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Department oBiosystems Engineering, University of Szege@7P5SzegedMoszkvai krt.
9, Hungary
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Abstract

In biomass tilization technologies enzymatic hydrolysis and fermentation processes are widely
used. Development of rapid and roestructive measurement methods is needed to detect the
enzymatic biodegradation of cellulosic biomass, for instance. In our researcheglicability

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 thetritedenstant 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 dattic parameters in the frequency range o200

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 wésund 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 300MHz) with the ethanol concentration.

Introduction

The dielectric poperties of biomaterials anddsiystems have been investigated for decades to
make possible the appropriate planning and deeigprocessing equipment operatiad
microwave and raditrequenciesDielectric constantedp ) measur es t he abili
storage of energy in electric field; dielectric loss facty ¢ ) corresponds wi
dissipation of materials. Opended coaxial line sensarsnnected to vector network analysers

are commonly used foréfmeasurement of the dielectric properties and dielectric behaviour of
materialsat wide frequency ranges [1].

Dielectric properties are responsible for the matealdstromagnetic field, distribution of
electromagneti field inside of the materials [2[n high water contented material the dielectric
constant decreases with frequency, if polar molecules can follow the polarity chaiige of
electromagnetic field. Nevertheless, over a critical frequency vahase lag occurs between

the dipole rotatiorand 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 fregaeigeyof microwave
heding should be noted that ionic conduction plays crucial role in heating efficier@d/5at

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 dielectrivitnehand thermal
efficiency of microwave irradiation at the frequendy2d50 MHz [4]

In high water contented medium the dielectric parameters of water determined mainly the
dielectric behaviourfihe system [5]The emperature has also effect on ditdie behaviour.
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In polar dispersion region, the dielectric constant increases as temperature increases, but at other
frequency ranges an opgite tendency can be found the frequency range of 3@D00 MHz

the temperature increment caube decreasingof dielectric constant, because the higher
thermal energy makes difficult for dipolar components to align with the polarity change of
electric feld [1]. Considering the effects of water content on dielectric parameters, it can be
concluded that the bounslater contributed less in the dielectric behaviour of the materials,
thanthe free water content. Free wateolecules as polar componentscan orient easier in
varying polarity electromagnetic field. Increase of the concentration of ionic comportetas le
decrease of dielectric constant and increase of dielectric loss factor, because the dissolved salts
are conductors in elaat field [6]. The increase of water content in suspensions decrease the
viscosity, andt her ef or e t he 0 krdlerinddnio gpridatibnanmechansms@iea y i n g
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 degradatioprocess 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
genealized tendencies cannot giwenat the frequencies higher tha@0 MHz [4] Beside the
detection of chemical changes, the biological changes of materials can be monitored by
dielectricmeasurements. Zhu et al. (8drified that bacterial growth increasthe 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 dielesst is influenced mainly by ionic
condiwction. 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 ethamwicentration 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. [Bpjplied dielectric measurement method foiliop
detection ofthe efficiency of sugar/alcohol comggon and carbon dioxide productionbeer
fermentation process.

The main objective of our work was to investigate the applicability of dielectric parameters for
the detection of the efficiency of enzymatic hydrolysisl fermentation of cellulosic biomass.

Experimental

Dielectric constanted and dielectric loss factged are measured at frequency range from 200

to 2400 MHz by opemended coaxialine probe (SPEAG DAK 3.5), connected to a vector
network analyzer (ZY/-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 mi@mperature cdamples was controlledt % A C
water bath. The averaged dielecpparameters 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 patrticle siz@46frm, 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 cellulasé
glucosidase and hemicellulose adtivi e s) was used at the temper a
using 3.5 w% TS contented Cobex suspensions. For the ethanolic fermentation stage
commercialSaccharomyces cerevisias applied in 0.5 w% concentration. For the enzymatic
hydrolysis and fermentatiaexperiments 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 inde, after distillation. Beside the non treated Cobex samples (Cont.), alkaline (Alk.)
pretreatment (dosage of 50 mgégNaOH) and microwave (MW) pretreatment (100 mL of
suspension with MW power of 500 W for 4 minutes at 2450 MHz frequency) were alsaapplie
before the enzymatic hydrolysis to increase the biodegradability of the biomass.

Results and discussion

In the first series of our experiments, the dielectric behafiorontreated (Cont.)alkaline

(Alk.) and microwave (MW) pretreated biomass wasestigated as the change of dielectric
constant as the function of measuring frequencies. Our results show, that partial decomposing
of cellulose fraction due to microwave greatment resulted in the decreased dielectric
constantcompare to the controhmple. However, the dosage of NaOH incrddke dielectric
constant of Cobex suspension (Figure 1.). This increment is caused byaimystrengthening

of ionic conduction mechanisnjé]. For a given sample, the dielectric constant decreases as
the hydplysis time increased. These establishments are in a good agreement with the literature:
in the biomass prgeatment step, and/or the enzymatic hyghisl process the macromolecules
decompose to smaller molecular weight components, which can be polesigied in the
electric field[9]. This effect can be manifested in the decrease of dielectric constant.

—o—Cont. 0d Cont. 4d ——Cont. 7d —e—Alk. 4d
—a—Alk. 7d — =MW Od —e—MW 4d
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Figure 1.Dielectric constant of enzimatically hydrolized samples in the frequency range of
2002400 MHz (t=2%C) (addé denot es hidrblywis\days of en.

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). Theexental 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 pr&reated (Ak.), 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
concentrathn 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 ohetlisom 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 (Figurg. 3.
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Figure 3.Change of dielectric constant and dielectric loss factor as a function of ethanol
concentration (f=300 MHz, t=28)
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Conclusion

The main aim of our research was to investigate the relationship between the dielectric
parameters and convemally 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 frequangg.

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, chemicdtee and rapid method, for the monitoring of enzymatic hydrolysis of
cellulosic biomass and ethanol fermentation process, as well.
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METHANOL OXIDATION CATALYST BY ATOMIC LAYER DEPOSITION
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Abstract

Direct liquid fuel cellsstDMFCs) are very appealing alternatives for fighting climate change,
particularly inthe 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 defwraation.

Here we demonstrate that depositing platinum or ByOatomic layer deposition (ALD) is an

easy, reproducible method for the synthesis of,&pported platinum catalyst for methanol
oxidation withexcelentanti CO poisoning properties.

Introduction

Direct liquid fuel cells(tDMFCs) enjoy increasing scientific attention today due to their low
working temperature, highower density, and compact siz€he most universally used
catalysts in DLFCs today are platinum and platinum group m&akpite of is drawbacks,
platinum shows esellent electrocatalytic properties in most fuel cells. It is the most used
catalyst for both the cathodic side as oxygen reduction reaction (ORR)eaaddtlic side as
hydrogen oxidaon reaction (HOR) or methahoxidation reaction (MOR) catalyst. However,
during the last process, carbon monoxide forms as an intermediteath have serious
negative dects on the performance of the catalyst due to the strong?tG@teractions.
Transition metal oxides, includ titanium oxidesare widely used as catalyst gpapt materials

due to their high surface area and excellent chemical stability. In MOR metal oxides also help
the oxidation of carbon monoxadand reduce anode catalystgmoiing. One of the main
setbacksf the oxides is their lo electrical conductivity, espelly compared to the other
supporting materials used indi cells, such as carbon structures or metal fqahjg],[3],[4]

Experimental

Working electrodes were synthesised by atomicrldggosition, depositing a titaum dioxide

layer and platinum nanoparticles on AvCarb P75 carbon paper support. The Ben2Q0TFS
ALD equipment was used during the proc@ssprepare the electrodersi 25 cycles of TiQ

then 20 cycles of platinum were deposited on the same GDL (25¢ &i20c Pt). For
comparison, we also prepared carbon paper/Pt nanopatrticle electrodes without the underlying
titanium dioxide layer (20c Pt). Before and after the Isgsis the weight of the carbon paper

was measured to calctdathe weight of the deposited materidlbe TiQ loading was 0.019

mg cm?, while the platinum loadings were 0.277 and 0.116 mg tn20c Pt and 20c Pt &

25c TiQ catalysts, respectively.

The assynthesized catalysts were characterized by transmission electron microscopy. A FEI
Tecnai G2 20 XTwin microscope was used. The crystal structure of the electrodes was
analyzed by powder X ay di ffraction measurements ( XRD
gererated by a Philips PW1830-rdy generator operating at 40 kV.

10
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The electrochemical measurements were conducted in a custom madele¢beele PTFE

cell using an ACM Instruments Gill AC potentiostat at room temperature. ALD modified
AvCarb P75 carbon paps were used as working electrodes, while Ag/AgCI (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 mAL.sThe electrochemical surface area (ECSAhefcatalysts

was calculated from the hydrogen adsorption/desorption region of the obtained voltammograms
by the following equation:

0'Q a 60 d
™ pa 6 2z G Qo

00 "Ya Q Zp T

Here, Qhis the charge calculated from theektegion of the voltammogram, while the 0.21
represents a charge required to oxidize a monolayer of hydrogen adsorbed on Pt aatsthe W
the loading of platinunf5],[6]. The methanol oxidising properties and the CO tolerance of the
electrode were evaluated from the CV measured in the methanol containing ekediyolyt
comparing the ratio of the peak current during the forwaraiid the backwardyfiscan. It is
generally accepted that the ratio of these peaks is correlated with the tolerance of the catalyst to
carbonaceous species. An increase instheatio means enhanced CO oxidation properties of

the catalysf7].

Results and discussion

As can be seen in Fig(&a,b) platinum nanoparticles are well distributed on sheface of the
carbon support, while only fewer nanopatrticles formed in the titanium dioxide containing gas
diffusion electrode. The average particle sizes were 3.2 nm, and 2.4 nm in 20c Pt anc25c¢ TiO
& 20c Pt catalysts, respectively. The difference artiple size could be attributed to the
difference of he suface energy, and consequently, the wettability of the carbon and TiO
covered carbon spprts. The smaller particle size implies higher surfaea,avhich in turn
means more aive sites for mdtanol oxidation

25¢ TiO, & 20¢ Pt y
M

Carbon paper

Intensity (a.u.)

30 32 34 36 38 40 42 44 46 48 50
20(deg)

Figurel.: 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 AL§ynthesised electrodes. In the case of ROc
electrode, the two reflections at 394nd 44.4 correspond to the platinum (111) and (200)
planes. In the case of the titanate containing electrode, the reflections of platinum are broadened

11
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because of the smaller particle size. In bare carbon phpenyo reflections are attributed to
the (100) and (101) planes of the graphite content of the carbon fibre GDL.

The electrocatalytic properties of the Aldynthesised electrodes were investiagl by cyclic
voltammetry (CV).The hydrogen adsorption/deption region is visible between @@ 0.4 V
(vs. RHE) in Fig 2. (a).

(a) —20c P't (b) —20c Pt
20+ ——25¢ TiO, & 20c Pt 200+ ——25¢ TiO, & 20c Pt
3 Polyol = Polyol
5 10 5
€ €
< <
E E
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N N
© ©
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S -204 <]
z z
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> I 25c TiO, & 20c Pt I 25¢ TiO, & 20c Pt
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1 ~ 1204
704 ct;:
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c;i 60 :'cf
e 5] < 801
3:) 40 % 604
Q 304 ®
» 40
20 §
10 204
0- 0-

Figure 2.: The cyclic voltammograms measured in 0.5J9@® (a) and 0.5 M methanol / 0.5

M H>SQq electrolytes (b), the elecochemically active surface area (c) and the mass activit
(d) of the ALD synthesised catalysts compared to the-dasped platinum nanoparticle
catalysts

The electrochemical surfacesarwas calculateas 55.35 and 80.05 m2 ¢Pfor the 20c Pt and

25c TiQx + 20c Pt catalysts, respectivelshe methanol oxidain properties of the electrodes
were evaluated by measuring cyclic voltammograms in 0.5 M sulphuric acid/0.5 M methanol
electrolyte. The higher théip ratio (i.e., the ratio of the peak current of the forwasdad
backward @#) scan), the more effient the oxidation of methanol to GQvhich means less
carbonaceous species accumulation on the surface of the ci@alyst

Conclusion

Atomic layer deposition is a suitable method to synthesize-diglibuted platinum
nanogrticles on carbon paper and titanate covered carbon paper supports, where both the
platinum and TiQwere synthesised by ALD. Theamphology and the crystal stituce of the
asprepared electrodes were characterised and the electrocatalytic methanodroxickvity

was evaluated. This yielded platinum nanoparticles with high electrochemical surface area and
mass activity with the use ottdinate covered carbon paper GDL support. The mass activity of
the new catalyst exceeded that of the reference &lystbbtained by traditional wehemistry

12
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by one order of magtude. Moreover, the increasefibiratio leads to better methanol oxidation
properties and renders the reported preparation method a promising alternative for creating
poisoning tolerant are catalysts in DMFCs.
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The chiral separain d biologically active compoundsin the case of the synthesis of
enantiomecally pure drugs, is a particularly important application agaHPLC in
pharmaceutical analys&Ami n o | a c tamimoarsideare pharrGaceutically important
molecules foseveral reasons. For example, wateo | ub | e d e r iamigotlacteness o f
can exhibit cytotoxic activity througta prodrug mechanism for different human cancer cell
lines[1]. GAmino amides arevell-known subunits of biologicallimportant compourglsuch

as bestatin, a poteatinopeptidase B, which is quite usefuthe treatment of cancer through

its ability to enhance the cytotoxactivity of known antitumor agenig]

In this study, the separation of enantiomersopulegolb a s eathinodatc o n e s-ananod C
amideswas studied orseven covalently immobilized polysaccharlased chiraktationary
phasesThe paration of the stereoisomers was optimized by investigating the effects of the
composition of the bulk solvemind theinfluence of he temperature on the chromatographic
behavior Since the enantiorecognition mechanisms of the polysaccHzasbel selectors are

not entirely known [3], the elution orders of the enantiomers cannot be predicted. Therefore,
during our work, close and thooiful attention was paid to the elution sequenteaddition,

the relationshipb et ween t he compounddés structure and
also investigatedExperiments were performed in the temperature rang® 00 #@ng
thermodynamicparmet er s wer e calcul ated from plots o
generally enthalpgontrolled, but entropgontrolled separation was also observed. Our results
contribute to a better understanding of the enantiorecognition mechanjsolysécclaride

based chirastationaryphases
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Abstract

This study investigated themovalof phosphatédPQ:*) from disodium hydrogen phosphate
(NaeHPQ) solutionusinglron-loadedpomegranate peell(-PP) as a bi@adsorbentThe ful

factorial designusing Minitab19 softwarevas appliedo analyze the effects of influencing
parameters and their interactiars] derivehe equation that adequately descRi@* removal

by IL-PP. Effective POx*removalup t o 90% was achieved within
temperature using a 150 mg dose oPR.

Introduction

Excess release of phosphorus is the main culprit éoedtrophication of freshwater and marine
ecosystemgl]. Furthermore, phosphorus which is a critiel@ment for phnt growth is threaten
by exhaustiori2]. Thereforethe recoveryof phosphate from wastewates highly required
protect theecosystem and sustain thevironmentBiosorption process using agricultural and
food wastd AFW) presents several advantages suaimaplicity, costeffectiveness, and wide
availability of potential bio-adsorbents that can Ierther applied to soil as fertilizeafter
adsorption of phosphate

Pomegranate peel (PP)asong the widely abundadt-W [3]. Valorization of PPas bio
adsorbent for heavy metals, dyes and otloettaminants removal was investigated in several
studies and it showed promising adsorptive characteristics in both raw and adtvaiedr
even as active carbddi 6]. The present study investigated the efficiencyloPP at PQ:*
removal fromNaHPQ: model solution using factorial design methodology in order to prove
the performance of HPP as an alternative toragentional phosphate adsorbents.

Experimental

PQ:? 'removal rate was calculated as follows:
A Hi T "PHI ”‘,,—A’*

Where# ( mg') and# ( mg' 3 &re the initial and final PSP concentrations,

respectively.

23 full factorial design wassed to evaluatthe effect of pH, adsorbent dggemperature and

their interactions on P& removal by Il-PP.Factorial design plots such as plots for the main

effects and interactions, Pareto chart, and normal plot for the stiaretheffects 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) tachieve optimum removal of R&. Parameters such as

initial PQu-P concentration (40 mgl), 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 legls as giva in (Table ). A centre point was duplicated and added to matrix in

order to verify the curvature of the studied model.
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Tablel. Factors and levels used in the factorial design faf P@noval by IL-PP

Factor Symbol | Low level (1) | High level(+1) | Centre point (0, O, O
pH A 3 9 6

Adsorbent dose | B 100 150 125

Temperature C 25 45 35

Results and discussion
The mean of the experimental results for the respective high and low levels of pH, adsorbent
dose and tempature are shown in Figure 1

Cube Plot (fitted means) for Phosphate removal
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Figurel. Cube plots for P¢ removal by Il-PP
Table 2 presents the maieffects andnteractiors, model coefficients, standard deviation of
each coefficient, standard errors, Fisher test valuale), and probability value {#alue).
Table 2 Estimaed effects and coefficients for FOremoval by I1-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 dos¢€B) 32.566 | 16.282| 0.125 | 130.26| 0.005 | 1.00
TemperaturgC) 5440 | 2.720 | 0.125 | 21.76 | 0.029 | 1.00
A*B 16.855( 13.428 | 0.125 |1 27 .| 0.023 |1.00
A*C 11.480| 10.740| 0.125 | 1 5. ¢ 0.107 | 1.00
B*C 12145 11.072| 0.125 | 1 8. § 0.074 | 1.00
A*B*C 11.065/ 10.533| 0.125 | 1 4. 1 0.147 |1.00
Ct Pt 0.055 | 0.280 0.2 0.876 | 1.00
S 0.135015
R2 100.00%
R? (Adj) 99.96%

The effects of pHA), adsorbentlos (B), temperaturgC), andthe interaction(A*B) were
significant at a 5% probability level @0.05). However the effects ofteractiong A*C), (B

*C) and A*B *C) were not significantf > 0.05). Furthermore, the adjusted square correlation
coefficient R (adj) had a value of 99.96%, which indicates that the presented model perfectly
fit the statistical moddl7].

In this way, PG> removal by Il-PP could be gxressed usingq. (1).
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0EI OPDEARICACAYX P wugd cd p@& PG c&cdt o8 ¢ b

T TOHD pdixq D ™MWMocoDHID mTMIVvOoW®O (1)
where: A (pH), B (adsorbent dose), C (temperature), AB, AC &hliir 2 way interaction)
and ABC (ther3vay i nteraction). (3< pH <9, 100 mgc<

temperature < 45AC).

ANOVA was performed to investigate the significance of parameters affectiigre@oval

to ensure thaccuracy of thenodel. Table $resents the sum of the squares used to estimate
the effect of factors, the-fatio (i.e., the ratio of individual mean square effects to the mean
square error) and the\Rlue (i.e., the level of significance leading to the rejection el
hypothesis). The results showaa in accordance with the estimated effects shown in Table 2
and thus confirm the accuracy of the factorial design model.

Table 3 ANOVA for PQ:* 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 doséB) 1 2120.96 | 6361.90|16967.67 0.005
TemperaturgC) 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 2showsthe main effects of each parameter onP@moval by I-PPand thus helps

to identify which parameters affect the response variable the most. A larger deviation is
synonymous with a large effef8]. Accordingly, adorbent dose appears to have the greater
effect on PG> removal by Il-PP, followed by pH and then temperature thatsa negligible

effect.

Main Effects Plot for Phosphate removal
Fitted PMeans

Adsorbent dose Temperature Point Type
a0 —®— Corner
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Figure2. Main effects plot for PGS removal by I1-PP
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Figure 3plots the interactions of the studied parametétie 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 vgea The most important interaction for

PQS 'removal by ILP P a p p e ar s adsoentuse), followed By (adsorben dos e 1
temperature Thelea t i mport ant i temperatapowhichdad almastpardllgd H 1
interaction lines.
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Fitted Means

pH *sdsorbent dose Adsorbent dose
s0 e —— —e—

- -
20 — -

Point Type
Corner
Center
Corner

SoL
bbb

o -

w0
i)
pH ™ Ternperature Adsorbent dose ™ Ternperature Termperature

Point Type

= & |—e— 1.0 Corner

[]
—0=
ooo

%]

]

=]

E

m

=0 — -

Mean of Phosphate removal

&0

50

pH Adsarbent daose

Figure3. Interaction plot for PG¥ removal by Il-PP
A Pareto chart can be used to evaluate the significance of effects @sithefthow much they
exceed the reference lifie0]. Figure 4shows thatA), (B), their interaction (AB), and (Q)ad
a significant effect because their values exceeded thtteokference line (12,7in red).
However, the effects of interactions (B 1
their values didndét exceed the red |ine.

Pareto Chart of the Standardized Effects
(response is Phosphate removal; a = 0.05)

Term 12,7
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nm>
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Figure4. Pareto chart of the standardized effects for"P@moval by 1l-PP
The esults of 3 factorial design have showed that pH (A), adsorbent dose (B), their interaction
(AB), and temperature (C) are the factors with significant effect on th& R@oval from
NaoHP QO solution using IEPP. On the other hand, the effect of tempeeabetween high and
low level was very weak and tends to be negligible (0.25%) when using optimum pH (9) and
adsorbent dose (150 mgq), therefore for technical aneetfesttivity reasons, a reduced model
that take in consideration only the significanttéas and neglect temperature is suggested. The
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new model is 2factorial model with two factors (pH and adsorbent dose) at two levels and can
be described using Eq. (2): 5
OET OPEAIOACA X P w g d p@& Y 08 D mIE @ 0 (2)

Conclusion

The efficiencyof IL-PP to removePQ:* from aqueous solution was evaluated in 8tisdy
Results introduce HPP as an efficient biadsorbent which could be used in a grieehnology
for wastewater treatment, waste biomass management and phosphate recovery.
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Abstract

Passive samplers (solid phase extraction, SPE disk®alad Organic Chemical Integrative
Sampler POCIS) were tested to monitor 85 pesticides (including hgigpte and
aminomethylphosphonic acid AMPA), 19 polycyclicaromatic hydrocarbons (PAH)
components, metals in the Drava river. Among pesticidestime weighted average
concentrations of terbuthylazine;n$etolachlor and tebuconazoleere the highest. Some
chlorophenoxy acid$2,4-D, mecopropP andMCPA) alsoappeaedat lower levels. Bntazone,
DEET and diuronvere detected in all samples at low levels. Among the 19 PAHs phenanthrene
occurred at the highest concentrations, but fluoranthene, pyrene anthateqpds 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 ofproject SIMONA (DTP20932 . 1) e Setimentfuality Infdrmation,
Monitoring and Assessment System to support transnational cooperation for joint Danube Basin
water managemenfl], development and test of a monitoring systeas carried out in one of

the testareas of the Drava River Basit Barcs) in 2022021.The project, proceeding with

the participation ofL7 full partners and 13 associated partrfessn 14 countries, aims to
respond to the current demand for effective and comparable measurementseaschasts of
sediment quality in surface waters in thariDbe river basiby delivering a readyo-deploy
sedimentquality information, monitoring andassessmensystem to support transnational
cooperation for water managemanthe regionThus, tke mainobjective ofprojectSIMONA

is to achieve an improved, harmonized and coordinated sediment quality monitoring practice
in the Danube river basirf-or this purpose, a harmoniz8ediment Samplingrotocolanda
Laboratory AnalysisProtocol have been estabhed [2] within the project, and laboratory
analysis haalso 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 rewpdifferent physicochemical parameter
(e.q.,temperature, turbidity, dissolved oxygen,)pk&hd (c) passive samplers for uptake of
different contaminants. There are numerous commercially available or-rnaohe passive
sampler devices (e.qg., silicon rubp8PE disks, POCIS)roviding the time weighted average
(TWA) concentratiorof dissolved pollutants, and their sorbent phases are selective for different
groups of target components. First we have testedPthar Organic Chemical Integrative
Sampler (PO@) designed to of hydrophilic organic chemicals (pesticide regiddest we

have applied the POCIS selective forlyghosate and its main metabolite
aminomethylphosphonic aciJAMPA) and several SPE disks for sampling of metals
polycyclicaromatic hydrocdons (PAHSs) and pesticide residues.
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Experimental

We have used Affinisep passive samplers for the monitoring of different classes of pollutants.
The diskbased passive samplers (Chelating, HLB, C18) included in the SIMONA sampling
protocol were used taollect metals, pesticides, and PAHSor dyphosateand AMPA
metabolite a selective POCIS phase was applied.

I nstrument al anal ysis was performed at BgI i
coupled with mass spectroscopy (MS) or gas chromatogoay chromatography coupled

with tandem mass spectroscopy (GIS/MS) for determination of 85 target pesticides and a
GC-MS (selective ion monitoring, SIM) method for 19 PAH compourde resultof the
measuremestrefer to the amount of contaminants coléel 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 samplingRaitasd

time weighted averag@WA) levels of solved pollutants were also calculated in some cases.
Suspendedediment samplesere collected monthly either g 3Gliter water sample (point
sample), or ira standardized sediment box used for {@rghsamplecollection.Contamination

levels were quantitatively determined in both sample typesng the monitoringghasewater
temperature, turbidity, dissolved oxygvelsand pH were measurexh acontinuousbasis

by electrochemical and photoelectsiensors.

Results and discussion

The point sampkecollected in the barrel contained little sediment, which significantly limited
the reliability of the analytical measurement. In contrést, sediment boxollecied and
partially separatkthe suspended sedimdntthe baffles of the boxgllowing theanalysis of a
significant amount of sample.

We havecompared the passive sampling procedures using the binding phase (adsorbent) in the
form of a disk and powder (®CIS) during the development of the monitoring procedure in
surface water (Dran). According to the results of our preliminary investigations 202the
amouns of boundpesticide residues wesamilar, but in some cases the membrane holding the
adsorbent was torn, $oe powderwas lost, thus wedecided to use a disk.

Regarding hie pesticide residues, pollution pattern and trends were in accordance of our
expectationsPreliminary resultgprior to the agricultural seasandicated that bentazone,
DEET and persistent diurare the main background pollutants. The latter activeetignt is

no longer authorized in the EUThe concentrations of terbuthylazine;n&tolachlor and
tebuconazole increased significardiyring the springandthen decreased gradually during the
summer except of tebuconazole, which was detected only in Myhighest concentrations
(1140 ng/sample) were measured for the chloroacetatymie herbicide S-metolachlor in

May, while terbuthylazine ém thetriazines was present at 4388, 19.7 and 14.31g/Mdisk
sampledin May, JuneJuly and Augustrespectivel (see Figure 1)Chloroghenoxy acids
appeaed later at lower levels2,4-D andmecopropP concentrations measurad June were

18.2 and 8.8 ng/sample respectively, wheraaly about 1 ng/sample ahecopropP and
MCPA were detecteth July.

Point water amples were collected when the passive samplers were changed in every month.
Levels of the pesticide active ingredients measured in these samples were in the taioge of
20 ng/L These values are in the same order of magnitude and similar to TWA catioastr
calculated from the sampling ratd%)(taken from the literaturg3,4]. 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/Leimvihter.
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Figure 1JAmounts of pesticide active ingredients having the highest concentrations

Two of the 19 PAH target compoundssenaphthylenanddibenzo(a,h)anthracene were below

the detection limiin all samples collected. In additioanthracenavas not detected in May,
whereas neithebenzo(a)pyrenenor indeno(1,2,cd)pyrene wre detectable in the sample
collected in JuneThe other compounds were measurableatls betweer®.312 and 35.0
ng/sample. The total PAEbncentratiormeasured in thay sample was about twice as high

as in June, and the level in July was leigthan in May (83 ng/sample). Among the 19 PAHs
phenanthrene had the highest concentration, but fluoranthene, pyrene and naphthalenes also
significantly contributed to the tot®AH concentration (see Figure 2)
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Figure2 Amounts of PAH compounds measured on the C18 disk
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In the case of the POCIS sampgalectivefor glyphosate, the higher concentration of the
AMPA metabolite compared to glyphosate was noticeable: 5.5 ng miiggate and 126.5 ng
of AMPA were collected in Mh, while 21.8 and 353.5 fgample were measured in June.

Conclusion

The use of the dk was proven to benore convenientompared to the POCIS containing
sorbent powder between the two membranes. Uieeafembrandor the disksdecreases the
backgroundoise 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 gks 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 lalanced(HLB) disks were prepared for the LC and GC
determinations of pesticide residues.

Similar resultsvere obtainedor grab sample§point sampleand from estimationasing the
sampling ratesR9 from the scientifiditerature. The currentidt of priority compoundsontains
persistent and most toxic components, but for the regular monitoring further compounds should
be involved. Among the pesticide active ingrediehialiendazole, azoxystrobin, boscalid,
propiconazte, terbuthylazinelesethyl, clomazone, pendirhalin, dimethenamid,
pyrimethanil, metrafenone, PBO, thiaclopaiddtetraconazolevere also detected.
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Abstract

Plastics has beconteecame a major consumable product and alternative in agriculture as a
result ofits playing role inenergy conservatigmaintaining of uniform soil temperature, and
controls of weedandfertilizer transporeind therby contaminate the soils. This research aims

to provide the coseffective method for microplastics separation and extraction from the
agricultural soils. The soils were randomly collected from the greenhouse farming and
conventional agriculture. The plast used for recovery tests were collected from the field and
cut off into pieces. Result from the field shows that density separatiorvn@h using this
method has the highest extraction capach§O(NLOO pieces/Kp and recovery rate (90%)
compare twther floatation solutions. The method was very effective in extracting both low and
high densities microplastics. Furthermore, the results infeN#&@b and distilled HO were
effective in extracting low densities microplastics such as LDPE and FPmé&thod provides
several alternatives depend on the economy and target of users.

Introduction

Plastic is an indispensable toaol agricultural sectobecause of its role in processing and
handling of agricultural products from nursery, planting to p@svest perioddt became a

major consumable product and alternative in agriculbmimg toits properties otheapness,
impermeability to precipitation and gases, malleability lightweight, maintaining of uniform soil
temperature, and controls of wee8sigsana, 201&atel and Tendel, 201.7The 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 dainage, fertilizer transpgrand building and structures (Patel and Tendel, R@Iobal

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 Iqplastic Europe, 2019More 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 drastvetly 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 Tende), 2017

The sources of plastic contamingaumt 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 hgitigeof 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 lowrollastic waste generated can be
transferred horizontally and vertically in the soil by wind, water, microorganisms, and leaching.
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The Presence of plastic contaminants causes imbalance to the ecosystem such as soil, plants,
water bodies, aquatic livespderground 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, leing the studies of microplastics in the agricultural soil new and em@igamg et

al, 2021) there is a lack of standard methods on how to identify and quantify the large
concentration of micropléiss in the soils (Li et al 201$e et al, 2018). Furthermore, most of
the available methods have limitations of use because ofigaicost and igorous nature of
preparation stages. Also, some methods (sudiwagt al, 2021; Li et al, 202&Zhang et al,
2018) consider single polymer type (lalensity plastics) This has limitations in the
agricultural soils because it comprises different commrsstiorganic matter, minerals, and
clay) and plastic contaminants with different densities. Application of these methods will not
be suitable for soils with multiple contaminantdifferent sizes and densities.

Materials and Methods

Sampling

Thevalidaion test was carryout on three different soils from two agricultural farmlands with
differentland use. The first farmland wasibjected to greenhouse farmwgile the second
wassubjected t@rable farmingThegreenhouse farmland wakeady divided ito 15 parcels;

each parcel has the same size of 52.30m in length and 9m breadth. Three parcels were randomly
selectedAt 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 tagdrs (620cm and 2810cm). Four samples

from the same layers were bulk together and formed one composite sample. The same
procedures were followeir the arable farmland. Thus, a total & 2amples were collected

from two different layers of the soilgith different landuse typeHowever, for recovery test,

five field plastics contaminants ofaoroplasticplastics that were use were obtained from the
same field These were cut off to pieces and formed microplastics

Laboratory Analysis

This methodologyas 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 odeied at 48C, sieved with 5mm. A weight df0g

were placed on 250 ml conical flasks, 40 ml of 3@%@. and 10 mls of Fenton reagent were
used for organic matter digestion. The solutions were place of heat sourcé€€ afnfidthe
solutions were dried up or nearly dry. Immersion of the flask aoersito cold water and
addition of few drops of butyl alcohol reduced the spout out of the samples. 4GmbbBE

ZnCl solution(1.5g/cn?) was used as floatation salt. The solutions were capped with aluminum
foil and shaken for 1 hour at 250 rpm in dabishaker and emptied in 100ml beakers and
allowed settling for 24 hours. About 20ml of upper supernatants were pipetted with glass
pipette. 20ml of ZnGlwere added to the solution and shaken for 30 minutes in the orbital shaker
for the second time. Thigas 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
vacuumpump. 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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B.

S/n Floatation Samplel Sample2 Sample3 Total Mean SD
solutions  (Pieces/Kqg) (Pieces/Kg) (Pieces/KQ)

1. ZnCh 300 300 600 1100 400.00 17321

2 Nal 100 200 500 800 266.67 208.17

3 NaCk 100 100 100 300 100.00 00

4  HO 00 00 200 200 66.66 115.47

C.

S/n Floatation MiP(10pieces) Total Recovery
solutions PP  LDPE PET PVC PU rate (%)

Fiber Film  Fragment Fragment Foam

1. ZnCh 10 10 10 10 5 45 90

2 Nal 10 10 10 10 0 40 80

3 NaCk 10 7 4 0 0 21 42

4  HO 10 9 0 0 0 19 38

Figure 1.Extraction method and results. (B¢hematic diagram of the method. (Bglidation
of the method of 4 floatation solutions. (Recovery test using different floatation solution on
different microplasticslensities

Result and Discussion

Microplastics were detected in all soils tested with different floatation solutions. Table a.
Shows that; ZnGland Nal yielded higher MiP concentrationof 400 NLOO pieces/Kg and
266.6WN  1pkees/Kgrespectively. AlsoNaCk and distilled HO recorded the low average
concentration of 10(pieces/Kgand 66.66pieces/Kgrespectively. Similar findings were
reported in the method developed by Li et al, (2019) where,amdNal reported to have the
excellent yield of microplstics extraction compare to other salts. However, the recovery test
by Table b. shows that Zngas the highest recovery rate of 90% followed\lay which has

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

found in the samples treated with Za&hdNal solutions. This result confirmed the findings

of Zhang et al, (2018) which concludes that density separation with, M&SI efficient in
extracting low density plastics such as PP and LDPE.

Howeve, the recovery tests reveal capacity of floatation solutions on plastic structure. ZnCl
and Nal were tested very well in extracting fibers, film, and fragment. But the 2Znéltied
average result (5 pieces) iNawas ecomed veoyflowfno a mo s
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 mateaiatsincreases it density. Similarly, for NaCl

and distilled HO, only fibers and films were recovered at the high rate. This finding also tally
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with several findings which concluded that these salts solutions are efficient in removal of
fibrous materialgLiu 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 ZnCi andNal for the separation and extraction of high and low density plastics
particles as well as all the plastic structure with the exception of foamla®ynfor the
extraction of low density microplastics as well as structures such as fiber and film,addCl
distilled HO can serve as good floatation solutions.
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Abstract

Ultrasoundassisted 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 effectrat®&om 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. F@liocalteu 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 byvwaANOVA at
significant level p < 0.09y 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 sesallent ratio) with a mean
(451. 106 N 0.9g7®6 ethegdl, Brd atkf3yminp0sO75rg/ml samstdvent ratio)
with a mean (365.289 N 15.96 mg/L) by using
was with a mean (223.033 N 1-:sdventnatg) any) a't
(50678N 2. 02 mg/ L) at (-sblvemratio) by Osing thg%ethanol ar@ mp | e
distilled water respectively. More work is needed to define better conditions for using the
distilled water as a solvent in the ultrasonic extraction.

Introduction
Hawthornis 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 10n. Normally has bright green leaves, white flowers, angh red berries,
each containing one to three or five seeds, depending on the spédomf the species grow

in North America as well as in East Asia, Europe especitliskey [1,2]. The fruits of
hawthorns are also edible, as most people who hadettrem 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 michutumn[3]. The leaves, flowers, and berries of hawthorn contain
a variety of flavon@s which include oligomeric procyanidins, vitexin, quercetin, and
hyperoside. Other chemical constituents include tannins, nittog@aining compounds,
triterpenoids s u ¢ h as ur s ol i-twihydrexgursdlic acig, Ugor®dolic 1a8id)
cycloartenol, uvaol, oleanolic acid, crataegolic acid, butyrospermolmetlylene24-
dihydrolanosterol. Table 1 is showed the chemical constituents of hawthorij4fuits
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Tablel: chemical constituents of hawthorn fruits

Chemical constituents The amount Reference
Flavonoids 0.1-1%
Oligomeric proanthocyaniding 1-3% 1]
Triterpene acid 0.51.4%
Organic acids 2-6%
Epicatechin 178.3 mg/ 100g dry fruit
Chlorogenic aid 69.4 mg/ 1009 dry fruit
Hyperoside 24.6 mg/ 1009 dry fruit
Isoquercitrin 13.4 mg/ 100g dry fruit [5]
Protocatechuic aad 3.2 mg/ 1009 dry fruit
Rutin 2.6 mg/ 100g dry fruit
Quercetin 0.9 mg/ 1009 dry fruit

In folk medicine, hawthorn fruits kia been used as a cure against stress, nervousness, sleep
disorders, heartache, stomachache, and sore {foibwadays hawthorn extracts are among
the most popular herbal medicinal products in many European countries and the USA after
getting attentiorue 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 faikieuridgnt
study suggested that hawthorn couldibed as an alternative therapy for various cardiovascular
diseases, such as angina, hypertension, hyperlipid&inia

Materials and methods
1) Hawthorn fruit was collected from Normafa, Hungary.
2) Et hanol, REARA 8AB®@R, Co., Hungary) was used for extraction purpose
3) The applied chemicals and reagents for the analysis were collected per following list
methanol (LACHNER, Co., Czech Republicyallic acid (SIGMAALDRICH, Co.,
USA, product of Ching)aceticacid (96 %, REANAL LABOR, Co., Hungary) -
ascorbic acid (reagent grade, SIGMADRICH, Co., USA, product of China)
hydrochloric acid (37 %, CARLO ERBA Reagents S.A.S, Frangelin-Ciocalteu
reagent (SIGMAALDRICH, Co., USA) sodium acetate (Analar gla, VWR
Chemicals, Belgium)2,4,6Tris(2-pyridyl)-st r i azi ne ( GALDRICH, SI GM
Co., USA), sodium carbonate (MERCK KGaA, Germany), ferric chloride (REANAL
LABOR, Co., Hungary).
Raw materials and extraction methods:

After removing the sticks arttie crushedruit, Hawthorn frut 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 usifigLC PREMIUM,WEBER
ULTRASONICS AG, Germany) with power 100 W this apparatus availableastock and
food preservation technology departmeshiring (3, 6, 9 minutes ), and by using ( 0.05. 0.075,
0.1 g/ml samplesolvent ratio) by usind0% ¢hanolanddistilled water.
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Total phenolic compounds (Foli@iocalteu method):

Total phenéic compounds (TPC) were estimated by the F@liacalteu method8]. The
absorbance was measured at 760 nm Gallic acid (0.3 mM) was used as the standard and the
DF

amount of TPC was calculated as: TPC=( A L

Antioxidart activity (AA) assay§FRAP Method:

2500 L

Y/ (S L

The ferric reduction antioxidant power (FRAP) method was applied to quantifyxidant
activity. Reading the absorbance at 593 nm was performed after exactly 5 minutes of
incubation. The calibration was realizedwascorbic acid (10 mMYhe calculation was done
using the following equatioMA =( A L

Wher e

A

S

t he

curve; DF is the dilution factor
Statistical anassis:

All experiments were regatel twice. Twew a y

absorbance9

1550 L

DF

)/ (S
Ssishe helatgme uaot

anal ysis

of

L a )

var.i

a)

[ ( m

ance

95% confidence level were employed to compare the significant differences among results
using softwae SPSS (version 27.0)

Results and discussion

Total phenolic compounds

As shown in Figure 1, samples extracted by ushgoethanol at (9 min, 0.05 g/ml sample

solvent ratio) gave the highest total phenolic content (TPC) with the mean yield #%1.1 N

0.79 mg/L),
wi t h

and lowest extraction efficiency was at (3 min, 0.05 g/ml sessujdent ratio)
(80. 453 N

t he

500.000000000
400.000000000
300.000000000
200.000000000
100.000000000

0.000000000

Aa

me an
ranged between ( 132.67273.261 mg/L)

Total phenolic cotent (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 sasghent ratio)with the mean
(365.289

yield

N 15.96
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Fig 1: Effects of extraction time and sample ratio ¢ Fig 2: Effects of extraction time and sample ratio ¢

the yield of TPC using 10% ethanol.

the yieldof TPC usinglistilled water.
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Antioxidant activities (AA) assays

The results of the FRAP analysis (figure 3) showed that the highest antioxidant dogtivity
usingl0%ethanol was at (9 min, 0.075g/mlsampl® | vent rati o) , with
mg/L) while the lowest activity was at (3 min, 0.05 g/ml sangukrent ratio)with mean
(66. 9334 NItdn b@ Beenlat the)activity of the axitlants increased with the
increase in the extraction time, regardless of the percentage of the.sample

250.000000000 60.000000000
BbBD 50.000000000

200.000000000

b Ce ch
a
- Ab -
Ab B
150.000000000 Ab 40.000000000 - 5
A B 30.000000000  Ab "
100.000000000  AZ _ A 20.000000000 _BIA
50.000000000 II I I 10.000000000 II
0.000000000 0.000000000
5.0 75 5.0 75

10.0 10.0
E3min @6 mn m9 min E3mMin m6 min M9 min

Fig 3: Effects of extraction time and sample ratio  Fig 4: Effects of extraction time and sample ratio
antioxidant activity using 10% ethanol. anioxidant activity using distilled water

The figure 4showed that the highest antioxidant activitydistilled waterwas at (6 min, 0.1
g/ml samples ol vent ratio), with mean (50.678 N 2.
samplesolvent ratiof he anti oxi dant activity was very
while the lowest activity was at (6 min, 0.05 g/mlsarple | vent rati o) wi th
0.67 mg/L)

It can be seen that extraction time has a clear effect on the total cdrpéenols and the
activity of antioxidantslt 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 pras 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 pradesgossible reason
might be that inadequate extraction time would cause incomplete neutralization for the analytes
and insufficient dissolution and diffusion. However, too lamgextraction time would lead to
structural destruction and decomposition of target analgle#\Iso, the effect of thsample
ratio and its surface area can be explained by this-stalgle process for the diffusion of the
solvent and its ability to esact

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 extraoda80% acetone extract
showed better antioxidant activities compared to ethanol 80% and methanol 80% and that
deionized water extract showed a significantly differédRAP from other three extracts during
using the UAE, whil¢ll]indicated milk and whewere better than distilled water in (Tannins
Pectic substanceBood fibers) extraction process at different temperatures.

32



27th International Symposium on Analytical and Environmental Problems

Conclusion

The effect of three times (3, 6, 9 minutes ) and three different percentages for the sample
(0.05, 0.075, 0.1 g/meksnplesolvent 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 N O0.ed&®©Omg/ L)
min, 0.05 g/ml sampisolvent ratio ), (3 min, 0.075 g/ml samdelvent ratio ) usind0%
ethanol and distilled water, respectively. The extracts gave the highest oxidation activity at (9
min, 0.075 g/ml samplsolvent ratio ) with amean (2238 N 1. 01 mio%lL) by
ethanol, while the best value was (sbnt678 K
ratio) using distilled water. according to the results, it can be said that it is possible to use
distilled water as a solvent to exttahe 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 wellestablished Bayer process is the primary means of alumina production from bauxite;
however, it generates more than 2.7dwilltons of bauxite residue (commonly called red mud)
annually [1]. This quantity can be reduced by applying theatled desilication step before the
extraction of alumina at high temperature. This is a commonly used method when the bauxite
ore containdhigh 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,
causingmajor caustic and alumina lossssale formatiomn the pipesandexeating unfavorable

effect on theguality of the final producOur 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 ctajneral 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 subsequeormation 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 & 5 A 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 concentratittmed$i(IV) during the
dissolutionDSP formation process was monitored with {OES, and the starting and final
materials were characterized by a variety of experimental techniques.
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One of the most urgent wdiide problems isvaste treatment, burdening all human activities
from households to large industries, which increases in parallel with the ovexfpmmuh this
presentation, we overview different type of waste sources which can be easily converted to
carbon patrticles for large scale composite production by nanotechnology. In the past decade,
graphenebased nanocomposites and carbonaceous compieals gain significant interest

in terms of potential environmental applications. Due to its versatile composite and film
forming capabilities, grapher®ased materials such as graphitic carbon, graphene, graphene
oxide and reduced grapheoride can at both as matrix or filler in composite materials.
Moreover, the sphybrid 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 oxidatiormatrix-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 filteringdsorption processecan

be alsobuilt on wastederived graphenébased nanocomposites. In terms of electrical
applications, due to the bandgap influenced by the composition the photocatablss &
potential way to reuse graphitic materials. Bestities interesting appoach, wehighlight how

the valorization of waste materials can prove a-effsttive and benigsolution in the green
synthesis of varies carbon based nanocomposites.

Electrodes Environmental Remediations

Organic
Fillers

Supercapacitors Photocatalysis

6raphene
Energetic
Nanocomposites

Thin films Energy Production

Fuel cells - Gas sensors

Fig.1.lllustration of the main classes of graphene energetic namoasites
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Many chiral compounds are involved in processes that take place in living organisms. Typically
only one enantiomer of the imagarror image pairs of chiral molecules occurs in nature, such

as the Lenantiomers 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
enantiomes or separate the racemate mixtures.

The L-enantiomer of phenylalanine, a biologically active amino acid, can better (than the D
enantiomer) cross the blodwiain barrier and is involved in the synthesis of neurotransmitters
with antidepressant and analgesffects 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 thensehalf of the last century.
Fluorine-containing active ingredients were only present in 2% of pharmaceutical medicines in
the 670s, while it can b dncepmratiomoafiuceirt caentlterar o u n
many of the properties of the compuls, such as the steric interaction of the functional groups,
lipophilicity or the ability to make Fbridge interactions, thus increasing the efficacy of a drug

by orders of magnitude.

In this studyion-exchanger type chiral stationary phases werezetlito separate fluorinated
b3-phenylalanine derivative§Ve examined the effect of mobile phase composition, quality of
the base additive, concentration of acid and base additives, and temperature on the
chromatographic propertieshe elution order wasaetermined in all case¥Ve 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 technologiesoWever, it should nabe overlooked thahese are aimed at
human weHbeing 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 morepessible approach to business. The paper presents 100
government and 100 business studentés opinio
the ATBEQ questionnaire. The results show thaltsacrifice is notkeptimmoral by the
students, and moig} can go beyond selhterest.However, the primary responsibility of
companies is making money. There are few significant differences bmingen government

and business studentbut the distributions of the@esponsesuggest different patterns of
thinking.

Introduction

The main source of environmental problems is sodjalWe are neeting an eveincreasing

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

even education. New materials and new produdié@hnologies often upset the balance of

nature and lead to environmental pollution. Technological and management efforts are more
sophisticated but apparently not enoufjesuming that novel technologies aiar the higher
satisfaction of consumer needsdaconsidering that both purchasing and manufacturing
decisions are made by people, solutions also must be found in minds. Environmental
consciousness can be improved amindividual level P], and there has beenparticular

emphasis on social responéiyi 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 soci al | ygdistinguighasdouryevetse h a v i
of reponsibility, including economic, legal, ethicalnd philanthropic ones. The review of the

model in 20164] confirmed that ethics permeates these levels. Economic and legal levels are
mar ked Orequired by the soci are maked ablexpectedf or t
and philanthropic level as desiresh ethical approach is presented in the early definition of

Bowen about the soci al responsibility of a
businessmen to pursue those policies, to makeettecisions, or to follow those lines of action
which are desirable in terms o the objectiyv

According to environmental protection, social responsibility, or ethics, a focus on business
studens ismainly justified by tre fact that they will be the company decisioakers 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 onselecting business ethics situatio®$ thased on the work of Steveng|.[ 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 s8jersmde 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. §] give a comprehensive summary of the five moral philosophies which used to
provide the basis for empirical investigations:
T AMachiavellianism: -cBwndianensesd foirrgm:iaasrme wa tg
| awsd which can be bent but not broken.
1 Ethical relativism: Deals with feelings and attitudes and is based on social ¢gonyent
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.
1 Legalism: Doing an action or series of actions defensioatyof a sense that doing it
this way wil!/ promote the iIimpression tha
from an imagined legal point of view.
1 Social Darwinism: Individuals, by pursuing their own selfish interests, unwittingly and
effectively pronote the social welfare. Businesses survive because they obey the natural
laws of competition.
1 Moral objectivism: The moral guide is rational silferest which includes the right to
defy fate by making rational decisions which lead to productivity anghap ess. 0 [ 9
(p.127)

Experimental

The result of the paper is based arvoluntary online survey among Hungarian Higher
education students. The survey questionnaire includes the ATBEQ questions bas@d on |
The analysis highlights seven statemgimistedthe moral philosophy it belongs)toSince
Machiavellianism is the most characteristic among Hungarian students in the database,
questions about it and seiffterest are in focus:

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

Moral valuesare irrelevant to the business world (Machiavellianism).
O00Business ethics66 is a concept for publ
A business person cannot afford to get hung up on ideals (Machiavellianism).

True morality is first and foremost sétfterested (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-poiatscale between totally disagree

(1) and totally gree (5). The results are represented with the mean values of the evaluations in
the figures. Analysis of variance uses the -panametric KruskaWallis H test. The
significance level is observed at 5%. The data collection period ran from fall 2018 teesum
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 studamtdsarky
selected from the database for the analysis. Bottsaniples consist of 50ate and 50 female
respondents. The representativeness of the sample is not checked.

E

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 govemhstudies 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
e
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interested nature of morality; busess students accept it more than government students. Self
sacrifice is generally accepted as a moral act, especially among government students.
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Figure 1.Mean values of the evaluations

Although the mean values do not differ remarkably between thergtgdups, the distribution

of the responses on thepbint scale shows the differences of opinions (Figure 2). According

to the money makingature of the business, the agreement level is stronger among the
government student$rue morality is first andoremost seHinteresteds rather agreed (score

4 or 5 marked) by 15% of government students and 37% of business students. The immorality
of seltsacrifice is totally refused (score 1 marked) by 47% of the former and 31% of the latter
students.

A) Students of government studies

45

40

35

30

25

20

15

10 I I

R R R RTR .
B) Students of business studies

50

45

40

35

30

25

20

15

” Labll, 11

 m | I - | I_ s
The only moral Moral values  ““Business A business  True morality is Self-sacrifice is You should not
of business is are irrelevantto ethics™isa  person cannot first and immoral  consume more
making money the business  conceptfor  afford toget foremostself- than you
world public relations hung up on interested produce
only ideals

m] W2 03 m4 W5

Figure2. Distribution of results by student groups

B ———————————————
39




27th International Symposium on Analytical and Environmental Problems

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 respdents marked higher scores for issues that describe the self
interest of business.
we should not consume more than we produce, especially among business students.
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Figure3. Resuts by gender

Government Gender, Gender, Gender,

and business total sample government business

studies studies studies

K-W Sig. K-W Sig. K-W Sig. K-W Sig.

H H H H
The only moral of business 42 517 5472 019 7.891 .005 .396 .529
making money
Moral values are irrelevant to tt .343 558 4.604 .032 .989 .32 4.159 .041
business world
06Business ethi .082 .774 6.775 .009 9.741 .002 .405 .524
public relations only
A business person cannot afford .835 .361 8.137 .004 2.337 .126 6.78 .009
get hung up on ideals
True morality is first and foremos 5.9 015 .008 930 .24 .624 .064 .800
selfinterested
Self-sacrifice is immoral 6.39 .011 3.175 .075 4.616 .032 .364 .546
You should not consume more th .402 .526 1.342 .247 .028 .867 2.224 .136

you produce

Tablel. Results of noiparametric analysis of variance (significant results in bold)

Conclusion

Considering that personal values and culture affect behavior, improving environmentally
conscious actions requires the understagaif the mindset. It is a complex challenge; the

analysis of moral philosophiggovidesan essentigboint of reference for thisThe analysis

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

makers:

1 Itis enouraging that sel§acrifice is not felt immoral by the students, and morality can
go beyond selinterest. Nevertheless, most of them cannot let go of the idea that the

business is only for making money.
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1 The results confirm that females are more sendibigecial issues than males; the latter
group presents a more businesented approach.

1 The difference between government (as future policymakers) and business (as future
company decisioimakers) students are not significant in most questions of thesamna
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 bettelgenogeof
views of the groups and to strengthen the purpose of the concept of corporate social
responsibility.
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Abstract

Nowadays environmentaprotection andsustainability are getting more and moreeation

Thus, our aim waw develop a cost and energy efficieatalystiayerbuilding method forthe
synthesis otarbon nanotubéorests A simple spray coating method was used to develop a
catalyst layer on the surface of the titanium substrates.vidrgoally aligned carbon nanotubes
(VACNTSs) were synthesized directly on the substradecatalytic chemical vapor deposition
(CCVD) method. During our research, the effect of catalyst layer deposition parameters on the
structure of CNTs was investigdtand 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 renkable 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 capaty, 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
costefficient and simple to use, moreover, it is the only suitable process to synthe SAENgA

[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 smgtéS), dipcoating etc.

[4,5]) which are able to control layer thickness and morphology, however, they require rather
expensive instruments. Among these methodscdgiing might be an exception, because it
requires less complicated instruments, thius,widely used for catalyst layer deposition. Spray
coating might be an even cheaper method thaicaiing 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 d manual spray coating for building bimetallic catalyst layers containing iron and
cobalt. Then, their applicability for VACNTSs synthegia CCVD was investigated, which was
carried out on the surface of titanium substrates. To gain knowledge abouiidiea@f 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 thesynthesis, a titanium substrataswsed to build up the catalyst layers with a spray

gun, also used for car painting or art drawihige concentration of catalyst ink was 0.11 M and

the ratio of Fe:Co was 2:3. The latter was prepared from F¢N#B,0 and Co(NQ)2l 6 40

precursors that @re dissolved in absolute ethanol. The Ti substrate was heat treated for 1 h at
400 AC before and after the deposition of tfF
form a native TiQlayer on the surface and oxidize the catalytic particles. i, 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
(120200 AC) , t hen t haged ata tha dulyssate surfacé. Fowvthis purpgse,
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 5times(l 1 0) ap pl y ipauge taevapdrateshe sotventfrom the surface.

For the growth of VACNTs, CCVD was used during which the gas feed conteihgene
(70cm®/min) as carbon source, nitrogeBO(cn¥/min) as carrier gas, hydroge&Q( cn/min)

for reductive environment and water vapor ¢3&/min) for prolonging the activity of catalyst
particlesThe synthesis time was 35 min and the te
production of VACNTSs is presented in Fig. 1.

Fe(lID)- and Co(ll- nitrate =

in absolute ethanol
sworom___ L ol P =
8 {b
ok Substrate
Compressed % e H.0 Quartz boat
air ! <, 2
Ti sheet ™
Heated plate \

Electric oven
Figure 1. The scheme of maal spray coating layer deposition and production of VACNTSs
via CCVD

Exhaust

\i‘rtically aligned carbon
nanotubes

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 oftdeaatnent 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 afieas a referenci, b) only before, c) only after spray coating, and

d) without any treatment (Fig.2). VACNTs were grown successfully in tetfiree 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 séime, 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 VACNB. 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. Theretoreirttber of spraying
cycles were varied between 1, 2, 3, 4, 5 and
spraying could not provide enough catalyst particles on the surface for the growth of VACNTS.
However, applying 1071 1 0masypcataygtipartglesdhatarlergesl y i e
together resulting in thick carbon fibers gr
cycles resulted in VACNTs with 8.1 Om or 12.

h (um)

T T 1 1
H a) Reference [l b) Before [l c) After [l d) No heat
catalyst layer catalyst layer treatment

Figure 2. SEM images of VACNTSs grown on diffetdneat treated Ti substrates and their
corresponding heights

The TEM i mages also verified that VACNTs gr
spraying cycles catalyst layer show good graphitic properties with only few defect sites in their
walls, whch 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 betweel2 ™0 AC t o evap
absolute ethanolapidly from the surface, on which the catalyst particles were uniformly
deposited. VACNTs only formed at 120 AC and
height distributions of these samples are shown in Fig. 3.
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Figure3. Height distribution andEM images of VACNTSs synthesized at different spraying
temperatures

The evaporation rate above 140 AC was too hi
on the Ti substrate.

Conclusiors

In summary, spray coating process was proved to be a suitathledhier the formation of thin

catalyst layers during the production of VACNTSs. Heat treatment of Ti substrate, especially
after catalyst layer deposition, is needed to sustain stable catalyst layer and synthesize VACNTs
with satisfactory orientation. Thagtimal number of spraying cycles to obtain VACNTSs on the
surface of Ti substrate was 5 cycl es. |l ncr ea
can result in higher VACNTSs with better quality.
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Abstract

Non-steroidal antinflammatory pollutants such as ibuprofen are continuously introduced in
water media through various environmental roubee totheir variability in physicechemical
properties characteristics of sludge used in secondary treatment and other features,
pharmaceutical residuese partially removenh conventional wastewater treatmetants. The

effect of inorganic constient (nitrates) present in real aquatic matrices was examined to assess
the overall efficacy of the photocatalytic removal of ibuprofen by nanostructured mixture
ZnO/SnQ.

Introduction

Pharmaceutical active compounds (PhACs) represent one of most dorghoamt of
micropollutants which are continuously introduced into aquatic mextimarily through
untreated oninadequately treated wastewater. Aftevage the pharmaceuticals undergm
differentreactionsn whichthey are transformed into metabolitdhese metabolites acdten
more polarand persistenthan the parent compound$umerous studies have confirmed that
ibuprofen exhibits negative ecotoxicological effects on various aquatic spe@es he aim

of this study was to investigate the impadttnitrate ions on photocatalytic degradation of
ibuprofen.

Experimental

The synthesis of nanostructured materials was carried out using mechanochkehuisthte

method. Initial precursors (Zn@ndSnQ, purity 99.9%) were grourdlin an agatemortarfor

10 minutes in a molar ratio of R:thenannealedn furnacefor two hoursat 7 0 OondeC an d
more groundedor 10 minuteg3,4].

Photocatalytic experiment was performed on laboratory sBateercury high pressure lamp

of 125 W was used as the radiatisource(manufacturer Philips, HRN) emission spectrum

in the UV range at 304, 314, 335 and 366 nm withximum emission at 366 nrnihe initial
concentration of nanostructured mixture ZnO/2@a@d analyzed pharmaceutical (ibuprofen)

was 0,40 mg mt and 5 mg L2, respectively. In order to demonstrate the effect of inorganic

ions on overall efficiency of ibuprofen decomposition, the nitrate ions were selected. At certain
time interval s, 1 mL of treated s amgderégo was f
remove nanoparticle®etection in changes in thleuprofenconcentration igollowed by the
application of highperformance liquid chromatographfHPLC, Agilent 1260) The
concentratiorof nitrate used for experimentvas in the range d to 20 mg LY. 10 mL of

samples were filtered and quantitativélginsferred to UWIS cuvettesHACH NitraVer 5

reagent was added to the cuvette containing the safipeconcentration of nitrate ions was
determined otJV-VIS spectrophotometédDR5000, HACH,Germany)
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Results and discussion
The obtained results are shown in Trable 1. In order b compare the effect of nitrate ions on
the decomposition of ibuprofenpaeudo ifst-order constant was used.

Table 1.Influence of nitrate ions on photocatalytiegradatiorof ibuprofen

Initial concentration of nitrate Rate constant
ions (NOs, mg LY (k, min)
0 0,045 (3)
5 0,0140(4)
10 0,0070(6)
20 0,0070(5)

By increasing the concentration of nitrate ipassignificant decrease in the value of the
degldation constanwas recorded. Ae decrease in the value of the degradation constant was
85 % when analyzing concentrations of 10 and 20 mgTlhe inhibitory effect during the
photocatalytic process is caused by an increase of Mi@arge, which empha&g the
electrostatic repulsion between ions and leads to reducing the rate of active adsorption sites on
the surface of photocatalyg.

Conclusion

Pharmaceutical compounds are micropollutants which are continuously introduced in water
streamsconsideing their inefficient removal by conventional wastewater treatm&he
heterogenous photocatalytic treatment by newly synthesized nanomaterial ZaG@#8nO
removal of nonsteroidal antiflammatory 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 rampaatewpollution as well as the application of

the bioeconomy regarding reusing residual biomass from-tar@e agricultural crops.

An approximate 128.78 million tons of banana were produced globally in 2019 according to
data by the Food and Agriculture@a ni zati on of the United Nat
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 abioproduct of the pyrolysis of residual biomass and also is a low cost and
environmentafriendly material that has a huge potential for removing pollutants from
wastewater.This present work focuses on ammonium removal from water using biochar
produced fom 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 wasednaly
through the batch studies with modification of pH, initial concentration of ammonium, the dose
of biochar and contact tim&he kinetic studies showed the adsorption isotherm data fitted well
with Langmuir model. Meanwhile, the kinetics followed psesdoond order model.

The results obtained in this stuslyow biochar from banana leaves as an excellent material to
remove ammonium from agqueous 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 chroogrphy, for example irthe food industry,
bioanalytics, pharmaceutical industiyr environmental analysis. One important application
area of HPLC is the scalled chiral separations; i.e. for the efficient separations of chiral
compounds, techniques bdsen 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 thesedffgtiency columns can

only be exploited on chromatographic hardware specialized to ensuateelgressures and

low dead volumes, i.e. on ultrahigierformance 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 particlescioltinencan 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 separatis. 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 glycopbpsdd columns

are able to separate a lot dfiral components. For our experiments, we used teicoplanin and
teicoplaninraglycon as selectors.

We studied the enantiomeric separation of sbfr@mino acidsy performing experiments in

an HPLC and a UHPLC systeéma comparéve manner
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Abstract
Buildings around the world (their design, maintenance and disposal) contribute significantly to
global warming. It is no coinc&hce 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

Global CO, Emissions by Sector Thebuildings (dsign, maintenancandend

of life) contribute significantly to globe

warming, accounting for almost 30% of to
greenhouse gas emissions, according 1
recent study. This includes insulatic
heating and cooling of buildings, but sin
: everything is connected to everything else
is in fact every componeuof it.
/ Building

Transportation Y y " Materials and
22% \ 4 Consltll&cuon

Source: © 2018 2000 . | Archtectur Rights Revarved Duts Sources
U Eevnrment Chchl M3t Repart 7017, EA ttetasnd Energy e

This paper shows the results of the Spread if Innovation Solution for Sustainable Construction
project, what runs at the Adult Learning ERASMUStrategic Partnership program. It is co
ordinated by LCA Center Associatipfrom 2019.10.01 to 31/12/2021 and there four partners
are working together, an Italian innovation spifi company, Ecoinovazione srl., a Finnish
software developer BIONOVA Itd as well as the EMI Nonprofit Ltd
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The main goal is to create awarene$rdinary 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 -ldgcle approach presented extraction of the
environmental irpacts of housing and building / apartment maintenance of building materials
in the manufacture of building materials, materials beyond the integration from the end of the
buil dingds | ife cycl e, I -uee. Inctehsimg edvireemalnt | i n ¢
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 questionnaineeguwhich was designed to get an ideanbiat

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 govamg customize the prproject 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 appkration
preparation of the manual was an important input.

The projeciproduced two main outputs:

1 One of them a Handbook and its annexes, which include important information about
the builtin, redecorating lifecycle approach. It was written in four languagesas
completed in pdf format. The English version is now available on the website
(howtobuildgreen.eu).

Handbook Best practices

Spread of Innovative Solutions
for Sustainable Construction

Table of contents

2 o

A complete downloadable handbook on "how to build green” organized into Best practices are real life examples of buildings that are designed to minimize
several topics for making #t easier for everyone to find the topic they want to environmental impacts while maintaining moderm comfort
know more about

1 Other one is a web application, which includes the main technical characteristics and
environmental data, and some market information in a variebuibdding 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 sensitifati use in education,
environmental problems developed for the project elements.
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In the project, we examldedlfferentmaterlals structures and finished buildings proposed by
architects from an environmental and economic point of vié.analysief 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
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CASE STUDY — ENERGY RETROFIT OF A HUNGARIAN DETACHED HOUSE

] 1 GENERAL INFORMATION
Building type: detached house
Net heated floor area: 91 m*
Gross floor area: 105 m*
Short description: The case study building is a typical
Hungarian detached house, built with a nearly rectangular
fioor plan of approx. 100 m” and a pyramid hip roof. These
buildings were built in large volumes between the 19505
and the 19705, there are approx. 800 000 of them all around
Hungary. Their nickname is “Kidér cube”, named after a
Hungarian communist leader of the period

2. ORIGINAL STRUCTURES AND TECHNICAL SYSTEMS

External wall: The original external wall is made of
concrete blocks with plastering. The thermal
transmittance of the wall does not comply with the
current regulations (U = 1.1 W/m’K > Umax = 0.24
W/m’K)

- Floor slab under the loft: the loft slab is made of
prefabricated reinforced concrete beams and
blocks with some slag on the top. The structure
does not comply with the current regulations (U =
0.95 W/m*K > Umax = 0.17 W/m*K)

- There is a small unheated cellar under one part of
the building and the rest has a slab-on-ground.

- The windows are old box-type windows with 2
layers of glass, without any special coating.

- Space heating is provided by by a non-modulating
atmospheric gas boiler and radiators, and hot water
by an electric boiler operating with off-peak
electricity.

- Lighting s provided with incandescent light bulbs.
Please note that these structures are meant to be
characteristic of the typical original conditions. In many
buildings, some retrofit measures have already taken place
in the recent years, for examples the windows may have
been exchanged.

Environmetal life cycle &sessmemirovides an opportunity to understand the environmental
impacts of ouracts, processegproducts etc.In this work, an excellent team of experts has
worked together to provide high qualitgnd the same time understandable inssgifor
construction decisions. The team hopes that its work will be usefall.
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Abstract

Pall adium (Pd) I's part of the platinum grou
materialwith economic importance. In our days, the secondary sources with Pd content are
call ed Athe ur ban mTherefse, aldt of pesearchers focusednteeira | s 0

attention to the removal and recover studies of Pd ions from secondary sourcedingeha

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 characterizsliggAleLDH 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 proses 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 requirerants: 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 bet in t
functionalization of different solid supports with different functional groups to increase the
adsorption capacity and the selectivity of these matefialthis end, the researchers' attention
was focused on the use of ionic liquids (IL) in the preessof 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 e ionic and electrochemical conductiviyd,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

MgsAl-LDH was synthesized using the-peecipitation method at lowupersaturationThe
functionalization of MgAl-LDH with the same quantity of the studied ionic liquid-(thethyl

trialkyl i ammonium chloride) was realized throughprecipitation (samle named MgAI-

IL) and through ultrasonication (sample namedkMgLUS). The obtained adsorbents were
characterized by Xay diffraction (RX), Fourietransform IR (FTIR) spectroscopy, scanning
electron microscopy (SEM) and energy dispersivea¥X analyss (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 frooat itomeal meph@tdh ensiits

trialkyl ammonium chlorider e presented i n Figure 1.
12000
10800 g,' —MgIAl—Mg3ALIL — MgIAMILUS
4 B0 E g g
:" ! *: : _T i = Sz
= 6000 i : Il = g E-_‘:_'
R | R NV N E
G S S
I: I I\/’t\/.‘\._.__‘_jll‘
000 \J.'l:l_ il l " |r ::\_-H_'_'_'_
0 . 1 e}

5 15 25 is 45 a5 65 75
2 Theta, degree

FiguX®&Dlpatterns of the studied m;

The results of the characterization proved the fact that through ultrasonication, is assured a
uniform distribution of the Ilonto the surface of the LDH, while via-sgnthesis is obtained

an impregnation of the IL between the LDH layers, which will bring a higher stability of the
obtained materiaPalladium adsorption studies onto the studied materials were carried out in
batdh 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 (1) ions in the solution and temperature. The adsodatta were
discussed from the kinetic and equilibrium point of vi@We adsorption experimental data
indicate that the adsorption process unfolds quickly, the equilibrium between Pd(ll) ions and
the studied adsorbent materials being achieved in 6Atsmbvious that the functionalization

of the MgAIl 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(Il) ions from aqueous solutisnThe recovery degree of Pd(ll) ions increased from 75.6%
for raw MgAIl to over 95% for the functionalized material®ata presented show that the
kinetics of Pd(ll) removal by adsorption on the studied material is described by a pseudo
secondorder expession, 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
adsoption capacity and the affinity of the studied material towards Pd(ll).

The Langmuir isotherm describe better the adsorption process of Pd(ll) ions onto the studied
material, comparted with other isotherm models due to the values of the obtained correlatio
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 tstreclouble the maximum adsorption
capacity of the studied materials.

The maximum adsorption capacity of the studied materials increases in the orgél:LMg
MgsAl-ILUS< MgsAl-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(ll) recovering from the aqueous solution, witdgueption
capacities developed by other adsorbent materials reported in the literature, it can be concluded
that the layered double hydroxide M 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 issueheneed 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 studydesmeoped to assess the
ecotoxicological effects of surfactants (anionic and nonionic) to aquatic orgaNisms
fischeribacteriaDaphnia similiscrustacean. The ionizing radiation (Electron Beam Irradiation

- EBI) was applied as a possible technolémythe 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 heesingle 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, papechemistry industriefl,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 rivars 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 ssirfactant
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 effaotentrations (EC) lower than 0.5

mg L'! to Vibrio fischeri bacteria, for exampl¢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 alkghenz
sulphonate (LAS) in liver and internal organs of rainbow trout showed rapid absorption into
systemic circulatio5,6].

Important concentrations of surfactants have been detected in surface waters and effluents in
different regions of the world. For @mmic surfactants: in Brazil, it was detected in surface
waters concentrati on’sin mdat thedavels inlsdrfaand groudd5 5 Og
water system ar e r &mdilemriger (Egypt)im sitfaceé watebranged g L
between 0.072.45 mg 1 [7,8,9].
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Regarding surfactants characterization, analytical and assessment techniques to achieve
effective identification and wantification 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
havebeen usefl0,11].

Due the capability to specifically identify surfactant types, chromatographic techniques
(mainly HPLGMS and GC/MS) are the most common methods usually adopted to analyse
various surfactants (anionic, cationic, Aonic, amphiproticand sempolar 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 sirglenponenf11].

The chemical characteristics, the low biodegradation, high toxicity of surfactants, confirm the
needsfor combined treatment processes for better degradability and in this regard, a possible
technology may be ionizing radiation. The elentbeam 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 darfactan
aguatic 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 ammic (Sulphonated Dodecylbenzene) in an aqueous solution. The maximum
concentration evaluated in acute assays was'1g L

Electron beam irradiation

The liquid effluents were irradiated using a Dynamitron Electron Beam Accelerator and
applying the followiry parameters: 1.4 MeV, fixed energy, batch system, conveyor speed of
6.72 m minil and variable electric current a
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 witbaphnia similiswere carried out in accordance with NBR 12713:
2016[14]. A minimum of five concentrations and a negative control with nawagr (the

same used in th®. similis culture) were evaluated per assay. Twenty organisms per
concentration, at least B4 h, were exposed to the samples for 48 h. The observed effect after
the exposure period was immobility. The results were expresseBC50, 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 witlVibrio fischeribacteria we e per f or med -500, MMrokics ot o0 x E
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 ancentrations, 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 EGO values were obtained from a statistical procedure based on the
gamma effect (2) and the sample concentratio
For both data, sample toxicity removal (%) after EBI treatment as calculated from EC 50 values,
transformed to taicity 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 armiamic
surfactants samples.

Aguatic organism Surfactant EC50 (mg LY CL 95% (mg L)

D. similis Anionic 19.7 (15.824.6)
Nonionic 11.0 (9.213.2)

V. fischeri Anionic 64.4 (23.7-74.6)
Nonionic 2.3 (0.6-8.0)

50

OUntreated Surfactant mEBI (1.5 kGy)

40

30

EC 30%%

10

o
D smilis V. fischeri

Figure 1. Acute toxicity (EC50% vales) of anionic surfactant versus applied EBI dose.
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OUntreated Surfactant SOEBI2.5 kGy)

b

EC 30%

110

024

I similis V. fischeri

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 nonionare more toxic than anionic, with EC50 lower than 11 mgTable

1).

Previous studies reported acute toxic effects of surfactants to different aquatic organisms
including algae, daphnids, and bacteria. Forfischerj were described values of EC50 =
0.35mg ' (sodium dodecyl sulfate) and 1.92 (amimade-based surfactant AR12)[3,4].

For several algae species exposed to cationic surfactants, median growth inhibition
concentration ranged between GBB6 mg L, with deleterious effects for photoghetic
activity [16]. While exposure to fishQlarias gariepinuy LC50 (mg L) values for anionic
surfactants were 10.58I/5.16 and for nonionic between 16-83.61[17].

Regarding the results obtained after the EBI treatment (Figure 1 and 2), cogstdekGy 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 effectsBorsimilisand 894 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 samplestaf 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(ll) clathrochelateomplexesobtained with glyoximes are macrobicyclic ligand systems,
which completely encapsulate the metal ion, and are formed under mild conditions with high
yields[1]. In particular, theiblike-functionalized clatrochelates both with the inherentwaitia

the terminal closdborate substituents synthesized recemthve been proposed as new
radiopharmaceuticals for boron neutcapture therapy of cancg].

In our regarchwork newiron(ll) complexeswere synthesized with-glyoximes, boric acid
derivatives, amines, Schiff bases, such as [FdPM@lyox)s(BOi Et)], [Fe(EtBu-
Glyox)3(BOi R)2] (R = methyl,propyl, butyl),[Fe({phenytMe-GlyoxH)-(amine}], [Fe(EtBu-
GlyoxH)2(aming], [Fe(2heptanonejen)(aminej], where GlyoxH Glyox = mone or bi
deprotonated glyoxime, en = ethylenediamine and the used armibetylamine 3-picoline,
4-aminopyrdine, 6-aminc3-picoline, 3aminc1-propanol, imidazole,-2minopyrmidine 3-
methylpiperidine, 3amino1H-1,2,4triazole. For prepaation iron'-sulfate was dissolved in
water and mixed witkalcoholic solution of the glyoximehen the correspondirgminesand

the other complexing agents were addBae mixtue so obtained was refluxed undeert
atmosphere.

The molecularstructuresof our products were studied by IR,°Ms s b a u BViVISa n d
spectroscopiesnass spectrometrifS) andthermoanalytal measurements (FGTG-DTA).

The biological activity, like antimicrobial effect, was studied for a few bacteria.

Introduction

The unique prpertiesof a metal ion encapsulatedtie cage of a macropolycyclic ligand and
isolated fronthe influence of external factors have allowed the ustatlirochelates as models

of important biological systemsgjectron carriers, and catalysts of photoctoaimand redox
processef3].

Several iron chelates hateen reported for application in the treatmerthafassaemia, other
transfusiordependent diseases, and alsed as MRI contrast agen@ther iron complexes

are also known for their antibacteriahtifungal and biomimetic activiti¢4].

Schiff bases play an important role in inorganic chemistry as they easily form stable complexes
with most transition metal ion$hese daysbioinorganicchemistry has increased the interest

in Schiff base complees, since it has been recognized that many of these complexes may serve
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as models for biologically important species. The remarkable biological activity of the acid
hydrazide (RCOi NHi NH2) class of Schiff base, their corresponding atogdrazones (R
COi NHi N=CHi R) and the dependence of their mode of chelation with transition metal ions
present in the living systems have b&é significant interestThecoordination compounds of
aroyl hydrazones have been reported to act as enzyme inhibitors and aredusetwiltheir
pharmacological applications].

In thispaper we report the synthesis, characterizatiorbasholgical evaluation ohovel
iron complexes with glyoxymes, Schiff bases and boric acid derivatives

Experimental

Used materialsFeSQL 7.8, Me-Pr-GlyoxHz, Ph-Me-GlyoxH, Et-Bu-GlyoxH;, boric acid,
borax, ascorbic acid, -Beptanone, ethylenediamine,dibutylamine 3-picoline,
4-aminopyrdine, 6-aminc3-picoline, 3amincl-propanol, imidazole, -2aminopyrmidine
3-methylpiperidine, aaminc1H-1,2,4triazole, MeOH, EDH, n-PrOH,n-BuOH.

Methods

- Synthesis diFe(Glyoxk(BO-R);] typecomplexes

0.0075 moMe-Pr-GlyoxH: or Et-Bu-GlyoxH; was dissolved in 20 ml MeOH &tOHor PrOH

or n-BuOH, thenthis solution wasdded to an aqueous solution of 0.0024 (0.7 g) FeS®

and 0.4 g ascorbic acdissolved in25 ml water. The role of ascorbic acid is to prevent the
oxidation of F&€ to Fe". Afterwards 0.0075 mol (0.46 g) boric acid dissolved in 15 s Was
added. The mixture was refluxéat 15 minunde 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 208 hourson a water bath, under inert atmosphere. After
cooling the crystaliie complexes were filtered off, washed with the used alcohol and diethyl
ether, then dried in aiA typical reactionis shown below:

O~ CH-CH
o-B~o

l o
N%[\/

I
_ N
. Hggf‘Nc‘—hcngz—CHz—CHs +FeS0 + 2 HyBO; + 2 EIOH \/:f\f\y‘é |
|
(0]
o}
i

O—CHy-CH;

I
(@)

- Synthesis diFe(GlyoxHy(amine}] typecomplexes

0.005 molphenytMe-GlyoxH. or Et-Bu-GlyoxH.> was dissolved in 20 mEtOH and this
solutionwas added to the aqueous solution of 0.001 mol (0.3 g) F&®(0.4 g ascorbic acid
dissolved in10 ml water. After that0.002 mol amine dibutylamine, 3picoline, 4
aminopyridine, 6éamina3-picoline, 3aminol-propanol, imidazole, -Aminopyrimidine, 3
methylpiperiding dissolved in 5 ml EtOH was addéthe obtained solution was heated 2or

3 hourson a water bath undarert atmospher@hefiltered crystalline complexes were washed
with EtOHi water mixture (1:1) and diethyéther. A typical reaction as an example:

CHs
HsC—C——C @
Il Il N
2 PN N=Q HsC—C c
H + H Sl I
Fe H
*

- Synthesis diFe(2-heptanone)en)(aminej] type complexes
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0.005 mol 2heptanone (0.7 ml) and 0.0025 mol (0.19 ethlylenediamine werdissolved in 5

ml EtOH, then refluxed for 12 hours. The resulting colored solution was added to the aqueous
solution of 0.0025 mol (0.7 g) Fe®@nd 0.4 g ascorbic acid dissolved in 15 ml water. At last
0.005 mol amine (imidazole;&@&nino1H-1,2,4triazole) dissolved in 10 ni#tOH was added.

The obtained mixture was refluxed in a water bath f& 2ours. After cooling the crystalline
complexes were filtered off, wagth&vith EtOH water mixture (1:1and diethyl ether=inally

the crystalline complexes were dried in air. A tgbireaction:

CH-CHy-CHy— CHz CHs

Y
HaC—C—(CHy)4~CHs ch—c‘*;CH—(CHZ)TCH3 N HsC— c/
X HoN
5 HoC—C—(CH)a=CHg + HN-CHyCHyrNH, N +FesO, N +2H2N—<\N JH /2 %\N
—_— B — Fe -
& /
- 2H,0 - HSO,
N '\“ H2N—<\
HaC—C—(CHy)4,~CHg HaC—C=CH-(CHy)3-CHs HaC— c\ N-NH

CH—CHZ CH,—CH,-CHg
Results and discussion
Microscopic characterization ayeelds of theprepared complexes are presented in Table 1.
Table 1. Microscopic characterization, calculated moleautghts and yields of the
prepareccomplexes.

Nr. Compound Calc. mol. | Yield Microscopic
weight (%) characterization

1. | [Fe(MePr-Glyox)s(BO-Et)] 594.06 76 Srrg"n‘g (Sr;?g‘r'ggrisgg@ased

2. | [Fe(EtBu-Glyox)(BOMe)] 650.16 10 Srrg;”sis(':g&"gpygti:g?'ebased

3. | [Fe(EtBu-Glyox)s(BOI n-propyly] 706.27 84 Black trianglebased prisms

4. | [Fe(EtBu-Glyox)s(BOi n-butyl)] 734.33 95 Eﬁ;'r‘ngmw” trianglebased

5. | [Fe(phenyiMe-GlyoxH)] 410.21 45 Efggfr@zg‘l’;” imegular

6. Elzrig)g)jplﬁl)\il]e—GlyoxH)z 668.70 42 FI?r(ia;jrcrzl]i;hbrown trianglebased

7. | [Fe(phenyiMe-GlyoxH)(3-picoline)] 596.46 45 Eﬁgﬂf?&ﬁg%@:g;gﬂ?based

8. Ezzr%?ﬁgmﬁ}felﬁ)(H)z 598 .44 32 Eﬁggfhbrown trianglebased

9. Elg_ea(rp:]ri]ﬁgg{l;ﬂi;(ﬁlny:ﬁH)z 626.49 70 Eﬁggfhbrown trianglebased

10. | (3aminoX-propanoh] 56043 | 90 | jacod prisms (microcrystals)

11. | [Fe(EtBu-GlyoxH)((n-Bu)2NH);] 656.77 40 E]?ggi;*;t;g\gn irregular

12 | 61457 | s | b g

13. Eg-eérit;r?si?[)l)r/gg:rzi)l)] 548.50 48 Brown trianglebased prisms

14. | [Fe(EtBu-GlyoxH)(imidazole})] 534.44 65 Eﬁgﬁf?ﬁqﬁgﬁl:;;g?sl)ebased

15 | s sendg | o | neo g

16. Eg_e'\(/litj;-e(?ilé/i(;ﬂ;])z 596.63 34 FI?r(?slr?]is'shbrown trianglebased

17, | Eereproneien w243 | ap | o TEdeedpne

1o ey | 47943 |29 | pro v
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Infrared spectroscopic study

The midIR spectra were recorded withBaiuker Alpha FTIR spectrometer (Platinusimgle
reflection diamond ATR)rd Bruker Vector 22at room temperature, thewavenumber nage
of 4000 400 cm ™. The samples were measured in solid §tateowder forn) or in KBr pellets,

respectively The data of themost characteristic IR bands for the selected complexes are

presented in Table 2.

Table 2. IR data of the selected complexes.

mp.
> P 1 2 3 4 5 6 11 14 17 18
cm
No-n - - - - | 3402w| 3281w| 3721 w| 3721 w| - -
Mvn | 3184s| 3447s| 33855 3447s| 3227 | 3175w| 3185w| 3553 w| 3393 | 3354
Nc-H | 2956 w| 2928 w| - 2928 | 3057 w| 2056 w| 2918 | 2917 1 2995 | ,oq,
m m m m
Nec | esaw| 1734 | 1747 | 1678 | ., | 1646 | 1646 | _ 1647
m VS m VS VS VS
Ncen | 1400 | 1636 | jqan ol 1647| 1645 | 1941 | y55r | 15535| 1636 | 15536
VS m m m VS
deHz ] 1420 | 1420 | 1456 | 1414 ¢ 1440s| 1451s| ¥P1 | . | 1454w
m m m m
dorns | 12g5<| 1285 o| 1383 | 1365 | oo | 1392 | 1391 | 1396 | o0
m m m m m
— ] ] ] ] ] ] ] ] ] 1124
VS
NN-0 ; ; ; 1115 | 1195 | 4535 5] 1173s| 1175s| - ;
VS m
NN- OH ] ] ] - | 1015s| 1106 | 1103 | 491505 - ;
VS VS
smo | 1185 | 1140 | 1111 | 1016 | _ ] ] ] ] -
VS VS VS VS
Ub-H 12:14 995m | 945s | 934s | 972vs| 947vs | 963vs | 967s | 1069s| 984s
Oc-H 711vs| 621s 617s | 619s | 708vs| 694vs| 734s | 734s | 627s | 615s
NFe N i i i 557 s 516 s 530s ) )
543 vs 483S | 1o6vs| 418 vs | 418 vs

(Abbreviationsvs = very strong, s = strong, m = medium, w = weak)
The most important bands for the characterization of compleges-a (14007 1647

cm'Y) andnre n (4187 557 cmY). If we compare the influenaan the nature of the glyoxime
ligand (aliphatic or aromatic), we can observe the displacemem¢-afband to higher values
and the displacement oke N band to lower valuein case of aliphatic ligand, which are in

accordancevith the electronic effects.
Mass spectrometry

Mass spectra of the samplesre recordedising electrospray ionization (ESIh the spectra

we could detect the molecular ions and some decomposidagménts.

M° s s b speckoscopy

The M°® ssbauer

and in transmission geometry.
The M°ssbauespectrgcopic measurements indicate the oxidation and spin state of Fe, and
also the purity of the complexes. In case of aromatic ligands the high $pipxFkation state

spectra
temperature (78 K) with Wissé&ype M°ssbauer spectrometer aonstant acceleration mode
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Is observed due to the electron attraction of the ligand, however, in case of alighatls ive
obtain low spin F&

Thermoanalytical measurements (D3 G-DTA)
Thermal measurements were performed with a 951 TG and 910 DSC calorimeter (DuPont
Instruments)in Ar or N, at a heating rate of 10 Kmih(sample massf 4i 10 mg).
The thermal stability of complexes is limitedthin the temperature range 56 100A Cn the
case of[Fe(Glyoxk(BO-R).] type complexes the first decomposition step belongs to leaving
RO group, untilxpat7d sAC,ostthemttihe 3D@® AC. Subs
of the glyoxime unit takes place, which is accompanied by big exothermic peaks. This behavior
can be explained with the presence of oxygen
the case of He(GlyoxH)(amine}] type complexes thdirst step of thedecomposition
mechanisnis the losf the amino group betweeniBMOAC, t hen t hdeaw.l yoxi n
The end of the process is at 5@The decomposition gFe(>-heptanone)en)(amine)] type
complexes begins with leaving of the amino groups until8@, t hen t he heptano
Finally the N-CHx-CH.-N unit is lost between 500 700 AC. The gener al r
decomposition is as follows:
[Fe(Glyoxk(BO-R)2] - [Fe(Glyoxk(B)2] - [Fe(Glyox)s] - FeOs
[Fe(GlyoxHp(amine}] - [Fe(GlyoxHp(amine)]- [Fe(GlyoxH)] - [Fe(QyoxH)] -
- FeOs
[Fe(2heptanonejen)(aming)] - [Fe(Zheptanonejen)(amine)l [Fe(2hept)2(en) -
- [Fe(2heptanonden) - [Fe(en] - FeOs

UVI VIS spectroscopy

The electronic spectra were recordedth a Jasco V670 Spectrophotometein 10%
EtOH/water solutions containing the substanc&drt mol/dnm? concentrationUsing Srensen

buffer solutionsthe electronic spectra were also recorded as a function of pH, emdhih

acidity constants were calculated, tob.& obt ai ned val udsiwetéeobet w

Biological study

The antimicrobial effectsor two complexes [Fe(EtBu-Glyox)s(BOMe)] and [Fe(EiBu-
Glyox)3(BOPrp] were studied withBacillus Subtilis Grampositive andEscherichia ©li
Gramnegative bacterial he observation was madeh the disk methodl'he complexes were
dissolved inDMSO with 10 mmol/l concentratianin bothcasesantibacterial effect was not
observed.

Conclusion

In this work new ironl{) complexes were synthesized aéracterized witphysi®-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 S
Romanian coast, were determined by using microwave plasma atomic emissionssppgt
(MP-AES) and energylispersive Xray 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 caahwedie, 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 authas 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 arficbaigbhe
Romanian coast in 2017 and 2018 and found some contamination related to the harbor activities
(Constan™Ha and Mangalia) [2]. Heavy Donaxt al s
trunculug on the Turkish coast were determined by inducfivebupled plasma optical
emission spectrometry (IGBES) 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 ICFOES in the Black Sea musg&lytilus galloprovinciali3 and rapa whelks
(Rapana venogafrom 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, MiMo, Na, Ni, Pb, Sb, Se, Ti, V, Zn) &apana thomasian@om

the Romanian coast was studied with HOES by Sereanu et al. in order to assess the degree
of shells mineralization [5].

During our efforts to find practical applications for seashells as b®nsapport and
hydroxyapatite precursors-g, we made some preliminary analysis regarding the elemental
di stribution in molluscan shells collected

Experimental

Reagents (65% HN§28-30% NH) were analysis grade from Merck.

Rawv 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 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 selectedviytilus galloprovincialis (sample 1),Mya arenaria (sample 2) and
Cerastoderma edul@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 @enenseparated using a sieve.
These were dried at 115 AC for 2 @scaitinedatt e af t
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550 AC for 10 h in alumina crucibles with a
brought to room temperature and thenpées are weighted, after which they are kept in a
desiccator in the crucibles with concentrated HN®til complete digestion. After dilution with
doubledistilled water, the samples were analyzed using an AgilentAME 4100
spectrometer, with the follawg 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% Hm@énd rinsed with doubidistilled water. Solid CaCg)

Fe0Os3 and metallic magnesium were dissolved in BNi©order to prepare the three standard

stock solutions (1000 ppm calcium, 1000 ppm iron and 100 ppm magnesium)atalibsed

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 spaeter 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, 385.9®ilfor iron). Two dilutiors were used for the

three samples which were analyzed: for magnesium and iron, presaunthiower quantities,

the samples were 50 times more concentrated then those for calcium.

For EDX analyses, dry raw seashells were firstesiethrough 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% sach 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 doubledi st i | |l ed water. After drying in t|
immersed in 1 M NaOH fo24 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
doubledi stil |l ed water, then they were dried at
broken andhe 47 mm fragments were isolated using a custom nsaéngdevice. 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% @2RBMOmL of acid forl00

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 doubtéstilled water until the volum was doubled. Sodium

sulfide was added until the reaction with silver nitrate gave a positive result (0.30vLnoé|

L1 NaS). Thedark-green precipitate that formed was subjected to centrifugation and washing
with doubledistilled water (two cyclesla f t er whi ch it was dried i
subjected to EDX analysis by using an accelerating voltage of 25 kV.

Results and discussion

In the case of MFAES analyses, after inspecting the correlation coefficient (r) and calibration
errors, the 42573 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 wHhB3P

and the mass of the samples it was confirmed that the exoskeletons are made almost entirely of
cdcium 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 &fl8%on 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 minimaider 3.33%) for the selected wavelengths.
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The EDX analyses results are given in Fig. 3 and Table 1.
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Figure 3. Peaks in EDX analysis of sulfide residue

Table 1. Percentages of each element in EDX analysis of sulfide residue

Element | Weight % | Atom %
OK 60.46 66.52
Mg K 9.41 6.81
CK 6.35 9.30
N K 5.93 7.46
Si K 5.90 3.70
CaK 3.06 1.34
S K 2.73 1.50
Al K 2.57 1.68
PK 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, Na@l P elements wasbserved, 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 takitive abundance in the shells. Sulfur
canoriginatefrom both protein mass and sulfide added to precipitate heavy metals. Also, the
residual calcium and magnesium satgginate from the incorporation in the mass of the
precipitate. The largest amouritt@alaum and magnesium was removed dutimgheavy metal
separation protocol. Finally, the ratio of the elements extracted quantitatively from the sample
isSi:Al:Fe Mn=63.6:28.9:6:09 (atomic %) or Si: Al : Fe : Mn =59.926.1: 125

1.5 (mas$b). The other elements are below the spectrometer detection limit.

Conclusion

EDX and MRAES analyses revealed calcium to lpe far the main metallic component,
followed bytraces ofmagnesium, aluminum, iron and manganédgough some anmeals
namelyoxygen, carbon, nitrogen, silicon, sulfur and phosphorus aisceidentified 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 TR techniques in order to be able to detect at the molecular
level the SARSCoV-2 virus responsible for disturbing the world worldei Thus, in the
molecular biology laboratory, analysts must make very important decisions about the final
result of the RTIPCR test to determiriegiven several analytical critefiawhether the result is
negative, positive or equivocal. There are sitragiwhere the RPCR 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 decige what
the final resul of molecular test. This paper brings to the fore the involvement, dutyhaad
of researchers and specialists who must assume the final result of tAEMRTest in the
detection of the SARE0V-2 virus responsible for the global pandemic of Cel&d

Introduction

We are in the midst of a COVHD9 pandemic, and in Romania at the moment, we are sad and
terrified of the 4th wave of SARBS0V-2 infection, when the infection rate exceeded 12
positive cases per 1000 inhabitants, and when hospitals haxtgacds 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 gealsdiwith the
virus SARSCoV-1 (Severe Acute Respiratory Syndrome Coronavirus), which underwent
mutations being named in 2018 MERS®YV (Middle EasRespiratorySyndromeCoronavirus,

so that in 2019 we reach the SAR®V-2 virus (Severe Acute RespiratoByndrome
Coronavirus)1, 2, 3]

Tesing methods for the detection of SARRV-2 virus are very important, because the
accurate moleculaesult plays a very important role in the correct diagnosis and ideal treatment
prescription, enabling the doctor tare quickly and confident the patierj 5]. Thus, the
rRT-PCR1 the real time reverse transcription polymerase chain reaction is the molecular test
mostly used in the detection of the nucleic acid of SARY-2 virus. This technique detects
usually two or three of viral genes responsible for the infection, and one common
Coronaviridaefamily. The SARSCoV-2 virus is a beta coronavirus, singiganded RNA,
positivesense, part ofCoronaviridae family, and Orthocoronavirinae subfamily. From
molecular poihof view, the genome encodes some specific glycoproteins {sBikemembrane

i M, envelopg E, and nucleocapsidN) which can be detected with PCR techniqué (.
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For the first time, the quantitative rRACR technique for detection of SARV-2 virus was
devel oped in Germany, at the Charit® I nstitu
Human Organization (WHO) last year (2020) on January 13. Followed this method there were
subsequently reported others additional protocols which havesay #arget three different
specific genes: SARE0V-2 RNA-dependenRNA-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 extractioaggences and amplification; analytical
sensitivity, specificity, and precision.

The results of RIPCR 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 titeatoggosis, such

as: collection of nasopharyngeal secretions (swab type, sampling and collection method);
transportation and preservation of the samples; blood tests (neutrophils, inflammatory
biomarkers, lymphocytes); Gt cycle threshold value; and ifenessary the CT (computer
tomographic) examination.

Sometimes the RPCR results have to be evaluated taking in consideration not only the final
result, but also the detection of both two genes (common f&oitgnaviridaei E gene and

also SARSCoV-2 gere), 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,
eventhe RIPCR ampl i fication equipmentipgiese@espt hec
posi tiveo urpdperdgabates exacHyl 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 informatind the reagent insert kit specifications.

Experimental

The RT-PCR technique is a molecular method of detection of nucleic acid of AR

virus in order to establish if the patient is infected or not! The protocol involves the swab
sampling of he nasopharyngeal secretion, transportation and preservation of the samples, RT
PCR extraction and amplification. The analytical work was done in the Laboratory of Molecular

bi ol ogy from Banatodés University of Wmgricul't
Mihaithe fof Romani ao from Timisoara, Romania. Th
in a biological safety cabinet class Il (hood with biosecurity level 2), andatsonnel wore

protective equipment according to biosafety specificatibhe etraction was performed with

an automatic RIPCR extractor 48 from Bioneer, and the amplification was performed with the
RT-PCR Exicycler 96 from Bioneer.

We evaluated the RIPCR results since®bf January 2021 to 0of September 2021 from the
Laborabr y of Mol ecul ar Bi ology from Banatds U
Veterinary Medi cine" offi Ki RagmaMii ama eflr otmheTi Imi s
(BUASVMT). Thus, we performed a number 2590 total tests, from which the FACR

equipment gave u2440 negative results, 150 positive results, and 57 presumptive positive
resultsi that represents 2.2% from total FPCR tests This means that at least 2.2%
(presumptive or inconclusive positive) from total-RTR results had to be-evaluated by the

amalyst in the laboratory for setting the final FPICR result which was reported also to the

Ministry of Health from Romania and also to the patients.

Results and discussion

For an accurate RPPCR result, for each run we include a negative and a posititeotahat

is part of the insert reagent kit, and is absolutely necessary for an internal quality control. The
result for each control run (negative and po.
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onthe RFPCR equi pment c oActuBRawer PERhRreMiB reagane and dss

internal control, and for all samples we have to have a valid result for internal control.

The results of the RPCR amplification can be cleaut, negative or positive for SARSoV-2,

with valid internal control, wh nondetected gens d@oronaviridaefamily and SARSCoV-2

specific gend for negative result; and with Ct (cycle threshold) value for both E. and SARS

CoV-2 gend for positive result.

The Ct value is very important and could be a very important spetodin, but not singular, in

the right diagnosis and best treatment for the patient! Thiec@tle threshold in RIPCR is a

positive reaction and response, being detected by accumulation of a fluorescent signal. Ct is the
number of cycles required for thkiorescent 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 RNBARSCoV-2 load, and of course a lower risk of

Covid-19 transmssion [12]. The RIPCR 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

Bi oneerds AccuPower PCR reagent kidislowerhe ma x
33, which means that positive results have Ct values lower than 33.

However,theRPCR equi pment gives as a finaCoVresul't
2 positiveo result, that means that the resu
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 SB&RE2 gene, and also we can

evaluate the graphical presentation of the amplification curves. Figure 5 presents a case of
Apr esump tGow2 [BAKRISti veodo, but because -@G®/- can e.
2 gene was detected and the Ct was 31.87, and geadwas nodetected, we can give as a

final result as negative for SARSoV-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 positwith Ct values igher than 33, as indicating

minimal amounts of target nucleic acid our case SARE0V-2-RNA could represent early

or late infection, residual vaccine evenenvironmental contamination.

Ot her situations can be rodRHAPICIRIOL edvi ddh o afipas
and positive control for presented run.

Even if the final reported result from RFACR aft er ampl i fication is ¥
we check the graphical representation we can observe that E gene is not detdR88oSA

2 gene is detectedbut 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 patCow2infecto soinegati ve for SAR
There are many scientific experimental papers published aheuCt value regarding
COVID-19, which try to elucidate and make clear the importance and the right evaluation

and interpretation of the Ct value. Thus, PolBematto and her researcbam evaluated

the Ct value for children and adults infected with SAR&V-2, using RFPCR confirmed

infection, using a method that detects three ¢gangets, and the results were com|mdea

between children and adult©On the other hand, Ct value is cdated with some
hematological and blood biochemical parameters, such as: asjaniatgransferase (AST),
neutrophils, and monocytes [13].

Other scientific reports presented clear conclusive data about strong correlations between
Covid-19 and some bloodbiochemistry, coagulation tests, and inflammatory factors, such as:
leucocytes, lymphocytes, neutrophils, platelet, hemoglobin, total protein, globulin, albumin,
procalcitonin, Creactive protein (CRP), erythrocyte sedimentation rate (ESR),
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antistreptolys O (ASO), Ddimer, fibrinogen, lactate dehydrogenase (LDH), interletkin
(IL-6), interleukin2 receptor (IL2R)[14-18].

There is another situation wherethe-RICR result i s fAinvalido. I n
evaluate if the IPC (internal contyas 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 finaBtlRTCTR t est resul t ase Ai nv:e
Ai nval i do, and non-€oVefgenet ihdetecked. tn¢his easeahe nalRA R S
PCR result is AEquivocal 6o that means that tfF
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 nevewnd
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 Gd@anortality of some hematological

and biochemical markers. Thus, they evaluated 249 latigeitl patients infected with SARS

CoV-2 which presented elevated procalcitoninygactive protein, AST, serum potassium,
neutrophils count, RBC (red blood cells) count, and prothrombin time; while the lymphocyte
count, oxygen saturation, partial oxygenegsure, alaniraminotransferase (ALT), and
lactate dehydrogenase decrea$erhost of the situations having strong association with
mortality [19].

World Human Organization (WHO) Working Group on the Clinical Characterization and
Management of Covid9 infection publishes regular reports about the new findings regarding
this new and pandemic disease published in Lanbgectious disease a clinical report where

they underlined some endpoints used in clinical studies planned and done durind©ovid
outbreak and also clinical progression scale, presented a score of severity of disease from
Auni nfectedo t19[20ideadodo of Covi d

Having all this very complex data in our view, trying to bring new experimental proves and
findings into the world attention, evare part of this scientific work, and, also with our
experimental experience we come and adidrmation that can help in this fight against the
SARSCoV-2 virus and help as much as we can for all people to return to their previous lives,
to get throughhe disease easily or to get vaccinated and thus to develop antibodies that protect
usin thenearfuture.

Conclusion

RT-PCR technique is used with success for qualitative and quantitative detection of SARS
CoV-2 RNA viral infection and Covid9 disease.The samples represents swab
nasopharyngeal secretions and the molecular test involves the extraction of the RNA and the
amplification on RTPCR.

Most of the time the resultsfrom RAFCR t echni que i s verCpV-Zd ear ,
or Afnegas o metdi, mebsutt he result coul d -Cow2 fii nva
p o s i tandimtbese situations the analyst from the laboratory, usually geneticist specialist
(medical doctor, biologist, biochemist, or chemist) has to evaluate all data and irdarfreanh

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 RTPCR test. But there are more characteristics that should be taken in view and should b
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 paealytical phase (sampling the biological specifmém

our case the nasoplyageal secretions), analytical and pastlytical 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 genechtluring 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 electr@dmaterial, current density, interelectrode distance, and operatirg) time

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, speuwghicals 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 isrgrated.

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 émwere 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 appriate amount of sodium chloride (0.50 g), at 450 rpm

by a magnetic stirrer (IKA color squiGermany). The current density 8 mA cm? and the
interelectrode distance of 1.0 cm were applied. Electrolyte samples (15 mL) were taken at
certain treatmenirhes (1, 5, 10, 20, 40, and 60 min). All collected samples were centrifuged
for 10 min at 2000 rpm (Centrifuge Tehtnica
Spectroscopy (PerkinElmer Analyst 700, USA), according to the standard EPA 7000B method,
wascarried out for heavy metal analyses [2,3].

The efficiency ofelectrocoagulatiomemoval ofheavy metals (zinc, coppeand chromiun)

from thescreenvastewatewas determined by using tlequation [2:

" S 4o (%)

E, =

o]

Where:
Ewm (%) 1 the electraoagulation removal efficiency of a suitable heavy metal,
Co (mg L) andC: (mg L) 7 concentrations adinalyzecheavy metal in the screen
wastewater before electrocoagulation and at a particular operatiort)tinesgectively
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Results and discussion

Efficiencies of electrocoagulation treatmeemoval of analyzedheavymetals fromscreen
wastewater at precisely defined operating parameters (system with Fe and Al electrodes, curren
density of 8 mAcm?, interelectrode distance of 1 cm, and processsiof 1, 5, 10, 20, 40, and

60 minutes) are shown in Figure 1.
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Figure 1.Efficienciesof electrocoagulationemoval ofzinc, copperandchromiumfrom
screen wastewater

The obtained results of electrocoagulation treatment show that:
1 The efficiencies bheavymetals removal decrease irder: copper > zinc >
chromium.Thus, the nature of the metal affects the order of removal.
1 The efficiency of alheavymetals not linear increasesth increasing operating time
1 The operating process times of all thremvymetals are 60 minutes.

Conclusion

It is possible to remove heavy metals (zinc, copper, @rdmium) from the wastewater
generated while washing the screen prinitate by applying electrocoagulation treatment.
Maximum efficiencies of electrocoalgtion treatmentvith defined operating parametdis
copper zinc,andchromiumwere 87.3, 75.3, and 50.0%, respectively.
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Abstract

As the air pollution generated from mobile s
restrictions on pollutant emissions require the use of catalytic convertor as a standard on car
engines both Sl and CI. Due to incomplete costion in the engines, there are a number of
products CO, HC, NOXx, etc. that have a negative impact on air quality. The scope of this paper
is to characterize the performance of catalysts with different kasimiilum oxide, ceramics

and zeolite) and diffent 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 téued afte
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

Laserinduced breakdown spectroscopy (LIBS) has numerous advantages like determination of
ppb-ppm level concentrations, microdestructivity, the ability of making high resoliatierally

( Om) o-resoldeel (LOOMmM) 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 analytichhigue to assess the trace element
distribution of pharmaceutical and biological samples. As test samples, we used specimens of
chickpea milkvetch (Astragalus cicey, a perennial plant with excellent nutritional value and a
commercially available dietagupplement pill (Supradyn).

Experimental

The LIBS spectra were taken by using the J20GULBS tandem spectrometer (Applied
Spectra I|Inc., USA) with the following setti
integration time 1.05 ms, gate delay®s , repetition rate 10 Hz. T
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 wasmguit in half with a sharp scalpel and
embedding it in bluetech glue in order to fix them in the sample holder. Seédsagalus

cicerwere surface sterilized with 20% (v/v) sodium hypochlorite for 20 min, and washed with
sterile distilled water foutimes in 20 min. Seeds were dried on a sterile metal filter and we
polished them one by one usingtB0 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-sak¥ngth 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 556 0 % and t emper ature 25edantge@bigf or 1
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 angiesscope slide with doubkided

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 randasiérom

to red, where blue indicates low intensity and red indicates high intensity. As it ought to be, the
R —————————
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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 manufact@a 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, howey@ease 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. @g,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.

- -

Ca | 393.0 nm net intensity Mg | 285.2 nm net intensity

4000

40000 0

Mo | 368.4 nm net intensity Zn3.5 nm net intensity
—_——
1000 o 1000

Cu | 521.8 nm net intensity
0 6000 O

Figure 1. Optical microscopy image (top left corner) and LIBS elemental distribmaps 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 sAstragalus cicer
seedlings. The macroelements are presented in the plants in the range of mg/g concentration
whereas the
mi croel ements are in the range of Og/g. It
nearly homogenous throughout the whole péept 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 hashe 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 orgaadigtnibution 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 thesengents are more concentrated in the root than in the
cotyledon. Each map has a willlistrated 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 classicaMGRneasurements
where complicated sample preparation when digestion of the sample is a must.

A. Cis. K1

Fe 1404. 58 nm net itensity

1 1
0 6000

K 1766.49 nm net intensity Mn 1403.3 nm net intensity

I 1 I 1
0 300000 O 600

Figure 2. Optical microscopy image (top) and LIBS elemental distribution maps of the plant
sampe
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Abstract

Pharmaceuticalsna personal care products as pollutants (PPCPs) havedbtmtedn the
environmentn the last decadeshe major concerns with the ecotoxicities of PPCPs come from
prescription and ovethe-counter medications due to their specific targets on livegpésin

this study, the influence of the operating conditions of the voltammetric techniques, i.e., cyclic
voltammetry (CV), differentiapulsed voltammetry (DPV) and squasave voltammetry
(SWV) on the electroanalytical performance of fullereagbonnanofiber paste electrode-(F
CNF) for two antiinflammatory, 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 potentidhgaf +0.9V, followed by the oxidation at

the potential value of 1.16V vs Ag/AgCI. 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 ®p 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. Thiselectrode has a great potential for practical utilityNRX and IBP
determination in water at trace concentration levels
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Abstract

A series of Ce® supported Cu, Co, and Ni catalysts have been synthesized by the
wetimpregnation method for GQhermaocatalytic hydrogenation from 2004 00 AC i n t |
fixed bed reactor. All catalysts were characterized by XREisbtherms, and Htemperature
programmed reduction. XRD results have suggested that the incorporated &ud Glohave
uniformly distributed on the CeGsurface, N-isotherm analysis confirmed that the pores of

Ce(Q were blocked by incorporated metals andT®PR indicated strong interaction between

active metal and CeOThe CQ consumption rate and productesivity depend on the type

of active metal on CeO2 and reaction temperature. The order.afd@d@umption rate for 5wt%
catalysts was 5Ni/Ce>> 5Co/CeQ > 5Cu/CeQat 400 AC.,cdhsumptidnirateh CO
for 5Ni/CeQ was attributed to the presence ofremoumber of active metallic Ni during the
reaction which dissociatedzHnolecule to Hatoms. The formed fdtoms reacted with active

COz molecule and formed CHvith 100% selectivity.

Introduction

Carbon dioxide is one of the environmental pollutant gagesh is liberated by the use of

fossil fuels, high growth of petrochemical and automobile industries. It causes\gkriaing

in the atmosphere. The concentration ob@Qhe atmosphere can be diminished by the capture
and utilization or storage (CCY$1]. Among these methods, G@itilization is the most
important one. In this method, G@s 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 irhe chemical industry.

CO;+H:Y CO .0 dbkK =+41 kJ/mol RWGS reaction
CO;+4H Y CsH 2HO kK = -165 kJ/mol Sabatier reaction
CO+HY GCBH+HO kKK =-49.5 kd/mol

Methanol synthesis Active metalipported catalysts such as Pt, Rd, Rh, Co, and Ni 5]

have been used for the study of 3fatalytic hydrogenation. In these metals, Ru, Rh, Pt, and
Pd supported catalyst have shown high.G@lization. However, these metals are very
expensive. Therefore, naroble metals such as G0p, and Ni supported catalysts are useful
for COz hydrogenation. The selectivity of CO or géepends on the type of catalyst, support,
and reaction conditions. The @@atalytic hydrogenation at higlemperature results in coke
formation on the surfacd the catalyst which deactivates the active metal. It can be overcome
by the use of selective support. Metal oxides likgQ8| ZrO,, SiQ,, carbon materials, CeQ
TiO2, and MnQ [6-9] were used as supports to deposit the active metals for the study of CO
catalytic hydrogenation. Among these supports, £Jed3 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

CO; hydrogenation over Ni supported on different supports such as B, -AbOs, ZrO;,

and CeQ@[11]. In this article, we have chosen Ce#3 the support and incorporated different
non-noble metals like Cu, Co, and Ni to find out &80nsumption rate in CQhermacatalytic
hydrogenation and selectivity of the products QCQCH: in the temperature range from 225

400 AC in the fixed bed reactor under atmosp

Experimental

The CeQ supported Cu, Co, and Ni catalysts were synthesized by the incipient wet
impregnation method.The Rigaku MiniflékX -ray diffradcometer was used to record the X

ray diffractions of CeO2 supported catalyst
voltage 30 KV and current 15 mA. The Quantachrome NOVA 3000e gas adsorption analyzer

was used to measure Bldsorptionrdesorption istherms at 77 K. The hydrogen temperature
programmed reduction ¢H-TPR) was carried out using the Quantachrome Autesprb
instrument. The C&thermacatalytic hydrogenation has been studied in the fixed bed. About,

0.15 g of the catalyst was loaded a tenter of the reactor, GOH> (1:4 vol. %) flow rate 50
mL/min, and temperature 2004 00 AC wer e maintained. Before
Ni catalysts were reduced at 400 AC for 2h a
compositionof the gas came out from the reactor was analyzed by eggisehromatography

Agilent 6890N having a thermabnductivity detector and flarAenization detector.

Results and discussion

Fig. 1 shows the XRD patterns of Ce€upported Cu, Co, and Ni catsts. In Cu, Co and Ni
supported on Cefthe diffraction peaks of CuO, €, and NiO have not appeared which
indicated that incorporated metal oxides were highly distributed on the surface o6Qesd

in the detection limit of XRD. The textural progies are presented in table 1.
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Figure 1. XRD of CeQ supported Cu, Co, and Ni catalysts
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Sample Surface area Average pore size Total pore volume
(m?/g) (nm) (cm/g)

CeQ 139.5 8.95 0.28
1Cu/CeQ 132.9 8.17 0.27
5Cu/CeQ 131.6 8.12 0.26
10Cu/C®> 122.1 8.4 0.25
1Co/CeQ 132.4 7.9 0.26
5Co/CeQ 130.8 8.0 0.25
10Co/CeQ 121.9 8.1 0.24
1INi/CeQ 133.3 8.0 0.27
5Ni/CeQ 129.4 8.1 0.26
10Ni/CeQ 124.7 8.3 0.25

Table 1 Textural properties of bulk Ce@nd CeQ supported Cu, Co, and Ni catalysts

For the comparison study, the €&nsumption rates of 5Cu/Ce(bCo/CeQ@, and 5Ni/CeQ@
catalysts at 400 AC were present exhasphtainédi g .
a high CQ consumption rate compared with other catalysts. Ther @d€O, consumption

rate was 5Ni/Ce®> 5Co/CeQ > 5Cu/CeQ . The metallic Ni was more active towards
dissociation of Hmolecule to Hatoms which reacted with more active £3@olecules. Hence,

it showed a high C®consumption rate compared with other a®iCu and Co supported on
CeQ.
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Figure2. CO, consumption rate of 5Cu/Ce(bCo/CeQ, and 5Ni/CeQ@catalysts

Conclusion

In this work, we have reported the €€nsumption rate of CeGupported Cu, Co, and Ni
catalysts in C@thermacatalytic hydrogeation. The characterization results have confirmed
the existence of active metals and strong interaction with.Jé@ Ni supported catalysts have
shown a high C®@consumption rate compared with Co/Gesihd Cu/Ce® catalysts. The
selectivity of CH was hgher for Co and Ni supported on Ce®hereas CO selectivity was
higher for Cu supported on Ce(Hence, the type of active metal and nature of support has
influenced the C@consumption rate and selectivity of the product.
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Abstract

The useof semiconductebased photocatalysts (e.g. metal oxides) in sewage water treatment
is expected to be of great interest despite its shortconjitjgdHigh surface area organic
semiconductebased structures are promising alternatfeeshe photodegradation of various
organic pollutants. In addition, these polymer structures could be great backbones to produce
polymer/metal oxde composite photocatalysts by Atomic Layer Deposition (ALD).

Introduction

Organicbased semiconductors,ckuas conjugated polymers amry appealing alteatives of

the traditional metabxide-based photocatalysts, with easier recovery and visiblg ligh
excitability. Forming thes@olymers in a PolyHIPE (High Internal Phase Emulsion) structure
is a great way to produce high surface area photochemically active backbones with great
mechanical stability2].

The atomic layer deposition is a novel thin layer or nanoparticle synthesis method which is
based on the reaction of the gasased precursors adsorbed on the surface of the substrate. By
changingthe number of the cyclethe thickness of the layer or theeiof the nanoparticls

finely tunable.With this method, it is possible to deposit metals, metal oxides, selenides,
sulfides etd3].

Experimental

The composites were synthesized by atomic layer depositioasitieg titanium dioxide and

zinc oxide layers on the conjugated polymer support with different cycle number. The Beneq
TFS 200 ALD equipnent was used during the process. Theyahetized composites were
characterized by Scanning electraitroscopy (SEM), thermogravimet@amalysis (TGA) and
X-ray diffraction (XRD).

Results and discussion
On figure 1 (a) we can see the thermogravimetrige of the 300 cycle Ti)where the amount
of titanate was 12,13%.
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Figure 1. The thermogravimetric curve (a) and theaX diffractogram(b) of the 300 cycle
ALD synthetized catalyst.

Onfigure 1.(b) we can see the-Ky diffractogran of the 300 gcle 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 successily synthetized TiGQ/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 aal@evesse distribution

of the city. Theaim of the measurements wi@sobtain the environmental noise load values
producedby traffic mostly. Thefirst measurements were carried out in 2012 and they were
repeated on the same location spots in 200%8 and 2021

Introduction

Almost dl the informationsomeoneollects is acquired through sight and hearetgp(t83%
percent through sight and 11% through the hearfkighe present timenore and more people

live in large crowded cities. This artificial environmentompared to theatural environment

i can benoisy. It can be even harmful to the hearing. It goad ideao check from time to

time that our environment is still within the healthy limits.

The normal hearing of humaranges from 20 Hz frequency to 20000 Hz.[1]

The heaing itself is logarithmic. The industrial tools for noise measurements are based on
sound pressure level and the data are given in decibes@dBY?2] It is given by Eq.1:

0y ¢ 1 ép",gz—: Q6 (1)

w h e rpés theesound pressure fluctuation, gads the reference pressure fluctuation value
(audition threshold)pp= 20 OPa.
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 @ m

130 pain threshold

Table 1. Sound pressure level examples

The 85 dB or higher sound pressure level over a -@nm exposurecan causgermanent
hearing damage. Thdamage is cumulative throughout the entire life.

The auditory sensation dependstbe frequency of the sound strongly: at the same sound
pressure level a 200 Hz sound feels much weaker than a 1000 Hz is@amdbe visualized
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by the equal loudness curvegich are measured first by Harvey Fletcher and Wilden A.
Munson in 1933It wasrepeatedetween the yeé#000and2003.[3][4][5][6]

Professioal noise meters use weighting curves to show similar responses to the human hearing.
The A-weighting is used for auditory purposes. Ther€ighting is almost flat; that can be used
to measurehtereal physical sound presswalues[7]

Though +6 dB means twice the power, the human perception woekseparatevay. If a
sound is observevo times louder thathe previous oneé it meanst+10 dBhigher level8][9]
From 2018 the measurements veerextended to acquire samples of the>Gd CO
concentration of the airSo far all CO measurements were 0 ppm.

The atmospheric level of G 414 ppm by Mauna Loa Observatory, Hawaii (NOAZSRL)
[10]; the normalvalue of COy-concentration at sea leved 256350 ppm by industrial
recommendations. [11]

Experimental
Figurel illustrateghe different locations in Szeged where the measurements were carried out.
Locatiors 1, 3 and 5 are close to main re@ Szeged with heavy traffic. Locatis@ and 6 a&

near toless important roagl but sometimes they have heavy traftmo. Location 4 is chosen

to be farawayfrom any traffic; it is among housing blocks (sleeping drea heavydaytime
activity). The measurements contain morning, {ti&d/ and evenindata.

Just aut of curiosity the noise levels around the area oivibeth Days of Szeged (reatea in

the map) were measured, too. This festival is held in each Augsitiors 7 and 8 are used

only for these measurements

AV# W%
‘g‘ BERETELEF /

%\f {/

s e s DA
Figurel. Locatlons of the mesurements in Szeged
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Table 2. Measurement locations and descriptions.

location description (and GPS coordinates)

1 intersection of roads " Sz°@Kel7y2 8959
09.8426 E)

2 close to the inner city bridge 46 4 . N9 2609 . 6 056 E)

3 intersection of roads "R- mai krt .
(46°15. 696 008. 479@Q0E)

4 near a housing block, "Csabau. 43"(465 . 732 &1 0. 1168 0E)

5 school at "R-ku<g16k253808eZY0d@ s c |

6 school at "Boldogasszony sgt. 8" %4164 759808. 738A0E)

7 parking area at the bridge 464 . 9 3 3 0 ®. 4 1i @d@yGdE YDS

8 museum garden (46 5. 1 2 4 6’0 ol. 1 61 DiyddE YDS

Results and discussion

The following tdles show the current measured data for each location and all the previous

noise and C@values.[12]

location 1 Year | workday morning| workday daytime| workday evening
(7:00-8:00) (12:00-15:00) (20:00-22:00)
Sound level (dB) | 2012 61.9 N 55. 5 K 529N 6 . ¢
Sound level (dB) | 2015 64.6 N 58. 0 N 52.2 N
Sound level (dB) | ,.,q 58.6 N 56. 1 N 50.7 N
COz (ppm) 286 N 189 N 268 N
Sound level (dB) | ., 61.7 N 60.0 N 56.6 N
COz (ppm) 385 N 255 N 391 N

Table 3.Measurements on location 1.

location 2 Year | workday morning| workday daytime| workday evening
(7:00-8:00) (12:00-15:00) (20:00-22:00)
Sound level (dB) | 2012 59. 2 N 57. 4 N 54.9 N
Sound level (dB) | 2015 60. 7 N 56. 9 N 55.6 N
Sound leel (dB) | ,..q 59.3 N 60.1 N 50.1 N
CQOz (ppm) 293 N 193 N 273 N
Sound level (dB) | .., 57.9 N 61.6 N 54.3 N
CQOz (ppm) 390 N 301 N 330 N

Table 4. Measurements on location 2.

location 3 Year | workday morning| workday daytime| workday evening
(7:00-8:00) (12:00-15:00) (20:00-22:00)
Sound level (dB) | 2012 64. 4 N 63. 4 N 60. 0 N
Sound level (dB) | 2015 67.5 N 65. 1 K 60. 1 K
Sound level (dB) | . g 66.0 N 64.9 N 61.5 N
CQOz (ppm) 282 N 174N 4 258 N
Sound level (dB) | ., 67.8 N 66.9 N 65.9 N
CQOz (ppm) 416 N 263 N 291 N

Table 5. Measurements on location 3.
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location 4

Year

workday morning

workday daytime

workday evening

(7:00-8:00) (12:00-15:00) (20:00-22:00)
Soundevel (dB) | 2012 43.4 N 50. 0 N 42.9 N
Sound level (dB) | 2015 44.6 N 35. 3 N 42.1 N
Sound level (dB) | ,.q 41.4 N 42.5 N 41.9 N
CQOz (ppm) 270 N 169 N 262 N
Sound level (dB) | ., 52.1 N 52.0 N 50. 4 N
CQOz (ppm) 429 N 287 N 309 N
Table 6. Measurements on location 4.
location 5 Year | workday morning| workday daytime| workday evening

(7:00-8:00) (12:00-15:00) (20:00-22:00)
Sound level (dB) | 2012 57.5 N 49.3 N 51. 4 N
Sound level (dB) | 2015 52.1 N 51. 0 KN 49.0 N
Sound level (dB) | , . g 51.2 N 52. 4 N 49.9 N
CQOz (ppm) 285 N 189 N 266 N
Sound level (dB) | .., 62.8 N 55.2 N 52.3 N
CQOz (ppm) 428 N 301 N 311 N
Table 7. Measurements on locatib.
location 6 Year | workday morning| workday daytime| workday evening

(7:00-8:00) (12:00-15:00) (20:00-22:00)
Sound level (dB) | 2012 64.0 N 59.6 N 51. 9 N
Sound level (dB) | 2015 62.9 N 63.8 N 60. 2 N
Sound level (dB) | . g 57.4 N 60.3 N 60.1 N
CQOz (ppm) 279 N 218 N 237 N
Sound level (dB) | .., 64.4 N 63.8 N 57.1 N
CO; (ppm) 349 N 306 N 323 N

Table 8. Measurements on location 6.

Themeasuremesto check the noise levels of the Yoldhys ofSzeged are shown in tatfle
The samples were taken in the time period of 22400.

Youth Days of| Year | location1 | location2 | location7 | location 8
Szeged

Sound level (dB) | 2012 | 54 . 2 59.0 59.7 64.9
Sound level (dB) | 2015| 53. B2 | 6 0. 6 64. 2 61. 3
Sound level (dB) 2018 49.4 | 58.8 |62.5 |64.4 |
CQOz (ppm) 254 N 256 N 247 N 255 N
Sound level (dB) 2021 56.2 | 59.5 | 65.0 |70.4
CQOz (ppm) 333 N 279 N 276 N 269N 4

Table 9. Measurements duriNguth Days of Szeged

Conclusion

The results show that Szeged idirge city to live in. It has asomewhatquiet acoustical
environment. Even duringummerfestivals.
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Amazinglythe structure of the city is very good tbe air ventilation, too. The measured CO
valuesare quite low, despite the fattat sometimes the rasurements were carried aatl m
distanceonly from the motor vehiclegocation 2 and 6)In addition to this, there is a clear
indication that the Ce®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 isnemergingglobal issue. Thusiew efficientand sustainableastewater
treatment techniques are requireth heterogeneousphotocatalytic degradationthe
photogeneraté highly reactve radicalsmineralize the present toxic compounsisch as
pharmaceuticals. Ce@s a semiconductor metal oxide that belongs to the first generation of
photocatalysts [1]. Its utilization in photocatalysis under simulatedight irradiation(SSI)

can beimproved by the application of CeQOn nanoforms, when more economical
performances under SSI are reached by tailoring their optical bandgap. &mertiper way for
theenhancment of the photocatalytic activity of CeOnder SSl is the preparation of GieQ
heterojunction with another met al oyarde ser
recombinationThe Ce@-ZrO: binary system with a high ceria concentration and cubic fluorite
structure is considered a promising photocatatgsididate and was ded so far in the
photodegradation of Congo red under UV and SSI [2]. In this werkJmo-zirconiummixed
oxide (0.8CeQ-0.2ZrQy) was prepared bg simple, lowcost, environmentalljyriendly two-
step mechanochemicaynthesis. Xray diffraction (XRD) anbysis found the major phase of
cubic CeQ with an aerage cystallite sizeof around 37 nm, while scanning electron
microscopy (SEM) images showedgiomerates of 0.8CedD.2ZrCG, composed ospherical
nanoparticles (NPs) with sizes in the range 6298 . Raman spectroscopy confirmed the
structural features of the synthesized cerzimmoniumoxide NPs, while the use of diffuse
reflectance spectroscopy enabled the estimation of the 3.17 eV optical bandgap Hmergy.
photocatalytic efficiency of theewly synthesized NPs waavestigated in the removal of
tolperisonehydrochloride (TLP). Experiments were conducted in the poesef 0.8Ce@
0.2ZrG NPs andunderthe influence otwo types of irradiation (UV and SSI). Furthermore,
the effect of the initiapH value was also examined. The obtained results indicgteat
potentialof these NP# the removal of TLP fromanaqueous 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

o f t he measur i ngi Lsitnaan éo.n LAoNcoavtii o B andioative t h e C
measurement is in the city park called #ALI me
concentrations of @and NQ were taken into account (the indicative measurements were done

in a period of one hour). Both measuring points are locatadtime®iggest 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 by the state. Such a comparison of the measured

NO2 and Q 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 harmfl impact on the environment. Results of the measurements pointed out the
variations of air pollutant values; fos@27.78%6 and for NQ 92.78% difference between the

two locations that are 450 m apart from one another. The measurements were perftreed at

same time on the same day, temperature and relative humidity were nearly identical.

Key words: Air Quality, NitrogerDioxide (NO&), Ozone (@), City of Novi Sad

Introduction

City of Novi Sad is the administrative center of the SéuBacka districand 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 derddig88 citizens per 1 kfnNovi 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 ittays 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 emphageedere by Corridor

VIl (Danube river) and Corridor X (Central EuropeBlack and Aegean Sea), which have a
direct effect on the Novi Sad area. The city lays on a main European fo&dnihich 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 pollutant®h@sdone. 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 mosdttbe 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 i ndircemdn vimaunigegark. Om e me nt
the satellite picture below we can see the two measuring points and their distance.

|l ndi cative measurement (mobil e, Novi
Automatic measuring statigiNovi Sadi Liman)

Experimental

To measureur indicativerelevant data regarding to the qualityaif, relative to the N@and

Os pollution, the portable device Aeroqual series-B@@nitor was used, which can measure
and report changes of the leveiollution in real time. A norstandard and indicative method
was used based on an interchangeghatesensitivelectrochemical senso{fGSE) These GSE
sensors permit continuous monitoring of a range of gases at low mixing ratios [3]. The
measurementsdm the static measuring station were taken from the measuring station which
was installed by the IPA 2012 sustainable projéEstablishment of an integrated
environmental monitoring system for air and water qual#}"which was realized with the
fiSerban Environmental Protection Agency (SEBA)

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
suppe ment ed green park zone called ALiIi man par
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. @e#enones 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 maintenaricthe 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, upgradinghysicaland psychological public health [5].
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Comparative analysis of the measured concentrations of ozgren@@nitrogerdioxide (NQ)
that were done with the portable Aeroqual series 500 device and on the automatic measuring

station Novi Sad Limanare 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

. Nitrogen
. Temperature Relative Ozone (Q) o
Location [ AC] humidity [%] [By/rr?] dlo?é%(/ang]\l(l)
Indicative
measurerant
(mobile, Novi 21.58 41 56 46.21
Sadi iLi m
parkp)
Automatic
measuring
station (static, 21.71 43.27 71.56 23.97
Novi Sad-
Liman)

If we take a look at the obtained data on the two locations that were measurecinetigrse,

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 NovVi Sathn but the concentrations
of pollutants ozone and nitrogeloxide were at a visikl discrepancy. Provided that the

| ocati on
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o o o o
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Temper at uRelativg hdndidity Oz on e Nittogen Midxjde

No2 ( Og/

® Indicative measurement (mobile, Novi Sad - "Liman park")
= Automatic measuring station (static, Novi Sad - Liman)

Graph 1. Comparative measurements of average values
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The detected presence of NOn 7 L i ma92.78b morekthin an the automatic measuring
station Novi Sad Liman, while Q measurements a2/.78 | ess i n fALi man
extremely visibé difference in the detected amount of nitregexide 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 biatars w

still wuse obsolete propul sions based on dies

parko is a green zone that isn6t adequately
the air pollution inside of it (from the satellitevigsi ct ur e it can be seen
minimal tree canopy protection). Concentration of the detectadhi@h is27.78% less on the
automatic measuring station is unexpected and can be explained by the fact that the indicative
measurements were doinea 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 Sdd.iman is directly exposed to sunlight and UV rays is al$éactor

which resulted in an increase of the detected bad ground level ozone.

Presence of detected N@nd Q pollutants has a harmful effect on the respiratory system of
the citizens and also has a negative impact on the environment. Fact is thateheafmzone

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 dis@@s#se 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 [Bteathing air with a high
concentration of N@can irritate airways 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 emergencyaoms. Longer exposures to elevated concentrations efthy 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 gredbethes health

effects of NQ [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 ath 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 e8@d NQ. To raise the level of aguality, 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 patsehicles 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 transpdidn 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 pharmaceuticaldrimethoprim (TRIM) anantibiotic,and 5fluorouracil (5FU), awidely
used cytostaticwere applied as targstibstances to compare the efficiency of various AOPs,
such asuV (254 nn), UV/VUV (254/185 nm photolysis,ozomtion, and Q/UV process
Opposite that, here is no significant difference between the molar absorbandargxt
substancesTRIM transformedvery slowly, while 5FU degradation was fast in 254 nm
radiated solutionsThe lowintensity 185 nmVUV photonsghighly increased the transformation
and mineralizatiomate ofboth componentOzomation was highly effective foreliminating
both compounddHowever, the mineralization was limited due to the formation products being
resistant to ozone. Th@x/UV processprimarily increased the mineralizatioate, but no
significant change in the transformation rates was obseBa@dparing the individual methed

in terms of energy consumption, the @xd Q/UV combination was the most effective for
both compounds. The effect of biologically treated wastewater as a real gigtificantly
reduced the transformation rate in the cadg\60vVUV photolysis, whilghe matrix effect was
moderated foOs/UV and negligible or even positive for ozonation.

Introduction

Antibiotics are usedn huge amounts againbicterial disease®ue to their frequent use,
primarily in animal husbandryheirlarge quantitieare emited into thevastewateand finally

reach the surface waters agrdundwaterConsequentlythey appear idrinkingwater sources.

The traditional biological water treatment process not adequate for their complete
elimination; thusit is crucialto investigate and develop additive water treatment procHsses
caneffectively remove thedeazardougontaminations.

TRIM, which has been used since the 1960s, is mainly effectiveeatirtg urinary tract
infections and, at the same time, in the treatnoérdtitis media and bacterial diseagés.
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 countrieg2, 3]. 5-FU is one of the mosffrequently used chemotherapeutic
antimetabolite[4, 5]. In wastewates from hospitals, it can be detected in-1® 0 ‘&g L
concentration.

5-FU
Ff\NH
o~ NHJ*o

Fig. 1. Chemical structures of TRIM aridFU
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In this work the degradability of thesa/b drug substances with different advanced oxidation
processessuch asJV (254 nm)photolysis, UV/VUV(254/185nm) photolysis,ozomation and

O3/UV combiration, was studied_ow-pressure mercury vapor lamps radiating at 254aren
widely usedfor disinfedion [6]. The same lamp emitting 185 nm VUV photons besides 254
nm UV is used for TOC decrease and produces-pighy water for electronics and
pharmaceutical industries. In water and wastewater treatmengtarof©s) is often used as

pre- and postreatmenimethodq7] andfor water disinfectionThe 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 vapfLPM) lamps were used as lig sources. UV lamp emitting

at 254 nm (GCL307T5ICELL, produced by LightTegthaving227 mm arc lengthdovered

by commercial quartz envelope was used for UV photolysis. For UV/VUV photolysis-a low
pressure mercufryapor lamp having the same electric amgometric parameters
(GCL307T5VH/CELL produced by LightTechhaving227 mm arc lengthwas usedThe
envelope of this lamprasmade ofsynthetic quartzransmitting 185 nm VUV photons besides

254 nm UV light.The UV (254 nm) photon flux was determined yrioxalate actinometry

and that was ' mdbnoossa)ioeboth BPMdagnpslThe flux of th&85 nm

VUV photons was determined by met R‘anol@dbn act i n
s'1Inthe case df}V (254 nm), andJV/VUV photolyss, air, oxygen, nitrogeor O; containing

oxygen was bubbledontinuouslythrough the solutionOz was produced from ©Oby an
Ozomatic Modular 4HC silent electric discharge ozondi@iM (SigmaAl dr i ¢ h and098 . 59
5-FU(SigmaA | dr i c hsoluti€h®vd %) a n i n'fmoliL'ddolutibns @drelp@pared

in ultrapure MILLFQ water(MILLIPORE Milli -Q Direct 8/16) and500 mL solutionwas
treated in each case.

UV-Vis spectra of the samples were taketin 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 product&inetex 2.6u XBC18 100Acolumn(Phenomenex) (flow rat0.75 mL

min ', the mixture obhosphate buffeandacetonitrile80-20 v/v%), while for the analysis of

5-FU and its productsAminex (HPX-87H) column was used to separatd=8 and its
degradation productflow rate 0.8 mL mint, mobile phase: 0.005 Bulfuric acid was used.

The wavelength of the detection was 285 nm for TRIM and 265 nm-F&f. 3 otal organic
carbon (TOC) measurements were performed using an Analytik Jena N/C 3100 andalgzer.
amount of energy required is a model developed by Bffoin this work, biologically treated
wastewatewas used to study the matrix effect. Its parameters are collected in Table 1.

Table 1: Parameters of biologically treated wastewater

pH 7,8
conducti v ty ( O]1258
COD (mg dn?) 24,4
NH41 N (mg dm?) <0,4
HCQs' i C (mg dm?®) 103,4
NO3' i N (mg dm?) 3,37
CI' (mg dni®) 120
TOC (mg dmd) 6,9

103



27th International Symposium on Analytical and Environmental Problems

Results and discussion

The efficiency of direct photolysis is determined by the molar absorbance of the target
compound at the irradiation wavelength dine value of the quantum yield for its conversion.
The difference between the molar absorbance values of the two compounds at 254 nm is
negligible:3650M ' cm'! for TRIM and3506M ' cm'?! for 5-FU. However, U completely
converted in & minutes(Fig. 2b) less than 20%f TRIM decomposedvithin 90 min in
dissolved Q containing solution (Fig. 2aJhe low quantum yield of TRIM transformation is
most likely due to its intensiviuorescencaround 350 nm, in 254 nm irradiated solutions (Fig.
2c). For 5-FU, no fluorescence wasbservedwhich supports that after the absorptior264

nm photon,achemical bond cleavadakes place with quantum yield= 0.022. he intensity

of fluorescent light decreasby thedissolved Q (Fig. 2c), which suggestsahthe formation

of reactive species'@y, O/ o TQ:? ) may be responsible for thgight increaseof the
transformatiorrate.

1.0E-04 1.0E-04 B
a Ce08 s o o o ¢ b @
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8.0E-05 1% ° o o 8.0E-05 19 ©
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%4.0505 I:ID . sovvuvnz o HOE05 1 oF o
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Fig. 2.Kinetics profile of TRIM (a) and %U (b) transformation during UV, UV/VUV,
ozonation, ad UV/Os treatments, absorption spectra, and the effecb@inQhe emission

spectra of TRIM (excitation: 254 nm) (c)

200 250 450 500

Table 2: Initial transformation ratesd), electrical energy per orderd#, and effect of
biologically treated domestic wastewatemnaetrix onthe transformationf TRIM and 5FU

rd®( 1T 7m@s? Eeo (kWh m-2order?!) |Matrix effect (r o/ro®")
TRIM 5-FU TRIM 5-FU TRIM 5-FU
uv ~0.04 2.00 3.5
UVv/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

ro: initial transformation rate determined in Mil) water; ro: initial transformation rate determined in

biologically treated domestic wastewater as matrix
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During UV photolysisthe dissolvedorganic compound absorbs the photdng the 185 nm

VUV photons are adsorbed by waaeid result in the formation éf- and- OH (F 18°"= 0.33)

The low-intensity 185 nm VUV radiation highly increased the transformation and
mineralization rate of both substances, most probably due to tii®nsagith formed radicals.

The effect is much more pronounced TdRIM than for 5FU because ofhe relatively high
contribution of the UV photolysis to the transformatiédnsignificant effect of dissolved O

and 185 nm photons on the absorbance at #57Hig. 3a and b) indicates that both factors
affect the quality and quantity of the aromatic products and are required for efficient
mineralization.
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Fig. 3. The absorbance of the treated solutions determined at 257 nm versus tea¢noémnt

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 mol&ouQGs a quite selective
oxidizing agenteacts with organic substances. Thus, the TOC content remained constant after
a fast drop of TOC value; finalljpo more than 15% TOC can be remavedcontrast, during
UV/VUV photolysis, the decrease in TOC isiwtiauous despite the slower conversion rate
combination of ozonation and UV photolysis generally enhances efficiency dueselective

and highly reactive OH formation via UV photolysis of £ The Os/UV combination did not
increasehe transformaon rate but highly enhanced the mineralization withftmsation and
transformation of intermediatéBig. 3).

Regarding energy efficiency £€5), UV/VUV photolysis ozonation, and €UV combination

proved effective partly depending on the target compduim these casesve also examined

the matrix effecusingbiologically treated domestic wastewater. For VAV photolysis the

matrix decreased the transformation rate, while for ozonation increased that.

The most plausible explanation is that for UV/Viptotolysis, the dominant reaction partner

is the nomselective- OH, thus the competition between the matrix components and target
substances decreases the transformation Vdkale for ozonation matrix components can
behave as promotors and enhance rlaestormation of @and consequently the formation of
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reactive oxygercontaining species and transformation of TRIM arBWb In the case of
O3/UV a slightly negative effect for-6U degradation was observed since, in this case, hoth O
and radicabased tansformation are significant.

= 6
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°
TRIM o o 5-FU
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Fig. 4. TOC content versus time of treatment
Conclusion
In the present work,wo pharmaceuticalsirimethoprim (TRIM) an antibiotic, and 5
fluorouracil (5FU), awidely used cytostatiovere applied as targettsiances to compare the
efficiency of various AOPs, such &3V (254 nnj), UV/VUV (254/185 nnm photolysis,
ozoration, and Q/UV process The lowintensity VUV light highly enhanced the
transformation and mineralization rates. Ozonation was the most effforetransforming
target substances, but it was pretty inefficient for mineralization. In terms of transformation,
mineralization, and electrical energy efficiency, théUY treatmentwas the most efficient.
Moreover, biologically treated wastewater amaitrix 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 etctrodes. 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
( 2 ®QDs). 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°Cmns. The PL intensities of GQDs were measured

in the presence of Gtions in the concentration range’0. 5  O'nitovkas demonstrated that

PL intensities decreased linearly in the concentration rasgye @  O'mThé valle of the
coefficient of determination@® 0. 95949) i ndi c aGQBsor dplieatiop ot e n't
in optical sensing of C& ions.

Introduction

Due to intensive human activities such as agriculture and industry, a large amount of hazardous
substances is present in the environment. Usollltpnts 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 livingeings[1]. Mostly used analytical methods for aletection

such as inductively coupled plasma optical emission spectrometryQES), colorimetric,

and electrochemical methods possess some drawbackscdsghstruments, complicated
sample preparation, and long duration of the analysis. Therefore, some alternative methods have
been developef?, 3].

Nowadays, photoluminescence (PL) methods attract attention féid®s detection. One of

the most investigated materials on the PL detection field are graphene quantum dots (GQDS)
[4]. GQDs are 0D carbon nanomaterials built frorh Isybridized C atoms organized in the
hexagonal crystal lattice with oxygen contained functional groups (hydroayboxyl,
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 [Bh 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, bioimagindrug delivery, and optical sensif}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 teféslge effect, functional
groups on their surface, ef6]. Due to PL, GQDs were investigated as an optical sensor for
Co?"ion detection. Boonta et al. produced Sjdped GQDs for PL detection of bivalent cobalt
ions[2]. PL intensities of GQDs were measured in presence dfiCthe concentration range

of 06 0 O mdtlwaslobserved that PL of GQDs was quenched By &ul that intensities

of PL decreased |inearly from 0 to 40 Omol L
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Herein, we produced prisie graphene quantum dots@®Ds) from graphite electrodes in a
simpletop-downelectrochemical 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,
ethylenediamme (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 remeselwid

oxygen. In these conditions, we performed a structural modification of GQDs. Obtained GQDs
with amino gr oup-$QDiseThese GODdbveete ndestigated @ Pl sensors
for Co?* ions.

Experimental

Pristine graphene quantum dotsGEDs)were synthesized using the previously described
electrochemical methd@]. A water dispersion of-&QDs in the concentration of 1 mg ML

was mixed with 4% EDA and 3% IPA. In the final stage, Ar was pasedghdispersion.
Then, the mixture was exposed to gamma irradiation at a doSe&k@Gfy2 As a source of gamma
irradiation, a Ce60 was used.

To investigate a c he@Dsciafrared speotrpsocopy With &auriero f 2
transformation (FTIR) was-GQDs powwder wanused.HFFTIRR a n :
spectrum was recorded in attenuated total reflection mode (ATR) ofhdreno Sciertfic
Nicolet 6700 FTIRnstrument Thermo Fisher ScientifidValtham, MA, United States). The
spectral resolution was 2 ¢m

Mor p hol o-6G@Dswds exarbired by atomic force microscopy (AFM). Water dispersion
of -@@Ds in a concentration of 0.25 mg rhivas used for analysis. AFM images were
obtained usin@Quesan{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 noncontact highfrequencyapplication was used. Standard silicon tifgarfo and More,
Gmbh Wetzlar, Germany) with a force constant of 40 N'were used. Mica was used as a
substrate for imaging. AFM images were analyzed uSwgddion 2.5&oftware.

The optical -pQDswererinvastgated byfUViR pectroscopy. Dispersion of

2 5BQDs was prepared in a concentration of 0.25 mg-.nilhe absorption spectrum was
recordedon Shimadzu UW2600, U\AVisible Spectrophotometer (Shimadzu, Corpanati
Tokyo, Japan) at 20A 800inm the wavelength ran
For PL measur e men tGQDsan thkiceangeetrat®n of 0.12% rhg #dn5 o
met hanol was pr ep aiGObs.werd tecorded ehrotiba dobiro Yvon2 5 o
Fluoromax4 spectromete(Horiba, Kyoto, Japan). PL intensities were measured under the
different wavelengths of exciting light in the range 3@® nm, in air condition, at a
temperature of 25AC.

For detectionof Cdi ons, wat er -6QDsna coacentrationmff0.08) Mb?

was mixed with selected ions in the concentration range7of 05 O'mikhé PL lintensities

of -@@in presence of Cb were measured omdoriba Jobin YvonFluoromax4
spectrometerHoriba, Kyoto, Japan), under an excitation wavelengftt360 nm. PL spectra

were collected at room temperature in air conditions.

Results and discussion

Onthe UMVi s s p e c tGQDsr(Figure 1a2 dbsorption bands at 206 and one shoulder

band around 250 nm can be observed. The band at 206 nm is attribueedtéth t r ansi t i o
C in aromatic bonds. Shoulder band localized around 250 nm steams-frotnnt r ansi t i or
C=0 bonds. Results obtained by FTIR analysis are presented in Figure 2b. Three lower bands

at 2872, 2926, and 2868 drsteam from stretchingbrations of GH bonds in-CH and-CH;
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functional groups. The band at 1571'tmr i g i n a {cajsgatédrdonmins id 5-GQDs.

In the FTIR spectrum of pristine GQDs, the band at 1365 steams from symmetric
stretching of @C=0 groupg8]. In the samie 2 5-GQDs,this band is shifted 4373 cm' due

to reduction of the carboxyl group, under the gamma irradiation. Two bands at 1068 and 3363
cml, which steam from stretching vibrations ofNCand NH bonds, confirmed the
incorporation of amino groups the GQDs structure.

m-n' 100
ST caps a) +1-GQDs b)
90 4

80 4
70+

60
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Transmittance (%)

50 +
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Wavelength (nm) Wavenumber cm’’

Figure 1lUV-Vi s absorption (a) -e@b$. FTIR (b) spectr

AFM i ma g eGQDo(Figur2 3 a, b, and c) show that these GQDs are spherical, well
dispersed nanopatrticles. According to their height profiles (Figure 2 d atlteeneasured

height was between 0.5 and 2 nm which indicates that these dots are structured from one
graphene layer.

17 nm

mages b) with he-G@QDst prof

Emi ssi on s{GOhstumdar exgifadn ®avedength 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
excitationdepended PL, anitlis a consequence of various factors (quantum size effect, etc.)
[5]. Maxi mum of e miGHPS voas foupcea K55 oni undeban excitation
wavel ength of 380 +G@Dswemiilighhin tnedlaenpart of thesgectr@nd o
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257-GQADs

Ex. wavelength (nm)
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Figure 3. PL specta 0-6GQD2 Gnaler different excitation wavelengths (300, 340, 360 and
400 nm).

Emi ssi on s-GB@DOsinmprasered of @M the concentration range®. 5 O'mo |
show that PL intensities decreased with the increase in the concentratiofi @frSqFigure
4a). It can be assumed that’Cleads to quenching of PL intensity which can be described by

the SterAvVolmer equation:
AdA= 1+ Ksy[Q]

where A presents an integrated area under emission peak in absence of quencher, A is the

integrated ara under the emission peak in presence of quenches, 8ternVVolmer constant
which presents a slope of the curve obtained by linear fitting of dependedcefAjuencher
concentration data.

By the results obtained from linear fitting o#/A dependene of quencher concentration data
(Figure 4b, c), it can b-6QDs bexreases dingarlyt i thet
concentration range® . 5 O'nTe valle of the coefficient of determinatioh=R0.95949
ma k e sGQDSagood potential sarsor Ca* ions.
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Figure 4. P IGQBs@m)e AVA i tike depéndedce of €oconcentration b), results
obtained by linear fitting of experimental data c).

Conclusion

In this work, we successfully introduced amino groups in GQDs structur@nyg irradiation

in an easy, lowcost, ecefriendly procedure without using toxic chemicals. The presence of
amino groups in GQDs struct ur €&Qbsaemwmitbjuelight e d
and were investigated as a PL sensor fof* @ms. Obtaied results show great potential for

t he uGQ@Ds @roptical sensing of Edons, 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 eaungnts. 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 ofreall 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 SIX cut quartz substrate at 262 MHz, can achieve a 0.5 ppm sensitivity for NO
detecion [4], an Y-X cut LINbOs substrate can achieve a 3.5% sensitivity fop @ N [5].

A typical SAW resonator consists of a piezoelectric substrate, onto which pair of micrometer
comblike metallic electrodes is formed. This pair of micrometer electradecalled 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 substrateirin 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 travieg 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 gasssen

In this paper, we are studying the photolithography of silver delay lines onto a piezoelectric
substrate, through the negative phogsistor method. The piezoelectric substrate was prior
coated with a thick layer of silver using thermal evaporatith Emitech K975X thermal
evaporator. A thin film of U\photosensitiveoating was form onto the piezoelectric substrate,
using the spin coating technique. The image of the interdigitalised transducers was obtained
using a mask printed onto transparenhtomg 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, tk affect of the photoesist 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

Severalenvironmetal and public health problems are caused by tpk@&rmaceuticalsvith
biological activity released into the environme@onventional 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 studythe removal efficiencyf trimethoprim (TRIM) was investigated using

UV (254 nm), UV/VUV (254/185 nm) photolysis, ardV/S;0¢? and UV/VUV/S,0¢%
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/V/VUV photolysis due to théOH formation fromwater via
absorption of 185 nm VUV light. The addition 850s? highly increased théransformation

and mineralizatiomate in both casetue to the formation SQy'* At the highest concentration

of S0¢7, both UV and UV/VUV 1gsnm photolysisremoved theotal TOC content witlin 45
minutes.

Introduction

The consequences of the release of pharmaceutitakhe environmerttave become a global
problem in the last decade and caused several environmental and public health problems.
According tothe publitied literature, the global use of antimicrobials could reach 200,000 tons
per year[1l], and a significant part of that enters the wastewater. A considerable amount of
pharmaceuticals, primarily antibiotics, are also used as veterinary drugs. The comyention
biological wastewater treatment method is not suitable for completely removing these
components, so the increasing use of antibiotics significantly increases the risk of developing
antibioticresistant bacteria, dangerous for animals and humans fhjslstudy, trimethoprim
(TRIM), a widely used antibiotic, was used as a model compound, detected several times in
wastewaters and grey watdgd. TRIM has been used for treating various infections (e.g.,
urinary tract i nf e cehappliedtogehermwithsulfandnedesticdgedhsncea n d
their effect. TRIM consists of a pyrimidisg4-diamine and a 1,2;8imethoxybenzene ring
connected via a methylene bridgeq; 1).

| NH;
(@]
]
(|3 N)\NHE
CH, ©
3 ~

Fig. 1. The chemical structure of TRIM
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The Advanced OxidatioRrocesses are chemical water treatment processes based on the radical
generation anduitable forremovingsmall amounts oharmful organiccontaminants that
cannot be removed by biological water treatmént.this work, the transformation and
mineralizaton of TRIM were investigatedusing UV, UV/VUV, UV/S;0s¥ and
UV/VUV/S,0s? methodsWhile 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 $ adsorbed by water and produ&éel (2.8 V).Persulfate $,0s?) is apotent
oxidizing agent (2.1 V) that can laetivated by254 nm UVlight to form highly reactiveand

more potent oxidizing agentsulfate radicals(SQ/') (2.53.1 V) [3]. Consequently,n
UV/VUV radiated solutions containing0s?, both “OH andSQy'Acan form and cause the
degradation.

Experimental

Two low low-pressure mercury vapdLPM) lamps were used as light sources. UV lamp
emitting at 254 nm (GCL307T3CELL, produced by LightTeh, having227 mm arc length)
covered by commercial quartz envelope was used for UV photolysis. For UV/VUV photolysis
low-pressure mercuryapor lamp having the same electric and geometric parameters
(GCL307T5VH/CELL produced by LightTechhaving227 mm ac length was usedThe
UVIVUVigsoml ampds envel ope was synt senphotonsTheaar t z
UV (254 nm) photon flux was determined by ferrioxalate actinometry and that was the same
( 3. 6'8makdons ) for both LPM lamps. The flux fothe 185 nmVUV photons was
determined by methanol act'/imolgmagtry and found
In the case oUV (254 nm), andJV/VUYV 185 nm photolysis air was bubbledcontinuously
through the solutionGas bubbling was started at least 20 before the measuremeiiRIM
(SigmaAl dr i ch,so®du8.i ®m) wi t h*mal b'! coneenttaiion was rhad®ih 1 0
ultrapure MILLIQ water(MILLIPORE Milli -Q Direct 8/16).

Separation of the aromatic components in the treated solutions was perfgragiteht 1100

type HPLC, equipped with a diode array detector (DAD). For the analysis of TRIM and its
degradation product&inetex 2.6u XBC18 100Acolumn(Phenomenexyvas used a0 A C

The eluent contains 20% acetonitrile and 80% phosphate kthE#digw rate wag).8 mLmin

# and 20 OL s aTimpwawelength of the detpcion was 885 Motal organic
carbon (TOC) measurements were performed using an Analytik Jena N/C 3100 analgzer.
concentration of kD, was measured with a cuvette test by Merck, havingB56 6.00 mg L'
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 photolysiprimarily depends on the molabsorbance of the target
compound Opposite to the relatively high molar absorbance of TRIM at 254 nm (2942 M
cm' [4]), its transformation is negligible during the first 20 minutes due to the very low
guantum yield5]. After this induction period, a slow degradation can be observed in the air
saturated solution. One plausible explanation could be a slow atation of lowreactivity
species, such as H@DO; or CGs-.
Opposite to the low intensity, the presence of 185 nm VUV light highly improved the efficiency
(Fig. 2.) due to the formation AandfOH radicals from water:
H>O + hv (<190 nm)- H + OH F (AOH)185nm= 0.33 [6]
H2O + hv (<200 nm)- {e', H,0'} + H.0 - {e', H:0'} + (H20) - ey + OH + HzO"

F (€ )185nm=0.05 [6]
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In the presence of dissolved,®i*andex transforms into the less reactive H@nd Q -, and
the main reactive sgies is th@OH, which is a norselective, strong oxidant.

Table 1.Initial transformation ratsof T R1 M a t " Minitidll 1 0
concentration

S08? UV/air UV/VUV/ air
c(1104M) _To _TJo roUV/r QUVIVUV
(107Mis) (1107 Mis)
0.0 T 0.817 T
5.0 0.860 1.883 0.457
10.0 1492 3.383 0.441
20.0 2.983 5.267 0.566

The addition 0B8,0% highly enhanced the transformation rate in the case of both light sources.
Due to the 254 nm UV radiation fro8a0Os? highly reactive sulfate radicalSQs*) are famed:

S0% +hv- 2SO, F(SOM)osamm=1. 4 [N,8]0. 3
The SOy Ahassimilar reactivity tafOH; however, it is more selective and less reactive towards
organic substances. The reaction rate constants of SMTA@#thandSQuA were calculed

from the competition kinetics methoddy Luo
and 3. 8 8MGs.? eegpectively.

In theUV/S;0s? process, the relative contribution of tieect photolysigo the TRIM
transformation is negligible, ar®A based transformation is dominant. Comparing the molar
absorbances of TRIM (22 M't cm'Y) andS;,0s% (20i 22 M't cm' 1[8]), a higher portion of
the photons absorbed by TRIM even at the highest concentrat®®gft. (Table 1, Fig2).

I n the case of UV p hoM $OAywss adso investigated ewhitheis t of
slightly enhanced the tansformation.

1.0E-04 “r [ ) ° . A 1.0E-04 ’). o MQ
5e-4 M
8.0E-:05 |, ° 8.0E-05 §%°e o3
S ¢ A2e3M
5 6.0E-05 |, S 6.0E-05 | »
o o ¢
4.0E-05 |4 oMQ 4.0E-05 | 4
A Se-4 M ¢ B
2.0E-05 | , le3M 2.0E-05 | * °
A2e-3M A
0.0E+00 0.0E+00 ¢
0 20 40 60 0 10 20 30

t (min) t (min)

Fig 2. Effect of Na$,0s dosage otthedegradation oTRIM in the case of UV (A) and
UV/VUV 185nm(B) photolysis
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In the UV/VUV/S,0s? method,”OH and SG* based reaction also contributes to the
transformation. Iloth caseghe transformation rate of TRIM increases lineari theinitial
S0s? concentration but the effect 0fS,0s* addition is more pronounced in the case of
UV/VUV irradiation (Fig. 3). Due to the absorption of 185 nm VUV light by 8@, the
regenerton of the SQ* was supposed.

1.0E-06
7 5E 07 y = 2.25E-04x + 8.67E-08
‘»
= 5.0E-07 1 y = 1.3104x + 2.2508
2.5E-07 -
ouv
0.0E+00 e UVNUV
.0E+ ! :

0.E+00 1.E-03 2.E-03 3.E-03 4.E-03
C (S,04%) (M)

Fig 3. Effect of NaS,0s dosage orhe initial transformation ratef TRIM in the case of UV
and UV/VUVigsnmphotolysis

It is essentialto studythe mineralizationof biologically active compoundsDuring UV
photolysis,the mineralization of the treated solution is neglected; ¢ value just slightly
decreasedHig. 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 increhsingitial
concentration of £, the mineralization rate highly increased in both cases. At the highest
applied concentration of28¢?, the transformation rate of TRIM is higher for UV/VUV
photolysis Table 1), but the mineralization rate became i&am(Fig. 4.).

108 o0 ° o o J 106 o 5e4 M
® 1e3M
0.8 0.8 ° 423 M
A
o 6 A ) MQ
S 06 S 06
= Iy °
g 3
Oo04 © 04 - °
5e4M A P
[
0.2 |"1e3m A 02 |
22e3M B A A
A A A A " 4
00 A 4 0.0 . : : ]
0 30 60 90 120 0 30 60 90 120

t (min) t (min)

Fig 4. Effect of Na$,0s dosage otthe mineralizatiorof TRIM in the case of UV (A)
UV/VUV 18snm(B) photolysis
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The characterization of meth®dcludesthe energy investment; thughe electricalenergy

required for the 90% transformatiof TRIM was calculatedTable 2).

Table 2 The electrical energy required for transfoation 0f90% TRIM (kJ)and 90% of the

TOC cont e d%M initial coficentrdtidn0

c(S2067) MO
0 5 10 20
TRIM 90% uv 108 27 14 8
UV/VUV 1850m 24 12 8 4
1O uv i 233 142 68
UV/VUV 185mm 127 108 108 54

As Table 2shows, in the case of UV photolysis, even at the lowest concentratio@£f, $he
electrical energy consumptiomvas reducedsignificantly and approached that required for
UV/VUV photolysis Although thetransformatiorrates(Fig. 2.) andthe mineralization(Fig.

4.) were similar at the highe§Os® concentration using UV and UVUV light sources, the

energy consumption imuchlower.

Conclusion

The photolysis of TRIM without the addiion of $,0s* was only effective duringyV/VUV
photolysis The aldition of S;0s? highly increased th&ransformatiorand mineralizatiomates

in both casesAt the highest 80¢? (2.0l 1'®M) concentration, bottJV and UV/VUV
photolysiseliminatedthe TOCwithin 45 minutesThe dectrical energy consumptiavas lower

at eachS0s? concentratiorusing UV/VUV photolysis than UV photolysis, especially for

mineralization.
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Abstract

Vacuumultraviolet (VUV) photolysis is based on higimergy radiationl (< 200 nm)where
photons are absorbed by water and produce highly reactive species; priméﬁllyd—lé and

in smaller quantitiessg . VUV photolysis, due to the radicals formed, can efficiently transform
and mineralize organic contaminants without atityer additives. In this work, the effect of
different inorganic ions (€] NOs',HCG;'), present in large amounts in wastewater, was
investigated in the case of two different types of VUV light sources. The conventionally used
low-pressure mercuryapor Bmp emits both 254 nm UV and 185 nm VUV photons and is
widely used in water treatment for disinfection (254 nm) and pioduagh purity water
(254/185 nm). The other applied light source was theexeimer lamp, used mainly in the
laboratory scale, ensitquasimonochromatic 172 nm VUV light. Theffectof inorganic ions
during VUV photolysisiepends on theadical scavenging capacity, molar absorbasfaens

and the properties of the radicals and radical ions formed from them by VUV or UV photolysis
(for UV/VUV 185nm), Which is well reflected by the results presented.

Introduction
VUV photolysisis based solely on higinergy(l < 200 nm)radiation. In the case of VUV
photolysis the decomposition and mineralization of organic contaminants are initiated by the
reactions with reactive hydroxyi‘QH) and hydrogen radical§—0 formed during the VUV
photolysis of water:

H20 +hs (<190nm)Y H*+OH F172nm=0.42[1] F 1s5nm= 0.33[2] (1)

H2O +h3 (<200nm)Y [€', H:0"] + H20 Y [e', H20*] + (H20) Y end +’OH + HO* (2)

F 172 nm= F 185 nm= 0-05[2]

The quantum yield of th@®H formation from water is slightly dérent 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 185168 cm?
[3,4], while, at 172 nm, this value is 550 'dmConsequently, the penetration depth of VUV
radiation is about 11 millimeters for 185 nbut no more thaf.04 mm for 172 nm [5,6].
It is generally accepted that water absorbed VUV photons exclusively due to its much higher
concentration than dissolvedostances. Most studies about the application of VUV photolysis
to eliminate organic substances from aqueous solutions focus on reactions with primary
radicals, mainlyOH, and do not address the effect of matrix components; experiments are
performed mainlyn 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 highergy photons. By acting as a radical scavenger,
inorganic ions may also reduce the efficiency of VUV photolysis. Sdeee 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' (\&®, HCG3') present

in relatively hidh concentrations in biologically treated wastewatéis Tvork used two types

of VUV light sources the conventionally used lepressure mercuryapor (LPM) lamp
emitting both 254 nm UV and 185 nm VUV photons, and aexeimer lamp, emitting quasi
monochomatic 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 Xé excimer lamp(130 mm long, 46 mm diameter, 20, Wom Radium Xerade®") light

source for VU\72nm photolysis and_-PM (GCL307T5WH, 227 mm arc lengtd5 W, from
LightTech) for UV/VUVigsnm photolysiswere usedThe VUV photon flux of the lamps was
measured by methanol actinomettyhe photon fl ux of 172®° nm VU
MOlphotonS %, While the photon flux of8nm VUV | i ght'’ mohnsonsS3 Fo2tBe T 10
LPM lamp, the photon flux o254 nmUV light wasmolghotonS %, determined by ferrioxalate
actinometryThe HO. concentration was measured with a SpectrogHgO, cuvette testrom

Merck, using a Spectroquant Multy spectrophotometer (Merck, SNO72288high purity

salts used for the investigatiomvere purchasedfrom SigmaAldrich, and their purity

waD9 9. 9%

Results and discussion
During VUV photolysisof water, reactivdOH and™H are formed(1,2). h the absence of
organic matteland dissolved €) H-O. canform exclusivelyby the recombination ofoH
radicals (3]8]:

2’0OHY H:0, k= 4. 67i2l. 10M§0 (3
The dssolved @ changes the radical set, due to the additidt@ndreaction witheyq :

0, + HAY HOA k= 2. $°MTts1 0 (4)
O+ ed Y O k= 2. 6°MTs!1 0 (5)
10.0 o 5.0
oxygen ®oxygen
: ® uv/vuv 185 nm .
= _| Onitrogen ° — | Onitrogen
m§ 8.0 o E 4.0
S 6.0 o ° S 3.0 A
U K VUV 172nm =
N 401 e 2.0 A
Q ' Qe
< ¢ o o < .
S 2.0 - o o S 1.0 « o . .
0.0 ¢ T T 0.0 & < T < T
0 30 60 90 0 20 40 60 80
t (min) t (min)

Fig. 1. Thecorcentration ofH20 as a function of time during UV/VWdénmand VUM 72nm
photolysis opurewater

The recombination adO*andO. results inH»0, formation: o
9. 7TM'fst10

O '+ HO M+ HOY Oz + Ho0p + HO
Consequently, dissolved >Gsignificantly increases the rate of.® formation, partl

k=

(6)
by

inhibiting the recombination of Aand”OH radicals andnainly by the formation of H@'and
O. The pH is also a key factor because it determines the conaamti@io ofO,” 'andHO,"

(PKa= 4.8 [9).
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Table 1: Molar absorbance, concentration, relative absorbed photons, the equilibrium
concentration oH20,, and its initial (o) and relative formation rateo(ro®', where §®'is the
formation rateof H2O, determined in pee water)

UV/VUV 185nm VUV 172nm
185 F]; EOSR;] :; lo o CegdVMUV o rorge Ceq?VV
Co (M) ol absorbed En (llllsi; C rolro® C1 %) r(n cIJV'SI; (O ( Tera)
(%)

pure 55.50 1.62 100 5.2 i 0.68 247 i 8.54

water
Cl- 2.821 19D 2791 0.9 4.4 0.85 0.63 23.5 0.95 7.44
Cl- 3.40 10 9.5 2.0 0.39 0.49 9.3 0.38 3.73
NOs 2.421 10 5000 1.3 0.93 0.18 0.34 5.9 0.24 5.48
NOs 1.60 1'0 8.2 0.38 0.07 0.83 3.3 0.13 2.39
HCOgs 3.69: 1'0 269 1.1 3.3 0.64 0.16 8.4 0.34 8.81
HCOs 8.60 1'® 2.5 2.6 0.51 0.18 7.7 0.31 8.88

For VUV 172nm photolysis, theH>O> concentration changes according to a saturation curve as
expected. Both equilibrium concentration and the formation rate determinegdsetu@ated
solution exceeded that in>@ee solution (Fig. 1.) For UV/VUVigsnm photolysis, the
equilibrium concentration was reached after a maximum {&ige1), and no HO, formation

was in the @free solution. This kind of time dependence eDklconcentration is probably
due to the additive effect of 254 nnVVUight, which causes the photochemical decomposition
of the formed HO-[8]:

H20; + 254 nmY 2’0OH F(OH) = 0.5 7)
The reaction betwedr,0, and’OH consumedOH and produc¢i0,*[8]:
H.0, +OH Y 2 HOA (8)

The equilibrium concatration of HO; is more tharten times highem the case of excimer
lamp due to the much higher photon flux and slightly higher quantum vyield ofotHe
formation. However, probably the combination of primary radicats aitl ®OH) is more
pronounced inHis case due to the extremely high radical concentration within the thin (0.04
mm) photoreaction zone.

The concentration of€l', NO3', and HCQ@' in biologically treated domestic wastewater is
around=M, 47 18 1 an d 3N, respectivelyln this study, the effect of tlese
anionson HO» formationwasinvestigated. Wo concentration levels were used; one of them
was set close to thencentrations ahe givenionsin the biologically treated water. The other
concentration was set to the valueere the inorganic ion absorbstween 1% and 20 of the
VUV photon.

TheCl' is an effectivéOH scavenger. Its reaction after protonation can res@{AfL0]:

Cl' +’OHY HOCIA k= 9. 7M'fst10 9)

HOCIA + H*Y CIA+ H0 (10)
ThedirectVUV photolysis of Ci most probably also result Dl*andeaq (7) [1]:

Cl' + hrngs nmY CIA+ ey (11

In the presence of @hereaction withead can enhance thé.0, formation viaO2*. Moreover,

in the case of LPM lamp, the direct UV photolysis can cause the dissociation of the HOCI,
which is the recombination product@f’&and’}OH. Thus, the effect oEl' is quite complex and

not easily interpreted.

The negative effect of Clvas observed on the equilibrium concentration g4t its higher
concentration only in the case of Vi¥mm photolysis (Fig. 1.)However, in the case of
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equilibrium concentration changes only slightly.
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Fig. 2. Eftect ofCI' on the HO2 formation during UV/VUVYss
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Fig. 3. Effect ofNOs' on the HO formation during UV/VUV¥ssnmand VUM7znmphotolysis

Gonzale and Braun [11] investigated the VUV photolysis of f:N\@nd NQ'. The primary
species induced a series of reactions partially depleting &l NQ'. Transformation rates
depended on the presence of @d NQ', NO,', peroxynitrite, and BD were identiied as
reaction products after irradiation of N®@r NQOs' in aqueous solutions. A reaction mechanism
was proposed, where NCand NO are key intermediates and include many redox reactions
and reaction equilibria. The form&D,' react fast witHOH [11]:

NO +OH Y WO k=2 . 5°M'1§1 0 (8)

NO, +OH Y /n@H k=1. 0Wmisto (9)
In the case of LPM lamp the UV light must have a significant role besides Vo&/NQ'
absorb 254 nm UV photor{8.51 M'! cm'!), andits UV photolysis(10) increase the amount
of “OH and thus the concentration of®4[11].

NOs +hn( 254 nhHNOP+HO Y OB + NOS (10)
In the case of VUVs2nm photolysis, the formation rate and the equilibn concentratiorof
H20; significantly decreased with N¢D concentration. This can be explained by the;NO
formation and its reaction wittoH (8,9).The absorption of VUV photons also has a significant
contribution to the inhibition of KO- formation.In the case of UV/VUVssnmphotolysis, the
lower NOs' concentratiorhas anegative, while the highédOs' concentration has positive
effect on the equilibrium concentration of® whichc an be i nterpreted
formation due to direct Uphotolysis of NG (10).

by
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Fig. 4. Effect of HC@ on the HO; formation during UV/VUVssnmand VUM7znmphotolysis

HCQOs' significantly reduced thénitial formation rate of HO.. HCOs' did not affectthe

equilibrium concentration during VUY2nmphotolysisbut strongly decreased thatthe case
of UV/VUV 1ssnm photolysis The initial concentration of HC& has no significant effect in
both cases. The different behavior can be explained by the significantly differeint
concentrations and éhpresence of UV light.

Conclusion

The effect of inorganic ions depends on their radical scavenging capacity, molar absworbance
VUV range,and the properties of the radicals and radical ions formed from them by VUV

photolysis and/or UV photolysis (for \UVUV 1gsnm). This wok represestthe significant
difference between €INO3' and HCQ' on the HO. formation, in the application dfigh
intensity 172 nmiVUV andlow intensity185nm VUV radiation. Proper interpretatiaf the
experimental resultequiresfurther investigation.
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INFLUENCE OF DIFFERENT PARAMETERS ON DEGRADATION EFFICIENCY
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Abstract

The occurrence of pharmadeals 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 environmerif [ Photocatalysis occurs in the presence of light, i.e.qosoof

a specific wavelength, and photocatalyt 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 ftbhe environment. Applying
photocatalysis, organic pollutants da@degradd and completely mineralizkto CO,, H20,

and corresponding inorganic ions as products that are less detrimental to the environment in
comparison with initial molecule8]. Ciprofloxacin(Figure 1)is a fluoroquinolone antibiotic
commonly used both in human and veterinary medicine for treating various infectious diseases
mainly caused by Gramegative and some Grapositive bacteria4].

0O 0O

o0 a.

N
HN A

Figure 1. Structural formula of ciproflagin

In this research, we observed the influence of the nature of light on the efficacy of direct
photolysis of ciprofloxacinn the commercial formulation (dru@iprocina), as well aextent

of its photocatalytic degradation using ZnO as a photocatahyie presence and absence of
O.. Furthermore, the influence of the catalyst loading and the effesulastrateinitial
concentration on the degradation rate of ciprofloxacin was also exaniineddegradation
kinetics was monitored byFLC-DAD.
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Abstract

The applicability of oxidative laccase for both the degradation and the modificdtiignin in
agueous 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 watscible solvents are

often required in laccasmatalyzed oxidations dzause 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 4pbrenolic aromatic siicture

(80% of total lignin) [2 . Moreover, l igninds microporous r
laccase molecules due their large size (~6 nm) [§ and further decreases the overall
oxidation efficiency.The enzymaticoxidative polymerization of foutechnical lignins with
different molecular properties, Soda Grass/Wheat straw Lid&6WL), Organosolv
Hardwood lignin (OHL), Soda Wheat straw Lignin (SWBhd Kraft Softwood KSL) was
studied. All lignins were previously fractionated by acetone/water 50:50 (v/v) and the
polymersation of the low molecular weight fractions (Mw < 4000 g/mol) was carried out in the
same solvent systenThecomparativeslectrochemical behavior &fccasecatalysed reactions

of different substrate concentratiostsowedto be effective electron donar the reductin of
dioxygen to water ananay help us elucidate the suitable experimental conditionsafor
effective catalysis of laccase in lignin reactioiibe immersion of a laccasmated glassy
carbon electrode (GCE) in the solutions generated lzag®ytic currents easily recorded by
cyclic voltammetry at low potential scan rate&kewise, it was shown that theurrent record
varied with the substrate concentratiamd the type of lignin. A polymerization process of
lignins on the electrode suda was also observed by thecrease in the oxidation current
recorded in the same solutiaiyring a second scalm order to easily assess the differences in
the analyticakignalsto establish relationshifgmetween samples (objects) and points in aagign
(variables)}he principal component analys{ffCA) was applied to the voltammetric dafae
multivariate method PCA was used to simplify the discrimination betweguotiimerization
reactions of lignin samples from different sources to build a mdthraalection of favourable
parameters in the catalytic reactioridectrochemical studiesndicated that thdaccase
immobilized onglassy carbon electrodeirfacewas ableo catalyse the oxidation of lignin in
agqueousiacetone (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 shtetm events and loagrm changesAt 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 river§l, 2]; others focued on assessing the ecological status of rivers or the
impact of river pollution on drinking water. Most studies have been performiedsitn sensor
placemen{3, 4]. However, precision water monitoring devices, such as chemical analyzers, are
not widelyused 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, ammoniudNnd 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.

Weather station
e g

nx's

IP over
GPRS/LORA

g w @ S IP o Water pollution monitoring [ESEE-E ; E

e software application
& = Gateway

Administration and Maintenance

Multi -sensors platform

v
P
N

‘ National / International Agencies ‘ ‘ ResearchCenters / Universities ‘

Figure 1:Block schematic diagram of an smart sensor system

The ideaof the researchktarts from the need for retine monitoring of wateralong the entire
course and iteffluentsto assess water quality and determine the sources of pollutants resulting
from human activity.Developing of an intelligent system for monitay in real time the
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pollutants parameters of the rivers or urlseweragesystems represents the main aim of this
research.n this way, were used modern technologies such as-laltrgpower hardware,
transmission, processing and storage the data in CLandanalysis software solutions of the
data based on the artificial intelligence algorithms (Figurel'ijs, the noveltyf the study
consist inapplication and interpretation of an extended set of @atasing nobnly on a single

type of pollution, It to characterize and classify the entire spectrum of pollution sources using
the latest methods and technologesd possibilities to achieve a competitive product on the
market respectively.
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Abstract

A novel method development dase-induced breakdown spectroscopiIRS) uses
nanoparticles deposition on the sample surfaceaghdeves significant signal improvement
(nanoparticleenhanced LIBS, NELIBS) The present researchims at developing a
reproducible method of nanoparticle dsjpion that would allow spatially resolved NELIBS
elemental mapping of solid samples with an improved sigrabise ratio. The applicability
of the method is demonstrated on a monzogranite rock sample.

Introduction

LIBS is a micreanalytical techniquéhat uses short laser pulses as an energy source to produce
a microplasmaon the surface of a solid sampiehich breaks down sample material and
thermally excites the atoms generatedproduce an atomic emission spectridowadays

LIBS is being appliedn many research fields due to its unique set of characteristics. It is a
rapid, sensitive, versatilanalytial method which provides quantitative (ppm level) or
qualitative information about the sampie micro-destructive andequires practicallyno
sanple preparationthereforeallowsfast and direct analysis of solid and liquid (even gaseous)
samplesn a noncontact mannef~urthermore,he application of chemical imaging methods

or elemental mapping provides a spatial distribution of a single chespecies within a
complex sample, obtaining informationtime form of2D (or 3D)images and also offering a

high degree of discrimination between different soufte3.

Several nvel approaches have been proposed for the signal enhancenigéBSiin recent

years [3] Some of them include instrumental arrangemesush as doubteor multi-pulse

LIBS, microwave assistedr resonancenhanced.IBS, but thenanoparticleenhanced LIBS
approach simply uses a deposition of plasmonic nanoparticles ¢gNB®tal 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 emis® 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, wbih eventually leads to higher analytical atomic emission sigfigiste
lillustrates this effedi6].
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Although NELIBS has been successfully demonstrated as a useful signal enéaince
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 depositicoffee spot effect). At the
same timeLIBS is recentlybeing increasingly explored by geologists and the mining and
mineral processingndustry LIBS geochemical analysis is generally directed towards
quantitativeanalysis of the elemental contents ofk&/mineralsand idenfication of the
minerals (e.g. mapping @feochemical and mineralogical footprinf8). In the present work

we set the goal of investigating the applicability of the spray coating nanoparticle deposition
method for NELIBS elemental apping on a monzogranite rock test sample.

Experimental

In the deposition experimentsQ®5 mg/mL dispersion of Pelco NanoXact 30 nm Au Nres|

Pella, USA)was sprayednto al0 x 10 mm dicedsilicon wafer(Ted Pella, USA The
deposition was carriedub by acommercialspray gun (DU30 K) equippedwi t h a 200
nozzleand by employing a 3 bar pressure of argon gas. Surface particle concentration was
controlled by the spraying time%0, 25, 50 and 100 s. Teample was kept atdistanceof 25

cm from the nozzleandthe spraying wasollowed by oneminute drying under amfrared

lamp. Optical microscopy imagesf the deposition were taken afterwards with dyn@pus

BX-43 microscope.

Particle distribution of Au NPs resulting frospraydeposition were characterized by scanning
electron microscopy (9, S-4700,Hitachi, Japan)The quantification othe surface mass
concentration oNPs wagleterminedy inductively coupled plasma mass spectroyn@CP-

MS, 7700x, Agilent Technologies, USA) cm x 1 cm Si chipsvere masked with electrical
adhesive tapbefore the deposition experiments in order to ensure that only the exposed, known
surface of the substrate were covered by M#er the deposibn the chips were subjected to
agua regigtrace quality cc. hydrochloric and cc. nitric acids, VWR Chemjdatatment

which dissolved thgold NPs Matrix-matchedcalibration for the surface area quantification
was performed using certified calibration standardsI@¥PMS-71A and IMICPMS71C,
Inorganic Ventures, USAn the range of O ppb 100 ppb with the application of°Bi as
internal standard. All measurements were carried out by monitoring the signal ‘8fAthe
isotope.

The rock samples were preparedsuth a way that from each sample, a 30 mm thin section
was cutemploying a diamon cutter (StmgeDiscoPlan) to form 35 x 20 x 10 mm rectangular
bodiesfor mineral idenfiication by optical microscop§Olympus BX43) and theremaining

part of the bulk sample wasiamondpolished for LIBS analysisThe elementamap was
recorded using &200tandemLA/LIBS instrument(Applied Spectra, USAwith a laser spot
sizeo f 4 ,0266enm laser wavelength and 8ihJ pulse energyStepwise scanning was
employed and the emission spectrum in the 190 to 1040 nm range was colleeteadmber
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of repeated measurents in one sampling location (withoutranslation) was ten.
Measurements were performed a@b4ampling points in each mineral grain

Results andDiscussion

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 #ratitla tendency

of NP aggregatiof Fi gur e 2, right),-l wkeédhdeewsghlist s ohnp
hasalreadybeen observed for sprayatingin the literaturg10], andkey factorswere also
identified that determine the quality od spraycoated Aayerfi. These are the size and
dimensional uniformity of droplets in the spray and the droplet impact velduity.to the
presence of the liquid phase, there silh chance that the deposited microdroplets coalesce
before they dry, which strgty increases the probability of particle aggregation. It also has to

be added thate intuition tostrongly lower the NP concentration in the sprayed liquodihar

result ina longer spraying time in order to achighe required surfacenass concentratip

which again would increase the probability of microdroplet coalescence, due to the action of
surface tension and gravity.

250
Figure 2.0ptical microscopy (left) an8EM image(right) of a solid sample surfaspray
coakd withNPs. Please note that theft 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 nanoparticlg¢d, 5]. For spray coatinghe catrol parameters the nanodispersion
concentration and the spraying tinfes it can be seem Figure 3 the surface concentration
rangewe achievedvas from0 . 2 8 7 t o 20As teltithe incipasednthe surface density

of NPs increased monotonously, following a linear function for the spray calpasition.

The regression coefficienwas 0.7 which indicate 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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Showing Li | 670.7 nnandMg | 518.3 nmelemental 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 Li9]. 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 dispersiod.@ mg/mLof Au NPs, spraying in five
repetitionseach consisting of five seconds of sprayingth a NP surface concentration of
0.347gg/cn? on therock). 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 perforni¢dLtHRS
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 1 670.78 nm, whereas the Mg map is shown for Mg Isi.8.3
As can be seerthe LIBS mapping of the granitoid rock prdes 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 biotitedaamphibole 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 twdold signal enhancement could be achieved by NELIBS. The signal
enhancement allowdeus 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 transmembranegins 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 ainms to covalently fuse T4 lysozyme to the C terminud@fophilus influenzae
HI0610 membrane protein to study the structure of this fusion proteinrhay ¥rystallography

after cloning, expression, purification and crystallization.

HI0610 transmembranegiein 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-gkdctrophoresis tmvestigatethe presence of the
requiredmacromolecule. Optimization of protein expression was also perfonhece IPTG
concentration, temperature and time dependence were.t8stiesequently, the protein was
purified by affinity chromatography and the efficiency of-MI'A and Talon resins was
compared.The target protein was further purified by size exclusion and ion exchange
chromatography.

T4 lysozyme was successfully fused to HIO610 fugusdon symporter by genetic
engineeringGel-electrophoresis confirmed that the target macromolecuseaxpressed in an
appropriate amount. Optimal conditions for protein expression theréollowing in Luria

Broth medium: 3@C, 12 h of induction time, 0.5 mM IPT®uring affinity chromatography,

the target protein was recovered in high purity. Investigahe eluted proteins obtained during
protein purification using two affinity columns, we concluded that thBI'NA resin bound the
target protein more efficiently than that of Cdéon containing Talon resirHowever, after
affinity chromatography furiér 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 redeadedetectable contaminations
even by the sensitive silver staining and become suitable for crystallization and structural
studies.
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Abstract

In our workparallel measurement of wavelength dependent optical absorption, size distribution
and numberconcentration were produced using multi wavelength photoacoustic spectrometer

( 4RAS) and scanning mobility particle sizer (SMPS). For comparative study two uiffere

fuel type was tested at three different working points of the enghreethermal evolution of

the emission was also examined using thermodenuder (TD)Bimicdal size distribution of
emissions at reference temperature was achieved using pure petbaised fuel (B0O). 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
Angstr°m Exponent ( AAE)ative analysidod carba erdissibneande f o |
showed increased volatility of organic particles towards higher temperatures.

Introduction

In present daysuk to their climateand adverse healtimpact the investigation of diesel
particulate matter (DPM) have beergradually 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 constitueBotabet al.,

2013). Diesel engines equipped with a modern, sophisticatedtadiEiment system also meet

the new emissin standards. However, further restrictafremissions in this way is limited by
durability and maintenance. Emissibased fuel development is onetb& 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 tectide the air quality and climate implications

of the DPMassembly The size distribution, volatile classificationdaspectral responses of
dieselcarbon are critical parametdysth in climatic and also in health relevanciksecently
introduced in-situ measuremeninethod for volatile classification of DPM is based on
measuring the size distribution of a temperatoeated and denuded aerosol assembly
(Burtscher et al., 2001). The use of a thermodenuder (TD) for the pretreatment of depleted DPM
not orly 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 undesstateady
measurement conditions. @dsuring aerosol light absorption is alst&ey, climaterelevant
guantity. Moreover, the absorption spectrum of the LAC, which is quantified by its wavelength
dependenc@AAE) is the only physical quary that can be measured in réiahe andwhich
servescomposition ad air quality relevant infenations(Utry et al., 2014; Ajtai et al., 2015).

In thiswork, 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 usingifferent fuel typesusing scanning mobility particle sizer (SMPS) and
mult-kwav el engt h phot oa cRA8)SMe also stsdp theonteasured quargitres ( 4 o
in the function of thermal stability.
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Experimental

The experimental set up of sanmgl system what we used is shown kig.1 For the
measurement, a fowylinder EURO 4 PC diesel engine with dit2r turbocharged common

rail injection system was used to generate diesel exhaust emissions. The rear exhaust gas
concentration wagirther reduced fold with ejector dilter (Palas GmbH VKL 10). In any

given operating condition of the engine, the exhaust particles were treated thermally before
measurementn our experiments the measurements were performed with two different fuel
compositions (BO and B7) under three differengine loads (defined on fig. 1 as wp#1, wp#2

and wp#3) at three different denuding temperaturesA(@060A C300A L B7 For reference
petroleum based BO (biofree) fuel was used. For the investigation of biofuel effect BO was
blended with 7% FAME (Fatty\cid Methyl Ester) (B7).For reference measurements the
heating unit of TD was set to 40AC. Whil e,
150AC and 300AC respectively.

Wp #18201/s,0 Nm Exhaust
Wp #2 3000 1/s, 100 Nm 800 cm?/min
Wp #3 3000 1/s, 280 Nm a) T=40°C 3| 4A-PAS
b) T=150°C
c) T=300°C
EURO 4 Ejector )
Diesel diluter Thermodenuder
engine 1:10
T > SMPS
300 cm®/min
Diesel fuel 1 (FAME free, BO)

Diesel fuel 2 (7% FAME, B7)

Figure 1. The experimental sep of the sampling system. Operatory caod# of engine,
type of fuels, posterior temperature treatment conditions.

Results and discussion

The results of number concentration and size distribution measurements using BO and B7 fuels
at three distinct operational conditions of engine and tempesate shown in Fig. ZFrom

the fiteddata, 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 concentrati@vVC) was also inferred using a simple
spherical approach in the calculatioriedependently ofthe fuel used, a bimodal size
distribution was identified t a refer enc® ofi820 mpmetr OaNmuWhile af 4 0 A
wp#2 and wp#3a monomodal size distiiio n  a ¢ h i eC(Fégd2). Regardie8s/of engine
operating condition and fuel type, the monomodal size distributionshagn similar
characteristicthanin several previously described diesel soot emission studies (Butcher et al.,
2001).In generalyegardless of fuel type, engine operating condition, and sample temperature,
B7 fuel provides sinlar emission characteristics (i@ MD and GSD values) as BO, but with a

total number concentration (TNC) approximately2li¥ lower for allcase. In the trasition

from wp#1 to wp2, the number concentration decreases significantly while further increasing
the torque at a constant engineag in the transition from wp#2 to wp#hore or lessemained
unchanged. It is noteworthy, however, that although tliuemcreases from 100 Nm to 280
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Nm at 2500 rpnftransition from wp#2 to w#), the TNC values and the population of particles
show a high degree of similaribut varies slightly in population statistics.

B0and B7 at40°C B0 and B7 at40 °C B0 and B7 at 40 °C

1,0E5 |

8,0E4 |

6,0E4 -

dN (em™)
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00

T T 7
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2,6E6 -
2,4E6
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2,0E6
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16E6
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Figure 2. Size distribution and its chateristic parameters using BO and B7 fuelshaeé
different operatory parameters the test engine. Total Number Concentration (TNC), Count
Median Diameter (CMD), Geometric Standard Deviation (GSD). Total Volume

Concentration (TVC)

At higher torque (28 Nm), the population contains fewer small (less than GMD) but more
large (greater than GMD) patrticles than at lower torque (100 Nm) at the same speeagrf8500
(Fig. 2). This seemingly marginal change as a function of size distribution resulted iicargnif
differences in TVC valuesSimilarly, despite significant differencé&s TNC values measured

in wp#1 to wp transition the TVC concentration has remained more or less similar. This can
also be explained by the differences in the population statistithe emitted diesel aerosol
assembly.

The AAE value deduced from the measured absorptitimeabperational wavelengtlo$ the
multi-wavelength photoacoustic instrumentngsBO and B7 fuels at differemtorking points

of the engine are drawn in Fig. 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 carb@mactions. In this context Fig.8an be interpreted as

the Pllowing. The AAE value of B7 is higher than that of BO. Thidicates the presence of
organic carbon soot with high absorption abitbyvards the shorter wavelengthscreasing

the rev and torque the AAE value is decreasing and indicates increasmentlkand black
carbon dominancy in the emitted aerosol asserkinally, 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 higimeperatures.
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B0 and BT at WP1 B0 and B7 at WP2 BO and B7 at WP3
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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.
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Because AAE indirectly determines the ratio of organic to inorganic in the test sample,
examining the elationship between the number concentration in the population statistics and
the AAE data requires more extensive measurement that goes beyond this work.

Summary and @nclusion

The numbeiconcentration and the population statistics including TNC, TVOE® values

as well as the absorption responses including @A€ AAE values were measured at three
different engine operating points using pure petroleum based BO and BO blended with 7%
FAME content (B7) fuelsThe absorption spectra quantified ity wawelength dependency

(AAE) were deduced from the measured datargt 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 thaffu®l 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
demonstrated the applicability of the mudtavelength PA spectroscopy for the emission based

fuel development purposes. Finally, we also demonstrated a novel methodology for particle
evolution measurement using the combination of PA instrument and a thermodenuder unit.
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Abstract

Control strategies agairntste spread adintibiotic resistance should bensideredn wastewater
treatment plants. It is important to understand how resistant bacteria behave in the fesence
trace amounts of antibioticén order to implement appropriate measutlesour work, we
examined the population dynamics of resistant/sensti&phylococcus auregs-cultures. On

the one hand, we gained insight into the effect of trace amouatgibiotics (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 taon the resistant strain. Presumably, it triggers biological
processes in resistant bacteria tthatnot providea competitivebenefitbut disadvantage over

the sensitive subtype, and the trace level of the antibiotic present does not appear tteeaffect
sensitive strainsThe 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 batgrito 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 attackedf radicals generated during electron beam
treatmentlt 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.

I ntroduction

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 [2]. In addition, ionizingadiation has been admitted to be effective for
reducing the bacterial load vastewater and sewage sludge6]3 However, it should be
contemplated that the species present in these diverse microbial populations show different
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sensitivities to irradiatio [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
radiationinactivated bacteria are still metabolically active. The mechanisms are diffdrent

heat sterilization is used{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 experimentshaitteria 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 withor without the antibiotic (nooncentrated samples).

The electron beam (EB) treatment was performed using a Tesla Linael bR linear

electron accelerato®ur method is based omacrobiological assay edeveloped previously

[10-11].

We selected sesitive and resistanStaphylococcus aureuS. aureuy isolates (National

Coll ection of Agricultural and I ndustrial Mi
monitor the changein antibacterial activity. In this test the dynamics of a mixed
(sengtive/resistant) bacterial population gives informationtba effects of antibiotics in a
concentration well below the minimum inhibitory concentration (MIC). Inocula were prepared
from an overnight cul ture (i nestdinaganddmtheaase 37 A
of the resistant one, the freshly iforthecul at
bacterial suspensiopreparation This incubation time was sufficient to yield a culture
containing dead cells witteleasedjenetic iiormation, which is then available for the sensitive
cellsthat mayacquire 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
sampleswee i ncubated f orColdhycountogwasperfgrraed on3rgptoA C) .
casein soy broth (CASO) agar plates. After s
the inoculated plates were incubat ealonies 37 A
were counted.

The total colony count (sensitive + resistangswetermined orunspikedagar plates, while

resistant cells were counted on agar plates spiked with the corresponding antibiotic reaching a
concentration well above the minimum initdby 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 oxidatione@tment (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 sarfwatd no antibiotic added)n other

words, the difference between the control sample and the sample containing the antibiotic
(piperacillin) is no longer significant (based on statistical signitieaanalysis using GraphPad

Prism biostatistics software; multipleéest analysis was applied assuming equal variances). A
synthetic effluent wastewater was desigrech kinetically appropriate reflection of a real
wastewater samplespiked withantibiotic s a't environmentally relev
LT l).

The fraction of resistant bacteria in the population after irradiation is depicted in Fig. 1. The
concentration of the ant i Dl Astthe dosd imcreasds,ehee f f |
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amour of bacteria continuously decreases. Bacteria are not capable onhgowagar 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 (02kGy) than sensitive bacteria whéme 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 fig(ies 1A-B), the resistant
bacteriashow clearly higher sensitivity towards irradiation. This heglsensitivity does not
appeain samples without antibiotics. This leads to the conclusion that that the presence of the
antibiotic makes the resistant subtype more sensitive to irradiationmglyibe explained by

some ongoingbiological processes. Theensitive subtype is left intact at very low
concentrations of the antibiotic. In contrast, the resistant subtype becomes more depleted, less
prepared tdhe attackof free radicals. In addition, it can be recognized that a higher resistant
bacterial fradbn was obtained on plates containing piperacillin (Fig. @Bpparedo plates
containing erythromycin (Fig. 2AT.his observation may suggest that the resistant subtype that
survived treatment in the effluent matrix eventually became more suitabledieingron
piperacillincontaining plates.
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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) piperacilimt environmentally rél)evant
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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 couriing was performed on either (A) erythromycin or (B) piperacillin containing plates.

Conclusion

Based on our results, trace level of antibiotiosshmtbring aboutin advantage for thresistant
bacteria in a mixed resistant / sensit&@phylococcuswaeuspopulation. 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. Advandation
treatmentfteroptimisationcan be a capable technejo eliminate these effectdevertheless,

we also need to considirat the products from the effluent matrix also have an effect on the
bacterial culture. Moreover, antibiotics present at trace amount in the wastewater mk&ix m
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 (CDsare cyclicoligosaccharides with 6, 7 or 8 glucose residues joinedHy a 1
glycosidic linkage, produced from starch by enzymatic converfiloe. to the lack of side
effects, CDs are FDAapproved compounds for solubilizing, capturing, and delivering
lipophilic drugs in humans [1fnown for theirnumerous applications in the pheaceutical
industry, mainly as good carriers for different types of drugs, improving their solubility,
stability and bioavailability [2]. Some researches proved that g for encapsulation of
poorly soluble active compounds decreases the minimumeactiwcentration 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, analgesicjrdgtgmmatory, 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(®f [2
chloro-phenylcarbamoyiphenoxy}acetic acid € h y | e s tC® rwasvobtained ubing
kneading method. The inclusion complex characterization was achieved by modern analytical
methods, FTIR, UWis, TG/DSC, xray diffraction andSEM analysis. All obtained data
confirm the inclusion of the ethyl esiern s i d-EDcavitye b
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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 wétleascorporatian of N atoms

in the structure of GQDs. Thus;dbped GQDs were producethe norphology of dots was
investigated using atomic force microsgopJV-Vis and photoluminescence spectroscopy
wereused to investigatine opticalpropertieof modified GQDsThechanges in the intensities

of PL emission spectra were studied in the presence of different concentratiort$ anhdPd
pesticide carbofuraiWe observegromising results for the application ofddped GQDs for
nornrenzymatic PL detection of selected mébak and molecules of pesticide

Introduction

Since they havbeendiscovered in 2008. graphene quantum dots (GQDSs) 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
photobleachg, GQDshave been studied for different applicati¢®s3]. In their structure, a

small graphene sheet is a core of a dot, while differenbr@aining functional groups are
locatedatthe edges anoh thebasalplane[4]. Due to a large number of polar functional groups,
these dots are dispersible in water and polar organic solventaitéita size oGQDs is felow

100 nm, while their height varies depending on the number of the graphene layers in the
structure, from 0.5 nm for singlayered to a few nm, in the case of miatyered dot$3]. Due

to size, solubility and optical properties, GQDs are investigated for application in bioimaging
[5], sensind6], photodynamic therafy], sdar cells[8], etc.

There is a large number of methods for GQDs production and they all candsel dnto two

main groupsbottomup andtop-down.When dots are produced from small organic molecules,
such as glucose or citric acid, these methods are called bopothGQDs are obtained by
oxidative cutting of blk material based on graphene, ¢nggocedures belong to a tdpwn

group. Electrochemical oxidation of graphite rods is adoywn method, powered by electrical
current. Due to the electrolysis of the medium, reactive species such as free radicals are
produced and they cause oxidationgodphite[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 idiation, 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 oxygased free radicals and to assure
reductive condions, while EDA was added as a source of N atdis The dose of 200 kGy
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was applied. These dots were investigated as a sensor for theodetéctarbofuran and
palladiun{ll) ions.

Experimental

Electrochemical oxidation of graphite rods was used for GQDs synif®si&QDs were
dispersed in water at a concentration of 1 mg‘rahd thenisopropyl alcohol (3 vol%) and
ethylenediaming4 vol%) were addefll0]. Then, the samples were purged with argon for 15
minutes and consequently exposedamma irradiatioat a dose of 2000y atthe sterilization
facility of the Vinca InstituteThis sample is named-8QDs.

Atomic Force Microscopy (AFM) imaging was conducted using Quesant (Agoura Hills, CA,
Unites States) microscope. Tapping mode was chosen, in the air atmospheréNh&0Q
rotated, monolithic silicon AFM probe was used. Standard silicon tips (NanoAndMore Gmbh,
Wetzlar, Germany) were used with a force constant of 40'NDituted GQDs dispersions in
MiliQ water in a concentration of 0.125 mg rhlwere deposited with spicoated on a mica
substrate. AFM images were analyzed using Gwyddion 2.53 software.

UV-Vis spectra were recorded at a Shimadzu-2600 U\-Visible spectrophotometer
(Shimadzu Corporation, Tokyo, Japany@QD dispersion at a concentration of 0.25 mg’mL
was measured. Spectra were obtained at room temperature and a normal atmosphere. The
selected range was 2@00 nm.

The same dispersion was used for the measurement of PL spectra. They were recorded using
Horiba Jobin Yvon Fluoroma# spectrometer (Horiba, Wto, Japan). The excitation
wavelengths were from 300 to 400 nm. The concentration@fD dispersion in water was
0.0065 mg mt!. Spectra were collected at room temperature in the air environment.

PL spectroscopy was used to investigate the possibildgtection of Pd(ll) ions and pesticide
carbofuran. First, GQDs were dispersed in the concentration of 0.3 rhglimlhis dispersion,

the analytes were added. The concentrations of CF were varied fronn 101 0 Q. whifao |
Pd(ll) ions were adde2 0 0 & kot CF testing, the medium wasmethyl pyrrolidone,

while Pd(ll) 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 1la andd$¥ynthesized

GQDs showed an average height of around 1.3 nm and a lateral size between 10 and 30 nm.
For the NGQDs sample, large aggregates can be obsertedaverage diameter was around

18 nm for pGQDs, and 15 nm fapo-GQDs.
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Figure 1. AFM images of-@QDs (a, b) and MGQDs (c, d).
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UV-Vis spectrum of NGQDs showed the main absorption peak at around 2C2hdnsecond,

shoul der band at 274 nm (Figure 2a*) .t rTahnes ibtainc
i n-donai ns of GQDs. The second, Sshoul der band
groups. Based on this spectrum it is concluded th@gt@Ds h av e b edorhaingim o mat i
their structure, but also polar C=0 groups were detected too. The previous stwey shat

these dots also have amino groupsha structure[10]. Other optical properties, such as
photoluminescence was studied as walffigure 2b, PL emission spectra of®QDs excited

with light of wavelengths from 300 to 400 nm are presented. Aerdiit excitation
wavelengths, the center of the emission band wasgethfrom430, 432, 433, 441, 452, 465

nm for excitation at 300, 320, 340, 360, 380 and 400 nm, respectively. This phenomenon is
called excitatiordependent photoluminescence and issogiated with a diversity of dots size

and chemical compositigd1]. The highest intensity of thEmission band was detected when

the excitation wavelength was 360 nm (figure 2b). Modified dots emit blue light, which is
explained by the aromatic domains anélgpe of the dot§l2].
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a) 1.6 b)
= L6x10° —300
]4 T )
1.4x10°
~ 121 N-GQDs & 1200
= =
& 104 O roxiot
2 .
= 0.8+ 2 80xi0'
g &
% 0.6+ ‘:-:3 6.0x10" -
L= — 5
0.4 4.0x10"
024 2.0x10° -
0.0
0.0
T T T T T -2.0x10° T T T T T
200 300 400 500 600 700 300 400 500 600 700
Wavenumber (nm) Wavelength (nm)

Figure 2. UMVis (a) and PL spectra (b) of-SQDs.

The possibility of NGQDs usage in neanzymatic PL detection of pesticide carbofuran (CF)

and Pd(ll), was investigated using PL spectroscopy and these results are grieségiee 3.

First, CF was mixed with d6QDs in concemtat i ons of 10 LY whlethend 10 (
concentration of GQDs was the samé (@g mL?). As a solvent, Nmethyl pyrrolidone was

used, due to the insolubility of CF in water. With the increzs€F concentration, the PL

intensity was increased as well. These preliminary results indicated-(Bgté are possible
sensor for CF detection, whohe.the mechanism
In the case of Pd(ll) ions, the PL intensity was decreaseld thé increase of the ion
concentrations (figure 3b). These results suggest that PL spect@@QD8 are sensitive to the

presence of Pd(ll) ions, and these changes are particularly emphasized at low ion concentration
(5 md.th.
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Figure 3. PL spectra of 4QDs with diffrent concentrationsi n  £Yvob darbdfuran (a)
and Pd(ll) ions (b).

Presented results showed that PL spectra-dbped GQDsverechangé in the presence of

CF and Pd(ll) ions. It was detected tRatintensity was increased in the presence of CF while
ions induced the lowering in the PL intensitwus, the future investigation will be deducted to

find the concentration range where the linear response between the PL intensity and analyte
concentrdbns is occurring.

Conclusion

In this study, the possibility of the application of GQDs for sensing pesticide carbofuran and
Pd(Il) ions was explored. GQDs were produced gisthe ecologically acceptable,
electrochemical approach, while gamma irradiatiowdified 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(ll) ions and increased when
carbofuran was added. These tesindicate the ability of N5QDs to serve as a sensor for
selected analytes.
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Abstract

In this study, we developed polydimethylsiloxane (PDM$)ass microfluidic chips (MCs)

with the ability to function in a sequentially coupled way. We optimized their channefrpat

and demonstrated that this feature makes them a more effective tool for carrying out sample
preparation steps in single particle inductively coupled plasma mass spectrometryNspICP
such as dilution, counting, and characterization of nanoparffs).

Introduction

Single particle inductively coupled plasma mass spectrometry is a novel and effective
measurement technique, which is used for the characterization of the dispersions afr nano
submicronsized particles. By individually detectingotiisands 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 statisticalevance 1, 2]. Another outstanding advantage of spiuiS

is that the particle number concentration that has to be set for the measurement is low
(10°-10° mLY), thus the sample requirement is very sn@ll lh case of solid samplgsetting

the reqired NP concentration is no problem, however, the concentration difeeshmples is
typically not known, and its adjustment requires a lengthy procedure. As we haveisiown

our earlier publications, this task can be automated by utileimgrofluidic chip as an on

line sample preparation device interfaced vathiICP-MS instrument 3]. MCs can also be
potentially used to automate more complicated sample preparation steps, such as extraction,
enrichment, etc. MCs are cedfficient, easy to prode; compact and versatile devices with

the ability to handle lowolume fluid samplg MCs are usually made of polydimethylsiloxane
(PDMS) and glass]. Despite the MG great potential in IGIMS sample preparation, they

are not yet widely used. In spl&@WS, one of the obstacles in the way of their use is that the
high-level dilution (several orders of magnitude) neededndrbe achieved by using a single

flow mixer-splitter pattern. For this reason, in this study we developed new MCs that can be
used ina sequentially coupled manner, to extend thérandilution range of the system.

Experimental

An Agilent 7700X inductively coupled plasma mass spectrometerMSPwas used in all
experiments. Sample introduction was performed through our microfidelices 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
cooledScottspray chamber. The sample uptakerate a6 ¢ L/ mi n. The i ntegr

148




27th International Symposium on Analytical and Environmental Problems

set to 500 ms for the measurement of solution sanapleé<ms for nanodispersiong/hereas
the acquisition time was set to 60

The microfluidic chip molds were fabricated utilizing a Form 3 professional 3D printer
ushng fAHIigh Tempo resin (Formlabs, USA) .- Prior
1,1,2,2tetrahydrooctil)trichlorosilane layer (Gelest Inc., USA) was applied to the mold to
facilitate the removal of the cured PDMS fronTihe chips wereastusing 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 (PID2, HarrickPlasma, USA).

Cobalt sample solutions were prepared from 1000 mg/L CertiPUR slemzntal
standards (Merck, Germanyih spICRMS measurements, ultra uniform polyethylegigcol-
capped 47.8 (1.8) nm gold nanospheres were used {Slamposix, USA)Tracequality de
ionized water from MilliPore Elix 10 device equipped with Synergy poig unit (Merck,
Germany) was used for the preparation of all solutions. Ismatec-l$3. Hygon tubings
(IDEX, Germany)with 0.27 or 0.48nm inner diameter were used for the aspiration of liquid
samples. To drive the liquid samples to and from the M@snless steel capillaries with
1.2mm 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 tMSICP
nebulizer,a PFA tubing with 0.3 inneridmeter (Agilent Technologies, USA) and patches
prepared from silicone tubing with Inf@m inner diameter (Deutsch & Neumann, Germany)
were appliedFor the inspection of the flow conditions inside the MCs, an Optika TH00
type microscope equipped withdagital camera (Optika, Italy) was used, as well as a Kiralux
monochromatic CMOS scientific camera (Thorlabs,Ib&A).

All data processing was performed within the Agilent MassHunter (Agilent
Technologies, USA), Origin (OriginLab Corp., USA), avi& 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) argblid Edge(Siemens PLM Software, ,
USA) engineering design software.

Results and discussion
For the sequential coupling of the chifise sample and the déat flows had to be unitedand
properlymixed, finallythehopefullyhomogenous flow éto be glit into two distinct channels
using the same flow rate which was used when the two flows were combined. In an earlier
publication of o0 u jusctiowie thd noost efféctie pattern fynbimingit Wo
the flows [3], thus we kept on utilizinthis pattern At the same time, we had to study and
optimize the mixing processthe mixing is not cruical if only a single chip is used, because
then the ICPMS spray chamber provides adequate final mixing after nebulization, but in the
case of the usd gsequentially coupled chips, proper transfer of liquid from chip to chip is only
possible if the mixing is good.

For the purposes of mixing pattern optimizatioe,reproducedour patterns which are
commonly used in the literature, each with differgmrating principlesy, 6, 1. The mixing
in the Aserpentineodo pattern is strictly base
and Atesla valveo patterns are designed to
protrusions, thus splittg and recombining the flow over and ovEo. make the mixer designs
comparable, we designed thewith roughly the sameurfacearea also,becauseompactness
is a crucial feature in microfluidic&efore 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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channels (a.) serpentine, b.) micropillar, c.) fishbone, d) Tesla valve)
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Mixer design Serpentine | Micropillars | Fishbones | Tesla Valve
Number of inlets, their dimensions 3,700 x 350 um
Cross section of outlets 700 x 350, 438 x350 pm
Pressure drop [Pa] 2347 742 2451 5 303
Internal volume [pL] 105.5 75.0 47.2 35.3
Concentration difference bet:veen 211107 5.09.10% 218.10 4.74.10
the two outflows [mol/m?]

Table 1. Geometric, flow and mixing properties ot chlp designs

Based on the simulation results, all four designs can complete the mixing process withi
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 ttu processing speed
considerations). In additon to hydrodynamic simulations, we also performed micrssmgae
imaging experiments using fluorescent dyes. These revealed that the mixing is actually less
satisfactory than shown in the simulations, esglcin 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 (withoutanstrictionor protrusions),
minimizes pdential problems associated with the poor wetting properties of PDMS (e.qg.,
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 expantswere 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 distuaibces, 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 wth 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 exectedhe

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 mking 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 his reflects aery efficient
mixing.

Igure 3. Connection diagram of the two couplec S:
nanoparticle dispersion flow introduced withl0° mL* partlcle number
concentratonb) 270 eL/ min of deionized water f
diluted Au nanodispersion flow transferred into the second chips sample inlet, d)

540¢ L/ min of waste flow generated, e) 60

nanodispersion flow, which gets introduced to the-M®, X) blocked outlet.

Finally, an experiment was performed on two sequentially coupled serpentine chips,
using the arrangement shownFkigure 3. As the sample, a 47.8 nm gold nanodispersion with
the number concentration &f 10° mL™? 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 he 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 fatback from the expected valughis difference is caused by the too
high particle number concentration, which led tedetections 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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All in all, the chip coupling proved to be a useful and well applicable technique, which
extends our capabilities in terms of M@sed o-line nanodispersion preparation. In principle,
any number of chips can be sequentially coupled, thereby increasing the maximum achieavable
by more than ten times. With2unit, a 1006L0000Gfold dilution can be easily reached, which
is fully adequate fomost spICPMS 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 thesompounds their chromatographic
lipophilicity was determined. This study covers chromatographic lipophilicity k(log
determination using reversgthase ultrenigh performance liquid chromatography (RP
UHPLC) with polar aprotic and protic solvents and €b8imn. As mobile phases mixtures
methanolwater (60:40 v/v), methanalcetonitrilewater (30:30:40 v/v) and acetonitrleater
(60:40 v/v) were used. Also, a set of differensilico lipophilicity descriptors (log) and water
solubility descriptors (IgS) were calculated based on 2D and 3D molecular structures, as well
as the average |®pnd average I&yvalues were estimated. Two nparametric methods, sum

of ranking difference¢SRD) and generalized pair correlation metH@PCM)were used for

the gtimal lipophilicity paramaters selectionThe experimentally obtained lbgalues andn

silico logP and log values were taken into calculations for SRD and GPCM anaRssults
showed that majority ah silico descriptors are placed nearby the experitally obtained Idg
values and can be used as optimal parameters for lipophilicity estimation.
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Abstract

Xanthanor xanthan guns microbial exopolysaccharidieat is produedby aerobic submerged
batchcultivation ofbacteria of the gendé&anthomonasn the appropriate medisder optimal
conditions Due to its uniquestructure andexcellent rheological properties, xanthan is
commercially the most important biopolymer widelyed indifferent branchesf food and
nonfood industryas well as in agriculturélhe success of xanthan production process mostly
dependson the metabolic activity of applieanthomonasstrains and the composition of
cultivation medium Among Xanthomaas strains that are capable for xanthan biosynthesis,
reference strainKanthomonas campestri@TCC 13951is commonly used in industrial
production of this biopolymer. Besides, glucose and suaosehe most exploited carbon
sourcesn thexanthan producon mediaHowever, the rise in prices and the growing demand
for mentionedsugarandicate the need for usage of anotb@rbon sources. Although theck

of this idea is difficulty of the reference strain to successfully metabwitzst of appropriate
carbon sources, the isolation of nél@nthomonastrains and selection of adequate substrates
arecurrent research topics

The aim of this study was to evaluate the effect of various carbon sources in cultivation media
on xantharbiosynthesisby the refereoe strainXanthomonas campestisSTCC 13951 and
Xanthomonastrains isolated frortobaccdeaves.

Within the experimental part, the cultivateof reference strain artdvo isolates(D1 and D2)

on semisynthetic mediavith fructose glucosesucrose, lac&e and starch as a carbon sosjrce
respectively, were performed. Xanthan biosynthesis was carried out in aerobic conditions on
mediawith the same initial@arbon sourceontent20 g/L)att e mper at ure of 30AC
(rotary shaker, 250 rpm) for 120 The bioprocessuccessvas estimated based on the xanthan
concentration and rheological properties of cultivation broths.

The obtained results confirm the possibility of xanthan biosynthesil orvestigatednedia

by all examinedXanthomonastrains In applied experimental conditions, tteference strain

was the most pauctive on media with sucro$&2.62g/L), glucose (11.03 g/Landfructose
(9.18g/L), while the lowest produconcentratiorwasdetermined in the media thabntained
lactose(4.14 g/L) and starch (7.61 g/LOn the other handanthomonastrains D1 and D2
produced xanthan on fructose, glucose, sucrose, lactose anctstaaihing median 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, 5.08rgll4.85 g/L

as well as 9.27 g/L and 10.25 ghespectively Comparison of obtained results indicate that
strains isolated from tobacco leaves could also represent adequate xanthan producers, whereby
lactose and sucrose were considerethe most suitédcarborsources for cultivation of these
Xanthomonastrains in applied experimental conditioR&sults obtained in this reseasthdy
present 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 effecBiochar is suitable as an adsorbent of heavy metals due to its
advanages such as various sources of biomass, a large humber of microporous channels and
surface functional groups, as well as due to its economic viafiligre is no data about the
plum pomace biochar usage as adsorbent for lead remouais study, theplum pomace
biocharmodified withgamma irradiation (IrPP}¥ used for the removal of Phonsfrom the
agueous solutiomthe SEM micrographs revealed that surface morphology of plum pomace is
suitable for metal adsorptioihe resultof adsorption kinets demonstrated that the removal
process of PionsontolrPPfollows a pseudsecond kinetic modglivhich is confirmed by a
better agreement betweepc.~227 mg d*! and geex=224 mg d. Therefore, based on
preliminary research, it can be concludkdt IrPP originating from biowaste is a promising,
ecofriendly sorbent of heavy metal from wastewater.

Introduction

Due to the uncontrolled release of toxic substances from various indéestiigies into the
environment, the problem of environmerpallution 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 nw@untries, vaste biomass is
disposed of in open landfills, which pollutes the environment instead of being used as an energy
source or adsorbeft,2].

In this work, high temperature pyrolysis was used to convert plum pomace into carbon
materials.

Plum occupies a leling 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 br&mtnsive
production of plums, and then processing of plums in order to obtain brandies, increases the
amount of waste biomass that is generated asmduct of processing. Uncontrolled disposal

of pomacecan pose a great risk to the environni8t

In this paper, pyrolysis of plum pomace was performed to obtain carbon material that can be
used as an adrbent of heavy metalSurface modificatiof obtain carbon materiatas done

by irradiating the material at the source off€gamma radiation to improve the adsorption
capacity.Scanning electron microscopy (SEM) was used to analyse the morpholpyrof
pomace before and after irradiation.
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Theirradiated plum pomace biochanstested as adsorption materials to remov& Rins.In
order to define kinetics and adsorption process equilibrium, corresponding kinetic models were
applied.

Experimental

Plum pomace biochar (PP) is a carbah material derived from the oxygen
limited pyrolysisof plum pomace waste biomass. PP were produced pgintysisat 500A C .
Modification od PP was done using gamma irradiation of 50 kGy at t1%€ sdoirce. The
surface morphology of thePbefore and after radiatiqiirPP)was observed by SEkhethod.

Adsorption experiments

An estimate of the kinetic adsorption parametersrBP was exeated in a batch of Bb
solutions. ThdrPP dose of 0.025 g was added to 25 mL aliquo2s®mg L't P?* solution.
The mixtures were shaken at the different times intgfal0, 15, 30, 60, 90, 120, 150 and
180 min). The samples were filtered and theideial number of tested metals in filtrates were
detected by Inductivel€oupled Plasm®ptical Emission Spectroscopy (IE&PES 7400)The
adsorption capacity of tHet?’* ions(ge) were calculated based on the equatidixs

n a0 1)

where GandCe- the initial and equilibrium concentration (m&t), V- the volume of the metal
solution (mL) and rthe amount of sorbent (mg).

The adsorption kinetics was simulated wipseudefirst-order and seudesecondorder
modeds, respectively

adl A &h QBQ
- - —0

wherer] (mg d?) is the amounts oP?* adsorbed at timé(min't) andkz (g md* min‘?) are
the rate constants of pseufilst andpseudesecond model, respectiyel

Results and discussion

The surface morphology of PP ah®P was examined by SEM analysis. As can be seen

Figure 1 PP shows a smooth surface with a small number of pores and grooves. On the other
hand, the presee of pores and the appearance of small cracks on the surfa¢tPaire
noticed, which is probably a ¢pconeledgduhetnec e of
formation of pores on the surfacelmbcharcan be useful if this material is used as a sorbent

of heavy metals from aqueous solutions, because the gibmaseasier internal diffusion of

metal ions from wastewater.
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Fig. 1. SEM of PP (a) before and (b) aftadiation.

Adsorption kinetics
The adsorption kinetics of Pbions by IrPP were presented in Fige 2and the kinetics
parameters were summarizedrable 1.

Fig. 2. Pseudefirst-order (a) and pseuekecondorder(a) kinetic adsorption curvesldPPfor
P’*ions

Although both models described the kinetata well with all R higher than 0.9, the pseudo
secondorder model gave better fit§R>=0.9999 and compared to pseudicst-order kinetic
model (R=0.993), suggesting that the adsorption of Pty thePP was ascribed to chemical
procesd4]. Additionally, this was verified with the better agreement of theoreticgh)a@nd
experimentatesults (gexp for the pseudsecond model.

Table 1 The kinetic parameters 87" ions adsorption usingPP
Contaminant

PP
Oegrexp (mg gl) 224
Pseudofirst -order model
Oegeal (Mg d ) 66
ki (min'1) 0.124385
R? 0.993
Pseudesecondorder model
Oegeal (Mg ) 227
k2 (g mgimin'?) 8.5810%8
R? 0.9999
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