program of Excellence. 

 

References 

[1] Bond T. C., Doherty S. J., Fahey D. W., Forster P. M., Berntsen T., DeAngelo B. J.,Flanner 

M. G., Ghan S., Kªrcher B., Koch D., Kinne S., Kondo Y., Quinn P. K., Sarofim M. C., Schultz 

M. G., Schulz M., Venkataraman C., Zhang H., Zhang S., Bellouin N., Guttikunda S. K., Hopke 

P. K., Jacobson M. Z., Kaiser J. W., Klimont Z., Lohmann U., Schwarz J. P., Shindell D., 

Storelvmo T., Warren S. G., Zender C. S. 2013. Bounding the role of black carbon in the climate 

system: A scientific assessment, Journal of Geophysical Research: Atmospheres. 118, 1ï173. 

[2] Burtscher, H., Baltensperger, U., Bukowiecki, N., Cohn, P., H¿glin, C., Mohr, M., Matter, 

U., Nyeki, S., Schmatloch, V., Streit, N. and Weingartner, E., 2001. Separation of volatile and 

non-volatile aerosol fractions by thermodesorption: instrumental development and applications. 

Journal of Aerosol Science, 32(4), pp.427-442.  

[3] Utry, N., Ajtai, T., Filep, Ć., Pint®r, M., Tºrºk, Z., Boz·ki, Z., & Szab·, G. (2014). 

Correlations between absorption Angstrºm exponent (AAE) of wintertime ambient urban 

aerosol and its physical and chemical properties. Atmospheric environment, 91, 52-59. 
  



27th International Symposium on Analytical and Environmental Problems 

 
138 

 

EFFECT OF ELECTRON BEAM IRRADIATION AND THE PRESENCE OF 

ANTIBIOTICS ON THE POPULATI ON RATIO OF RESISTANT/SENSITIVE 

BACTERIAL CULTURES IN MODEL WASTEWATER MATRIX WITH 

ANTIBIOTICS AND BACTERIA ADDED PRIOR TO ADVANCED OXIDATION 

TREATMENT  

 

Ren§ta Homlok1, Gabriella Kisk·2, Andr§s Kov§cs3, T¿nde T·th1,4, Vikt·ria Dob·2, 

Erzs®bet Tak§cs1, Csilla Moh§csi-Farkas2, L§szl· Wojn§rovits1, L§szl· Szab·1,5 

 
1Institute for Energy Security and Environmental Safety, Centre for Energy Research, H-1121 

Budapest, Konkoly-Thege Mikl·s ¼t 29-33, Hungary 
2Department of Food Microbiology, Hygiene and Safety, MATE Institute of Food Science and 

Technology, H-1118 Budapest, Soml·i ¼t 14-16, Hungary 
3Atomic Energy Engineering Company Ltd., H-1121 Budapest, Konkoly-Thege Mikl·s ¼t 29-

33, Hungary 
4Department of Organic Chemistry and Technology, Budapest University of Technology and 

Economics, H-1111 Budapest, Szent Gell®rt t®r 4, Hungary 
5International Center for Young Scientists, National Institute for Materials Science, 1-1 

Namiki, Tsukuba, Ibaraki 305-0044, Japan 

e-mail: homlok.renata@ek-cer.hu 

 

 

Abstract 

Control strategies against the spread of antibiotic resistance should be considered in wastewater 

treatment plants. It is important to understand how resistant bacteria behave in the presence of 

trace amounts of antibiotics, in order to implement appropriate measures. In our work, we 

examined the population dynamics of resistant/sensitive Staphylococcus aureus co-cultures. On 

the one hand, we gained insight into the effect of trace amounts of antibiotics (piperacillin and 

erythromycin) on bacteria in different wastewater matrices, and on the other hand, we studied 

the applicability of electron radiation to eliminate the antibacterial effect. Based on our results, 

trace amounts of antibiotics act on the resistant strain. Presumably, it triggers biological 

processes in resistant bacteria that do not provide a competitive benefit but disadvantage over 

the sensitive subtype, and the trace level of the antibiotic present does not appear to affect the 

sensitive strains. The effect of these conditions on population dynamics is reduced with the use 

of accelerated electrons, presumably due to the fact that the decomposition products of the 

components of the effluent matrix (such as humic acid) also contribute to the chemical 

transformations. Furthermore, it has become apparent that the presence of trace amounts of 

antibiotics on the one hand initiates biochemical processes in the resistant subtype and on the 

other hand sensitizes bacteria to the attack of free radicals generated during electron beam 

treatment. It is clear that more understanding is needed on the effects of trace level of antibiotics 

in environmental waters on the cellular response and population behavior of resistant bacterial 

cultures.  

 

Introduction 

Radiation sterilization has been developed as a safe and reliable technology and is widely used 

in the healthcare sector. By using it, the microbiological safety of food is improved and their 

shelf life is extended [1-2]. In addition, ionizing radiation has been admitted to be effective for 

reducing the bacterial load of wastewater and sewage sludge [3-6]. However, it should be 

contemplated that the species present in these diverse microbial populations show different 
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sensitivities to irradiation [5]. Extensive DNA damage occurs in bacteria as a result of exposure 

to lethal radiation. These bacteria are unable to multiply. Some recent studies indicate that 

radiation-inactivated bacteria are still metabolically active. The mechanisms are different when 

heat sterilization is used [7-9]. Based on these, we assume that sensitive and resistant subtypes 

of the same bacteria may show different sensitivity to ionizing radiation. Therefore, we further 

investigated this issue and performed experiments with bacteria present during irradiation. 

 

Experimental 
Experiments (Fig. 1) were done in the presence of bacteria added to the wastewater matrix prior 

to the advanced oxidation treatment. In this case the original synthetic wastewater matrix was 

prepared with or without the antibiotic (non-concentrated samples). 

The electron beam (EB) treatment was performed using a Tesla Linac LPR-4 type linear 

electron accelerator. Our method is based on a microbiological assay we developed previously 

[10-11].  

We selected sensitive and resistant Staphylococcus aureus (S. aureus) isolates (National 

Collection of Agricultural and Industrial Microorganisms, NCAIM, Szent Istv§n University) to 

monitor the change in antibacterial activity. In this test the dynamics of a mixed 

(sensitive/resistant) bacterial population gives information on the effects of antibiotics in a 

concentration well below the minimum inhibitory concentration (MIC). Inocula were prepared 

from an overnight culture (incubated at 37 ÁC) in the case of the sensitive strain, and in the case 

of the resistant one, the freshly innoculated cells were incubated for 72 h (at 37 ÁC) for the 

bacterial suspension preparation. This incubation time was sufficient to yield a culture 

containing dead cells with released genetic information, which is then available for the sensitive 

cells that may acquire resistance. The sensitive and resistant subtypes in a 1:1 ratio were added 

to the wastewater matrix prior to the advanced oxidation treatment. After the irradiation, the 

samples were incubated for 24 hours (at 30 ÁC). Colony counting was performed on trypto-

casein soy broth (CASO) agar plates. After spreading 100 ÕL samples evenly on the surface, 

the inoculated plates were incubated at 37 ÁC for 24 h and then the number of surviving colonies 

were counted.  

The total colony count (sensitive + resistant) was determined on unspiked agar plates, while 

resistant cells were counted on agar plates spiked with the corresponding antibiotic reaching a 

concentration well above the minimum inhibitory level. 

Only resistant cells grow on the surface of the agar plates containing the antibiotic above the 

MIC. Then the ratio of resistant colonies to the sensitive + resistant colonies was calculated. 

 

Results and discussion 

Using advanced oxidation treatment (in the form of EB irradiation), the selective pressure on 

the bacterial population favouring the predominance of antibiotic resistant mutants can be 

eliminated. This is achieved when the fraction of resistant bacteria, within a statistically 

insignificant deviation, is the same as in the control sample (with no antibiotic added). In other 

words, the difference between the control sample and the sample containing the antibiotic 

(piperacillin) is no longer significant (based on statistical significance analysis using GraphPad 

Prism biostatistics software; multiple t-test analysis was applied assuming equal variances). A 

synthetic effluent wastewater was designed as a kinetically appropriate reflection of a real 

wastewater sample, spiked with antibiotics at environmentally relevant concentrations (2 ɛg 

Lī1). 

The fraction of resistant bacteria in the population after irradiation is depicted in Fig. 1. The 

concentration of the antibiotic in the effluent matrix is 2 ɛg Lī1. As the dose increases, the 
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amount of bacteria continuously decreases. Bacteria are not capable of growing on agar plates 

after 5 kGy or higher absorbed dose. 

Fig. 1 shows that resistant bacteria are significantly more sensitive to radiation treatment over 

the entire dose range (0.2ï2 kGy) than sensitive bacteria when the corresponding antibiotic is 

present in the matrix. Figure 2 represents the results in the samples without antibiotics.  

In this case, the population of bacteria is not affected by low doses. Longer treatment time leads 

to significant distortions. This is due to the effect of the products formed from the components 

of the wastewater matrix on bacteria. Comparing the two figures (Fig 1A-B), the resistant 

bacteria show clearly higher sensitivity towards irradiation. This higher sensitivity does not 

appear in samples without antibiotics. This leads to the conclusion that that the presence of the 

antibiotic makes the resistant subtype more sensitive to irradiation. This may be explained by 

some ongoing biological processes. The sensitive subtype is left intact at very low 

concentrations of the antibiotic. In contrast, the resistant subtype becomes more depleted, less 

prepared to the attack of free radicals. In addition, it can be recognized that a higher resistant 

bacterial fraction was obtained on plates containing piperacillin (Fig. 2B) compared to plates 

containing erythromycin (Fig. 2A). This observation may suggest that the resistant subtype that 

survived treatment in the effluent matrix eventually became more suitable for growing on 

piperacillin-containing plates. 

 

 
 

Fig. 1. Fraction of resistant bacteria in the population after advanced oxidation treatment 

performed directly on a culture containing bacteria, wastewater matrix and either (A) 

erythromycin or (B) piperacillin at environmentally relevant concentrations (2 ɛg Lī1). 

 
 

Fig. 2. Fraction of resistant bacteria in the population after advanced oxidation treatment 

performed directly on a culture containing bacteria and wastewater matrix without antibiotics. 

Cell counting was performed on either (A) erythromycin or (B) piperacillin containing plates. 

 

Conclusion 

Based on our results, trace level of antibiotics does not bring about an advantage for the resistant 

bacteria in a mixed resistant / sensitive Staphylococcus aureus population. According to our 

assumptions, it initiates biological processes in the resistant bacteria from which they derive no 
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benefit. This amount of antibiotic has no effect on the sensitive subtype. Advanced oxidation 

treatment after optimisation can be a capable technique to eliminate these effects. Nevertheless, 

we also need to consider that the products from the effluent matrix also have an effect on the 

bacterial culture. Moreover, antibiotics present at trace amount in the wastewater matrix make 

resistant bacteria more sensitive towards the advanced oxidation treatment, which might be 

attributed again to the stimulation of disadvantageous biological processes in the resistant 

subtype under these conditions prior to the treatment. 
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Abstract 

Cyclodextrins (CDs) are cyclicoligosaccharides with 6, 7 or 8 glucose residues joined by a 1-4 

glycosidic linkage, produced from starch by enzymatic conversion. Due to the lack of side 

effects, CDs are FDA-approved compounds for solubilizing, capturing, and delivering 

lipophilic drugs in humans [1] known for their numerous applications in the pharmaceutical 

industry, mainly as good carriers for different types of drugs, improving their solubility, 

stability and bioavailability [2]. Some researches proved that using CDs for encapsulation of 

poorly soluble active compounds decreases the minimum active concentration required to 

achieve a biological effect [3] and that the encapsulated compound is released over a 

significantly longer time period compared with the uncapped one [4]. 

Salicylanilide derivatives possess antimicrobial, analgesic, anti-inflammatory, hypoglycaemic, 

antitumoral activities, etc. In order to improve the water solubility, the chemical and physical 

stability and the drug distribution through biological membranes, a novel complex of [2-(2-

chloro-phenylcarbamoyl)-phenoxy]-acetic acid ethyl ester with ɓ-CD was obtained using 

kneading method. The inclusion complex characterization was achieved by modern analytical 

methods, FTIR, UV-Vis, TG/DSC, X-ray diffraction and SEM analysis. All obtained data 

confirm the inclusion of the ethyl ester inside the ɓ-CD cavity. 
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Abstract 

We produced Graphene Quantum Dots (GQDs) by electrochemical oxidation of graphite rods 

and exposed them to gamma irradiation at a dose of 200 kGy, in the presence of ethylene-

diamine. Before irradiation, oxygen was removed from the GQDs dispersion by purging with 

Ar. These conditions induced both chemical reduction as well as the incorporation of N atoms 

in the structure of GQDs. Thus, N-doped GQDs were produced. The morphology of dots was 

investigated using atomic force microscopy. UV-Vis and photoluminescence spectroscopy 

were used to investigate the optical properties of modified GQDs. The changes in the intensities 

of PL emission spectra were studied in the presence of different concentrations of Pd2+ and 

pesticide carbofuran. We observed promising results for the application of N-doped GQDs for 

non-enzymatic PL detection of selected metal ions and molecules of pesticide. 

 

Introduction  

Since they have been discovered in 2008. graphene quantum dots (GQDs) attract great scientific 

attention [1]. Due to their properties, such as dispersibility in water, biocompatibility, chemical 

stability, emission of photoluminescence in the visible part of the spectrum, resistivity to 

photobleaching, GQDs have been studied for different applications [2, 3]. In their structure, a 

small graphene sheet is a core of a dot, while different O-containing functional groups are 

located at the edges and on the basal plane [4]. Due to a large number of polar functional groups, 

these dots are dispersible in water and polar organic solvents. The lateral size of GQDs is below 

100 nm, while their height varies depending on the number of the graphene layers in the 

structure, from 0.5 nm for single-layered to a few nm, in the case of multi-layered dots [3]. Due 

to size, solubility and optical properties, GQDs are investigated for application in bioimaging 

[5], sensing [6], photodynamic therapy [7], solar cells [8], etc.  

There is a large number of methods for GQDs production and they all can be divided into two 

main groups: bottom-up and top-down. When dots are produced from small organic molecules, 

such as glucose or citric acid, these methods are called bottom-up. If GQDs are obtained by 

oxidative cutting of bulk material based on graphene, these procedures belong to a top-down 

group. Electrochemical oxidation of graphite rods is a top-down method, powered by electrical 

current. Due to the electrolysis of the medium, reactive species such as free radicals are 

produced and they cause oxidation of graphite [9]. From the graphite surface, GQDs were 

released into the surrounding medium. 

Herein we used electrochemical oxidation to produce GQDs and gamma irradiation to modify 

GQDs structure. As a medium for irradiation, we used a mixture of water, isopropyl alcohol 

(IPA) and ethylenediamine (EDA). Water was selected because GQDs are highly dispersible, 

IPA was added due to its ability to efficiently quench oxygen-based free radicals and to assure 

reductive conditions, while EDA was added as a source of N atoms [10]. The dose of 200 kGy 
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was applied. These dots were investigated as a sensor for the detection of carbofuran and 

palladium(II) ions. 

 

Experimental 

Electrochemical oxidation of graphite rods was used for GQDs synthesis [9]. GQDs were 

dispersed in water at a concentration of 1 mg mL-1 and then isopropyl alcohol (3 vol%) and 

ethylenediamine (4 vol%) were added [10]. Then, the samples were purged with argon for 15 

minutes and consequently exposed to gamma irradiation at a dose of 200 kGy at the sterilization 

facility of the Vinca Institute. This sample is named N-GQDs. 

Atomic Force Microscopy (AFM) imaging was conducted using Quesant (Agoura Hills, CA, 

Unites States) microscope. Tapping mode was chosen, in the air atmosphere. The Q-WM300 

rotated, monolithic silicon AFM probe was used. Standard silicon tips (NanoAndMore Gmbh, 

Wetzlar, Germany) were used with a force constant of 40 N m-1. Diluted GQDs dispersions in 

MiliQ water in a concentration of 0.125 mg mL-1 were deposited with spin-coated on a mica 

substrate. AFM images were analyzed using Gwyddion 2.53 software.  

UV-Vis spectra were recorded at a Shimadzu UV-2600 UV-Visible spectrophotometer 

(Shimadzu Corporation, Tokyo, Japan). N-GQD dispersion at a concentration of 0.25 mg mL-1 

was measured. Spectra were obtained at room temperature and a normal atmosphere. The 

selected range was 200-800 nm.  

The same dispersion was used for the measurement of PL spectra. They were recorded using 

Horiba Jobin Yvon Fluoromax-4 spectrometer (Horiba, Kyoto, Japan). The excitation 

wavelengths were from 300 to 400 nm. The concentration of N-GQD dispersion in water was 

0.0065 mg mL-1. Spectra were collected at room temperature in the air environment.  

PL spectroscopy was used to investigate the possibility of detection of Pd(II) ions and pesticide 

carbofuran. First, GQDs were dispersed in the concentration of 0.3 mg mL-1. To this dispersion, 

the analytes were added. The concentrations of CF were varied from 10 to 100 ɛmol L-1 while 

Pd(II) ions were added 5-200 ɛmol L-1. For CF testing, the medium was N-methyl pyrrolidone, 

while Pd(II) ions water was used as a solvent. After a short incubation time (5 minutes), 

mixtures of GQDs with analytes were recorded on PL.  

 

Results and discussion 

The morphology of GQDs was investigated using AFM (figure 1a and b). As-synthesized 

GQDs showed an average height of around 1.3 nm and a lateral size between 10 and 30 nm. 

For the N-GQDs sample, large aggregates can be observed. The average diameter was around 

18 nm for p-GQDs, and 15 nm for 50ɔ-GQDs.  

 
Figure 1. AFM images of p-GQDs (a, b) and N-GQDs (c, d). 
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UV-Vis spectrum of N-GQDs showed the main absorption peak at around 204 nm and second, 

shoulder band at 274 nm (Figure 2a). The band at 204 nm has been assigned to ˊ-ˊ* transitions 

in ˊ-domains of GQDs. The second, shoulder band is attributed to ˊŸn transitions of C=O 

groups. Based on this spectrum it is concluded that N-GQDs have both aromatic ˊ-domains in 

their structure, but also polar C=O groups were detected too. The previous study showed that 

these dots also have amino groups in the structure [10]. Other optical properties, such as 

photoluminescence was studied as well. In figure 2b, PL emission spectra of N-GQDs excited 

with light of wavelengths from 300 to 400 nm are presented. At different excitation 

wavelengths, the center of the emission band was changed from 430, 432, 433, 441, 452, 465 

nm for excitation at 300, 320, 340, 360, 380 and 400 nm, respectively. This phenomenon is 

called excitation-dependent photoluminescence and it is associated with a diversity of dots size 

and chemical composition [11]. The highest intensity of the emission band was detected when 

the excitation wavelength was 360 nm (figure 2b). Modified dots emit blue light, which is 

explained by the aromatic domains and sp2 core of the dots [12].  

 

 
Figure 2. UV-Vis (a) and PL spectra (b) of N-GQDs. 

 

The possibility of N-GQDs usage in non-enzymatic PL detection of pesticide carbofuran (CF) 

and Pd(II), was investigated using PL spectroscopy and these results are presented in figure 3. 

First, CF was mixed with N-GQDs in concentrations of 10, 50 and 100 ɛmol L-1, while the 

concentration of GQDs was the same (0.3 mg mL-1). As a solvent, N-methyl pyrrolidone was 

used, due to the insolubility of CF in water. With the increase of CF concentration, the PL 

intensity was increased as well. These preliminary results indicated that N-GQDs are possible 

sensor for CF detection, while the mechanism of detection is Ăturn-onñ. 

In the case of Pd(II) ions, the PL intensity was decreased with the increase of the ion 

concentrations (figure 3b). These results suggest that PL spectra of N-GQDs are sensitive to the 

presence of Pd(II) ions, and these changes are particularly emphasized at low ion concentration 

(5 ɛmol L-1). 



27th International Symposium on Analytical and Environmental Problems 

 
146 

 

 
Figure 3. PL spectra of N-GQDs with diffrent concentrations (in ɛmol L-1) of carbofuran (a) 

and Pd(II) ions (b). 

 

Presented results showed that PL spectra of N-doped GQDs were changed in the presence of 

CF and Pd(II) ions. It was detected that PL intensity was increased in the presence of CF while 

ions induced the lowering in the PL intensity. Thus, the future investigation will be deducted to 

find the concentration range where the linear response between the PL intensity and analyte 

concentrations is occurring. 

 

Conclusion 

In this study, the possibility of the application of GQDs for sensing pesticide carbofuran and 

Pd(II) ions was explored. GQDs were produced using the ecologically acceptable, 

electrochemical approach, while gamma irradiation modified their structure. Modified GQDs 

showed the ability to change their PL intensity in the presence of selected analytes. Namely, 

the intensity of PL spectra was lowered in the presence of Pd(II) ions and increased when 

carbofuran was added. These results indicate the ability of N-GQDs to serve as a sensor for 

selected analytes. 
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Abstract 

In this study, we developed polydimethylsiloxane (PDMS) - glass microfluidic chips (MCs) 

with the ability to function in a sequentially coupled way. We optimized their channel pattern 

and demonstrated that this feature makes them a more effective tool for carrying out sample 

preparation steps in single particle inductively coupled plasma mass spectrometry (spICP-MS) 

such as dilution, counting, and characterization of nanoparticles (NPs). 

 

Introduction  

Single particle inductively coupled plasma mass spectrometry is a novel and effective 

measurement technique, which is used for the characterization of the dispersions of nano- or 

sub-micron-sized particles. By individually detecting thousands of particles per minute and 

evaluating the recorded signal profiles, the technique can provide information about the size 

distribution, number concentration, elemental and isotope composition of the nanoparticles in 

the sample with great statistical relevance [1, 2]. Another outstanding advantage of spICP-MS 

is that the particle number concentration that has to be set for the measurement is low  

(103-105 mL-1), thus the sample requirement is very small [2]. In case of solid samples, setting 

the required NP concentration is no problem, however, the concentration of real-life samples is 

typically not known, and its adjustment requires a lengthy procedure. As we have shown it in 

our earlier publications, this task can be automated by utilizing a microfluidic chip as an on-

line sample preparation device interfaced with an ICP-MS instrument [3]. MCs can also be 

potentially used to automate more complicated sample preparation steps, such as extraction, 

enrichment, etc. MCs are cost-efficient, easy to produce, compact and versatile devices with 

the ability to handle low-volume fluid samples. MCs are usually made of polydimethylsiloxane 

(PDMS) and glass [4]. Despite the MCôs great potential in ICP-MS sample preparation, they 

are not yet widely used. In spICP-MS, one of the obstacles in the way of their use is that the 

high-level dilution (several orders of magnitude) needed can not be achieved by using a single 

flow mixer-splitter pattern. For this reason, in this study we developed new MCs that can be 

used in a sequentially coupled manner, to extend the on-line dilution range of the system. 

 

Experimental 

An Agilent 7700X inductively coupled plasma mass spectrometer (ICP-MS) was used in all 

experiments. Sample introduction was performed through our microfluidic devices in which 

the flow was generated by utilizing three Gilson Minipuls 3 peristaltic pumps (Gilson Inc., 

USA). While the outflow was pumped into a MicroMist type nebulizer equipped with a Peltier-

cooled Scott spray chamber. The sample uptake rate was 600 ɛL/min. The integration time was 
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set to 500 ms for the measurement of solution samples and 6 ms for nanodispersions, whereas 

the acquisition time was set to 60 s. 

The microfluidic chip molds were fabricated utilizing a Form 3 professional 3D printer 

using ñHigh Tempò resin (Formlabs, USA). Prior to the molding process, a thin (tridecafluoro-

1,1,2,2-tetrahydrooctil)trichlorosilane layer (Gelest Inc., USA) was applied to the mold to 

facilitate the removal of the cured PDMS from it. The chips were cast using Sylgard 184 silicone 

elastomer and curing agent (Dow Corning, USA) and sealing the PDMS to a microscope slide 

with the help of cold oxygen plasma treatment (PDC-002, HarrickPlasma, USA).  

Cobalt sample solutions were prepared from 1000 mg/L CertiPUR monoelemental 

standards (Merck, Germany). In spICP-MS measurements, ultra uniform polyethylene-glycol-

capped 47.8 (1.8) nm gold nanospheres were used (Nano-Composix, USA). Trace-quality de-

ionized water from MilliPore Elix 10 device equipped with Synergy polishing unit (Merck, 

Germany) was used for the preparation of all solutions. Ismatec S3 E-LFL Tygon tubings 

(IDEX, Germany) with 0.27 or 0.48 mm inner diameter were used for the aspiration of liquid 

samples. To drive the liquid samples to and from the MCs, stainless steel capillaries with 

1.2 mm outer diameter, fabricated from medical needles, were placed in the inlet and outlet 

ports. For the connection of peristaltic tubing, the inlet and outlet needles and the ICP-MS 

nebulizer, a PFA tubing with 0.3 inner diameter (Agilent Technologies, USA) and patches 

prepared from silicone tubing with 1.0 mm inner diameter (Deutsch & Neumann, Germany) 

were applied. For the inspection of the flow conditions inside the MCs, an Optika Ti600-FL 

type microscope equipped with a digital camera (Optika, Italy) was used, as well as a Kiralux 

monochromatic CMOS scientific camera (Thorlabs Inc., USA). 

All data processing was performed within the Agilent MassHunter (Agilent 

Technologies, USA), Origin (OriginLab Corp., USA), and MS Office Excel (Microsoft Corp., 

USA) software. 

Hydrodynamic simulations on flow conditions were performed utilizing the COMSOL 

Multiphysics software package (COMSOL Inc., USA), in which the models were created 

utilizing the AutoCAD (Autodesk Inc., CA, USA) and Solid Edge (Siemens PLM Software, , 

USA) engineering design software. 

 

Results and discussion 

For the sequential coupling of the chips, the sample and the diluent flows had to be united and 

properly mixed, finally the hopefully homogenous flow had to be split into two distinct channels 

using the same flow rate which was used when the two flows were combined. In an earlier 

publication of ours we found that the ñWò junction is the most effective pattern for combining 

the flows [3], thus we kept on utilizing this pattern. At the same time, we had to study and 

optimize the mixing process ï the mixing is not cruical if only a single chip is used, because 

then the ICP-MS spray chamber provides adequate final mixing after nebulization, but in the 

case of the use of sequentially coupled chips, proper transfer of liquid from chip to chip is only 

possible if the mixing is good.  

For the purposes of mixing pattern optimization, we reproduced four patterns which are 

commonly used in the literature, each with different operating principles [5, 6, 7]. The mixing 

in the ñserpentineò pattern is strictly based on diffusion, while the ñmicropillarsò, ñfishboneò 

and ñtesla valveò patterns are designed to cause disturbances in the laminar flow with their 

protrusions, thus splitting and recombining the flow over and over. To make the mixer designs 

comparable, we designed them with roughly the same surface area; also, because compactness 

is a crucial feature in microfluidics. Before the production of the chips, several hydrodynamic 

simulations were carried out on each design in a search for potential flaws, and to assess their 

approximate efficiency. Some of the results are shown in Figure 1. and Table 1. 
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Figure 1. Lateral concentration profiles, plotted for the mid-height plane of the 

channels (a.) serpentine, b.) micropillar, c.) fishbone, d) Tesla valve) 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Geometric, flow and mixing properties of chip designs 

 

Based on the simulation results, all four designs can complete the mixing process within 

their length. However, some properties differ for the designs like their flow resistance (closely 

related to the pressure drop, which, if too high, could burst the microchannels open), and their 

internal volume (which should be kept as low as possible due to processing speed 

considerations). In additon to hydrodynamic simulations, we also performed microscope-based 

imaging experiments using fluorescent dyes. These revealed that the mixing is actually less 

satisfactory than shown in the simulations, especially in case of the Tesla valve pattern. All in 

all, the serpentine seemed to be the best mixing geometry, since it provided the highest level of 

homogeneity at the outlets. Also, its simple geometry (without any constrictions or protrusions), 

minimizes potential problems associated with the poor wetting properties of PDMS (e.g., 

bubbles and blockages). These problems were frequently observed with every other chip design, 

as shown in Figure 2. 

In order to optimize the flow splitting process, several experiments were done. We found 

that if the splitting is done in a passive way, only controlled by the different flow resistances of 

waste and sample outlet channels with calculated channel cross section ratios, the system shows 

high sensitivity to random disturbances, thus it was decided to use forced flow (pumping) to be 

applied. We tested the effect of pumping either the waste or sample outlet ports by gravimetric 

experiments. Based on five repetitions, an average of 0.67% deviation from the desired flow 

rate with a 0.81 RSD% was found with the pumping of the waste branch, whereas in the case 
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of pumping the sample branch, these numbers were much improved, namely 0.01% and 0.4%. 

Therefore, pumping the sample outlet is more beneficial, which was kind of expected, since the 

error of the pumping rate are proportional to the flow rate, and the sample outlet flow is always 

smaller. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Flow imperfections inside a.) micropillar, b.) fishbone, c.) Tesla valve 

and d.) serpentine channel patterns.  

 

The mixing efficiency was finally determined by diluting a standard 10 ppb Co solution 

with water. With a tenfold dilution applied, we found only 2.57% deviation from the expected 

concentration with a relative standard deviation of 2.62% (N= 6). This reflects a very efficient 

mixing.   

 

 

 

 

 

 

 

Figure 3. Connection diagram of the two coupled chips: a) 60 ɛL/min of Au 

nanoparticle dispersion flow introduced with 4 
 105 mL-1 particle number 

concentration, b) 270 ɛL/min of deionized water flow introduced, c) 60 ɛL/min of 

diluted Au nanodispersion flow transferred into the second chips sample inlet, d) 

540 ɛL/min of waste flow generated, e) 600 ɛL/min of highly diluted 

nanodispersion flow, which gets introduced to the ICP-MS, X) blocked outlet. 

 

 

Finally, an experiment was performed on two sequentially coupled serpentine chips, 

using the arrangement shown in Figure 3. As the sample, a 47.8 nm gold nanodispersion with 

the number concentration of 4 
 105 mL-1 was introduced, and diluted in the 1 to 225 range, 

shown on Figure 4. Overall, the number of detection events showed a good linear 

proportionality with the number concentration of the sample nanodispersion at every dilution 

rate used. Except in the case of the undiluted sample, when the number of detected particles 

showed a significant fall-back from the expected value. This difference is caused by the too 

high particle number concentration, which led to co-detections of particles. Actually, this is the 

same problem we could face if the measurement of an undiluted nanosuspension would be 

attempted.  
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Figure 4. On-line 1 to 225-fold dilution of an Au nanodispersion with 47,8 nm 

particle diameter and initial particle number concentration of 4 
 105 mL-1. 

 

All in all, the chip coupling proved to be a useful and well applicable technique, which 

extends our capabilities in terms of MC-based on-line nanodispersion preparation. In principle, 

any number of chips can be sequentially coupled, thereby increasing the maximum achieavable 

by more than ten times. With 2-4 unit, a 1000-10000-fold dilution can be easily reached, which 

is fully adequate for most spICP-MS experiments. At the downside, each chip adds to the total 

channel (dead) volume, resulting in a longer stabilization time and a higher sample volume 

requirement, thus the pros and cons have to be weighed.  
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Abstract 

Lipophilicity occurs as one of the most experimentally exploited feature of novel potential drug 

candidates. A novel set of 30 investigated steroids expressed affinity toward different cancer 

cell lines. In order to additionally characterize these compounds their chromatographic 

lipophilicity was determined. This study covers chromatographic lipophilicity (logk) 

determination using reversed-phase ultra-high performance liquid chromatography (RP-

UHPLC) with polar aprotic and protic solvents and C18 column. As mobile phases mixtures 

methanol-water (60:40 v/v), methanol-acetonitrile-water (30:30:40 v/v) and acetonitrile-water 

(60:40 v/v) were used. Also, a set of different in silico lipophilicity descriptors (logP) and water 

solubility descriptors (logS) were calculated based on 2D and 3D molecular structures, as well 

as the average logP and average logS values were estimated. Two non-parametric methods, sum 

of ranking differences (SRD) and generalized pair correlation method (GPCM) were used for 

the optimal lipophilicity parameters selection. The experimentally obtained logk values and in 

silico logP and logS values were taken into calculations for SRD and GPCM analysis. Results 

showed that majority of in silico descriptors are placed nearby the experimentally obtained logk 

values and can be used as optimal parameters for lipophilicity estimation. 
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Abstract 

Xanthan or xanthan gum is microbial exopolysaccharide that is produced by aerobic submerged 

batch cultivation of bacteria of the genus Xanthomonas on the appropriate media under optimal 

conditions. Due to its unique structure and excellent rheological properties, xanthan is 

commercially the most important biopolymer widely used in different branches of food and 

non-food industry as well as in agriculture. The success of xanthan production process mostly 

depends on the metabolic activity of applied Xanthomonas strains and the composition of 

cultivation medium. Among Xanthomonas strains that are capable for xanthan biosynthesis, 

reference strain Xanthomonas campestris ATCC 13951 is commonly used in industrial 

production of this biopolymer. Besides, glucose and sucrose are the most exploited carbon 

sources in the xanthan production media. However, the rise in prices and the growing demand 

for mentioned sugars indicate the need for usage of another carbon sources. Although the lack 

of this idea is difficulty of the reference strain to successfully metabolize most of appropriate 

carbon sources, the isolation of new Xanthomonas strains and selection of adequate substrates 

are current research topics. 

The aim of this study was to evaluate the effect of various carbon sources in cultivation media 

on xanthan biosynthesis by the reference strain Xanthomonas campestris ATCC 13951 and 

Xanthomonas strains isolated from tobacco leaves. 

Within the experimental part, the cultivations of reference strain and two isolates (D1 and D2) 

on semi-synthetic media with fructose, glucose, sucrose, lactose and starch as a carbon sources, 

respectively, were performed. Xanthan biosynthesis was carried out in aerobic conditions on 

media with the same initial carbon source content (20 g/L) at temperature of 30ÁC with agitation 

(rotary shaker, 250 rpm) for 120 h. The bioprocess success was estimated based on the xanthan 

concentration and rheological properties of cultivation broths. 

The obtained results confirm the possibility of xanthan biosynthesis on all investigated media 

by all examined Xanthomonas strains. In applied experimental conditions, the reference strain 

was the most productive on media with sucrose (12.62 g/L), glucose (11.03 g/L) and fructose 

(9.18 g/L), while the lowest product concentration was determined in the media that contained 

lactose (4.14 g/L) and starch (7.61 g/L). On the other hand, Xanthomonas strains D1 and D2 

produced xanthan on fructose, glucose, sucrose, lactose and starch containing media in quantity 

of 1.50 g/L and 0.29 g/L, 0.90 g/L and 1.11 g/L, 1.29 g/l and 4.18 g/L, 5.03 g/L and 4.85 g/L 

as well as 9.27 g/L and 10.25 g/L, respectively. Comparison of obtained results indicate that 

strains isolated from tobacco leaves could also represent adequate xanthan producers, whereby 

lactose and sucrose were considered as the most suitable carbon sources for cultivation of these 

Xanthomonas strains in applied experimental conditions. Results obtained in this research study 

present a suitable background for future investigations. 
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Abstract 

Removal of heavy metals is important because of their toxic effects on living organisms and 

unwanted anthropogenic effects. Biochar is suitable as an adsorbent of heavy metals due to its 

advantages such as various sources of biomass, a large number of microporous channels and 

surface functional groups, as well as due to its economic viability. There is no data about the 

plum pomace biochar usage as adsorbent for lead removal. In this study, the plum pomace 

biochar modified with gamma irradiation (IrPP) is used for the removal of Pb2+ ions from the 

aqueous solution. The SEM micrographs revealed that surface morphology of plum pomace is 

suitable for metal adsorption. The results of adsorption kinetics demonstrated that the removal 

process of Pb2+ ions onto IrPP follows a pseudo-second kinetic model, which is confirmed by a 

better agreement between qe,cal=227 mg gï1 and qe,exp=224 mg gï1. Therefore, based on 

preliminary research, it can be concluded that IrPP originating from biowaste is a promising, 

eco-friendly sorbent of heavy metal from wastewater. 

 

Introduction  

Due to the uncontrolled release of toxic substances from various industrial facilities into the 

environment, the problem of environmental pollution has arisen. A large number of scientific 

researches are directed towards the protection and preservation of the environment, and thus of 

human health.  

Biomass as a natural mixture of hydrocarbons is an excellent precursor for obtaining carbon 

materials. The use of biomass has significant economic and technical advantages. Waste 

lignocellulosic biomass is used as a raw material for fuel production, heat energy, as well as for 

adsorption of heavy metals and organic pollutants. In many countries, waste biomass is 

disposed of in open landfills, which pollutes the environment instead of being used as an energy 

source or adsorbent [1,2]. 

In this work, high temperature pyrolysis was used to convert plum pomace into carbon 

materials.  

Plum occupies a leading position in fruit growing, and is mostly grown in the western part of 

Serbia. About 80% of the total production of plums is processed into brandy. Extensive 

production of plums, and then processing of plums in order to obtain brandies, increases the 

amount of waste biomass that is generated as a by-product of processing. Uncontrolled disposal 

of pomace can pose a great risk to the environment [3].  

In this paper, pyrolysis of plum pomace was performed to obtain carbon material that can be 

used as an adsorbent of heavy metals. Surface modification of obtain carbon material was done 

by irradiating the material at the source of Co60 gamma radiation to improve the adsorption 

capacity. Scanning electron microscopy (SEM) was used to analyse the morphology of plum 

pomace before and after irradiation. 
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The irradiated plum pomace biochar was tested as adsorption materials to remove Pb2+ ions. In 

order to define kinetics and adsorption process equilibrium, corresponding kinetic models were 

applied. 

 

Experimental 
Plum pomace biochar (PP) is a carbon-rich material derived from the oxygen-

limited pyrolysis of plum pomace waste biomass. PP were produced using pyrolysis at 500 ÁC. 

Modification od PP was done using gamma irradiation of 50 kGy at the Co60 source.  The 

surface morphology of the PP before and after radiation (IrPP) was observed by SEM method.   

 

Adsorption experiments 

An estimate of the kinetic adsorption parameters of IrPP was executed in a batch of Pb2+ 

solutions. The IrPP dose of 0.025 g was added to 25 mL aliquot of 250 mg Lï1 Pb2+ solution. 

The mixtures were shaken at the different times interval (5, 10, 15, 30, 60, 90, 120, 150 and 

180 min). The samples were filtered and the residual number of tested metals in filtrates were 

detected by Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES 7400). The 

adsorption capacity of the Pb2+ ions (qe) were calculated based on the equations (1): 

 

ή άὫὫ  (1) 

 

where C0 and Ce - the initial and equilibrium concentration (mg Lï1), V- the volume of the metal 

solution (mL) and m-the amount of sorbent (mg).  

The adsorption kinetics was simulated with pseudo-first-order and pseudo-second-order 

models, respectively:  

 

ὰὲή ή ὰὲή ὯϽὸ  (2) 

 

  (3) 

 

where ή (mg gï1) is the amounts of Pb2+ adsorbed at time, k1(minï1) and k2 (g mgï1 minï1) are 

the rate constants of pseudo-first and pseudo-second model, respectively. 

 

Results and discussion 

The surface morphology of PP and IrPP was examined by SEM analysis. As can be seen in 

Figure 1, PP shows a smooth surface with a small number of pores and grooves. On the other 

hand, the presence of pores and the appearance of small cracks on the surface of IrPP are 

noticed, which is probably a consequence of PP radiation. Petroviĺ et al. [2] concluded that the 

formation of pores on the surface of biochar can be useful if this material is used as a sorbent 

of heavy metals from aqueous solutions, because the pores allow easier internal diffusion of 

metal ions from wastewater. 

https://ezproxy.nb.rs:2055/topics/earth-and-planetary-sciences/pyrolysis
https://ezproxy.nb.rs:2055/topics/earth-and-planetary-sciences/pyrolysis


27th International Symposium on Analytical and Environmental Problems 

 
157 

 

 
Fig. 1. SEM of PP (a) before and (b) after radiation. 

 

Adsorption kinetics 

The adsorption kinetics of Pb2+ ions by IrPP were presented in Figure 2 and the kinetics 

parameters were summarized in Table 1.  

 

 
Fig. 2. Pseudo-first-order (a) and pseudo-second-order(a) kinetic adsorption curves of IrPP for 

Pb2+ ions 

 

Although both models described the kinetic data well with all R2 higher than 0.99, the pseudo-

second-order model gave better fits (R2=0.9999) and compared to pseudo-first-order kinetic 

model (R2=0.9933), suggesting that the adsorption of Pb2+ by the PP was ascribed to chemical 

process [4]. Additionally, this was verified with the better agreement of theoretical (qe,cal) and 

experimental results (qe,exp) for the pseudo-second model. 

 

Table 1 The kinetic parameters of Pb2+ ions adsorption using IrPP 

 Contaminant 

 Pb2+ 

qeq,exp (mg gï1) 224 

Pseudo-first -order model  

qeq,cal (mg gï1) 66 

k1 (minï1) 0.124385 

R2 0.9933 

Pseudo-second-order model  

qeq,cal (mg gï1) 227 

k2 (g mgï1 minï1) 8.58Ͻ10-08 

R2 0.9999 


