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The Perception of Social Responsibility among Studés in Higher Education
L&szl6 Berényi

Institute of Management Science, University of bliskH-3515 Miskolc-Egyetemvaros,
Hungary
e-mail: szvblaci@uni-miskolc.hu

Abstract

Professional solutions, including management syst@ma tool set presumes a certain level of
knowledge about the topic. Sustainable developmeantbe interpreted in many ways, an
engineer or an economist will emphasise differespieats. Furthermore, personal aspects and
non-professional opinions must be considered bec#usse will influence both consumer
choice and business strategy. The paper analysiditterence of opinions about sustainable
development and CSR between bachelor and maswrdewdents. It can be concluded that
the bachelor students have a more hopeful opinitrdifferences are not significant in each
factor.

Introduction

Personal and professional opinions about a prodectjce, process or organisation may be
basically different from each other. The knowledgeel of customers is limited and
influenced by e.g. advertisement, news, and opioioiniends. Professional knowledge may
be available at the product developers, produasisdaalers. An interesting challenge comes
from the fact that the corporation owners and decisnakers may be in the absence of the
relevant knowledge elements.

In order to be able to solve the global problems thasoning above is particularly true.
Exploring the personal elements of thinking is uké&kecause it allows to develop both tool
set of professional support and the educationaktstf

Experimental

The reports about the limit to growth has foreahsteglobal social and ecological disaster if
the present consuming habits were continued [1] TBE proposals were rejected but it has
begun finding the way out. The concept of sustdmdevelopment [3] and CSR (corporate
social responsibility) [4] are to highlight as cdepmanaging perspectives. The idea of true
responsibility [5] freshens the pursuits.

These concepts and the tool set behind them isncantsly developed, differentiation may

disappear in personal thinking:

- The ecological, social and economical pillars dftainable development have an
equal importance, but in practice the economic ooeers both the limit of
feasibility of necessary actions and escape frarésponsibility.

- The concept of CSR is earlier than sustainable Idpaeent [6], however its
popularity is due to the limits of sustainabilitgSR introduces ecological and
social issues as clearly subordinated ones to éssigoals.

- True responsibility refines the challenges and ibdigges. A truly responsible
corporation follows the basic principles of minimig transportation, maximal
justice in decision making, avoid of economism, gmuducing sustainable
products.

The empirical results presented in this paper dwtsseeks the practical differences of the
theoretical models. The paper focuses on the cdmepeive personal opinions of some
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selected factors of a wider research. There is rapanison between the subsamples of
bachelor and master students, the analysis trieexpdore whether the opinions differs
significantly between them or not.

The research on the characteristics of the futlaeagement generation has been launched at
the Institute of Management Science, Universitigkolc in 2013. The main goal is to give
an overview about the personal opinions, knowledgd attitudes of higher education
students who will give the next generation of cogb® decision makers of corporations.

The research sample covers respondents of the tditivef Miskolc in the data collection
period of autumn, 2014. The sample includes 26poamrdents, 221 bachelor and 48 master
students. The analysis uses the independent satigets calculated with the support of the
SPSS software. The results are not representativ@ulse the respondents are from the same
university and limited mainly to economical studeahd some mechanical engineering and
environmental engineering students.

Results and discussion

Components of sustainability

The survey asked to evaluate the importance of saeees related to sustainable
development on a 1..6 scale. The results may shimasan opinions, each factor is evaluated
rather important than not, but relative comparisallowed and useful. The overall picture
signs that social and environmental issues are nmoprtant than technological and

economic issues for the respondents.
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Social equality

Conscious shopping

Cheaper life

New technological equipment

Biotech news

Establishment and maintenance of peace

General simplification of administration

{11

Increase of corporate profit

® Bachelor students Master students

Figure 1. Bachelors and master students about sustainafuility edition, data on 0..100
scale)

Figure 1. highlights the differences between tHesamples. Bachelor students give generally
higher importance to the studied factors, but $icgmt difference is only detected in case of
social equality, new technological equipment aredithportance of corporate profit (Table 1.)
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Table 1. summarises the results of the analysisdeet the total sample, bachelor and master
level students. Figures are converted to 0.10@doalan easier overview.

Total | Bachelor | Master Statistical results of
sample| students | students comparison*
Social equality 73.5 74.9 66.7 1(267)=2.391 p=.017 d=413

95% CI [0.073, 0.754]

t(267)=-0.479 p=.633 d=-
Conscious shopping 76.7 76.4 77.9 0,077
95% CI [-0.393, 0.239]

t(267)=1.288 p=.199 d=0.228

Cheaper life 66.2 67.1 62.5 95% Cl [-0.120, 0.576]

New technological t(267)=2.048 p=.042 d=0.376

64.1 65.4 57.9

equipment 95% CI1[0.015, 0.737]
: t(267)=.0337 p=.736 d=0.058
Biotech news 71.4 71.6 70.4 95% Cl [-0.283, 0.399]
Establishment and t(267)=1.131 p=.259 d=0.185
maintenance of peace 83.9 84.5 80.8 95% CI[-0.137, 0.506]

1(61.436)=.0590 p=.557
721 | 726 70.0 d=0.139
95% CI [-0.308, 0.566]

General simplification of
administration

1(62.143)=2.648 p=.010
57.6 458 d=0.586
95% CI [0.144, 1.029]

OT

Increase of corporate profir 55.1

*(df): degree of freedom, p: 2-tailed significanevel d: mean difference CI: confidence
interval
Tablel. Opinions about the components of sustainabilityn(@dition, data on 0.100 scale)

Judgment on CSR

Another interesting question is what the next gatien of decision makers think about CSR.
CSR may cover the corporate efforts in harmony wlith business strategy. However, the
tools and methods may give possibilities for insne@ profit by mystification of consumers.
The survey formed some statements based on exgerviews. Table 2. summarises the
results of the total sample and subsamples, inotuthe statistical analysis of comparison.
Data collection and presentation uses the sameoghethin previous chapter.

There are significant differences between bachealmd master students are detected in
opinions about the problem-masking role (resportdebachelor students show the lower
average) of CSR and the level of required expefwmeaster students rather believe in the
lower expenses than bachelors).

There are non-significant, but other remarkabléedéhces in thinking to highlight. CSR as
tool of masking problems and dependence of suadessk on corporation size are to
mention because of the inverse evaluation of thesamples, but the responses show the
lower trust in usefulness of CSR among master siisde
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Total |Bachelor| Master Statistical results of
sample| students| students comparison*

t(216)=1.194 p=.234 d=0.214

Helps to achieve sustainability 67.6 68.4 64.1 95% Cl [-0.0139, 0.567]

: , - 4 1(220)=0.658 p=.512 d=0.137
Just a tool of making profit 57. 58.2 55.% 95% CI [-0.0274, 0.548]

(65.912)=-2.193 p=.032 dH
Only masks the real problems 511 49.3 590 0.484
95% CI [-0.925, -0.043]

Excellent marketing t(220)=0.417 p=.677 d=0.077

74.6 74.9 73.3

communication tool ' ' ' 95% CI [-0.285, 0.438]
Joins the goals and efforts of t(220)=0.953 p=.342 d=0.169
the business 648 | 654 | 6201 950, CI1-0.181, 0.519]
Can be successful only for t(197)=0.299 p=.765 d=.078
large corporation 49.7-1 501 1 4851 Moo CI[-0.437, 0.593]
Expensive to accomplish the t(188)=2.037 p=.043 d=0.493
actions 6521 669 | 5711 9506 C110.016, 0.971]

*(df): degree of freedom, p: 2-tailed significanevel d: mean difference CI: confidence
interval of mean difference
Table 2. Opinions about the goals of CSR (own edition, det®..100 scale)

Conclusions

* Most of the respondents have not learned about @S&etails yet (based on the
answers 12% has superficial knowledge and know dleitails), but it does not hinders
the building up a strong and definite opinion.

» Opinions about sustainable development reflectmbegpectations with a less weight
of economic aspects. However, asking about CSkRdhgrehensive picture shows an
opposite opinion.

» There are significant differences between the nesg® of the bachelor and master
only in a few studied factors. The results and otbeperiences of the research
indicates the necessity of rethinking the educadiod training contents.
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Uj Pd-Komplexek Azometin-Szarmazékokkal, és Fizikakémiai Vizsgalatuk

ifi. Varhelyi Csaba’, Nagy Renata-Ildikd', Pokol Gyorgy?, Szalay Roland,
Mihaly Judith #, Goga Firuta', Golban Ligia-Mirabela®

! Babes-Bolyai” Tudomanyegyetem, Kémia és Vegyészmérraikikolozsvar
“Budapesti Mszaki és Gazdasagtudomanyi Egyetem, VegyészmémBlomérnoki Kar
3 E6tvos Lorand” Tudomanyegyetem, Kémiai Intézetl&est
*MTA-Természettudomanyi Kutatékézpont, Anyag- ésyéizetkémiai Intézet, Budapest

KIVONAT

Kutatasunk soran Uj [Pd(monofenil-dioxigh)] (L = 2-amino-pirimidin, 3-hidroxi-anilin,
lepidin) tipust komplexeket, valamint Schiff-baZikal képzett komplexeket: [Pd(acetonil-
aceton)(diamin)], [Pd(dibenzoil-metag(diamin)] (diamin = o-fenilén-diamin, etilén-diamin
1,2-, 1,3-propilén-diamin) allitottunk @IPdCh, monofenil-dioxim, ill. a megfelél Schiff-
bazis és amin, ill. diamin reakcidja soran a megjfeblddészerben. Szerkezetliket és fizikai-
kémiai sajatsagaikat tomegspektrometriaval, infrasé és magneses magrezonancia
spektroszkopiaval, por-rontgen diffrakcioval ésmeanalitikai modszerekkel (TG, TDG és
DTA) vizsgaltuk.

A Pd-komplexek fontos szerepet téltenek be katadiké&nt valo alkalmazasukban a
legkulonfélébb szerves kémiai reakciokban [1]. Tolstul-katalizalta reakciét ipari
koérilmények kozoétt is megvaldsitanak. A Pd dragaesfém, de ara elenyésa Rh, Pt, Ir,
vagy Os mellett. Bioldgiai aktivitasukat iltegn, bizonyos enzimek inhibitorai, melyek a
cukorbetegség kezelésében hasznalatosak, masdkogilauelleni potencialis gyégyszerek
[2]. A Pd-komplexek, a palladium platinahoz valéstialésaga kovetkeztében, potencidlis
rakellenes szerek [3].

ABSTRACT

In our research we synthesized novel [Pd(monophaioyime)yl,] (L = 2-amino-
pyrimidine, 3-hydroxi-aniline, lepidine) type comepks and with different Schiff-bases:
[Pd(acetonyl-acetongyliamine)], [Pd(dibenzoyl-methangiamine)] (diamine = o-
phenylene-diamine, ethylene-diamine, 1,2-, 1,3-pee-diamine) by reacting PdClI
monophenyl-dioxime, respectively Schiff-bases wammine, respectively diamine in the
corresponding solvent. We analyzed their physicoob& properties using mass
spectrometry, infrared-, NMR-spectroscopy and tlem@nalysis (TG, DTG and DTA).

The Pd-complexes have an important role in manyaracgchemistry reactions as
catalysts [1]. Some of them are used in industhe Pd precious metal price is high, but
compared with Rh, Pt, Ir, or Os is infinitesimakdarding the biological activity, they inhibit
some enzymes which are important in anti-diabétcapy. Some of the Pd(ll) complexes are
anti-glaucoma drug candidates [2]. Due to the sintyl between Pd and Pt, the complexes of
palladium(ll) can be considered as potential antiea agents [3].
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BEVEZETO

A palladium kémiajanak egyik legjfb jellemje, hogy a 4 d elektronhéj teljesen fel van
toltve, és egyben kdnnyen feltérbethasonléan, mint a Pt 5 d elektronhéja. A plaéhat
abban kilénbozik, hogy sokkal reaktivabb. Ez angdg a Pd kémiajaban is tukédik, mint

pl. a valtozo6 oxidacios allapot (0, 1, I, IV).

A Pd* a dominéns oxidaciés allapot, és altalaban ezdemazékok diamagnesesek,
kis spiri o® allapotiak. A Pd komplexeket képez O-donor (alkoxidok, karboxil4tok
B-diketonok és mas kelatk&pzZigandumok), N-donor (aminok, azometinek) és vagye
N, O-kelatképé szerekkel.

Rengeteg ligandum allithaté 6el kondenzacidés reakciok uatjan karbonil-
szarmazékokbdl kulonféle amino-szarmazékokkal. dvdioximok [Pd(DioxH}] tipusu
komplexeket képeznek (DioxH= a-dioxim), ahol a ligandum altaldban a N-en kerdszti
kotodik. E szarmazékok enyhén savas kdzegbendkiygk (pH = 1 — 5), ellentétben a Ni-
szarmazékokkal, enyhén bazikus kdézegben oldodrakagentat [Pd(DioxHPH] hidroxo-
komplexeket képezve. A [Pd(DioxH)tipusu komplexeket legképpen a gravimetrias
analitikai meghatarozasoknal hasznaljak.

FELHASZNALT ANYAGOK ES ELJARAS

Felhasznalt anyagok: PdCImonofenil-dioxim, acetonil-aceton, dibenzoil-met&-amino-
pirimidin, 3-hidroxi-anilin, lepidin, o-fenilén-diain, etilén-diamin, 1,2-propilén-diamin,
1,3-propilén-diamin, Et—OH

Eljaras: a) a PdGhizes oldatat monofenil-dioxim etil-alkoholos oléaal elegyitjik, és 1 — 2
oran keresztul forraljuk (molarany 1:2). Ezutaroéfathoz hozzaadjuk a megfélemin etil-
alkoholos oldatat (Pd/amin mdlarany 1:2), és toviaiytatjuk a forralast még 1 — 2 6ran at.
A keletkezett terméket vakuum alattigidk hidegen, viz-alkohol (1:1) eleggyel mossuk, és
levegin szaritjuk.

b) ebszor eballitijuk a megfeled Schiff-bazist acetonil-aceton, ill. dibenzoil-meta
etil-alkoholos oldatdnak és a diamin (o-fen, er2-dn, 1,3-pn) etil-alkoholos oldatanak
elegyitésével és keverésével hidegen vagy enyhegitedsel (mélarany 2:1). A keletkezett
Schiff-bazist lesirjik, majd etil-alkoholban oldjuk, vagy ha nem kaki, akkor az oldatot
hasznaljuk, és a PdClizes oldataval elegyitjik, majd 1 — 2 oOran keti@szorraljuk
(mdlarany 1:1). A keletkezett terméket dgtik, vakuum alatt dmjik, viz-alkohol (1:1)
eleggyel mossuk, és lev@gszaritjuk.

Lejatszddo reakciok [Pd(Fenil-Dioxk{2-amino-pirimidin}], [Pd(dibenzoil-metanjo-fen)]:

d |

NYN

(\ NH;
|

LY e d—o

NH;, _O-Ny N—0Q

H JPd ‘

o-NTA N—0"

H—C——+C—CqgHs,

NH

By
[

H

zZ



21st International Symposium on Analytical and Emenmental Problems

CeHs C5H5 CeHs CeHs
O D + PdCh
2
- -2 HC|
CeHs C6H5 2H0 \
CeHs CeHs CeHs

EREDMENYEK

Az eléallitott komplexek mikroszkopos jellemzése é8abitasi hozama az 1. tablazatban
lathato.

1. tdbl4zat. Az ékllitott komplexek mikroszkopos jellemzése, hozamanoltomege.

Sz, Vegyilet Sgémit. Hozam .Mikros,zkc')pos
moltdm. (%) jellemzés

1. | [Pd(Fenil-DioxH)(2-amino-pirimidiny] 622,92 65 ha\rglrigcz)ngzggusﬁgsabok
2. [Pd(Fenil-DioxH)(3-HO-aniliny] 650,97 6o | Fekete SZ?;;?L%’ESZGQ alapfl
3. [Pd(Fenil-DioxH(lepidin),] 719,09 50 el Ziosjﬁggﬁsﬁéﬁébok
4. [Pd(acetonil-acetor{o-fen)] 404,79 70 Sotet b;?&sﬁgi éhg(r)(l)(mszbg
S. [Pd(acetonil-aceton(en)] 356,74 55 hé?glrig(z)(sjgb;rggusﬁ?sébok
6. [Pd(acetonil-aceton{1,2-pn)] 370,77 55 Sotet b;?&sﬁgi éhg(r)(l)(mszbg
7. [Pd(acetonil-acetor{1,3-pn)] 370,77 60 hé\r/(?rfsszedsgb;g;% iﬁgébok
8. [Pd(dibenzoil-metanjo-fen)] 625,02 g5 | Sargas ;’lzg‘j ﬁigﬁ?msmg
0. [Pd(dibenzoil-metanjen)] 576,97 50 héﬁ'ﬁggg gbzggusﬁ?sabok
10. [Pd(dibenzoil-metanj1,2-pn)] 591,00 85 o g?ngifogaé[;%uhﬁiié‘éok
11. [Pd(dibenzoil-metanj1,3-pn)] 591,00 65 ngaogrg:zlgzsa?:gﬂahngok

Tomegspektrometria

A tdmegspektrumokat Agilent/Technologies 6320 Magectrometer készilékkel rogzitették.
A spektrumokban benne van a vart anyagok molekulegf® és bizonyos bomlasi
fragmenseket is sikerllt azonositani.

Hébontas (TG, DTG, DTA)
A hébontast egy 951 TG és 910 DSC kaloriméter (DuPmsttuments) készilékkel végeztik
Ar vagy N, atmoszféraban, 10 K/mifitési sebességgel (mintatdmeg: 4 — 10 mg).

A nyert adatokbol egy altalanos bomlasi mechanizrallishatunk fel:
[[Pd(monofenil-dioxim)L,] - [Pd(monofenil-dioxiny] - PdO
[Pd(acetonil-aceton(diamin)] — [Pd(acetonil-aceton]) - PdO
[Pd(dibenzoil-metanjdiamin)] - [Pd(dibenzoil-metan) -~ PdO

Por-Rontgen diffrakcios mérések

A por-rontgen diffrakcios méréseket egy PANalytical’pert Pro MPD X-ray
diffraktométerrel végeztiuk. A rontgen diffrakcioserasekkel a komplexeink kristalyossagat

10
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vizsgaltuk. Mivel Uj anyagok, nem talalhatbak megdiffraktogramjai a Cambridge-i
adatbazisban.

Infravorés spektroszkopiai vizsgalatok
Az infravoros spektrumokat KBr és polietilén palkatiian vettik fel kozepes-IR (4000 — 450
cm™) tartomanyban, Perkin-Elmer System 2000 FTIR spékométerrel, valamint tavoli-IR
(500 — 50 crit) tartomanyban BioRad FTS-60A FTIR spektrométerelsbb IR adatokat a
2. tablazat tartalmazza.

2. tAblazat. Az éhllitott Pd-komplexek IR adatai.

Vegyule cih VN | Ve | Ven | Vec | VN0 | Vpgn | Vpoo | On-pa-n
[Pd(Fenil-DioxH)(2-amino- 3120 | - | 1569| 1496 1246 484 ; 383
pirimidin),]

[Pd(Fenil-DioxH)}(3-HO-anilin)] 3293 | 2931| 1590 1465 1256 454 - 386
[Pd(Fenil-DioxH)(lepidin),] 3127 - 1602 | 1495 1262 499 - 386
[Pd(acetonil-acetonfo-fen)] - 2931 | 1595| 1490 - 494 432 398

[Pd(acetonil-acetonen)] - 2905 | 1637| 1404 - 480 444 412
[Pd(acetonil-aceton{l,2-pn)] - 2928 | 1648 1404 - 502 494 399
[Pd(acetonil-aceton{l,3-pn)] - 2933| 1653 1404 - 518 438 400
[Pd(dibenzoil-metanjo-fen)] - - 1590 | 1459 - 492 447 399

[Pd(dibenzoil-metanjen)] - - 1587 | 1451 - 550 468 398
[Pd(dibenzoil-metanj1,2-pn)] - - 1591| 1459 - 492 448 399
[Pd(dibenzoil-metanj1,3-pn)] - - 1591| 1459 - 493 447 399

NMR spektroszkopia

A spektrumokat’H és**C NMR) egy Bruker AVANCE spectrométerrel vettiik 280 MHz
(*°C: 63 MHz) frekvenciaval. A [Pd(Fenil-Dioxbl),] tipusti komplexek esetében az aromés
gyirik protonjainak a jele 7 — 9 ppm tartomanyban jeiénimeg, az amino-csoport protonjai
pedig 2 — 3 ppm koz6tt. Az arom4€ jelek 126 — 128 ppm tartomanyban, a tébbi pe6ig 7
77 ppm értékeknél. A Schiff-bazisokkal képzett kéempk esetében az aromastgik
protonjai ugyancsak 7 — 9 ppm tartomanyban jelermek), az alifas diamintdl szarmazé
protonok pedig 4,5 — 5 ppm tartomanyban. Az aroif@gelek 127 — 135 ppm tartoméanyban,
a tobbi pedig 76,5 — 77,5 ppm értékeknél.

KOVETKEZTETESEK

Munkank soran két tipusu Pd-komplexeket allitotteidtk(dioximokkal és Schiff-bazisokkal),
melyek varhatéan biologiai szempontbdl lesznek nkek, mint pl. antibakterialis és
antitumor hatas.

KOSZONETNYILVANITAS
A szerdk kozll ifj. Varhelyi Csaba kdszoni a ,Domus Hurigal alapitvanynak, hogy a
szamara megitélt évi egy honapos 0sztondijakkeldeé tette a jelen dolgozat Iétrej6ttét.

IRODALOM

[1] R. Dileep, B.R. BhatAppl. Organometal.Chen(2010) 24, 663

[2] Qurrat-ul-Ain, et al. Arabian Journal of Chemistry2015) article in press
[3] A. Krogul, et al. Bioorganic & Medicinal Chemistry Letter§2013) 23, 2765
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Rare Earth Elements and Plants
Rudolf Kastori, lvana Maksimovi ¢, Marina Putnik-Deli ¢

Faculty of Agriculture, University of Novi Sad, Z1Rovi Sad, Trg Dositeja Obradadai 8.
Serbia
e-mail: kastori@polj.uns.ac.rs

Abstract

There has been a growing interest in the studyhefrare earth elements (REES) in recent
decades of the last century, with the exploitattdhREES resources and applications in
modern industry, medicine, agriculture and biotetbgy. The main application of REEs is
as new materials for recent technologies in theemodhdustry and agriculture, where low
concentrations of REEs-based fertilizers are usedhdrease yield and quality of crops.
Positive, negative or nil effects of RREs on plgmwth, chemical composition and yield
were observed in experiments done in many countigsthe physiological and biochemical
mechanisms are still not well understood. Essetytiaf REEs for living organisms or their
threat to the environment has not been identifeeths

Introduction

The REEs or rare earth metals include 15 lanthaniflee metals scandium and yttrium are
often included in the list of REEs. The REEs posse=arly identical chemical and physical
properties and comprise a homogenous group of elesmie the periodic system. The REEs
are widely distributed and present in all partshaf biosphere, often at the level of the other
microelements (Kabata-Pendias, 2001). Numeroussiigagions showed effects of REEs on
physiological and biochemical processes, growthielbgpment and yield of plants (Hu et al.,
2004). Essentiality of REEs for living organisms mt been identified so far, but RREs can
specifically influence their life processes. Datdilreview of REEs in biological systems,
their implementation, responses of selected crapsd, ecological significance is given in
publications Horovitz (2000), Tyler (2004), Kastat al. (2010) and Maksimaviet al.
(2014a,b).

Uptake, accumulation and translocation of REEs in [ants

Plants can uptake the REEs through the root asaseihe aboveground organs. Intensity of
uptake of REEs depends of numerous factors (Kasbral., 2010). There have been
determined synergism and antagonism between cestaments of this group during uptake
process. The pH value of the environment also tfdee REEs uptake. Within the range of
pH the uptake efficiency was proportional to thelimgen ion concentration. Use of EDTA
enhances uptake of REES, since this organic ligaerédases desorption of REEs in the soil. It
is considered that Casparian strip of the roottirthe transport of REEs in the root. Hu et al.
(2004) state that the natural translocation ratefREEs from soil to plant are approximately
20%, and for REEs fertilizers this rate was foundé¢ 55-60%. They are mostly accumulated
in the root, and less in the stem and reproduabrgans (Fig. 1a). The transfer factor of
yttrium, in relation to the medium, was much higherroot than in stems and leaves
(Maksimovi, et al.,, 2012, 2014b). In general, transfer fadeclined with an increase of
yttrium concentration in the nutrient medium (Fldp). This is in line with the finding that the
uptake rate of REEs from soil to root is much higean the translocation rate from root to
shoot. They are found both inside the cells aneximacellular spaces of plant tissues, where
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they form chelate compounds with numerous compaenehtmetabolism — amino acids,
nucleic acids, proteins etc. Uptake of REEs throtighleaf is much faster than trough the
root. This is not characteristic only for REEs,carnhe ions of other elements are often much
faster taken up through the leaf than through tie and their involvement in the plant
metabolism is faster than when taken up throughdbts.
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Fig. 1. Concentration (a) and transfer factor ¢fiyin (b) to sunflower organs in the presence
of different yttrium concentrations in nutrient nn@ah (Maksimovt et al. 2012)

Physiological effects of REEs on plants

REEs are not essential for higher plants or foreotive organisms, but can specifically
influence life processes, such as: promotion ardbition of growth of organisms, cell
proliferation and apoptosis; antioxidant activitydapro-oxidant activity; stabilization and
destabilization of cytoskeleton; enhance or jeogarcdf membrane permeability; affect
regulation of cell signaling system; promote orilmmhbone growth; increase or decrease
oxygen affinity for hemoglobin; inhibit muscle coattion; block transmission of neural
signals; enhance mineralization or demineralization

Impact of REEs on plant physiological and biochehigrocesses was mainly studied by
Chinese researchers and the results were mostlyspeth in Chinese language. Detailed
review of these and other papers in the field vgéven by Hu et al. (2004), who cites results
of numerous authors who have described effect maiceREESs on activity of some enzymes,
the content of phytohormones, productivity and nstyy of photosynthesis, chlorophyll
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synthesis, translocation of photosynthesis produgiser regime of plants and their resistance
to water deficiency, symbiotic fixation of atmosphkenitrogen etc. But also, a favorable
effect of REEs on seed germination has been destiiBai Bao-Zhang et al., 1988), and
effect on morphological characters of plants (Bab&hang et al., 1990 a, b). REEs affect
the uptake and metabolism of mineral matter in gslamhey often stimulate the uptake of
certain elements, and decrease the uptake of others

Research results on the effect of REEs on plawtiirare somewhat contradictory. The early
findings mostly point to inhibitory effect of thesdements on plant growth, first of all
lanthanum. The majority of papers published lagebint to a stimulating effect of low
concentrations of REEs on growth and organic prodtye of plants. They were found to
affect favorably the yield of many crops such ase,rsugar cane, sugar beet, soybean,
sunflower etc. (Hu et al., 2004). There is far ldata in the literature about the single affect
of certain REEs elements on life processes in higlants.

REEs, like all other ions, are toxic when presangxcessive concentrations. Mechanisms of
their toxicity may include enzyme inhibition, bimgdi to organic ligands, competition for
binding sites of some other elements, interactisitls proteins, organic acids, carbohydrates
and other active molecules, binding cofactors,mite, substituting essential metals therefore
provoking metal imbalance. They may also be invdlue such issues as cation and anion
antagonism. In spite of numerous results (Horo@90), it is not yet clear enough how they
affect plant metabolism and human and animal hgaithich makes is necessary to
investigate further on mechanisms of their action.

Conclusions

It has been found that REEs are widely distributeplants, as well as that certain plants take
up REEs to a different extent. RREs accumulateqmaaiantly in roots. Beneficial, toxic or
nil effects of REEs on plant metabolism, growth amdp yield were observed in both
controlled and field conditions. Identifying appaace of the uptake, accumulation,
distribution of REEs in plants and their particuparts and therefore their entrance into the
food chain, as well as their non-specific stimulgtor toxic effect on plants, can by very
significant ecologically too. Systematic research tke environmental biogeochemical
behavior of REEs in soil-plant systems is not sigfit at present and information on their
involvement in plant metabolism, and impact on haraad animal health is still lacking.
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Abstract

Environmentally responsible and sustainable wasteagement derived from technological
processes represents an important priority markgeddih national and EU legislation.
Therefore, exploitation of chemical waste is coesd as an obligation for each member
state and, by default, for all the factors involvedthe products life cycle and also an
important economic opportunity.

The main objective of our research project is ttuoe the environment pollution with heavy
metals and aromatic organic materials by recycipgnt catalyst complexes resulted from
industrial COSORB processes. In addition, it isneenically desirable to recover the metals,
which are usually copper and aluminum, from was&enials. Therefore, the present study
aimed to develop a process for recovering coppmen spent solutions of complexing agents
containing cuprous aluminum tetrachloride. The itigsorbent consisting of bimetallic
CuAICl, in toluene and impurities has been subjected t@rak separation and analysis
procedures for recovering and purification of metaid toluene. The process comprised of (i)
treatment of spent solution with different solusoof sodium hydroxide, calcium hydroxide
or water; (ii) separating the organic phase ancathesous phase; (iii) contacting the aqueous
phase containing the dissolved cuprous halide wath, for precipitating copper metal and
(iv) recovering the precipitated copper metal.

The separation method employing water showed th&t Iperformances in terms of
operational simplicity and cost-efficiency. The angc phase after separation contained 84.5
% toluene as major component, 10.0 % toluene awiclgdroducts, 5.4 % xylene, and 0.1 %
benzene traces. The inorganic phase contained &8dbitg/L copper, 40.1 g/L aluminum,
20.0 mg/L zinc, 26.0 mg/L chromium and 18.0 mg/bnir The yield of copper metal
recovered from the spent solution was 91.9 % W39 % purity.
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Abstract

Metal complexes used as pharmaceuticals have eztajveat attention because of their
potential biological activity. The chemistry of pfaum(ll) complexes has been widely
developed since the cytostatic activity of cis-diamdichloroplatinum(ll) (cisplatin) has been
discovered [1]. Moreover, transition metal compkexentaining planar polycyclic aromatic
systems intercalate between the stacked base gfaD8lA. The biological activity of both
cis- andtrans-diamine Pt(ll) complexes is dramatically enhanbgdhe presence of aromatic
intercalator ligands, due to the influence on bhkihetics and thermodynamics of DNA
binding [2,3].

The chemistry of Pt(Il) complexes is highly verkgtpermitting the design and synthesis of a
large variety of different structures. By ‘smart'olacular engineering, new structures are
programmed and obtained continuously, in an attetmpdvercome the drawbacks of the
cisplatinum like tumor resistance, or to lessenimpredictable and severe nephrotoxicity
and/or providing oral bioavailability.

Herein, new Pt(ll) complexes as DNA intercalatorerev synthesized and characterized
aiming to follow their structure — activity relatiships. The synthesis and characterization of
the complexes will be presented.
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1. Abstract

In the present study different type of analytidimoels were applied for the description
of the performance of ozonation/membrane filtrattmmbined water purification method in
case of oil contaminated water. The investigatecroniand ultra- (PVDF) membranes were
not enough effective to the purification of oil ¢aminated waters. However a short
ozonation pre-treatment increased effectively thmieation efficiency in the aspect of
extractable oil content. Results highlighted tinat decreased values of extractable oil content
and chemical oxygen demand do not necessarily nieanreduced quantity of organic
contaminants. Moreover, ozonation pre-treatmentessed the total organic carbon content
of the permeate. The present study highlighted difé¢rences of applied analytic methods
can results different conclusions in case of peation of oil contaminated waters.

2. Bevezetés

Magyarorszag vizfelhasznalasanak jélenrészét mélységi vizek kitermeléseb
fedezi, melyek szennyédései kozlul potencialis veszélyforrast jelentenek kis
koncentraciéban jelen lévasvanyi olaj eredétszennyezések. Az olajos szennyezések az
ipari tevékenységek kovetkeztében is egyre fokozdquéblémat jelentenek. Ezen
szennyezesek nem tavolithatok el hatékonyan a ha@yygos vizkezelési eljarasokkabt s
esetenként a kezelés soran akar az eredetinélakdrogegyiletek is keletkezhetnek, mint
példaul a kloros fedtlenités soran keletkéxlorozott szerves vegyuletek [1].

Az alternativ vizkezelési eljarasok kozul mind aenmbrdnszeparécido, mind a
nagyhatékonysagu oxidacios eljarasok (,AOPS”) ifgéretesek. A membrariszgs ebnye,
hogy nincs vegyszerigénye, nem torténik kémiai a&tdhs, igy nem képdnek kéros
melléktermékek. Ugyanakkor az oldott szenrbgesek eltavolitasara csak az igen kicsiny
porusadtméivel rendelkeé ,ultra- és nanodék” alkalmazhatdéak, melyek azonban extrém
magas nyomast igényelnek, ami korlatot szab a gagws alkalmazhatéosagnak. Az AOPs
elénye hogy a szerves szenn§kzszéles korét képesek oxidalni, egyes esetekban ak
klasszikus értelemben vett kémiai adalékok hozzmadelkil (pl.: fotolizis, fotokatalizis,
06zonozas), és elegehddoét biztositva akar a teljes mineralizacio is eléshédatranyként
megemlitend, hogy nagy szervesanyag tartalom esetén megkdretkdliséges az eljaras.
Megoldast jelenthet a mikro&zs és nagyhatékonysagu oxidacios eljarasok koribjaa A
nagyhatékonysagu oxidacios eljarasok a membranéttésnmértékét is befolyasolhatjak pl.
az oldott anyag hidroféb jellegének csokkenéséwgl illetve a s#rendd komponensek
meéretének valtoztatasaval [3]. Jelen munkankbanniemnyiséd koéolajjal (c=100 ppm)
szennyezet viz tisztithatdsagat vizsgaltuk 6zofideerelés, és mikrofires kombinalasaval.

3. Alkalmazott anyagok és moédszerek

A modellszennyviz éhllitasdhoz desztillalt vizet é$dlajat (MOL — algyi olajmes
nyers kezeletlen asvanyi olaja) hasznaltunk fghs100 ppm). A modell szennyvizeket (V=
500 mL) ultrahangos kezeléssel homogenizaltllELSCHER UP200S- maximalis
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amplitadé, teljes ciklusiél t=6 perc). Megjegyzerid hogy a ,csak” ultrahangos kezeléssel
homogenizalt emulzié olajtartalmanak egy része sporszétvalt, igy vizsgalatainkhoz csak
az also, stabil fazist hasznéltuk fel.

A kezelend, és a kezelt vizek zavarossaghtACH 2100N, vezebtképességet
(CONSORT C535 pH-jat CONSORT C535 kémiai oxigénigényetLOVIBOND ET 108
roncsolo és fotométer — kalium dikromatos meghat#s) extrahalhatd olajtartalm&VviLKS
- InfraCal TOG/TPH analizator; 20 perc extrahalésamnal) és teljes szerves széntartalmat
(TELEDYNE TEKMARvizsgaltuk.

Az 6zont tiszta oxigérd (LINDE, tisztasag: 3.0) allitottuk &lcsendes elektromos
kistléses elven tikods 6zon generatorraWEDECO- Ozomatic Modular 4). Az emulziot
tartalmazo6 elnyeléedénybe - folyamatos magneses kevertetés melldtandd (1 L/perc)
térfogatarammal vezettik be az Ozont tartalmaz@eéemti Az elnyelétedénybe tortéh
belépés éitt, illetve kilépés utdn ataramlasos klvettaban kisptométerrel WPA
LIGHTWAVE S2000mertik az 6zon koncentraciojat, ailija térfogataram ismeretében)
kiszamitottuk a kulonbdiz idejii 6zonkezelések soran a kezelt vizben ebdéel6zon
mennyiségeét.

A membransiréshez egy kevertetett cellas membrénszberendezéstMERCK
MILLIPORE - XFUF04701 hasznéaltunk (P= 0,1 MPa — nitrogén palackbdl, ekési
sebesség: 50 rpm,is#feliilet: 40 cni). A betaplalt szennyviz minden esetben 50 mL \ésit,
a merést 40 mL permeatum ataramlasaig folyatttktési arany: VRR=5). Az alkalmazott
hidroféb membranokat (PVDF - 04m illetve PVDF - 30kDa) felhasznélassel min. 24
oraig aztattuk desztillalt vizben.

4. Kisérleti eredmények és kiértekelésik

El6szor az 6zonkezelés modellszennyvizre gyakoroftsdatvizsgaltuk. A nem kezelt,
illetve az 5, 10, 20 percig 6zonkezelt vizek zasaédmat, vez8képességét és pH értékeit
mutatja be az 1. abra.
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1. 4bra. Az olajszennyezett viz zavarossaganak, wagtességének és kémhatasanak

alakulasa az 6zonkezelés soran

Az 6zonkezelés hatasara a kezelt viz zavarossagaarel$ 5 percben kb. 20%-kal
csokkent, de a 10 illetve 20 percig kezelt vizelet&s mar nem tapasztaltunk tovabbi
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csokkeneést. A csokkenés azzal magyarazhatd, hogyidacidé hatdsara polaris vegyuletek
keletkeznek, amelyek megvaltoztathatjak a cseppkheti toltését. A cseppek megvaltozott
anyagi misége, alakja és mérete megvaltoztatjia a fényszddstheben stabilizélja a
cseppeket, igy befolyasolva a zavarossagot [4].e2etképesség az 6zonkezelés hatasara

nétt, mig a pH csokkent, mivel az oxidacio hatasaszénhidrogénekib szerves savak és

ionok keletkezhetnek [5, 6].

A szennyezés-csOkkentés mértékének
olajtartalmat, a kémiai oxigénigényt, és teljesges széntartalmat i2 (abra).
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2. abra. Az olajszennyezett viz kémiai oxigénigényenek (K@xktrahalhato olajtartalmanak
(c olaj), és Osszes szerves széntartalmanak (TlakK)lasa az 6zonkezelés soran

A hexannal extrahdlhato olajtartalom csokkent aan&ezelés hataséra, ami részben a
tényleges szervesanyag-bontassal magyarazhatd,naldga az apolaros molekulak
oxidacioja polaros szerves vegylletek (pl. szesagk) keletkezéséhez vezet, melyeknek
jobb a vizoldhatésaga, ezaltal kisebb aranybammkuét az extrakcio soran a szeres fazisba. A
kémiai oxigénigény (KOI) az extrahalhato olajtastamal egyltt természetesen ugyancsak
csokkent az elnyelt 6zon mennyiségének noévelésd€ael oxidacidé direhaladtaval).
Megjegyzend azonban, hogy az 6sszes olajtartalom alapjan jinaaasabb (~ 350 mg/L)
kezdeti kémiai oxigénigényt varnank, a stabil enailképz vizes fazis kémiai oxigénigénye
azonban jeledsen kisebb volt, ami a vizben rosszul old6do sznbenek vizfelszinen valo
kivalasaval magyarazhat6. Az 6zonkezelés hataséwaban stabilizalédhat az emulzié a
jelen lew szerves sav- €s iontartalom nodvekedése miatt, magyarazatot adhat az
6zonkezelés soran tapasztalt teljes szerves stadamr(TOC) ndvekedésére.

Kovetkedkben az 6zonnal nem kezelt olajos emulziot mikiioszsel és ultragréssel
kezeltik. A 0,5um porusatméijic membran esetén az aterégépesség ~50%-kal cstkkent a
VRR=5 diritési arany eléréséig, mig a 30 kDa porusaijiénembran esetén ~80 %-kal. A
szirési idbkben is jelenis kilonbségek voltak: a ,PVDF - Oyn” membran esetén, aiseés
9 percet, a kisebb poérusatrégr membrannal 56 percet vett igénybe. Ennek okaazoh,
hogy az ultraszé membran kezdeti fluxus értéke minddssze ~25%-a ilrosir6
membranon mért fluxus értéknek), hogy a kisebb &irnééjic membran esetén az
olajcseppek nagyobb elt@uést okoztak. Ezt alatdmasztjdk a fluxusértékekbedi
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alakulasara illesztett eltGidési modellek is melyek kdzul a mikrdsé membran esetében az
iszaplepény dwés modellje, az ultragzd membran esetében a pérusos elidés modellje
adta a legjobb illeszkedést. A mikréds& membran esetében az 6zondketelések (5,10, 20
perc) nem befolyasoltdk szamotten a fluxus értékeket. A kezdeti fluxus értékekee a
ultrasirés esetén sem volt befolyassal az 6zonglseeeklés, azonban jeléisen cstkkent az
eltomsdés mértéke. A kordbbi ~80%-0s fluxus csdkkenégelteminddsszesen 24-35%-0s
csokkenést mértiink az 6zonnabkalzelt olajszennyezett vizek ultréisgse soran ( a mar
emlitett VRR=5 #8ritési arany eléréséig). Egy lehetséges magyarbetadt, hogy az
0zonkezelés soran olyan atmeneti terméekek (pl. ido&h keletkezhetnek, amelyek az
olajcseppeket merevebbé, kevésbé rugalmassa tesziftal kevésbé lesznek képesek
.beprésebdni” a porusokba.

A kovetkedkben azt vizsgaltuk, hogyan valtozik a tls¥ssel -eltavolithatd
szennye&anyag mennyisége az 6zonodkelzelés hatasa(8. és 4. abra)
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3. abra. Az 6zonos kezelés és membrdings hatasa az extrahalhato olajtartalomra

Az 0zonos kezelés a mikrases esetén jeletden megnovelte a &@2ssel eltavolithatd
olajtartalmat (~36%-rél ~62%-ra emelkedett az dtd&s hatadsfoka), ugyanakkor az
ultras#ir6 membran esetében nem volt jetenthatasa. A3. abran lathato, hogy az &l
oxidacié és a membranses kombinaldsaval mindkét membran esetében 80-QdAi
eltavolitasi hatékonysagot mértiink az extrahallotdfiartalom értékére (azdaklezelés ideje
nem befolyasolta jeleéisen az eltavolitds hatékonysagat). Erdekes tovabbi&, hogy az
elokezelt mintdk esetében a mikrész és az ultrasgé membran visszatartasa kozo6tt nincs
jelents eltérés.

Megmeértiik tovabba a permeatumok o6sszes szervestadaémat is, és azt
tapasztaltuk, hogy az extrahalhat6é olajtartalomkisibése ellenére a permeatumban jelen
levé 6sszes szerves szennj@ayag mennyisége megjhaz 6zonkezelés hatasara bra).
Ezen eredmények is alatamasztjak, hogy az 6zomzaltkoldatokban a kis szénatomszamada,
vizben jol old6dé szerves vegyiletek mennyiségentteg
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4. abra. Az 6zonos kezelés és membrdngs hatasa a gdet
0sszes szerves széntartalmara

6. Kovetkeztetések

Osszességében megallapithatd, hogy az alkalmazdtto-milletve ultras#rg
membranok (PVDF — 0,5 um és 30 kDa) 6nmagukbanmatattak nagy olajvisszatartast (az
alkalmazott kisérleti korilmények kozott), azonbavar roévid idefi 6zonos dlkezelés
alkalmazasaval is jelefgen novelhét az extrahdlhatd olajtartalom eltdvolitasanak
hatékonysaga. Az eredmények ugyanakkor egyéitimavilagitanak arra a tényre, hogy az
extrahdlhato olajtartalom, és a kémiai oxigénig@spkkenése nem feltétlendl jelenti a
szervesanyag tartalom csokkenését. Ellefikgz az 6zonos ékezelés hatasara a teljes
szerves széntartalom mégina sfirletekben. Fontos eredménye a munkanak, hogy cavila
arra a tényre, hogy az olaj/viz emulziok kezelékémesgalatanal, eltéranalitikai modszerek
alkalmazasa akar eltérkovetkeztetések levonasat eredményezheti hasordgy (akar
megegyed) kisérleti korilmények ellenére. Tovabba felhiajhgyelmet az olaj/viz emulzidk
instabilitasanak problémajara, ami tovabb neheditlyes kovetkeztetések levonasat.
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ABSTRACT

The market of craft beers is growing nowadays #&mdet are many types and technologies,
which can make postive or negative effects on titadant capacity of beers. We used 10
different beers in our experiment, included hurgarand foreign products. We made the
measurements with two methods, contained TPC (Tetdyphenol Content) and FRAP
(Ferric Reducing Ability of Plasma) methods. The samples ranged between 3.5-5,5 mmol
GA/L and the lagers between 1.8-4.0 mmol GAE/L. HRAP values were among 1.6-3.1
mmol AAE/L by ale beers and 0.8-2.5 by lager pragdugVe measured different analytical
parameters which can influence the antioxidant cigpaf beers. First of all, the beers with
higher original extract were mainly ale beers aoddr Balling degree were shown by the
lagers, and it has been proved by previous resesrttat the high original extract can
increase the antioxidant capacity. The lighteoagl namely the light beers showed lower
results compare to the brown/black samples. Attlastunpasteurized beers declared nearly
higher antioxidant capacity than the unpasteurpeducts.

BEVEZETES
Az egészséges taplalkozas manapsag egyre nagyeldpstztolt be a mindennapi emberek
életében. Ebben elengedhetetlen szerepe van axidatisoknak, melyek tobbek kozott a
szabad gyokok elleni kiizdelemben tdltenek be fosterepet. Az utébbi 1-2 évtizedben
egyre nagyobb figyelmet kap, hogy a sor egy olywimészer, amely nagy mértékben
tartalmaz antioxidansokat [1][2], amely igy pozitivatasokkal rendelkezik élettani
szempontbdl [3].
A sOrok antioxidans-tartalmadKéppen az alapanyagokbdl szarmazik, a malatabéh és
komlobol, valamint kis részben az élédx [4]. Ezek az antioxidansok lehetnek polifenolok
(fenolos savak, flavonoidok) illetve prenilélt kalkok. Szamos tanulmanyban vizsgaltak mar
a sorok teljes antioxidans kapacitasat in vitro[@l] Tovabbi kutatasok és becslések alapjan,
az erjesztés tipusa, a magasabb extrakttartalogleazb jelenléte a kész sorben, a sor szine
illetve a lokezelés alkalmazasa befolyasolhatja a sérok anthms kapacitasat.
Megallapitottak, hogy a sorben &polifenolok, méar a sor elfogyasztasat kdved. percben
detektalhatok voltak a vérplazmaban, ami egy fefszimechanizmus létére utal az
emészirendszer fels traktusaban [2]. Azonban tovabbi tisztdzasra vailkstg ezen
antioxidans vegyuletek kinetikus kezelésével kalatsan, beleértve az abszorpcio idejét és
helyét illetve figyelembe véve az etanol hatas&@ramgcsere Utjukra [5] [6].
Kisérletliink célja az volt, hogy a fent emlitett dséagi jellemsdk és egyéb paraméterek (
erjesztés tipusa, szin, extrakttartalorbkdzelés, élesétartalom) analizise utdn meg tudjuk
hatarozni melyek azok, amelyek pozitivan és negatibefolyasoljak az antioxidans
kapacitast a sérben.
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ANYAG ES MODSZER

Kisérletinkben 10 kulonb&z magyar illetve kulféldi, kisizemi sdiZdék termékeit
hasonlitottuk 6ssze, amelynek soran két kuloabiadszerrel vizsgaltuk meg az antioxidans
kapacitasukat, és analizist végeztiink a soroldalbaan méredanalitikai paramétereire. Az
0sszes polifenol-tartalmat (TPC - Total Phenolimtéat) [7] szerint hataroztuk meg, ahol
Folin-Ciocalteu reagenst hasznaltunk, mig a (FRAPeric Reducing Antioxidant Power)
minta vasredukalé képességén alapulé antioxidapsdi@s meghatarozé modszernél [8]
szerint mértiink. Az eredményeket mmol GSE/L dim@pan adtuk meg mind a TPC
modszernél, és ASE/L dimenziéban a FRAP modszerésoranalitikai mérések soran
meghataroztuk a mintdk eredeti extrakttartalmat aésszinét is. A szinmeghatarozas
spektrofotometrias maodszerrel tortént, 450 nm-emibdl kiszamitottuk a sor EBC
szinértékét. Az eredeti extrakttartalmat Anton PRRIA 4500-as 8riségmébvel és azzal
0sszekapcsolt soranalizatorral mértik meg.

EREDMENYEK ES ERTEKELESUK

Az antioxidans kapacitds vizsgalatok soran kapottdményeink Osszhangban allnak a
kilonbo® szakirodalmi példakkal [9] [10]. Ennek megféleh a fel§erjesztés (ale) sorok
mind a két modszernél (TPC, FRAP) nagyobb antioxsdéapacitdssal rendelkeztek mint az
alsoerjesztds(lager) mintak.

Az eredmények a TPC vizsgalat soran az ale tipustiak5 és 5,5 mmol GSE/L érték kozott
mozogtak, a lagereknél ez a hatar 1,8 és 4,0 mi8&l/IGértékeknél huzhaté meg.

A FRAP maddszernél az ale sorok 1,6 és 3,1 mmol A%Bzé estek, mig a lagerek némileg
kisebb eredményt értek el, amely 0,8 és 2,5 mmdt/A%ozé tehdi. Ezek az adatok az 1.
abran kerlltek megjelenitésre.

TPC FRAP

4,00

3,00 T

2,00

N

1,00 i

,00

6,00 T

T

mM GA/L
s
1

mM AA/L

,00

AIIe LagI;er
1.4bra. A TPC és a FRAP modszer eredményei &fads alsoerjesztésoroknel.

T T
Ale Lager

A soranalitikai mérések soran kapott eredmeényekragtttak, hogy a feferjesztég sérok
eredeti extrakttartalmai nagyobbak voltak a lagetlkénél. Ezt a 2. abra mutatja, miszerint
az ale sorok 14,2 és 17,5 Balling fok kozotti éetédel rendelkeznek, addig a lager mintak
10,8 és 12,8 kdzott helyezkednek el. A szakirodadatok szerint az eredeti extrakttartalom
pozitivan befolyasolhatja az antioxidans kapacifa$i, amelynek megfelelnek az altalunk
kapott eredmények.
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2. abra. Az eredeti extrakttartalom mérés eredményei &{@s alséerjesztésorokben.

Vizsgaltuk tovabba a elterést dkezelésen atesett és ékbzelés nélkil forgalomba hozott
sorok kozott. A sorben taladlhatdé enzimekre, antl@rsokra aktivitdsara a szakirodalmi
példak alapjan befolyassal lehet ékézelés. Ezt alatamasztja a kisérletiink soran kapot
eredmény, mint hogy az&sorok magasabb antioxidans kapacitassal rendelkamnint a két
meérési modszernél. Az &korok a TPC esetében atlagban 4,1 és 5,8 mmol LGR&&6tt
helyezkedtek el, mig a paéaizott mintdk 3,1 és 4,2 mmol GSE/L koz6tt. Ez aang a
FRAP mobdszer esetében is nagyjabol azonos, uggang sérok 1,8 és 2,8 mmol ASE/L

kozé estek, a pasetzottek pedig 1,5 és 2,2 mmol ASE/L kozé. Ezelesimények a 3.
abran lathatok.

TPC - Hokezelés fliiggvényében FRAP - Hokezelés fiiggvényében
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3. dbra. A TPC és FRAP modszer eredmeényebkdzelés fluggvényében.

A nagyltzemi s6rokhdz hasonldéan a kézes soroknél is azt tapasztaltuk, hogy a nagyobb
EBC szinértékkel rendelkézsoroknél nagyobb antioxidans kapacitas varhatdaj [12].
Ennél a vizsgalatnal 3 kilénb®zsoportra (vilagos, félbarna/vores, barna/fekestottuk a
soroket a Magyar Elelmiszerkonyv szerint, és abfari kozoljik az eredményeket. Mind a
TPC mind a FRAP moddszernél esetében a vilagostobgze soOtéted sérmintakig az
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antioxidans kapacitas egy novékurendet mutat, mely szerint igy vilagosabb sorék
rendelkeznek a legalacsonyabbal (TPC: 2,2-3,3 nta&#/L; FRAP: 0,8-1,5 mmol ASE/L),
kozépen a félbarna és vords sorok helyezkedndleC: 3,0-4,5 mmol GSE/L, FRAP: 1,8-
2,1 mmol ASE/L), mig a legnagyobb antioxidans k#tpasal a barna és a fekete sorok
rendelkeznek (TPC: 4,5-5,8 mmol GSE/L, FRAP 1,8Bol ASE/L).

TPC - Szin fliiggvényében FRAP - Szin fliiggvényében
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= =
Q<J 4,00 é
= = 2,00
£ ? E
2,00
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T T T T T T
Vilagos sor Félbarna/Vorés Barna/Fekete Vilagos s6r Félbarna/Vorés Barna/Fekete
sor sor sor sor

4. abra. A TPC és FRAP mobdszer eredmeényei a sorok szinféiggkéenyében.

KOVETKEZETESEK

A hazai és kulfoldi élallitasu kézmives és kistizemi sorok vizsgalatai soran megallapko
hogy hasonlé trend figyelhetmeg az antioxidans kapacitasban, erjesztés tigaisaszinek
fuggvéenyében. Ahogy a szakirodalmi attekintés sddderilt, agy a kisérletink soran is
alatdmasztottuk, hogy a soététebb szin, a magasdldkitartalom pozitivan befolyasolja az
antioxidans kapacitast, és mivel ezek a sorok @gyalale tipustak, ezért ez okozhatja a
kilbénbséget a fels és alsOerjesztésnintak kdzott.
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Abstract

The design of appropriated organic ligands capabldnding metal ions provides a targeted
entry to new materials with distinct structural amphysicochemical properties. A
representative family of such ligands includes Bdiases. Here, we report new mono, di-
and polynuclear materials [Co(klCIO,)3-4H,0 (1), [Zny(L)(CH3COO)] (2) and
[Cus(L) 2(13-ClO4)0.6d(ClO4)1.33 1.33CHCY 3) containing N,N’-bis[(2-
hydroxybenzilideneamino)-propyl]-piperazindH,{) Schiff base as hexadentate ligand
(Figure 1). The X-ray crystallography of the conxae reveal a retaining of the original chair
piperazine conformation from the free ligand in tteamplex2 and a changing into a boat
conformation in the complexek and 3. Moreover, in the respective complexes a different
coordination number as @)( 5 @) and 4 and 53) was observed upon coordination of the
free ligand to Co(lll), Zn(Il) and Cu(ll) ions. Thaodulatory property oH,L is reflected
upon the molecular assembly and coordination médleeasolable species.

Figure 1. Molecular structure of Schiff base ligamdl its metal-complexes
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Abstract

The effect of lithium triflate on the ionic condiwty of polyphosphoester composite was
investigated by electrochemical impedance speaims(EIS). The highest conductivity was
obtained for membrane with 15% lithium salt. Then itransport is slow due to the
aggregation tendency of ions for composite membvattehigher than 20% lithium salt. The
conductivity of all membranes increases linear \ilid increase of the temperature and shows
a thermally activated process.

Introduction

Composite materials find nowadays easily applicetim electronic industry. For instance, in
solid polymer electrolytes the increase in condfgtis essential and it can be achieved by
adding salts, ionic liquids or inorganic nanopaesdan polymer matrix and their amount is an
answer to the required improvement.

Various polymer composites with enhanced mechanéetattrical and thermal stability are
reported [1, 2]. High value of ionic conductivity @ temperature close to the melting point
was reported for solid polymer electrolytes basadpoly(ethyleneglycol) (PEG 2000) and
lithium  perclorate [3]. Poly(siloxanes), poly(vipyrrolidone), poly(acrylates),
poly(ethylenesuccinate), poly(vinylalcohol), poliiigeneimine), poly(alkylenesulphides) are
also a good candidates for solid polymer electesiy#].

The aim of this study is to investigate the elextemical behavior of polyphosphoester
composite doped with lithium salt. The effect dfilim triflate on the ionic conductivity was
investigated by electrochemical impedance speams(EIS).

Experimental
Composite membranes M, M1, M2 and M3 contain trls¢droxybutylacrylate)-phosphate:
polyphosphoester in a 1.5 :1 %wt ratio and difie@mounts of lithium salts (Aldrich, LiTf)
(5-20 %wt.). LiTf was dissolved in methanol (in nmum quantity) and added to polymer
mixture together with 0.15% dispersing agent (poily@e, PANI) and complexation was
completed in an oven at 60°C for 6 h. Photoiniti@arocure 4265 (3%wt, Cognis) was used
to cure the composite mixture. To obtain membrahescomposite mixture was cast on a
Teflon plate and cured by exposure to UV Lamp tgeray 400SM. InTable 1 are
presented the notations and composition of thegpegplithium polyphosphoester composite
membranes.

Table 1 The notation and composition of prepared memlsrane

Membrane LiTf, % wt Thicknessum
notatior

M1 5 90

M2 10 9C

M3 15 11C

M4 20 10C
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Analysis

Jasco FTIR 4200, Miracle ATR spectrometer with Zie8estal plate was used to collect the
IR spectra. lonic conductivity of the membranes wiasermined by the AC impedance
spectroscopy. Autolab 302N potentiostat/galvanostatipped with the FRA2 impedance
module was used for EIS determination. At the paihere the phase angle is zero (or close
to zero) in Bode diagrams, the impedance is puraioland the ionic conductivity can be
determined by the following equation (1):

g=h/R [A (1)

where:o - ionic conductivity, Rb — the resistance corregpng to the angle closest to zero in
the Bode diagram, h — the height of the sample &etvihe electrodes, A — the cross-sectional
contact area of the measured sample.

Measurements of composite conductivity functiotneshperature were performed in the range
of 25°C to 90°C and the activation energy was dated using the Arrhenius equation (2):

o(T)=o,exptE,/KT) (2)

where: oo represents the pre-exponential factor in S.cHais the activation energy in eV,
and k is the Boltzmann constant.

Results and discussion

The spectra of complexed lithium composite matre presented ifrigure 1. The
intensity of the bands associated to P=0O (125%)@nd P-O-C (1080 ci) bonds presented
in composite matrix is reduced and slightly shifted the lower frequency due to the
coordinative bond formed between oxygen atoms fpbosphate and ether group and lithium
ion. This leads to the formation of complexes betwpolymer and salt.
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Figurel. ATR. Spectra of membranes M1, M2, M3 and M4.



21st International Symposium on Analytical and Emenmental Problems

The highest intensity signal is obtained for M3 rbeame and pointed out that the
amount of lithium salt added in this membrane esdptimum value.

The ionic conductivity€) of membranes was calculated according to Eqfrid
EIS spectra recorded at Open Circuit Potential (JOERure 2a).
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Figure 2. Membrane conductivity a) function of membranesiposition at 25°C and b)
variation with temperature, plotted in Arrheniu®atinates

The conductivities of membranes increase with L&bhtent and above a certain
amount decrease. The highest conductivity was édafor membrane based on M3. The
conductivity increases with the lithium salt coritérom 5 to 15% at room temperature and
decreases with the increase of lithium salt confeotn 15 to 20%. The decrease of
conductivity was attributed to the decrease ofahailable number of charge carriers due to
ion aggregation. The M3 membrane presents the siglomductivity of 8.52x10S.cm®.

The conductivity of all membranes increases withititrease of the temperature. The
enhanced conductivity arises from the increas®ié$ and polymer chains mobility. At high
temperatures the polymer chains show a high degjreetion and this leads to compensate
the unfavorable retarding effect of the ion cloud&e logarithmic plots show a linear
variation of the conductivity vs temperature, whislcharacteristic for a thermally activated
processigure 2b).

The values for activation energy Ea and pre-expiaefactor calculated from the
linear segment of all membranes are presentédloe 2

Table 2 The pre-exponential factor and activation endtgy

PANI, ppm M1 M2 M3 M4

oo, S.cm*  7.587 5.910 4.489 6.769
E,, eV 0.338 0.289 0.238 0.330
R 0.994 0.993 0.989 0.997

The activation energy depends on salt content wikithe source of charge carriers in
the polymer electrolyte (the decrease of the atitimaenergy is due to the increase number of
charge carriers in the polymer electrolyte). It vadbserved a decrease of activation energy
with the increase of salt content till 15% and @@@2salt concentration an increase of
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activation energy. With the increase of salt contee number of carriers increase and the
conductivity increase. At high ion concentratioe thumber of carriers are diminished and is
due to the tendency of ions to aggregate and dtawmn ion transport.

The op values explain the composite conductivity as a ltesuthe movement of mobile
charge carriers in the membranes. Analyzing tha @&t the pre-exponential factors it was
observed that the increaselg (M1 and M2 membranes) tends to be compensatingp.by
The compensating effect is mentioned in the liteafor a lot of semiconductive materials.
The data was fitted by the straight line:okn 0.119Ea -1.95 (R2=0.961) and pointed out the
possibility of the carriers to be transported bteirchain interaction or hopping between
localized sites. The slowest macroscopic procekgpmvide the conductivity level.

Conclusion

Membranes based on PANI-polyphosphoester show otindy by adding lithium salts. The
highest conductivity was obtained for membrane w96 lithium salt. For the composite
membrane with 20% salt content the ion transpostas/ due to the aggregation tendency of
ions. The linear increase of conductivity with tfeenperature shows a thermally activated
process. The correlation between Arrhenius parasetigow transport possibility by inter-
chain interaction or hopping between localizedssitEhe macroscopic conductivity will be
determined by the slowest process.
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Abstract

The drug active ingredient “diclofenac” is one ofiet most frequently identified
micropollutants in water resources. Since the adiof chlorine as disinfectant has to be
used in the last step of water treatment, its chalmeaction with diclofenac was investigated
in the presence of natural organic matter at pHaflorination and oxidation are parallel
reactions but the latter is very slow. The decathefdrug is slower in the presence of humic
substances than in their absence but the clay atitentent of the extract prepared from
sandy soil can accelerate the chlorination reaction

Bevezetés

A gyégyszerhatéanyagok kornyezeti hatdsokra gyakesn vagy nehezen lebonthatdak és a
szervezetben bélik keletked metabolitok a szennyvizbe kerllhetnek. Ez az akaalk
hogy az utdbbi években a vizkészletek szenfemygagaiként egyre nagyobb figyelmet
kapnak. Az un. nem-szteroid tipusu gyulladascsdikiketkozil a diclofenacot (1. abra)
kilsdleg és beldleg is alkalmazzak kiulénbézkészitményekben, ezért a kdrnyezetben az
egyik leggyakrabban kimutatott gyodgyszerhatéanyatgésorban natrium-s6 formajaban
kertl forgalomba, amelynek vizoldhatésdga kulonogen(szobatimérsékleten 50 g/l).
Jellegzetesen a felszini vizekben fordub, ehminek kovetkezménye, hogy az uUledékben,
iszapban is feldusulhat, de szenrfj)@nt kimutattak felszin alatti vizben és talajbari1i].
Magyarorszagi gyartasa miatt réegebben a hatassalmnyviztisztitas eredményezte, hogy a
Dunaban meglehé&ten nagy koncentracioban (931 ng/l) fordudt [@-3].

Cl

NH

Cl _~ OH

|

SN O
1. dbra: A diclofenac szerkezeti képlete

Ugyan hazankban a kitermelt nyersviznek csak kBb-8& szarmazik kdzvetlenul felszini
vizbél, de az un. parti $zédi vizbdl (felszini vizek partjai mellett, a felszin alaétiamlasbol
szarmazo viz, amelynek legalabb 50%-a felszina&rél szarmazik) 44 %, amelyben a Duna
vize is jelenbs hanyadot képvisel [4]. Emiatt a gyogyszerhatégakakozil a diclofenac
koérnyezeti analitikai vizsgalataval és a hagyoma&nywdszereknél hatékonyabb bontasaval
itthoni kutatécsoportok is foglalkoztak [2-3], [5].

Az ivoviz kezelése soran a féttenitést nem kerilhetjik el. Gyakran mar a folyaeiajéen
van egy ilyen Iépés, de a folyamat legvégén miadiggolnak fefitlenitészert, maskulonben

a haldzatban elszaporodnak a mikroorganizmusokétiearitésre klor (illetve hypo) mellett
klér-dioxid is hasznéalhatd, de ez utébbi kevéshéde el.

Ismert, hogy a klérozas hatasara gyakran toxikusakkel6 anyagok keletkeznek [6-8],
amelyet a nyers viz bonyolult sszetétele miatttedehetetlen megakadalyozni.
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Mind a felszini, mind a parti rédi viz jellegzetes komponensei a természetes szerves
anyagok (NOM), amelyek kolloidalis méretik révérzavarossagot novelik, szinik pedig
esztétikai szempontbdl jelent gondot. Bar kifejere{o hatassal vannak az egészségre, a viz
fertétlenitésekor — kulondsen az aromasirgkén — klérozédhatnak. Ez volt az oka annak,
hogy az ugyancsak aromas igiket tartalmazo diclofenac klér hataséra bekovéikez
atalakulasat humuszanyagok (HS) jelenlétében eésokiaajbol készitett kivonatban is
kovessik, majd a szerves klortartalom (TOX) megbatisaval kovetkeztessiink a klorozott
termékek keletkezésének mértékére.

Kisérleti rész
Anyagok
Modell gyégyszerhatbanyagként a SIGMA ALDRICH Cdtalaforgalmazott diclofenac
natrium so szolgalt.
A vizben oldott természetes szerves anyag natriwmah (Roth+Co, Karlsruhe), fulvosav
(Organit Kft.) illetve légszaraz dabronyi (Magyaspég) homoktalaj volt. Ez utébbit a talaj
legfelsy 30 cm-es rétegébvettik, majd egy oran at golydosmalomban toftériést koveben
0,5 mm-es részecskeméret ala szitaltuk. A homgkjalkegzetes tulajdonsagai: fajlagos
felulete 3,85 g™ pH: 5,88, TOC: 16 mg C/ g talajé fasvanyi alkoték: 55,3 % kvarc,
18,2 % szmektit, 9,9 % albit, 4,8 % csillam, 3,8%nwlin, 3,6% klorit.
Az oldatok készitéséhez az analitikai tisztasagdJR&,, NaaHPO,, N&.S,03, Ca(NQ), sok
szolgaltak, amelyeket a Reanal Hungary Kftvsaroltuk.
A Kklorozasi kisérletekhez haztartasi boltbol szadnanarkajelzés nélkili témény hypot
hasznaltunk. Ennek aktiv klortartalmat jodomettitialassal hataroztuk meg: 34,1 g/Cl
A folyadékkromatografias mérések soran az eluensbseznalt HPLC miésédi acetonitril a
Spectrum-3D terméke volt.
Diclofenac kldrozasa
A vizsgalt oldatokat illetve kolloid oldatokat (tAibiakban: oldat) 0,01 mol/l pH=7 foszfat-
pufferrel készitettiik az alabbiak szerint:

— 25 (0,0786 mmol/l) illetve 250 mg/l (0,786 mmoldiclofenac pufferben

- 25illetve 250 mg/l diclofenac 0,1 g/L fulvosav farklt oldataban

— 25 illetve 250 mg/l diclofenac 0,1 g/L natrium-hunpafferelt oldataban

— 25 illetve 250 mg/l diclofenac homoktalaj kivonatb@5 g homoktalajt 50 mi

pufferoldattal razattunk 30 percen keresztil, nszjobalbimeérsékleten egy napig allni
hagytuk. Ezutdn a mintékat fdsZirépapiron srtik.)

A fenti mintdk 30 ml-éhez 0,065 ml hypot adtunk ,773ng/l Cb = 1,04 mmol/l aktiv
klértartalom), majd 2 éran keresztil razattuk, wégtolyamatot egy csepp 0,1 mol/l 603
hozzaadasaval leallitottuk. Az 6sszehasonlithatGsatpkében elvégeztik a diclofenac-
mentes, csak NOM-tartalml oldatok klérozaséat is.vakmintdkhoz nem adtunk hypot.
Mindig harom parhuzamos mintaval dolgoztunk.
Diclofenac fogyaséanak kovetése
Elemezésre UV detektorral felszerelt MERCK LaChrBIALC készuléket hasznaltunk. Az
eluens acetonitril és pH=6,5-re beallitott 0,01 /hfokzfat-puffer elegye volt 35:65 aranyban,
a kolonna Bmeérséklete 23 °C volt. Az elvalasztasim-es kolonnatdltét 250x4,6 mm-es
LiChrospher 100 RP-18 oszlopon (Merck) végeztikietektalas 278 nm-es hullamhosszon
tortént. Az injektalt térfogat 10l/minta volt. A kalibraciot 0-50, illetve 0-250 migliclofenac
oldat segitségével készitettiik.
Osszes szerves klértartalom meghatarozasa
Ezt a vizsgalatot a 250 mg/l kiindulasi koncent@cidiclofenac mintakkal végzett reakcio
leallitasat koveten hajtottuk végre. A szilard TOX mérésitela keletkezett szervetlen
kloridot el kellett tavolitani. Az oldatokhoz 3 nll0 g/l koncentracioju Ca(N§} oldatot
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adtunk, majd 30 perc razatas kovetkezett, igy evegeanyagokat kicsaptuk, majd beparoltuk.
A szilard maradékot desztillalt vizzel mosva anrikilmentesseé tettik (ellérzés AgNQ-al),
majd Ujabb beparlas kovetkezett, amikor a marad@&koegallandoségig szaritottuk.

Az Osszes szerves halogéntartalmat (TOX) égetésesn enikddé Mitsubishi Chemical
Model TOX-100 készulékkel hataroztuk meg. A kaldiéd gorbét pontosan ismert
klortartalmu diclofenac oldatokkal készitettiik (03143 mg CI/l).

Eredmények, értékelés
A 25 mg/L-es kiindulasi koncentracidju diclofenactalma oldatok esetében a hypo hataséara
lejatszodo reakcio elgendi kinetikat kévet (1. egyenlet, 2.a. abra).

c()=c&™*?, (1)

aholc az aktudlis koncentractddépontban é& a reakciésebességi allando.

Jol lathatdé, hogy maximum 30 perc alatt mindegyilodedl rendszerben elfogyott a
gyogyszerhatdanyag. Az atalakulas a homoktalajriataban volt a leggyorsabb, alilarra
kovetkeztethetlink, hogy az extraktumban jelehléolloidalis mérei agyagasvanyok
katalizaljak a folyamatot.

A tizszeres tdménységben alkalmazott diclofenad (8A.) esetében a folyamat egy idtan
jol lathatéan lelassul (2.b. abra). Ekkor a mém@sidmeényekre olyan fluggvényt tudunk
illeszteni, ami két — parhuzamosan zajl6 —6kdadi reakcid6 6sszegeként irhaté le (2.
egyenlet).

c(t)=c @& " +c, & (2)

ahol ¢ az aktudlis koncentracibidépontban,c; ésc, a két parhuzamos reakcidé kiindulasi
koncentraciéja (amikot = 0, c = ¢; + Cp), ki ésk, a reakciosebességi allandok. It is a
talajkivonatban indul be leggyorsabban a folyaraately egy id utan lelassul.

Puffer
FA
HANa
TalajExtr

Puffer
FA
HANa
TalajExtr
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2. abra: Diclofenac (DCF) fogyasa klorozas hataséara pufféatban és szerves anyag
jelenlétében, pH=7 értéken. 2.a. Kiindulasi DCFdenmtracié c=25 mgll.
2.b. Kiindulasi DCF koncentracio c=250 mg/I

Két ora elteltével a maradék DCF mennyisége a kéwét sorrendben csokken:
HANa > Talajextr > FA > Puffer. Elith arra kdvetkeztethetiink, hogy a NOM jelenlétében a
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brutté folyamat lelassul, aminek oka, hogy nemasdaliclofenac, hanem a szerves anyagok is
klorozodnak, ezaltal fogyasztjak a hypo aktiv ldédlmat. A masik reakciéo az oxidacio,

amely sokkal lassabban zajlik, ezért oxidalt boieldsékek keletkezésével kevésbé
szamolhatunk.

Az Osszes szerves klér meghatarozasanak alapjad aninumuszanyagok, mind pedig a
diclofenac klorozadik hypo hatasara 6nmagaban.ial{&a).

10

TOX, Mm%

HANa Talajextr DCF DCF+FA  DCF+HANa DCF+Talajextr ‘ DCF+FA DCF+HANa DCF+TaIajex*r

Komponensek kiilon, mért Komponensek egydtt, mért Komponensek egyiitt, oss#tegz

3. abra: Természetes szerves anyagok és diclofenac kléasaddilon-kulon és egyutt

Amikor a DCF klérozdsa humuszanyagok jelenlétébaghkz akkor megfigyelhdt, hogy a
natrium-humat esetében a klértartalom cstkken Bfditac-mentes mintahoz képest, mig a
fulvosav é€s a homoktalaj-kivonat esetébén Hogyha a NOM-tartalmu mintak és a DCF
klérozasdbdl szédrmaz6 atlag TOX értékeket Osszkadpl 6sszehasonlitjiuk ezekkel az
eredményekkel, lathato, hogy egyedil a homoktalarattal készitett DCF oldat esetében
kapunk az elméletinél nagyobb értéket. Ez ismétadiea utal, hogy a kivonatban jelerdév
kolloidalis mérefi agyagasvanyok katalizaljak a diclofenac klérozadat kbézben maguk a
humuszanyagok is klérozédnak, ezért az aktiv kifogg. A natrium-humat és diclofenac
egyduttes jelenlétben keletkeziszonylag keves klorozott termék megjelenése léglassabb
bomlasi reakcio alapjan arra kovetkeztethetiink,yhag oxidacié folyamata valamelyest
kedvezményezettebb a tébbi koézeghez képest. Mivehuaninsavrol ismert, hogy
fotoszenzibilizald hatassal rendelkezik [9-10]tdbkt, hogy ezesetben is érvényesil ez a
tulajdonsaga.

Kovetkeztetések

A diclofenac tartalma viz feftlenitése soran klérozas és oxidacié is lejatszodik a
klérozott termékek keletkezése nagyobb mennyiséghe@mhaté, mint az oxidalt
bomlastermékekeé.

Aktiv klértartalml szennyviz kibocsatasakor a lebaitan gyogyszerhatéanyag klortartalma
novekszik.
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A fertétlenitoszer kis feleslege esetében a humuszanyagok éneélezl lassitjak a
diclofenac fogyasat (a brutto folyamatot), mivelguk is klérozédnak.

A legkevesebb klérozott termék a natrium-humatatart modell rendszerben keletkezett,
ahol az oxidacio folyamata valamelyest kedvezmésiyelb a tobbi kdzeghez keépest.
Mindez feltételezi a humuszanyag fotoszenzibilizédéasat.

A homoktalaj kivonatban jelenlév agyagasvanyok Kkatalitikus hatassal rendelkeznek a
diclofenac klérozasi reakciéjdban, amelyet minadgyfsi gorbe, mind pedig a TOX értékek
igazolnak. A keletkezett klérozott termékek nagyohbnnyisége miatt ez nem tekinihet
pozitiv hatasnak.

Nemcsak esztétikai, hanem humanegészséguigyi szémpas fontos minden kolloidalis
méreti alkoto eltavolitasa az ivovidb
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1. Abstract

Based on our previous results (discussed beloy?] [(h the present study self-
prepared rutile-phased titanium dioxides were ssited by sol-gel method with the addition
of hydrogen peroxide. The characteristic proper(lRD, DRS, IR, specific surface area)
and the resulted photocatalytic efficiencies wese avestigated. Commercial Aldrich rutile,
and Aeroxide P25 were used as reference titaniuxid#ts. The photocatalytic efficiencies
were determined via the decomposition of phenotl tre inactivation ofE. coli bacteria
under visible light irradiation. The IR spectraicated, that highly efficient Aldrich rutile has
Ti-O-O-Ti groups on its surface (at 667 ¢mn the IR spectra). Unfortunately the addition of
hydrogen-peroxide during the synthesis did notltebe appearance of Ti-O-O-Ti groups in
measurable amount. However hydrogen peroxide addigsulted increased photocatalytic
efficiency in case of a special ratio of the reatga Ti(OGHg)4:H20,:HCI:H,0=1:2:3:50).
The DR spectra showed that the resulted photodit@ificiencies were mostly related to the
band-gap values.

2. Bevezetés

Napjaink igéretes alternativ vizkezelési modszerenagyhatékonysagu oxidacios
eljarasok, melynek egyik tipusa a heterogén fotlkas. A kezelés soran fénnyel gerjesztett
félvezet fotokatalizatorokat alkalmaznak, melyek felliletésszetett gyokds folyamatok
soran a szenny&zanyagok széles kére oxidalhatd. Fotokatalizatdrkemte kizarodlag titan-
dioxidot alkalmaznak szamos keddewlajdonsaga miatt. A titdn-dioxidnak két gyakérla
jelentbsédi kristalyfazisa van: az anataz és a rutil - ez bitddthatd fénnyel is gerjesztidet
tiltott savjanak szélessége (3,02 e¥<410 nm) miatt.

3. El6zmények

Egy kordbbi publikdciéban [1] szdmos sajat késhitéssetenként adalékolt) és
kereskedelmi forgalomban kaphaté Fi®5zil a nem adalékolt Aldrich rutil kiemelkéd
fotokatalitikus aktivitassal birt rendkiviil kicsijfagos felulete (3 filg) ellenére. Egy maésik
mar megjelent kdzleményben [2] a Tang és tarsal @&lirt eballitdsi modszert [3] modositva
eléallitottunk kis részecskemétiettisztan rutil fazisu titan-dioxidot (5 nm), majd a
részecskeméretet kiulontdbhémérsékleten torténkalcinalassal jeleisen noveltik (~5-300
nm). Az anyagszerkezeti vizsgalatok (XRD, DRS, TEB¥T) alapjan megallapitottuk, hogy
az Aldrich rutil és a sajat készite900 °C-on Kkezelt TiG-RHSE-900 nagyon hasonld
anyagszerkezeti tulajdonsagokkal bir: hasonlo o&skesnéret, alak, és részecskemeéret
eloszlas, azonos fényelnyelés és megeagyajagos felllet. A fotokatalitikus aktivitAsukban
azonban drasztikus kilénbség van. Infravorés spskikiopiaval(l. abra) megallapitottuk,
hogy az Aldrich rutil feliilete a 667 ¢hmél megjeleti elnyelési sav alapjan [4] Ti-O-O-Ti
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csoportokat tartalmaz, ami egy elektrofil, oxigaardag fellletet jelent. Gerjesztés hatdsara a
fotokatalizatornak ez a ,peroxidalt” felilete aze@ményezheti, hogy az adszorbeéalodott
oxigén kdnnyebben befoghat egy elektront elindéxzel a gyokos folyamatokat.

—— Aldrich rutil
—— Rutil -RHSE-800
: Ti-0-0
| Feliileti OH \
csoport
-m 7]
g Adszorbealt
E ] CO:
S -
Z | ™
- \‘\\
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] "] csoport
bt |
_ \\‘\
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1. abra

Ezen eredményekre alapozva jelen tanulmanyban tigtilk ki, hogy a preparalasi
modszer modositasaval (hidrogén-peroxid hozzaadBsékallitunk olyan titan-dioxidokat,
melyek rendelkeznek azéblbiekben emlitett Ti-O-O-Ti csoportokkal.

4. Alkalmazott anyagok és médszerek

A szintézis soran vizhez szamitott mennyiségsavat, hidrogén-peroxidot és titan-
tetrabutoxidot adagoltunk a kovetkez anyagmennyiség-aranyban:
Ti(OC4Hg)4:H202:HCI:H,O = 1:1-4:3:50 (a mintak elnevezése a tovabbiakpRatil-H1-4"

— A ,H” a szintézis soran alkalmazott hidrogén-pedoa utal, mig a szamok a,8,:Ti
molaranyt jel6lik). Az eallitott szuszpenziok 168 6ra 40 °C-on és 48 6raGmn tortew
kristalyositasa utan azokat Milli-Q vizzel mostugzaritottuk, majd achat mozsarban
poritottuk.

A fotokatalitikus aktivitast fenol (c=1DM) bontasaval, illetve E. coli K12 baktérium
inaktivalasaval jellemeztik. A lathatd fényt sugatampakkal felszerelt fotoreaktorbdl vett
mintak fenol koncentracigjat egy Agilent 1100 serigpusu HPLC berendezéssel hataroztuk
meg. A fotokatalitikus fefitlenités hatékonysaganak jellemzéséhez az emlitett
publikacidkban [1,2] részletezett médoblkadszitettE. coli baktérium szuszpenziot ontottik a
fotoreaktorba, majd a megfeteldok6zonkeént vett mintakban 18\8l6 sejtek szamét az agar-
agar taptalajon névbaktériumtelepek szamolasaval jellemeztik.

A részecskeméretet és kristalyos dsszetételt eggkR Miniflex Il tipusu rontgen
diffraktométerrel hataroztuk meg. A diffaz reflegiGpektrumokat egy ILV-724 jeldiffuz
reflexios modullal ellatott Jasco-V65liédasoros spektrofotométerrel vettik fel. A fajlag
fellletet egy Micromeritics gazadszorpciosigrerrel (Gemini Type 2375) mértik, mig az
infravorés spektrumokat egy ,FRA 106 Raman” modutiagészitett ,Bruker Equinox 55”
tipusu spektrométerrel vettik fel.
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5. Kisérleti eredmények és kiértékelésik

A rontgen diffraktométerrel (XRD) végzett vizsgalateredményei, illetve a fajlagos
felllet értékek ai. tablazatbanlathatoak.

Fazistsszetétel - XRD eredmények
Anataz Rutil Fajlagos

j j felulet

Tartalom | Részecskg Tartalom | Részecskg -y
(m/m%) | méret (nm)] (M/m%) |méret (nm) 9
Rutil-0 - - 100 52 197
Rutil-H1 <1 - >99 7,3 108
Rutil-H2 8 10,7 92 7 117
Rutil-H3 <1 - >99 6,8 132
Rutil-H4 <1 - >99 6,9 129

Aﬂ'ifh 4 315™ 96 315™ 3

1. tAblazat

Az eléallitott fotokatalizatorok ~40%-ban tartalmaznakstalyos fazist, melynek a
nagy része rutil, egyedil a ,Rutil-H2"-es titan-xiid tartalmaz mérhétmennyisé§ anataz
fazist (8%) is. Kijelenthét tovabba, hogy a részecskeméretre és a fajlagoketfel nincs
jelents hatassal az alkalmazott Ty®} arany.

V4

titan-dioxid fotokatalitikus aktivitasa jeledfgen meghaladja nem csak a sorozat tobbi tagjanak
aktivitaséat, de az altalanos referenciaként elfogaleroxide P25 aktivitasat is.

Fenol fotokatalitikus bontasa

o Rutil-H3

Rutil-H4

Rutil-H1

® Rutil-O

O Aeroxide P25

® Rutil-H2

0 Aldrich Rutil

0 30 60 90 120 150 180 210 240
Kezelési id6 (perc)

2. abra

A sajat készités titan-dioxidok koézil egyediul a ,Rutil-H2” estén psztaltunk
fertétlenits hatast: 120 perc megvilagitas utan a# Bbktériumsejtek szama ~75%-al
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csokkent. Megjegyzesd hogy ez a fefitlenits hatas jelerfisen elmarad a referencia
fotokatalizatorok hatékonysagatol [1].

Flak és tarsai[5] munkaja alapjan a fotokatalizatorok hullamhosszerinti
reflexiojanak elérendi derivaltjat abrazolvg3. abra) vizsgalhaté az egyes fotokatalizatorok
gerjeszthdiségének hullamhossz-szerinti fliggése. Az abra lesticsok leszallo agat
megfigyelve kijelenthét, hogy valoban a fotokatalitikus aktivitds novékgorrendjében
kovetkeznek (balrél jobbra) az egyes fotokatalim#to Az eredmények alapjan a mert
fotokatalitikus aktivitdsok sorrendje a gerjeszéiség hullamhossz szerinti flggését koveti.

Fényelnyelés elsérendii derivaltja
Rutil-H2

Rutil-O Aldrich Rutil

Rutil-H4

300 325 350 375 400 425 450 475 500
Hullamhossz (nm)

3. abra

Az infravorés spektrumok4( abra) alapjan nem jelenth&tki (ugyanakkor nem is
cafolhatd) a sajat készitéstan-dioxidokban a Ti-O-O-Ti csoportok jelenléMegallapithatd
azonban hogy nincs jeléist killonbség az &hllitott mintak 667 crit hullamszamnal mérhet
fényelnyelése kozott. Vagyis ha sikerdlt is Ti-OFDesoportok kialakulasat é&egiteni a
szintézis soran alkalmazott hidrogén-peroxiddainmyesége nem emelkedett szamodv a
hidrogén-peroxid mennyiségének ndvelésével.

Infravoros spektrumok

—Aldrich Rutil
—Rutil-H4

—Rutil-H2
—Rutil-H1
—Rutil-O

Abszorbancia

e

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Hullimszim (cm™)

4. dbra
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6. Osszefoglalas

A leirt modszerrel egyik sajat készitdetokatalizator esetén sem sikerilt kimutathat6
mennyiséf Ti-O-O-Ti csoportot beépiteni a fellletbe, ugydmakmegallapithatd, hogy az
eléallitds soran adagolt hidrogén-peroxid mennyiséfenfs hatdssal van a fotokatalizator
hatékonysdgara. Csak az  alkalmazott anyagok egy cidipe aranyanal
(Ti(OC4Hg)4:H20,:HCI:H,0=1:2:3:50) figyelhet meg jelends fotokatalitikus
aktivitasnovekedés. A titan-dioxidok hullamhossersgi reflexidjanak elérendi derivaltja
szoros Osszeflggést mutat a fotokatalitikus alibsal, de a gerjesztési kiiszob nem
trendszefen valtozik az alkalmazott hidrogén-peroxid menégének novelésével.
Megemlitend tovdbba, hogy kizarblag az emlitett ardny eredméey anataz fazis
megjelenését is, aminek érdekessége, hogy a Vizsgdl-dioxidok kdziul a 3 legaktivabb
mindegyike tartalmaz anataz, és rutil kristalyfiss Az eredmény 6sszefliggésbe hozhaté a
két kristalyfazis néhany publikacioban mar emliszihergikus hatasaval [6-8].
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Tioo, Nanorészecskékkel Bevont Membranok Jellenémek és Fotokatalitikus
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Abstract

Polyethersulfone (PES) membranes are used in a vadge for water and wastewater
treatment due to their physical and chemical prtoggerbut despite their improved properties
membrane fouling remains a problem. In order torow@e this problem a great deal of
interest has been focused on modifying membran#gs WD, as a photocatalyst to reduce
fouling and to make the organic component removaienefficient.

In this study polyethersulfone membranes with déifé pore sizes (0.05 and 0.2 um) were
coated with commercial TiD(Aeroxide P25) and synthesized Fi@anoparticles (NP) by
filtering the TiGQ suspension through the membrane. In order to ttestphotocatalytic
activity Acid Red 1 dye solutions were filtered witommercial PES membranes with and
without TiO, coating. Coated membranes had significantly loiluees compared to the neat
membranes. Contact angle measurements showed idatPP5 formed a very hydrophilic
coat on the membranes on the contrary, NP increased the hydrophobicity of the surface.
UV irradiation had an effect on both the neat apated membranes flux values. Relative dye
fluxes were calculated against the equivalent wii@es and were compared. UV irradiation
increased the dye elimination efficiency of the tedamembranes, which proves the 7iO
coatings photocatalytic activity.

Bevezetés

A poliéter-szulfon membranokat széles korben alkatrak a vizkezelésben és szennyviz-
tisztitasban jo fizikai és kémiai tulajdonsagaikniabszonheien. Szamos éhyik, mint
példaul a nagy & tar6-, kémiai ellenalld képességuk, plrdsik, valamint kilénb@z
porusméretik ellenére a membranelidés nagy gondot jelent a felhasznalasukban [1ft ezé
tobbek kdzo6tt a membran anyagaba adalékanyagokdsswes| torténtek probalkozasok a
membranok élettartamanak novelésére [2]. A memigszités soran tobbek kozott
nanorészecskeéket is felhasznalnak annak érdekbbgp,csokkentsék a membraneltiiast

és jobb tulajdonsdgu membranokat hozzanak létreA8lelmult idbszakban nagy figyelem
iranyult a membranok Tig&dal, mint fotokatalizatorral valé modositasarahlék kozott a
membran eltorddés csokkentésére és a szerves anyag eltavoktésiomysag novelésére. A
TiO,-ot ebnyben részesitik mas félvedkkel szemben, jo fizikai és kémiai tulajdonsagai,
fotokatalitikus aktivitasa, hidrofil tulajdonsaga @otencialis eltdgdés csokkemt hatasa
miatt [3,4].

A nagyhatékonysagu oxidacios eljarasok (AOPs) szk@gben kutatottak és alkalmazzak
6ket a viz, leve§ és szennyvizkezelésben egyarant. Segitségukkeintleiok a
hagyomanyos eljarasoknak ellenallo szerves anyeg&ik.

Nanokompozit TiQ PES membranok &lllitasa soran a membran fellletét
nanorészecskékkel vonjak be vagy a nanorészecskéketnbran anyagaba keverik [3, 4]. A
javasolt membran-ééllitasi modszerek tobbségében fazis inverziotladkanak megfelél

43



21st International Symposium on Analytical and Emenmental Problems

mennyisé§ TiO, hozzdadsaval. Alternativ modszer a membranok, S&Dszpenzidba
.-martasa” [3]. Rahimpour és tarsai szerinbrgiosebb a membran fellletére felvinni a
részecskéket, mint a membran anyagdba keverni tazéka eldd mobdszer nagyobb
permeatum fluxust és kisebb membranellenallastiestvé [2].

Az Acid Red 1 (AR1, Azophloxine) festéket hasznéltmodell szennydiként, hogy
meghatarozzuk a Ti2al boritott membran fotokatalitikus aktivitdsatz AR1 festék a textil
iparban gyakran alkalmazott festék [6].

A munka soran a TiQP25-el és szintetizalt Tigal bevont membranok tulajdonsagait és a
festék eltavolitasi hatékonysagot vizsgaltuk a roggen fotokatalizissel kombindlt
membransirés soran, illetve elvégeztik a kisérleteket UVyf@tkalmazasa nelkil is. A
membranfelllet nedvesitlisgégét, illetve annak valtozasat peremsztg mérésgikségével
kovettuk.

Kisérleti rész

Anyagok

Aeroxide P25 titanium dioxide (80% anataz, 20%ly@&EVONIK Industries, Németorszag).
A membrasiirés soran felhasznalt Acid Red 1 (Synthesia, Spgarsgag) desztillalt vizes
oldatanak koncentracidja 15 mg/l volt.

Membranmodositas

A 0,2 um és 0,05 um pérus mérebliéter-szulfon membranokat (PES-MF és MP0O05 (NEW
LOGIC Research INC, USA) TiOP25 és szintetizalt Tinanorészecskékkel (NP) vontunk
be. A membranokon 50 ml, 0.4 g/l Ti®zuszpenzidt szxtink at egy statikus cellaban. A 0,1
MPa transzmembran nyomast inert nitrogén gaz ssgitel biztositottuk. A membranokat
hasznalat ékt egy napig desztillalt vizbendgledvesitettik.

Membransfirés

A membrénsirési kisérleteket egy statikus kevefteellaban (Millipore, N°96) végeztik,

amelyet egy kisnyomasu higarbgg UV lampaval (Lightech, Hungary) épitettiink egybe,
biztositva, hogy az UV fény megvilagitsa a fotokaédorral bevont membran fellletét. A

membran felilete 0.00342 ma s#irést szobabmérsékleten. Bkezelésként a statikus

cellaban 60 percig UV fénnyel vilagitottuk meg annfreanokat.

Analitikai modszerek

A festék koncentraciojat spektrofotometrias moédstethataroztuk meg (Nanocolor®
UV/Vis, Macherey-Nagel GmbH, Germany) a festék ktifényelnyelése alapjéo=532 nm-
en.

A tiszta és a bevont membranok fellletének nedwes#iegét desztillalt viz peremszdg
mérésével hataroztuk meg (Dataphysics Contact ABgtem OCAL15Pro, Germany),}il0
viz 6vatos cseppentésével a membran fellletre.

Eredmények és értékelés

A membran tulajdonségainak valtozasa JiH25 és TiIQNP bevonat hatédsara

A Kkisérletek el sorozatdban a tiszta 0,2 um és 0,05 pum poérus impadieter-szulfon
membranok valamint a TEOP25 és TiQ@ NP-vel boritott membranok fluxus értékeit
hataroztuk meg. A bevont membranok fluxus értéddeintsen alacsonyabbak voltak a tiszta
membranok fluxus értékeihez képest (1. abra), mavetembran fellletén a fotokatalizator
réteget képez. A kereskedelemben kaphaté, R@5 elédleges részecskemérete ~25 nm,
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szuszpenzid formaban azonban kozel egy mikrométeggbomeratumok alakulnak ki [7].
Hasonlé aggregalodast tapasztaltunk a szintefizat NP esetén is.
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1. dbra. A kilénb6 bevonatok hatasa az atlagolt vizfluxus értékekre

A peremszdg mérések alapjan elmondhatd, hogy a PEB egy rendkivil hidrofil réteget
képezett a membran fellletén (a peremszog értékmig)a TiQ NP-vel bevont membranok
peremszdgértékei magasabbak voltak a tiszta mewkitén képest, azaz a felllet igy
kevésbé hidrofil. (2. &bra). Erdekes, hogy a felifedvesithéisége nem mutatott
osszefliggést a mért fluxus értékekkel.
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2. abra. Tiszta, TiQ P25 és NP-vel bevont PES membran fellletek netthegsiégei

AR 1 oldat mikrosiirése

Az AR 1 festék oldatot stilk a két kilonbdZ fotokatalizatorral bevont két kilonh®z
membrannal, UV fény hianyaban és jelenlétében ime§vilagitas hatasara a fluxus értékek
minden esetben megndvekedtek.(3. abra).
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3. dbra. TiO, P25 és NP-vel bevont PES membranok festék oldatiski
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AR 1 mikros#irése soran a TiP25 és TiQ NP-el bevont membranok fotokatalitikus és eltéasli
hatékonysagai

A kovetked kisérletsorozatban a TiOP25 és TiQ NP-vel boritott membranokon AR1
festékoldatot dmtlink, €és a membran festék-eltavolitasi és fotditixizs hatékonysagat
vizsgéltuk (4. 4bra). Annak érdekében, hogy mepg#é#ak, hogy a festék mekkora hanyada
tavolithatd el siréssel és mekkora a heterogén fotokatalizissekigés elvégeztik UV
fénnyel megvilagitott, illetve meg nem vilagitottembranon is. Azt tapasztaltuk, hogy a
porusmerettl és a fotokatalizatortol fuggetlenidl a bevont medmok nagyobb eltavolitasi
hatékonysagot mutattak a tiszta membranokhoz képdseévont membranok fotokatalitikus
aktivitdsa hasonl6 volt: a festék koncentracidja &lfelére csokkent; a membran dires
soran tovabbi 30-45%-ot tartott vissza. Minden le=et80%-osnél nagyobb eltavolitas volt
mérhed, a legjobb, >95% eltavolitasi hatékonysagot a Québes, NP nanorészecskékkel
bevont membrannal értik el.

Sz(iréssel visszatartott (%)  sz{iréssel eltavolitott (%)

10 %0 m fotokatalitikusan lebomlott (%)
90 80
80 70
70 60
60 50
40
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PES 0,2 +P25 PES0,2 + NP PES0,05+P25 PESO0,05+ NP
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%
%

4. abra. Eltavolitasi- és fotokatalitikus hatékonysag

Osszefoglalas

Az ARL1 festék mikrosirését végeztik TioP25-el és TiQNP-el bevont 0,05 um és 0,2 um
pérus mérdt PES membranok segitségével, annak érdekében,rmegiatarozzuk, hogy a
bevonattal javitottuk-e a membran tulajdonsagait.bévont membranok fluxus értékei
jelenbsen kisebbek voltak a tiszta membranokéhoz képagyanis a fotokatalizator
részecskék egy réteget képeztek a membran felileekamszog mérések alapjan aIliR25
rendkivil hidrofil réteget képezett a membran ftigih, mig a TIQNP-vel bevont membran
felllete kevésbé volt hidrofil, mint a sima membfélillete. Eredményeink bizonyitjak, hogy
a fotokatalizatorral bevont membranok szamditatokatalitikus aktivitassal rendelkeznek,
ami lehedvé teszi a tovabbi hasznosithatosaguk vizsgalatat.
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Abstract

Newborn screening for congenital adrenal hyperal¢§IAH) has high false-positive rates,
necessitating confirmation of primary results. Weveloped a single LC-MS/MS assay for
dried blood spots (DBS) that allows concurrent oamdtion and differential diagnosis of
CAH. All five steroids (cortisol, 21-deoxycortisal,l-deoxycortisol, 4-androstenedione and
17-hydroxyprogesterone) were baseline resolved aekbbly determined (UHPLC:
PerkinElmer Flexar FX-10; MS/MS: ABSCIEX QTRAP 55@dlumn: Phenomenex Kinetex
XB-C18). In Hungary-Romania Cross-Border CooperatiBroject (HU-RO 0802/008
SCREENGEN), the 21-hydroxylase deficient form ofKC#as confirmed in one of a total of
163 samples tested positive in primary screening.\v@lidated assay can use the same DBS
as in primary screening 2tier test), eliminating the need for repeated Hlsampling and
accelerating diagnosis.

Introduction

Congenital adrenal hyperplasia (CAH), a severeritdte disorder of cortisol biosynthesis,
can cause death in early infancy (due to disturbedium homeostasis) and prenatal
virilisation in affected girls and signs of a pasis androgen excess in both sexes (caused by
an accumulation of steroid precursors, metaboliaexhdrogens) [1].

Newborn screening for CAH is generally performedotiyph measurement of the
17-hydroxyprogesterone (17-OHP) level in dried dlospots (DBSs) by means of a
fluorescence immunoassay (DELFIA[1]. However, the number of false-positives in
primary CAH screening is high: CAH is confirmedanly around 1-2 of every 100 positive
results [1]. Therefore, primary screening resutisGAH based on a 17-OHP assay must be
confirmed with a second method, preferably usirggame DBS specimen as in the primary
screening [1].

Liquid chromatography—tandem mass spectrometryNLSIMS) can effectively decrease the
number of false-positives in CAH screening [1,R, Bowever, earlier assays could not
differentiate between the two main forms of CAH_2&-hydroxylase deficiency and an
118-hydroxylase deficiency, which together account¥68% of all cases [1]. This requires
separation of 21-deoxycortisol (21-Deox) and 11xgeortisol (11-Deox), specific for these
two forms of CAH [1]. Most previous assays for 2&dX and 11-Deox did not allow analysis
of DBSs [4, 5]; and those which did, achieved ataglp but not baseline resolution of these
isobaric analytes [6].

Accordingly, we aimed to develop a single LC-MS/ll&say for the concurrent confirmation
and differential diagnosis of CAH through the as@éyof 21-Deox, 11-Deox, cortisol (Cort),
4-androstenedione (4-AD) and 17-OHP in DBS. We alsbout to apply this method for
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newborn screening in the frame of the Hungary-Raan&noss-Border Cooperation Project
(HU-RO) 0802/008 SCREENGEN. Cross-border coopenatiay be expected to improve the
effectiveness of newborn CAH screening and elingrmdssible issues (high initial costs and
the need for trained analysts) concerning the implaation of the LC-MS/MS technique

[7, 8, 9].

Experimental

For sample preparation, two spots 4.7 mm in diametaresponding to 1348 blood) were
punched out from filter cards and placed into 9&-waund-bottom microtiter plates. For
steroid extraction, 200l of the deuterated internal standard working sotutvas added to
each vial. The plate was sealed and shaken for iBOan ambient temperature. After
centrifugation, the supernatant (@) was transferred to a second plate and dried%amin.
The underivatized residues were reconstituted ipl 48ethanol/water 20/80 (v/v), sealed and
shaken for 20 min at room temperature.

The analysis was performed on a PerkinElmer FléXddPLC system (two FX-10 binary
pumps, solvent manager with a degasser, autosaamiethermostatic oven; @lerkinElmer
Inc., Waltham, MA, USAand an AB SCIEX QTRAP 5500 MS/MS triple quadrigopmass
spectrometer, controlled by Analyst 1.6.1 softw@@hAB SCIEX, Framingham, MA, URA
Following optimization of the MS/MS settings, fibof sample was analyzed using multi-step
gradient elution (total assay time: 13 min) using Phenomenex Kinetex XB-C18
100x3.0 mm, 2.um core-shell analytical column and a SecurityGuditda Cartridge guard
column (bothPhenomenex, Torrance, CA, USAluents A and B consisted of ultrapure
water plus 0.1% formic acid, and methanol plus Of@fic acid, respectively.

In the frame of the Hungary-Romania Cross-Bordeog@oation Project, DBS samples from
newborns screened in county Timis, Romania, andesiied of having CAH on the basis of
the primary screening (17-OHP DELF}Aassay,Wallac Oy, PerkinElmer Inc., Turku,
Finland), were sent to our laboratory. The reported LCIMMS/assay was applied as a
second-tier test, using the same specimen as inptheary screening. After prompt
determination of the steroid levels in Szeged, rdmilts were immediately reported to the
primary screening centre to facilitate early in@rion. The Cross-Border Cooperation
Project was approved by the Ethical Committees lbfparticipating institutions (the
University of Szeged, the Louis Turcan Emergencyspital for Children and the Vasile
Goldis Western University of Arad).

Results and discussion

Traditionally, the confirmation of primary CAH semng results was based on LC-MS/MS
findings of elevated levels of 4-AD and 17-OHP eamased level of Cort and an elevation in
the ratio (4-AD+17-OHP)/Cort [3]. In contrast with-AD and 17-OHP, 21-Deox and
11-Deox are specific markers for 21-OH andg-00H deficiencies, respectively [1]. Thus,
their concurrent determination can improve the gjpgy of the assay and allow the
differential diagnosis of the two most frequentigrof CAH [1].

Previous assays for 21-Deox and 11-Deox have alexattisively used serum samples [4] or
urine [5]. However, serum and urine can be obtaioely with a delay which can hamper
early recognition and treatment. Instead, the amlgf the same DBS specimen as in the
primary screening eliminates the need for repe&ledd sampling, can shorten time to
diagnosis and improve the cost- and time-effecegsnof screening [2]. The avoidance of
repeated blood sampling in the large number oéfalssitive cases can eliminate unnecessary
family anxiety and the accompanying increase inftbguency of hospitalization [9].

We have successfully developed a single LC-MS/M&agor the concurrent confirmation
and differential diagnosis of CAH through the asayof 21-Deox and 11-Deox in DBS
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(together with Cort, 4-AD and 17-OHP). This methweds validated in terms of linearity,
lower limit of detection (LLOD; 1.0-5.0 nM), lowelimit of quantitation (LLOQ;
2.5-12.5 nM), intra-assay precision (coefficientvafiation, CV: <7%), inter-assay precision
(CV: <10%)), variation between injections (CV: <5%®tention time stability (CV: <1%) and
extraction efficiency (CV: 69.7-85.2% for DBS cahbor vs methanolic standard; and
75.3-90.4% for DBS calibratas spiked whole blood). Excellent baseline resotutig>1.5)
was achieved for all five metabolites in DBSs: Raavas 4.28 for the pair Cort and 21-Deox;
3.46 for the pair 21-Deox and 11-Deox; 5.68 forpha& 11-Deox and 4-AD; and 6.51 for the
pair 4-AD and 17-OHP. A representative LC-MS/MSarhatogram of a DBS calibrator is
presented in Figure 1.
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Figure 1. Representative LC-MS/MS chromatogram of a DBSbcalor.
Peak numbers: 1: Cort; 2: 21-Deox; 3: 11-Deox;-AD} 5: 17-OHP (black peaks: unlabelled
analytes; unfilled peaks: deuterated internal sieas).

In addition, our LC-MS/MS assay proved applicalde the confirmation and differential
diagnosis of CAH in cross-border cooperation fovibpern screening. A total of 163 newborn
DBS samples (including 16 prematures) submittedsémond-tier testing were tested with the
present assay. The results were compared witherefervalues of healthy mature newborns
and prematures (related to gestational age). Tassicl 21-hydroxylase deficient form of
CAH could be confirmed in one sample on the basishe markedly elevated levels of
21-Deox, 4-AD and 17-OHP, the increased ratio (2bx>17-OHP)/Cort and the decreased
Cort level (11-Deox concentration and ratio 11-D&mxt were normal). All other samples
proved to be false-positives; anftliydroxylase deficiency was not detected.

Conclusion

An LC-MS/MS method with excellent resolution of Pkox and 11-Deox in DBS has been
developed, allowing the simultaneous confirmation GAH and reliable differentiation
between its two main forms, the 21-hydroxylase aifthydroxylase deficiencies. The assay
can use the same DBS as in the primary screengugrid-tier approach), which can facilitate
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early therapeutic intervention, improve the costd dime-effectiveness of screening, and
eliminate unnecessary family anxiety by decreasihg high recall rates caused by
false-positives. Our method was successfully agpieclinical DBS samples in cross-border
cooperation for newborn screening for CAH. The dpmty and sensitivity of LC-MS/MS
and the use of analyte ratios are expected tatideilthe diagnosis of mild, non-classic CAH.

Acknowledgements
This work was supported by the Hungary-Romania &Bxwrder Cooperation Project
(HU-RO) 0802/008 SCREENGEN.

References

[1] P.C. White: Nat. Rev. Endocrinol. 5 (2009) 490.

[2] D. Matern, S. Tortorelli, D. Oglesbee, D. Gavrild¥, Rinaldo: J. Inherit. Metab. Dis.
30 (2007) 585.

[3] J.M. Lacey, C.Z. Minutti, M.J. Magera, A.L Tausch&. Casetta, M. McCann, J.
Lymp, S.H. Hahn, P. Rinaldo, D. Matern: Clin. Ch&s0.(2004) 621.

[4] A.E. Kulle, M. Welzel, P.M. Holterhus, F.G. Riegé¢orm Res Paediatr 2013;79:22-31.
[5] S. Christakoudi, D.A. Cowan, N.F. Taylor: Steroid8.(2013) 468.

[6] N. Janzen, S. Sander, M. Terhardt, U. SteuerwaldPkter, A.M. Das, J. Sander:
Steroids. 76 (2011) 1437.

[7] J.G. Loeber, P. Burgard, M.C. Cornel, T. RigterS.SWeinreich, K. Rupp, G.F.
Hoffmann, L. Vittozzi: J. Inherit. Metab. Dis. 383(q12) 603.

[8] U. Groselj, M.Z. Tansek, A. Smon, N. Angelkova,Ahton, |. Baric, M. Djordjevic, L.
Grimci, M. Ivanova, A. Kadam, V.M: Kotori, H. Maksi O. Marginean, O. Margineanu, O.
Milijanovic, F. Moldovanu, M. Muresan, S. Murko, Nllanu, B.R. Lampret, M. Samardzic,
V. Sarnavka, A. Savov, M. Stojiljkovic, B. Suzic,. Rlincheva, H. Tahirovic, A.
Toromanovic, N. Usurelu, T. Battelino: Mol. Gengfetab. 113 (2014) 42.

[9] J.L. Dhondt: J. Inherit. Metab. Dis. 33 (Suppl 2010) S211.

51



21st International Symposium on Analytical and Emenmental Problems

Neonicotinoid Insecticide Uptake by Maize and Appe@ance in Guttation Liquid
Maria Mortl ¥, Agnes Vehovszk$, Janos Gyri %, Béla Darvas, Andras Székacs

'Agro-Environmental Research Institute, NationaliAgltural Research and Innovation
Centre, H-1022 Budapest, Herman O. u. 15, Hung&alaton Limnological Institute, Centre
for Ecological Research, Hungarian Academy of SmenH-8237 Tihany, POB 35, Hungary

“e-mail: m.mortl@cfri.hu

Abstract

Movement ofclothianidin (CLO) andthiamethoxan{TMX) applied as maize seed dressing or
spray application has been investigated in differsoil types (sandy, clay or loam), and
subsequent appearance of these compounds in ttegigutliquid of maize are presented.
Elution profiles for different soil types were detened in order to explore differences in
binding capacity. Soil characterized by high orgamiatter content retained the ingredients,
whereas high clay content resulted in delayed selefthe compounds.

Neonicotinoid uptake by non-coated maize plants alas determinedia guttation liquid
measurements after the neonicotinoid ingredients been applied in spray format. The
highest peak concentrations of TMX and CLO (0.546 4.83ug/ml, respectively) were
measured from plants planted in sandy soil, buddhevels were still substantially lower than
levels in samples taken from plants emerged frownigetinoid-coated seeds (above 100
pg/ml). Moreover, the time of ingredient appearaimceuttation liquid was also strongly
influenced by soil type.

Cross-contamination was established by measuringioginoid concentrations in guttation
liquid in plants emerged from differently coated.(®T and TMX) seeds potted near to each
other and the effect of soil type has also beetoesg. Results for coated (CLO or TMX) and
non-coated plants also confirmed that cross-comtamnon may occur by uptake through soil
from neighboring seeds. Differences between nomedoand coated seeds gradually
disappeared. This is the first record of neoniantinlevels in guttation liquid of plants
emerged from non-coated maize seeds.

Introduction

After the introduction of the first commercially @lable insecticide with a neonicotinoid
active ingredient ifnidacloprid) into the pesticide market in 1991, neonicotinordpidly
became the most important class of insecticidegirT$hare in the total global market of
insecticides was 28.5% in 2011 [1]. Except for aigdarming all of maize seeds planted in
North America are coated with neonicotinoids, maimnith clothianidin (CLO) or
thiamethoxan{TMX). They are also routinely applied in develogicountries and non-coated
seeds are often unavailable for purchase. The rduuse of systemic pesticides is not
sustainable globally [2]. Over 80% of ingrediemisseed dressings are not uptaken by target
crops [3], and off-target drifting similarly reducehe efficacy of spray applications and
causes environmental contamination. Neonicotinar@spersistent in soils under appropriate
conditions. Their reported half-lives vary by compd and environmental conditions, but
range 150-6900 days for CLO and 35-3000 days forXTJd]. Due to their good water
solubility (e.g. 0.34 g/l and 4.1 g/l for CLO and/X, respectively) they leach into ground
and surface water, and consequently are widelyctketen water resources.

Neonicotinoids act as neurotoxic agents to insaot$ may affect the orientation of bees.
Concerns have been raised that their extensivemsase contribute to pollinator decline,
affecting ecosystem services. Although these comg®uvere initially regarded less toxic to
non-target species compared to other insecticithesy; still may pose long-term negative

52



21st International Symposium on Analytical and Emenmental Problems

effects on a wide range of different organisms. mMieatinoid-related toxic effects on the
neuronal connections in the molluscan nervous sys$tave been reported recently [4], but
many other examples exist in the literature revidwe2015 [5].

Cases of severe bee poisoning and updated risksasent by EFSA in January 2013 led EU
Commission to the conclusion [6] that a high risk bees cannot be excluded except by
imposing further restrictions involving withdrawafl authorization of neonicotinoids and ban
of coated seeds for different crops. The restmctapplies to the use of CL@midacloprid
and TMX for seed treatment, soil application (glasy and foliar treatment on crops
attractive to bees, including certain cereals. Besmnent of these neonicotinoids was
scheduled by the EU Commission to be executeddogrial on 2015.

Due to their systemic action neonicotinoids arediacated in the entire plant, conferring a
long-lasting control of insects. Novel ways of ixittation for bees have been explokea the
guttation liquid [7], which is excreted in the forof water droplets on the tips of leaves of
certain vascular plants. Maize showed high guttatiapacity [8], therefore, we selected it as
a model species in the present work.

The aim of this work was to study the spread ofedgents in different soil types and to
explore the effect of soil quality to CLO and TMXrtent in guttation liquid. We have also
studied the uptake of these active ingredientsiegpils sprayed format, and their appearance
in the guttation liquid of maize plants that emerggom non-coated seeds. Cross-
contamination occurring between seeds coated by @ TMX has also been studied in
different soils. In addition, cross-contaminatioetiween coated (CLO or TMX) and non-
coated seeds has also been investigated.

Experimental

Analyses of samples were done on Younglin YL910QEIBystem equipped with a YL9150
autosampler. A C18 column (150 mm x 4.6 mm i.dmppas used for the separation at
40°C. Eluent flow rate was 1.0 ml/min with isoccaélution for 5 minutes (70:30 = A:B
eluents, A = 90% water : 10% MeOH, B= MeOH). UV at#or signals were recorded at
A=269 nm for CLO and=252 nm for TMX. Limits of detections (LODs), dat@ned with
standard solutions lied at 10 ng/ml for TMX anddveflO0 ng/ml for CLO.

Maize seedlings were grown in laboratory in potd ey were obtained from commercially
available seeds {ZALB 449 and @cITAN 380), coated with CLO or TMX. Ingredient
contents of coated seeds have been checked.

For investigation of the absorption of neonicotd®in soils and for spray applications a
stock solution containing 2.06 mM of CLO and TMXsyarepared and diluted to 8.24 uM in
soil adsorption experiments or to 16.5 uM for pneeegence spray applications.

Three different soil types (sandy, clay, loam) gnunice have been used as a media for
growing the maize plants. For the extraction ofjgarcompounds from soils a modified
QUECHhERS method [9] had been chosen as a samplaraten procedure.

The movement of TMX and CLO through a soil columasvstudied by determination of the
elution profiles for clay, loam or sandy soils. Bmolar quantities (8.24-10mol) of CLO
and TMX were loaded onto the columns, which wemntiwashed with successive 10 ml
volumes of water. The neonicotinoid content of lfechates obtained by elution of the active
ingredients was determined, as well as the resitussil were quantified by HPLC.

Vertical spreading of neonicotinoids followed praergence spray application to soil was
investigated in pots filled with different soilo@m, clay, sandy). CLO and TMX uptake by
plants emerged from non coated maize seeds weatiedthy analyzing their guttation liquids
collected at leaf edges.

Cross-contamination and neonicotinoid uptake bytglérom neighboring coated seeds were
investigated either with differently coated maizeds (CLO and TMX) or with non-coated
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and coated (CLO or TMX) seeds. Two maize seeds \pkxreed into the same hole and
guttation liquid produced by plants were colleched analyzed separately.

Results & discussion

Water, acetone and acetonitrile were tested aaaidn solvents of soil samples, but finally a
QUEChERS based sample preparation procedure ptoveel suitable method for extraction
of TMX and CLO from soils used in this study. Rekale differences in recoveries
concerning water extractions indicate that ratéhefleaching can be variable even for these
water soluble ingredients.

The effect of soil types on the movement of CLO @MiX in a soil column experiment was
significant and elution profiles varied by soil ggpstudied. Poor binding potential of sandy
soil probably accounted for high levels of neoriivoitls detected in the first"s6™ eluates.
High clay content soil showed a greater capacitpitml both TMX and CLO, reflected in
their retarded downward movement, continuous |e@chand long dissipation. Loam
displayed an even stronger retention of both comg@supossibly due to its high organic
matter content compared to the two other soil tygescording to water solubility data,
concentrations measured for TMX were generally éighan that of for CLO. The overall
molar ratios of the eluted TMX related to CLO lied1.11, 1.46 and 1.33 and 1.26 for sand,
clay and loam, indicating the higher mobility of KMhan CLO in all cases. Results are in
accordance with binding capacity of soils and vhither water solubility of TMX.

Vertical movement of CLO and TMX and neonicotinaiptake by non-coated maize plants
followed pre-emergence spray application of inseddis to soil show characteristic
differences by soil typed’he compounds were leached into soil down to tkel lef seeds
with uneven rates, so their uptake and excretiarguttation occurred differently. CLO and
TMX could be detected immediately in plants emergedandy soil. Loam soil retained the
substances for a longer period of time, while ia tdase of clay both compounds appeared
shortly after emergence. Peak concentrations deatedrin guttation liquids of these plants
were significantly lower (below 2.0g/ml) than the highest levels (over 10§ ml) measured
for plants emerged from coated seeds. Resultsctdfie different retention characteristics of
investigated soils. Compounds were more retainetidpyer clay or organic matter content.
Plants grown in clay have taken up only 0.021% opliad CLO and 0.042% of TMX,
whereas higher rates (0.076 % of CLO, 0.094% of TMXre detected for plants emerged in
sand. Amounts measured for plants grown in loammagigible.

Leaching of neonicotinoids from one coated see@rtother in close proximity and their
uptake by plantsvas evidenced. In case of differently coated s€¢€t®© and TMX), cross-
contaminations have been observed. Binding capatigpils plays an important role in the
movement of ingredients, therefore, cross-contati@nas more pronounced in sandy soill
than in soils of high clay and/or organic mattentemt. When coated and non-coated seeds
are potted in close proximity to each other, thenmotinoids from coated seeds appeared
after emergence also in the guttation liquid ohdahat emerged from non-coated seeds. In
the first period, guttation liquid of maize plar@sierged from CLO-coated seeds contained
substantially higher amounts of the active ingretiiban that of neighboring plants from non-
coated seeds (Figure 1) and the concentration lyapiecreased from very high levels.
However, significant levels were detected in théadion liquid of neighboring plants from
non-coated seeds as well, whereas there were qathetno differences between the two
concentrations later from the 24lay on. Ratio between the amounts of CLO measiured
guttation liquids and coating material was 0.57%noAnts of CLO taken up by non-coated
plants and detected in guttation liquids was 45cévhpared to that of coated seeds.
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Figure 1. CLO levels in the guttation liquid of plants fraBL.O coated seed#{ and
neighboring non-coated seed$ grown in sandy soil

Conclusion

Actual concentrations of neonicotinoids in leackate in guttation drops are influenced not
only by the type of seedling material, but effetsoil type and the application mode (spray
or seed coating) also influences the levels of oetice of these compounds. Our results
confirm that high levels of neonicotinoids occurtie guttation liquid of maize. Despite of
the fact that neonicotinoids applied as seed cgatre targeted to the seed zone, they do not
remain associated with the sub-surface soil salut@ur findings provide further evidence of
the mobility of these water soluble ingredients,eveh soil characteristics are of high
importance. Insecticides from the field surface mtw root zone, and they are also uptaken
by non-treated plants. Thus, their systemic efigctot restricted to the plants emerged from
coated seeds and could result in exposure of mgettanimal species.
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Abstract

Biological materials are developed by Nature fotrexely efficient, specific and sensitive
functions. There are more and more demonstratiecently that it is possible to attach them
to nanomaterials combining the advantageous piliegedf both components. These new
types of materials, calldoio-nanocomposite®pen possible directions for new generations of
practical applications, e.g. energy conversion atmtage, integrated optoelectronics in
memory and micro imaging, or sensitive componehtmnalytical (biosensor) devices, etc. In
our laboratory recently we have successfully bousgresentatives of redox proteins
(photosynthetic reaction centers and horse radesbxpdase) to inorganic nanostructures and
the optoelectronic properties and possible direstiof applications are investigated.
Examples for applications in environmental field aresented here.

Introduction

There are many examples that biological materiedsused in technical applications (e.qg.,
environmentally friendly biodegradable items analsbnsor devices) and vice versa, technical
developments (e.g., actuators, artificial tissussgd drug delivery systems) are used in
biological systems [1-3]. Because biological matisrare developed by Nature for extremely
efficient, specific and sensitive functions the wdetheir exceptional capacity would be
beneficial in hybrid systems combing them with gromic materials. The bio-nanocomposites
are of special interest because of their combirtkér@ageous properties and the possibility
of the appearance of some new characteristics. @amgbdifferent materials (organic or
inorganic as well) such substances can be cre&iadpose not only the advantageous
properties of the used materials but also newaétire features can appear. This way there is
a good chance to design and tune precisely thecteaistics of substrates we need for certain
application.

Different biological materials like drugs [4-5], pteles [6], proteins [7], and nucleic acids [8]
can be used in combination in nano-hybrid systesnm@eted accumulations in vitro and in
vivo, e.g. for cancer treatments. Specific biolagiecognitions are suitable for antibacterial
and antiviral targeting by nanomaterials decordbgde.g. antibiotics or antibodies. The
unique optical properties of carbon nanotubes eansed for biological imaging [9].

There are many potential applications of bionanquusite materials in new generations of
devices such as biosensors, integrated (opto)etectrdevices (switches or converters),
photoelectric energy conversion, and (single-md&dmaging [2,10].

In our laboratory we bound two representatives emfox active proteins (photosynthetic
reaction center (RC) and horse radish peroxidaggnem (HRP)) successfully to various
inorganic carrier matrices. Functionalized and haretionalized single (SWCNT) and multi
walled (MWCNT) carbon nanotubes [11], carbon nabetbundles [12], indium tin oxide
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(ITO) [13], porous silicon (PSi) [14] and condudimpolymers [15] were used and the
functional activities of these samples were denrates.

Aims

The aim of our work is to create functional bio-oemnmposite materials from nano-structured
carriers and RC or HRP enzyme proteins. This watuires a continuous design of a
measuring system to investigate the basic charsiiter(optical characteristics, electric
conductivity, redox properties, etc.) of our nargieyns. We would like to design a model or a
prototype of a device for possible future appliwat{integrated optical, electric conductance,
photocurrent, imaging, biosensors, etc.). Thereaapeliary processes providing connecting
points for other projects, e.g., using other reitvadox proteins and matrices, or phenomena,
which can be investigated.

Materials and methods

Biological samplefRCs were prepared routinely froRhodobactefRb.) sphaeroides purple
bacterial strains by standard protein purificapyocedures. HRP was obtained from Sigma.
These proteins were bound to different carrier medr by different methods (physical and
chemical binding), which is also routine in ourdadtory.

Inorganic arrier matricesFunctionalized and non-functionalized single (SWIGnd multi
walled (MWCNT) carbon nanotubes, carbon nanotubedlms were obtained from our
collaboration partners (Prof. Klara Hernadi, SZTEKA, and Prof. Laszl6 Forré (EPFL,
Switzerland, Lausanne). ITO was purchased fromisleecGlass (Germany), porous silicon
(PSi) was obtained from Vivechana Agarwal and GahrPalestino (Mexico). Conducting
polymers were prepared in collaboration with P@gaba Visy (SZTE DPCMC).

Experimental methodsSteady state and kinetic sbsorption spetra weresuned by
commercial bench top (Unicam) and home built spgtitotometers [16], respectively.
Composite electrode samples were prepared and qirceots were measured by a Metrohm
PGSTAT?204 potentiostat/galvanostate. Light induoaaductivity changes were measured by
a programmable Keithley 2400 multimeter.

Results and discussions

RC-nanostructures

We already have shown that the integral membraw¢eip; the photosynthetic reaction
center, could be attached to single-walled carbamotubes with the apparent binding to
specific site(s). Evidence was given that one eféffects of carbon tubes binding included
the stabilization of light-induced charge(s) in pisynthetic energy conversion. The
attachment of nanotubes increased the lifetimé®FQg” state within the protein , probably
due to the slow charge recombination between thdized primary electron donor,” Pand
negative semiquinone forms,aQand/or @, the reduced primary and secondary electron
acceptor quinones within the protein, respectivAfifer the excitation, the intraprotein charge
movements are followed by slower reorganizatiothefprotein structure (cf. Figure 1).
Specific interactions between the CNTs and RCsbeamvestigated if specialized chemical
(covalent) binding are achieved by several strateffi7]. Common or engineered functional
groups (like amine, carboxyl or sulthydryl) or sg@dized cross linkers can be used. Several
homo- (e.g., glutaraldehyde) and heterobifunctionét.g., sulfo-SMCC, N-(1-
Pyrene)iodoacetamide) cross-linkers can be usééhtbspecific and nonspecific sites of the
RCs to different carrier matrices.
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Figure 1. Schematic presentation of th=
positions of cofactors, and the path of tl
electron flow in the RC protein and of th
possible interaction between the carb
nanotube and the RC. (BChI)primary
electron donor bacteriochlorophyll dime
BChl: bacteriochlorophyll  monomer|
BPheo: bacteriopheophytine; ,Qprimary
quinone; @: secondary quinone. Blacl
arrows: the electron transport route.
indicates theelectron transport step, whi
is blocked by the inhibitor, terbutryn. 'Fe
and F& are reduced and oxidize
ferrocene, respectively [11].

A promising approach is to bind the RCs to ITO r@s$parent conducting electrode) in a
photo-electrochemical cell through conducting payniPoly(3,4-ethylenedioxythiophene)
(PEDOT), Poly[bis(4-phenyl)(2,4,6-trimethylphenyldmine] (PTAA)). The conducting
polymer connects larger amount of RCs and wirestreles to the working electrode. The
RC/PTAA/CNT complex showed photochemical activity iadicated by flash photolysis
experiments and a photocurrent was measured whashsensitive to the electron transport
mediator applied (externally added electron domeoeptor or specific inhibitor (like
terbutryn).

Photosynthetic RC proteins offer unique applicatjoior example, their use in the
nanostructures or in the optoelectronic systemshése systems the electron — arising from
charge separation — is trapped in the redox compsnef the RC or its molecular
environment and, among other things, can partieifratelectric circuits. The fabrication of
systems for efficient light-energy conversion (gghotovoltaics), integrated optoelectronic
systems or biosensors (e.g., for specific detecifgpesticides) can be visualized for the near
future.

Measuring light-induced change in the current gchpphotocurrent) in an electrochemical cell
is an elegant demonstration of the suitabilityhed photosynthetic systems for photovoltaics,
or other practical applications in optoelectron{esg. for sensing elements for specific
compounds, like pesticides). Two of our RC basedpmsites were successfully tested and
found to be active in electrochemical cells. It l@®n demonstrated that continuous redox
turnover of nanocomposite prepared from PTAA/MWCHITd RCs bound to ITO can be
driven by light if quinone is added to the solution mediating the electron transport between
the working and the counter electrode.

Real time sensing of,-B, by HRP biosensor

The accurate and sensitive determination gdHs very important in laboratory experiences
because it is a product of reactions catalysedelbgral oxidase enzymes in living cells and it
Is essential in environmental and pharmaceuticalyaes. The fabrication of a device with
the sensing component of enzyme protein based)$biosors is a promising way for this
purpose because the function of biological molexidevery specific, sensitive and selective.
HRP is the most commonly used enzyme y0Hdetection because it can oxidize xenobiotics
in the presence of .. In order to define the limit of detection (LOD}) H,O, we made
calibrations with guaiacol and amplex red (AR), ethchemicals are substrates of HRP. The
accumulation of the reaction products, tetragudiand resorufin, then can easily be detected
by absorption or emission spectroscopy. In our ewmnts an enzyme electrode was
fabricated from ITO, MWCNT and HRP. LOD was caldath in both cases. The,&
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decomposition was about 0.15 nM®4/sec in the case of guaiacol and 0.075 njDikec in
the case of AR. Our measurements indicated thatetimyme activity yields 122.8 M
[H20,)/(M [HRP] - sec) with guaiacol and 49.5 M {&,])/(M [HRP] - sec) with AR [18].
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Abstract
In this study, dehydrated wheat bran, which istana&product grows in the north of Algeria
has been used as bioadsorbant for antibiotics rahfovm aqueous solution. Experimental
data showed that the sorption of Tylosin increas#l increasing the amount of adsorbent
and decreased at high temperatiatg: andAS were calculated from the slope and intercept
of plots ofIn(ky) versusl/T, the adsorption process was found to be exotheamic more
favourable at low temperature.

1. INTRODUCTION

Although antibiotics have been used in large qtiastifor some decades, until recently the
existence of these substances in the environmentelcaived little notice [1]. Antibiotics are
gaining recognition as being environmental contamis, classified as recalcitrant bio-
accumulative compounds and are thus regarded aardoas chemicals [2]. Adsorption
method is one of the most efficient methods of reimg pollutants from wastewater [3]. It is
simple to design and operate; and it is relativebxpensive and unaffected by the potential
toxicity as for biologically based processes [4heTpresent work is focused on Tylosin
adsorption onto dehydrated wheat bran, the expeatsneere done in a batch system to
evaluate the adsorption capacity of carbon, andratlen characteristics were evaluated as a
function of adsorbent dosage, temperature and thdynamics parameters.

2. MATERIALS AND METHODS
2.1. Preparation of dehydrated wheat bran
The wheat bran provided by SIM Company locatedlideB Algeria; was mixed with sulfuric

acid solution in the ratios of 1/1 (starting ma#dctivating agent). The mixture was
manually stirred at the beginning to contact wheanh well with acid and left for 2 h, at the
end of the dehydration process, sufficient distileater was added to the mixture to eliminate
dust, impurities and other unwanted chemicals leefdtering. This process was repeated
until the final pH of the filtrate was about 7.0h& dehydrated material rinsed with distilled
water was dried for 24 h in oven at 80 C°. Finatlye powdered sample was kept in a
desiccator for future use.

2.2 Adsorption studies

The adsorbed amount of Tylosin (antibiotic seledtdstudy) at equilibriunge (mg.g') and
the percentage remova f6) were calculated by the following equations:

R% =2 100 1)
Co—ce
q. = )
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Here C, and C, are the initial and equilibrium concentrationsL(§), X (g) is the weight of
dehydrated wheat bran in one litter a@dis the pollutant concentration at the end of
adsorption.

3. RESULTS AND DISCUSSION
3.1. Characterization of the adsorbent
Surface structure of dehydrated wheat was analymedscanning Electron Microscope

(SEM), the observation from Fig. 1 enabled us szelin the following aspect.

Highly developed porosity all over the entire saenpurface with a certain heterogeneity.
This porosity can refer to the evaporation of sudfuacid from the cavities previously
occupied by the chemical agent. The presence aéspordicated that there was a good
possibility that Tylosin could be trapped and abtiedronto the surface of dehydrated wheat
bran.

100k 12 3mim x8.00k SE(U)

Fig. 1. Scanning electron microscope image of dedtgd wheat bran

3.2. Effect of the operating parameters

3.2.1 Effect of adsorbent dosage

The adsorbent dosage is an important parameteudedhis determines the capacity of a
biosorbent for a given initial concentration. Thedorption efficiency for as a function of
biomass dosage was investigated. The results a&semed in Fig. 2.t can be seen that
percentage of Tylosin adsorption steeply increaaés the biomass loading up to 0,8 g/L.
This result can be explained by the fact that tlosdrption sites remain unsaturated during
the biosorption reaction whereas the number of sitailable for biosorption site increases by
increasing the biosorbent dose [5].

3.2.2. Effect of temperature

Effects of temperature on Tylosin removal are presegin Figure 3. It is concluded from Fig.

3 that Tylosin adsorption decreases with increatiiegtemperature, which indicated that the
lower temperature could be more favourable for $iyloadsorption onto the dehydrated
wheat bran. For further understanding the mechaniéniTylosin adsorption onto the
dehydrated wheat bran, thermodynamic analysis wadonmed. The thermodynamic
parameters represented by the change in free e@@)y enthalpy 4H), and entropyA9
have an important role to determine spontaneity feeat change for the adsorption process.
Equilibrium constant can be used to evaluate taaribdynamic parameters [6].

The van’t Hoff equation is used to determine th&ueaof the equilibrium constant with
temperature changes. The equation is given as:
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Fig. 2. Adsorbent dosage effect Fig.3. Temperature effect

AS° AH®
In(ky) = — —— )
Ris the gas constank,is temperature amiH® andAS° are the standard enthalpy and entropy
changes of adsorption, respectively.

The distribution coefficienky[7] can be calculated by using the following ecoati

kd = Z_: (4)

Fig. 5 shows that k() vs. 1/T can be fit by the linear equation of va#off (Eq. 3), from
which the the valueAH® andAS° were calculated from the slope and from the aapt of
the straight line.

The Gibbs free energy of specific adsorptkdsi is calculated using the equation:

AGO = AH° — TAS® (5)

The calculated thermodynamic parameters of Tyl@sleorption on activated carbon were
listed in Tablel.
The negative value of enthalpy chamgd® indicates that the adsorption of Tylosin was an

exothermic process. Th&G° values were negative at all temperatures and bedass
negative with increasing temperature, which indidahe spontaneity of the sorption process
[8, 9].

Both the negative value @fH° and the increase inG° with an increase in temperature
suggested that the reaction was less favouralbliglagér temperatures.

3,0 4

y =6105,3x - 17,746
R2 =0,9905

T T T T T 1
0,0028 0,0029 0,0030 0,0031 0,0032 0,0033 0,0034
T

Fig.4. Lnky) according to the reverse of temperature
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Table 1: Thermodynamic parameters for Tylosin gatsmm on dehydrated wheat bran.

T (K) Kq(Lg™) AG® (kl.mole™)  AH (kl.mol™?) AS (k).mol™)
303 10.52 -6.057

313 5.96 -4.582

323 3.64 -3.107 -50.750 -0.147

333 1.62 -1.632

343 1.07 -0.157

4. CONCLUSION

The present investigation shows that the dehydnatesht bran is an effective bioadsorbant to
remove antibiotics compound such as Tylosin fromeags solutions. The negative value of
AG confirms the spontaneous nature adsorption psodé® negative value @fH indicated
the adsorption process was exothermic. The expataheesults indicated that Tylosin
adsorption is favored for adsorbent dosage hidraar 0.8 g.L and at low temperature.
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Abstract

Pesticide toxicology currently focuses mainly onotareas: long-term effects of given
compounds and cocktail effects of chemicals, incgaombined effects of pesticide active
ingredients with their adjuvants, as seen in thee aaf glyphosatebased herbicides. In this
study surface water pollution in an agriculturagiom of Hungary byglyphosatewas
determined by ELISA method, and cytotoxic effects HEK293 and NE-4C cells by
glyphosateits formulated herbicide RNDUF®) and adjuvant (polyethoxylated tallowamine,
POEA were compared. ®UNDUP and POEA were found to be equitoxic at short exposures
(LCs0: 10-15 ng/ml in 6 hrs), whilglyphosateoccurred to be of 500-750-fold less toxicity.

Introduction

The role of pesticides in current industrial agitiexe is to suppress damages in crop
production by agricultural pests. To achieve sucénucal protection, pesticides are used in
formulations as mixtures of active ingredient(syp@nsible for the main effect of the
pesticide preparation with adjuvants added to im@rgohysico-chemical properties,
adsorption/penetration capability and other chartics of the active ingredient(s) [1]. With
the worldwide expansion of monoculture-based agjtioe;, overall pesticide consumption
continuously grows not only affecting targeted crgiplds, but also causing increasing
chemical pressure on the environment. In addifp@sticide residues are often the source of
chemical exposure as they enter the food chain aganultural practices.

Due to this environmental load and subsequent expd® numerous non-target organisms,
surveys on pesticide residues and their side-sfface expanding [2], and consequently
pesticides are subject to strict registration psses specified in corresponding international
recommendations [3, 4] and legal regulations [5, &@jd pesticide residues are strictly
regulated through their maximal residue levels (MRIin food and feed set upon evidence-
based scientific risk assessment [7, 8]. Generstigdge toxicology research in the 70’s was
mostly focused on the acute effects. During the &i's (with the development and extended
use of the metabolic bacterial reverse mutatioayadsveloped by Bruce Ames [9] and other
microbial mutagenicity tests), attention turned a&odg mutagenicity, carcinogenicity,
teratogenicity and epidemiological examination afsficides, and toxicity requirements
strictened towards candidate pesticide substaiocgmnding knowledge justifies why active
ingredients in plant protection products have toargo regular re-assessment. During the
past two decades, increasing interest has beepssaat in fields, where sufficient knowledge
was still lacking: the study of immunomodulant amtlocrine disruptive effects [10].

Current toxicology focuses on two main ared@stopg-term effects of chemicals at doses near
the no observed effect level (NOEL) in exposuretemding over long periods, even life-
times, andi() effects of numerous compounds exerting toxiaityparallel, so called cocktail
effect. The latter type includes the case of comtbiaffects of active ingredients with their
adjuvants. These adjuvants are considered ,inertérims of the main effects of the pesticide
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active ingredient, but they may cause substaniti-sffects or increase side-effects of the
active ingredients.

Glyphosate

Glyphosateis presently the largest selling herbicide aciivgredient in the world, and its
market continues to grow in line with restrictidmesht on other herbicides and the increase in
the cultivation of glyphosateolerant (GT) transgenic crops [11]. By blockinget
biosynthesis of essential aromatic amino acidsghauohibiting the shikimic acid metabolic
pathway and also inhibiting photosynthegilyphosateshows general phytotoxicity, allowing
its broad pre-emergent herbicide applications. Assalt of the long-term, intensive use, our
surveys indicate glyphosate as a common contaminainters and other surface waters [12-
13]. Formulated preparations glyphosatehave been indicated to exert harmful biological
effects, for example endocrine disruption [14-15]teratogenicity [16], even under its no-
effect level (NOEL) upon extended chronic exposuid®e current evaluation by the UN
International Agency for Research on Cancer (IARGssified glyphosateas probably
carcinogenic to humans (Group 2A), based on “lichggidence” in human experiments and
"sufficient evidence” in animal-experiments [17h light of these adverse side effects, the
recent re-approval gjlyphosatehas been claimed unacceptable [18] ghphosatenas been
reported as common surface water pollutant, andsudsstantial differences have been
evidenced in the toxicity oflyphosateand its formulated herbicide products, attributed
side-effects of the adjuvants applied in formulaticour study aimed to evaluate the
environmental occurrence dlyphosatein surface waters, and to comparatively assess
cytotoxicity of glyphosate its formulated herbicide preparatioro®pbuFr® and common
adjuvant (used also ind®ONDUP) polyethoxylated tallowamind?QEA).

Materials and Methods

Glyphosateand FouNDuP were obtained commercialllPOEA was provided by Lamberti
SpA (Albizzate, Italy), chemicals were purchaseahfrSigma-Aldrich Co. (St. Louis, MO,
USA). Glyphosatewvas determined in environmental samples by a cawiaienzyme-linked
immunosorbent assay (ELISA), cell viability wastéesusing the thiazolyl blue tetrazolium
bromide (MTT) reduction assay detecting mitochaald®spiration intensity [19] on two cell
types: a human embryonic kidney cell line expregsalenovirus-specific tumor antigen
(HEK293 [20] and a mouse neuroectodermal stem cell Nie-40 [21]. HEK293cells were
purchased from Sigma-Aldrich CA\NE-4C cells were kindly provided by the Institute of
Experimental Medicine of the Hungarian Academy cieSces.

Immunochemical analysis of glyphosate

Immunochemical analysis glyphosatevas performed using the ELISA kit by Abraxis LLC
(Warminster, PA, USA), validated to determinationf alyphosate in water
(ground/surface/well water). Without sample exi@att water samples were derivatized
(acetylated) prior to immunoanalysis, and then wapetted onto the manufacturer-supplied
96-well microplates. Samples were incubated (30) mam the microplate witlglyphosate
specific antibodies, then 1gG-specific second aties conjugated to a reporter enzyme were
added, and upon further incubation (60 min) and hiwas substrate (30,) and a
chromophore were added, and optical density okthetions was detected in auMrISKAN
ASCENT microplate reader (Labsystems, Finlam@)yphosateconcentration was determined
using analytical standard and sigmoid (logistiaesgion) calibration.

Cell culture work

Cell lines were stored at -1%5 in liquid nitrogen, and subsequently thawed intewdath,
washed and cultured in buffer medium containing X6gal bovine serum. Cells were grown
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at 37C (under an atmosphere of 5% £®5% air) to 80% confluence, and prior to
cytotoxicity measurement were passed through at @ passage. Upon being washed with
serum-free medium buffer, cells were exposed t@muarchemicals for up to 24 hrs [22]. The
MTT cytotoxicity tests were carried out in 96-wallicroplates. Cells were incubated with
glyphosate Rounbup and POEA at various concentrations for 2, 6 and 24 hrs uffelp
medium with or without serum added [23] and afteshing, MTT (0.1 mg/ml in buffer
medium) was added, and color development was eetett570 nm.

Results and Discussion

Determination of glyphosate

Using the Abraxis ELISA methodjlyphosatewas detected above the practical limit of
detection (LOD) (0.12 ng/ml) in half of the surfasmter samples collected in the autumn
period from a maize growing agricultural region letingary. Glyphosateconcentrations
showed a somewhat bimodal pattern: concentratiogr® wither below (or in some cases
slightly above) the LOD, or were found alarminglglin (0.542+0.003 to 0.984+0.003 ng/ml).
In contrast, surface water samples collected in gheng period (before intensive pre-
emergent herbicide applications) were found predamntiy not to contaiglyphosateabove
the LOD, possibly due to a dilution effect in stangdwater bodies or in rivers.

It has to be noted that the ELISA method is spedfly toglyphosateand it doesn’t detect
its primary metabolite, aminomethylphosphonic g@#1PA). According to manufacturer’s
specifications, the cross-reactivity of the detattimethod for AMPA is slightly above
0.0001%. This means, analysis covers only the poegabsence of the parent compound
(glyphosatg and not its official residue levajlyphosateand its metabolite(s).

Cytotoxicity measurements

RounDuP strongly suppressed cell viability, detectable revadter 2 hrs of exposure,
significantly dropped by 6 hrs, but with no furttdecay until 24 hrsPOEA caused similarly
decreased cell viability above 5 ng/ml concentrgtiand the effect continuously increased
from 2 to 24 hrs of exposure. k&values for Runbur andPOEAonNE-4Ccells upon 6 hrs
of exposition were found to be 15 and 10 ng/mipeesively, butPOEA caused more rapid
cytotoxicity. In contrast, cytotoxicity ajlyphosatgLCso: 7.5%pg/ml in 6 hrs) was 500-750-
fold lower. RouNDUP is well known to be cytotoxic by inhibiting mitochdrial respiration
(LCsp: 57.5ug/ml) [22] and induced cell necrosis by a 15-faldrease in adenylate kinase
release. The apoptotic effect ocbBRIDUPwas seen by an increase in caspase 3/7 activity by
6.29-8.24 times compared to the control level.

Conclusions

Glyphosatebased herbicides present dual hazards in terngwdfonmental contamination
and cytotoxicity. In this studyglyphosatevas found in half of the surface water samplemfro
a maize growing region of Hungary, with contamioatas high as 0.984 ng/ml in a bimodal
pattern. POEA the main adjuvant ofjlyphosate was found cytotoxic above 1 ng/ml
concentration on human cell lines after 2 to 24 d¢frexposure. The results evidenced the
hazard ofglyphosateand even more of its adjuvaROEAon human cell viability, underlying
the necessity of toxicological risk assessment aestipide formulating adjuvants for their
combined effects with pesticide residues. Thusk assessment has to be extended to
toxicological consequences of such parallel exposur
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Abstract

In this study ionizing radiation induced degradatiof monuron was investigated by
radiolysis.y-radiolysis is one of the Advanced Oxidation preess(AOPs) which is very
effective method for the degradation of organic ewgpollutants. The end-products and
transient intermediates were studied in order tecidlee the degradation mechanism. The
main reaction is OMaddition to the aromatic ring forming hydroxyl-cgbexadienyl type
radicals. In addition to this radical, aminyl arttepoxyl radicals have also some contribution
to the degradation. Monuron as a halogenated contpmusensitive to the hydrated electron
attack. Due to the oxidation, chemical oxygen demnand total organic carbon content
decreases during irradiatin treatment. The effiyeof oxidation is high compared to other
aromatics. Both, OHand g4 take part in the dehalogenation reactions.

Introduction

Phenylurea herbicides are applied for the pre- post-emergence control of weeds in

agricultural and non-agricultural fields. They hawdong lifetime [1] and because of their

bioaccumulation and persistence they can be detecthe environment [2-4].

Our target of investigation, monuron (3-(4-chlorepiil)-1,1-dimethylurea) is a phenylurea

herbicide. Monuron is known to be carcinogenic armans [5]. Its decomposition has

already been studied by different AOP methods:ntlost effective method was found to be

the photo—Fenton reaction [6].

In our laboratory decomposition of different phamgla herbicides was investigated by high
energy irradiation. This study is a sequence ofsbudies in which the degradation of a series
of harmful organic pollutants was examinedykadiolysis [7-8].

Experimental

Monuron and other chemicals were purchased frontt8pa-3D or Carlo Erba and used
without any purification. All solutions were prepdr without any buffer addition and pH
adjustment. They-irradiated samples were first examined by JASCQ 33V-Vis
spectrophotometer with a 1 cm cell applying appetprdilutions before taking the spectra.
The formation and decay of transient intermediatese followed up by pulse radiolysis to
investigate the reactions between monuron’@nd, as well as monuron ang,e

In irradiated samples other comprehensive chaiatiter of the solution, such as Chemical
Oxygen Demand (COD), Total Organic Carbon (TOC) dithl Nitrogen (TN) contents
were also measured using Behrotest TRS 200 COlemysind Shimadzu TOC-VCSN
equipment, respectively.

The concentration of adsorbable organic halidesX)A@nd free chloride ions in solutions
were monitored by an AOX equipment and perfectidiCombination Chloride Electrode.
Finally, an Agilent Technologies 6410 Triple Quaf€/MS system was used for final
products identification.
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Water radiolysis

During water radiolysis reactive primer intermedsahydrated electronsg (0.28 pmol H);
hydroxyl radical; OH (0.28 pmol 3); and hydrogen atom, "H0.062 umol J) and molecular
products (H and HO,) form. The G-values (yields) of reactive primeteimmediates can be
seen in the parentheses. These intermediatessgrensgble for the decomposition of organic
substances. The reaction between monuron and dudivispecies were studied under
different conditions. In BD saturated solution the main reaction partnerOBl. In eq
reaction 5 vol% tert-butanol containing solution swsaturated by Nto scavenge OH
radicals. In the absence of TBA, all 3 primer raacintermediates have some contribution to
the reactions. In aerated saturated solutiogs,aad H can react with dissolved oxygen. In
this case reaction agents a®H and the superoxide radical/perhydroxyl radicalir p
(O2"/HO,) (pKa (O, /HO,) = 4.8).

Results and discussion

During spectrometric measurements the reactionsd¥idual species with monuron was
studied (Figure 1.). In the UV spectra of monuroare is a well-resolved absorption band at
245 nm. This band is the characteristic excitatiand for aromatics. Duringradiolysis, this
band decreases with increasing dose. Wi@ reacts with monuron, a new band can be
observed between 270 and 320 nm. This band mawdetothe hydroxylated versions of
monuron [7-8]. In bothOH and the g, reactions, a slight shift of absorption band & 8¢
can be seen to shorter wavelength due to the dggdradtion.

Absorbance

2,04

1,5!
“OH and 0,"/HO,

Absorbance

1oy [/

0,51

00 —= 00 =
200 250 300 350 400200 250 300 350 400

Wavelength, nm Wavelength, nm

Figure 1. Absorption spectra of 1 x I0mol dni® monuron irradiated with 0-8 kGy doses:
(a) in N,O saturated, (b) in Nsaturated containing 5 vol. % TBA, (c) in $aturated and (d)
in aerated solutions.

In pulse radiolysis experiments the reaction betwswnuron andOH was investigated
(Figure 2.). In the transient spectra the absonptiands between 300-400 nm and above 400
nm showed time dependence. Based on this spectaassumed that there are least 2
intermediates in this reaction. The absorption bla@iveen 300 and 400 nm may belong to
the hydroxycyclohexadienyl type radical. The meeswents were also repeated in the
presence of 1x 10*% mol dm?® KsFe(CN), Fe(CN)}** reacts OH adduct forming
corresponding phenolic compound [9]. The spectearty indicated the peak at 350 nm
belonging to the OH adduct. The band above 400 itmavmaximum at 450 nm may be due
to the phenoxyl or aminyl type radicals. It will Bbow later phenoxyl radical formation is
more probable than aminyl radical formation. Thee reoefficients of the reaction between
monuron andOH, as well as monuron ang;ewere determined to be (Figure 2. Inset): 2.1 +
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0.9 x 10 mol* dn?® s* and 7.4 + 0.2 x fomol™ dn? s, respectively. Based on the rate
coefficients, the electron withdrawing effect otaine atom increases the rate of nucleophile
reaction and decreases that of electrophile reactonpared to other phenylureas [10].

7.4+0.2 x 16 mol™ dm®s*

. ron + -
o0l monuron + & o~
= monuron +OH __*
r

0.051

0.044

00 4.0x10° 8.0x10°
0.03 Concentration (mol dm’)
—HB—6us

—O—30ps

—O— 3 ps KFe(CN),

—m—6ps KFe(CN)

—O—30ps KjFe(CN),

0.021

AAbsorbance

0.014

0.00+ S
300 325 350 375 400 425 450 475 500

Wavelength (nm)
Figure 2. Transient absorption spectra of 1 x“1fol dm> N,O saturated monuron solution
6 and 30us after the electron pulse, and also witk 10™* mol dm® KsFe(CN) added to the

previous solution 3, 6 and 3® after the electron pulse. Inset: Concentratigreddence of
the pseudo-first-order rate coefficient of absodeabuild-up

The rate of oxidation and mineralisation can becdesd by COD and TOC measurements
(not shown). We can get some information on the &itN-atoms in the molecule based on
TN tests. In irradiated samples COD and TOC vallesrease due to the oxidation (not
shown). The efficiency of oxidation can be charazésl by the ratio of rate of oxidation and
the number of moles 6OH injected into 1 drsolution [11]. Based on this, one-electron-
oxidant"OH finally leads to#4.4 electron oxidations. TN value changes justhsfigvith the
absorbed dose which shows that the larger part-afols remain in the solution as organic
or inorganic nitrogen compounds duripgadiolysis.

To follow up dechlorination processes, chlorideeaske and the AOX content were measured
(Figure 3.). Based on results, the most intensericld release was observed in aerated
solutions in the first stage of degradation. AbdvkGy, chloride release was higher @H
reactions. The chloride release @H reaction is assumed to be due to radical additche
carbon atom with chlorine, and by HCI eliminatiororh the adduct, in the reaction a
phenoxyl radical also forms.

1204

—m—N,O sat, Clrelease
—H—TBA+N, sat,, Clrelease
—4—N, sat, Clrelease

—A— Air sat., Clrelease

= - Air sat., AOX

—— Na-formate+Qsat., Clrelease
- &= Na-formate+Qsat.,, AOX

Cl release, AOX (%)

T 1
10 12

Dose (kGy)

Figure 3. Chloride release in different solutions and AOXainsaturated solution (1410
mol dm®) and in oxygen saturated Na-formate containingtimi.
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The presence of hydrated electron in the reactiomune promotes dehalogenation processes.
In addition to change of adsorbable organic chegontent was measured in air saturated
solutions because the highest in chloride rele&sd was observed under these conditions.
The results showed that complete dehalogenationtakayplace during the reactions.

The identification of final products was carriedt @u aerated solution at 0.5 kGy dose. 10
end-products were identified. Particularly, hydraxgd versions of monuron form. During
the decomposition of monuroifQH may react with both aromatic ring and methylugran
the terminal N-atom. Based on the distribution odducts, the main reaction takes place
between ‘OH and aromatic ring. Dechlorination processes noagur through OH/CI
substitution or phenoxyl radical formation. Pheroxwdical formation have some
contribution to the phenol type products formatsnd ring fragmentation in the presence of
dissolved oxygen.

Conclusion

y-irradiation is a very effective method for the dewposition of monuron. During
decomposition, hydroxylated molecules form throdmghiroxycyclohexadienyl type radical
intermediates. In PO reactions phenoxyl and aminyl type radicals dkce part in the
degradation. The presence of chlorine atom in namurcreases the rate of oxidation and the
efficiency of decomposition. During decompositiaiechlorination processes occur through
phenoxyl radical formation and/or OH/CI substituatio
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Abstract

The F'to 18" year changes in the easily soluble element cantvitk-acetate + EDTA)
were investigated in the ploughed layer of a logrgatheavy metal load field trial, set up on a
Mezofold calcareous chernozem soil in Hungary, in Spri®91. The thirteen potentially
harmful elements (Al, As, Ba, Cd, Cr, Cu, Hg, Mad, Rb, Se, Sr, Zn) were applied at the
beginning of the experiment in soluble salt formg)/30, 90, 270, 810 Kug' element doses.
The easily soluble element contents decreased Igharthe first years, which was followed
by an equilibrium at a low concentration level. @@agm was the only exception, which
element, even in the 18ear after application, showed equilibrium at tigkly high, around
100 mgkg™ LE-Cd level.

Soil analyses were accompanied by young plant aes)yas well as main product and by-
product harvested crop analyses. In certain yearssehold animal feeding experiments were
also carried out for investigating the behaviouthaf heavy metals in the food chain.

Bevezetés

A talajok, a tdplaléklanc nehézfém-forgalméanak gétatat megkulonboztetett figyelem kiseéri
az utobbi években: egyféla kornyezetvédelmi szemlélet térnyerése kdveétet mind a
tudomanyos kutatas, mind a kézvélemeény tertletésfebl pedig az analitikai médszerek a
miiszeres vizsgalatok fégiése nagyobb pontossaga kdvetkeztében [1, 253, 4,

Anyag és modszer

Mez6foldi meszes csernozjom talajon, az MTA ATK TAKI gidnoresoki kisérleti telepén,
tizenharom potencialis toxikus elem (Al, As, Ba,, @t, Cu, Hg, Mo, Ni, Pb, Se, Sr, Zn)
oldhatd séjanak 0/30, 90, 270, 810 kg/ha elemtartahdagjaval 1991 tavaszan bedllitott
szabadfoldi nehézfém terheléses kisérletben vizggaltalaj konnyen oldhato (NHhcetat +
EDTA, [6]) elemtartalmainak 1-18. évi valtozasatszantott rétegben. Egyes években az
,08szes” (cc. HN@ + cc. HO,) elemtartalmakat is meghataroztuk, illetve mélység
talajmintavételekre is sor kerilt az egyes elemélysegi elmozduldsanak tanulmanyozasara.

Eredmények és értékelésiik

A talaj szantott rétegében az oldhato elemtartalmalegtobb elemnél &b ebteljes
csokkeneést, majd, alacsony koncentracionél egytgigensualyi allapotot mutattak. Ez aldl
talan a Cd volt kivétel, amely elem még a 18. évisenagy, 100 mg/kg korili LE-oldhat6
elemtartalmaknal jelezte az egyensulyi allapotokdAnyen oldhatd elemtartalmak valtozasa
alapjan tehat az elemek kéb tsoportba voltak sorolhaték. Az elemek 1. csopmbirtb
viselkedését a Hg példajan, a 2. csoportbelit patot egyediliként képviselCd példajan
szemléltetjul(1. és 2. abra)
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NH,-acetat + EDTA oldhat6 Hg-tartalom

Kezelések (kg ha)

SzD(5%) értekek a kezelések kozdtt:
1991/1: 43; 1992: 4; 1994: 2; 1997: 4; 2000: 0,8; 2004: 0,8; 2008: 0,2
1991/2: 13

1. abra: A talaj LE-oldhaté Hg-tartalmanak valtozasa a Ketél-18. évében.
Meszes csernozjom, Nagyhorcsok, 1991-2008.

A 810 kg/ha adagu terhelés 18. évi utbhatdsabamld@mi LE-oldhaté elemtartalmakat
mertink: As: 24 mg/kg (a kontrollon <0,1); Ba: @®) mg/kg; Cd: 113 (<0,1) mg/kg; Cr: 1,5
(<0,1) mg/kg; Cu: 105 (4) mg/kg; Hg: 0,8 (0,1) mg/kVo: 30 (<0,1) mg/kg; Ni: 55 (3)

mg/kg; Pb: 99 (5) mg/kg; Se: 1,9 (0,1) mg/kg; S0 131) mg/kg, €s Zn: 59 (2) mg/kg.

NH,-acetat + EDTA oldhato Cd-tartalom

mg kg*

Kezelések (kg ha)

5zD(5%) értékek a kezelések kozott:
1991: 40; 1992: 24; 1994: 13; 1997: 15; 2000: 8; 2004: 7; 2008: 13

2. abra: A talaj LE-oldhaté Cd-tartalménak valtozasa a #été-18. évében.
Meszes csernozjom, Nagyhoércsok, 1991-2008.

A 18. évben tehat a talaj konnyen oldhato elenitagkban a kontrollhoz képest a Ba, és a Sr
még mindig mintegy harom-négyszeres, a Hg mintegplcszoros, a Cr mintegy
tizen6tszoros, a Pb, az Se és a Ni mintegy huszszarCu mintegy huszonotszorés, a Zn
mintegy harmincszoros, az As mintegy kétszazotwmesz a Mo mintegy hdromszézszoros,
mig a Cd tobb mint ezerszeres (!) tébbleteket naka® talaj nagy természetes Al-tartalma
kovetkeztében mar a 3. évben is csupan 20 %-oskade@st lehetett kimutatni a LE-oldhaté
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Al-tartalmakban, mely kulonbség a kébi években minimalisra cstkkent.

A kisérlet 3. évében a szantott rétegben atfogegeatatokat végeztiink mind az ,,6sszes” (cc.
HNO; + cc. HO,), mind a kénnyen oldhaté (NFacetat + EDTA, [6]) elemtartalmak
vonatkozasaban. Mindkét mddszernél meghataroztuik azisszaméreési %-ot, azaz hogy a 3.
évben a kisérlet beallitdsakor kijuttatott elemnyisdgek hany %-a volt az ,0sszes”, illetve a
kénnyen oldhat6 formaban kimutathato.

Ami az ,6sszes” tartalmakat illeti lathato, hogwy-szérasokat figyelembe véve — a kisérlet 3.
eévében az atlagos visszamééiségi sorrend az alabbi: Pb, Sr, Ba, Ni, Zn, CuASeHgq, Cr,
Cd, Mo, Al. Azaz, a talajba jutott szenngeglemek kozul 1994-ben (3 év utan) a szantott
rétegben kimutathat6: Pb, Sr, Ba, Ni, Zn 90 % fefeu, Se, As, Hg 60-90 % koz6tt; Cr, Cd,
Mo 30-60 % kozott; mig az Al 10 % alatt.

A konnyen oldhaté tartalmakat iltetn, szintén a kisérlet 3. évében, az atlagos \nsszsi
sorrend az aldbbinak adédott: Pb, Sr, Cu, Zn, GdSH, Ba, As, Hg, Mo, Cr, Al. Azaz a
talajba jutott szennyézelemek kozil 1994-ben a szantott rétegben kimatathiPb 90 %
felett; Sr és Cu 60—90 % kozo6tt; Zn, Cd, Ni, Se@D% kozott; Ba, As, Hg 10-30 % kozott;
mig a Mo, Cr és Al 10 % alatt.

Mintavétel
mélysége
(em)

0 -

100 -

200 -

300 4

400

500

600

0 2 4 6 8 10
elemtartalom (mg/kg)
3. abra: A talaj szelvény LE-oldhato Cr-, illetve Se-tantd@inak valtozasa a kiseérlet

15. évében a legnagyobb, 810 kg/ha elemterhelé&setdsben.
Meszes csernozjom, Nagyhorcsok, 2005.
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A kénnyen oldhat6 s6 formgjaban kijuttatott 13 elemélységi elmozduldséardl szintén a 3.
évben végeztink atfogo vizsgalatokat a 0-20, 202410-60 cm rétegekben. Ezek alapjan az
Al lemosodasat kizarhatonak, az As-t, Ba-t, Cu-g-tH Mo-t, Ni-t, Se-t, Sr-t, Zn-t
kérdésesnek, a Cd-t és a Pb-t valagzéhk, a Cr-t kifejezettnek nyilvanitottuk.

A kisérlet 15. évében a 0-6 m mélységig elvégaesipalatok ugyanakkor azt jelezték, hogy a
Cr mellett a Se lemosddasa is kifejezett volt, dmsmég a 6 m-es mélységben is kimutathatok
voltak ezek az elemek (Se: 2 mg/kg; Cr: 4 mg/kgkoatroll kezelésekben ez a két elem <0,1
illetve 0,2 mg/kg értékeket mutatott a teljes sealben(3. abra).

Kovetkeztetések

Annak ellenére, hogy a jogszabalyokban a talajolsszés” elemtartalmara talalunk
hatarértékeket [7], fontos lehet a konnyen oldhalemtartalmak ismerete is. Ez utdbbiak
vélhetien szorosabb 6sszefliggéseket mutathatnak a fitdtesximértékével, a potencialisan
karos elemek novényi felvételével, taplaléklanceliib viselkedésével. Mivel kisérletiinkben
mértik a betakaritott termések mennyiségét, illefistalkori, illetve betakaritaskori
novényvizsgalatokra is sor kerilt, a &Bbiekben a talaj konnyen oldhaté elemtartalmai és a
termésmennyiségek, illetve a talaj kbnnyen oldreé&ntartalmai és a novény altal felvett
elemmennyiségek/koncentraciok kozotti dsszefliggésedgalataval ezen konnyen oldhaté
talajvizsgalati eredmények még jobban értelmdgrkéetvalnak.

Kdszonetnyilvanitas
A nehézfém-terheléses szabadfoldi tartamkisérldlllitfsara a Kornyezetvédelmi és
TerUletfejlesztési Minisztérium anyagi tamogatas&easilt sor.
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Cisztein Tartalmu Oligopeptid Toxikus Fémionokkal Valo
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Napjainkban a szenzorfejlesztéssel kapcsolatosdaaia 6 iranyvonala a minél kompaktabb,
egyszeii, laboratériumi kdrnyezeten kivil is alkalmazhaohnikak fejlesztése. Egyik fontos
feladat ezen belll a kulonb®ztoxikus fémionok kimutatdasa, melyek természetes
eléfordulasukon tul szamos emberi erédstennyeé forrasbdl is a kdrnyezetbe keriilhetnek,
ahonnan a human szervezetbe jutva kiloéladat és kronikus karos hatasokat indukalasaért
felelések. Erzékelésiik megoldhatd lehet toxikus fémioedis és szelektiv megkotésére
képes biomolekula receptorokat tartalmazd kemoswekzsegitségével. A szamos fémion
szallito-, illetve fémion-kd@ fehérjében megtalalhaté CXXC motivum alapjan egyid,
termindlisan védett oligopeptidet terveztink. Aikos fémionok tiol csoportokhoziz6dé
nagy affinitasa miatt, elsorban a Cys oldallancok esetében szamithatunkdk@dmiora,
melynek kialakulasat a Tyr aminosav fluoreszcenéngk valtozasan keresztil terveztik
kovetni.

A peptid koélcsbnhatasat higany(ll), kadmium(ll) adkal, illetve arzénessavval {AsOs)
kivantuk megvizsgalni. A kdlcsdnhatdsokat pH-poiemetria, fluorimetria, UV-;H-NMR,
szinkrotron radiaciés CD spektroszkopia modszerekikegaltuk.

Cd(Il) ionokkal szamottay kblcsonhatas csupan pH = 3,5 érdéhktolt megfigyelhed. A
fluoreszcens kvencselés nem linearisarariémion - ligandum arannyal. A trendben jebsnt
mertéki torés észlelhét kétszeres ligandumfeleslegnél, ami a monokomplexeklett
biszkomplexek kepidését tamasztja ala.

A Hg(ll) esetében megallapitottuk, hogy mar egészavas pH-tdl kiemelkédstabilitasu
Hg(l):DY = 1:1 6sszetétél komplexek kép&dnek, melyek magasabb pH értékeken négyes
koordinaciés szamu biszkomplexszé alakulnak te&asd szimmetridval elrendidd
donoratomokkal. Fluorimetrids mérésekkel kimutattulgy a fémion k@ddése koncentracié
aranyos fluoreszcencia csokkenést eredményez inioridigandum aranyig pH = 2 - 6
tartomanyban, mely jelenség alkalmassa tehetidgseemt Hg(1l) ionok detektalasara.

Az arzénessav és DY koOzott szintén kimutathatd wolirsékelt kdlcsonhatds. Savas
korilmények kozott a komplexkéges lassu. A koordinacio még pH = 7,0, 1:1 dsszletét
mellett, 1mM koncentracioban sem teljes, igy a seed alkalmatlannak talaltuk
fluorimetrias mérések kivitelezésére.

A potencialis receptorként valo alkalmazhatésagteddse céljabol a DY peptidet szilard
gyanta, Uveg, illetve kvarc hordozon rogzitve isabitani kivantuk, melynek kivitelezése
még folyamatban van.
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Abstract

A basic understanding of the nature of meat plaadtewaters and factors that influence these
wastewaters is essential for the control of wastemvaolume and waste loads. Analyzing
waste characteristics of the meatpacking indusryjat a simple matter. It is difficult to
characterize a “typical” plant and its associateabt@s, owing to the many procedures and
facets of meat-processing operations. However, ssmlarities have emerged during
extensive study and research.

Key words: Meat industry, wastewater, solid waste, wastesr@am

Introduction

Key resources used by the meat processing indumtityde: water, raw materials and energy.
The meat processing industry uses large quantifiasater. Water is used as an component of
final products, an initial and intermediate clegngource, an efficient transportation conveyor
of raw materials, and the principal agent used lgardng of plant machinery and areas.
Although water use will always be a part of the t@acessing industry, it has become the
principal target for pollution prevention. The qtign of processing wastewater and its
general quality, are both economic and environnidatdors in the treatability and disposal
of wastewater [1].

The waste load from a meat processing plant issaltr@f blood, flesh particles, soluble
proteins and waste materials which are intentignail inadvertently released to the sewer
system. There are three proven ways to reduce \ateas well as water use and wastewater
discharge. First is to operate the plant more iefiity. Second is to make process
modifications to reduce water use and waste, amd b to consider pretreatment steps to
reduce the waste load.

Water, sewer and overload costs are significarantyp meat plant. Well-trained employees,
modern technology and management support are ra@gdssachieve cost reduction through
reduced use of water and generating fewer amodintasie.

Water is a basic and necessary tool for the mehisiny. In meat processing and quality
control, water helps to cleanse the product andvenunwanted materials. But in wastewater
handling, water flushes organic and inorganic mdatiethe sewer. Wastewater treatment is
basically a processing system to separate the iorgad inorganic matter from the water that
collected it. Thus, keeping organic and inorganiatter out of the water eliminates the
necessity for treatment. The goal of every wastemwangineer is to remove organic solids
without discharging them to the sewer, and to usealasolute minimum of water for the
essentials of sanitation.

78



21st International Symposium on Analytical and Emenmental Problems

Meat processing wastewaters

The meat industry is a branch of the food industmpich causes degradation of the
environment to a large extent. The wastewater gredlin it contains a variety of organic and
inorganic pollutants, has a high concentration thleec extract, suspended and biogenic
matter as well as variable concentrations. A basderstanding of the nature of meat plant
wastewaters and factors that influence these wastesvis essential for the control of
wastewater volume and waste loads.

Typical slaughterhouse and packing house wastegenerally high in 5-day biochemical
oxygen demand (BO{), chemical oxygen demand (COD), total suspendéidiss¢TSS),
floatable material and grease (FOG). The amountgastewater generated and pollutant load
depend on the kind of meat being manufactured.

Chemical oxygen demand (COD) and biochemical oxydemand (BOEB) are common
measurements used to determine water quality. Tressure the strength of the waste stream
by measuring the oxygen required to stabilize tlastas. COD and BQ[are important to
the meat processing industry because they candxetasindicate lost product and wasteful
practices. High BOBand COD levels indicate increased amounts of moldst to the waste
stream. Measurements at various process locatanbealp locate sources of waste. [2]

The waste is usually at an elevated temperaturevaydcontain organic material: blood, bits
of flesh, fat, manure, dirt and viscera. It may team pathogens, including Salmonella and
Shigella bacteria, parasite eggs, and amoebic.ciysticide residues may be present from
treatment of animals or their feed. Chlorides, phasus and nitrogen compounds are also
found in the waste load. Chloride levels may bey\vegh (up to 77,000 mg/L) from curing
and pickling processes.

Separation of product from wastes at each stagesential to maximize product recovery and
reduce waste loads. The materials being handledaliresusceptible to decay. hence,
cleanliness is very important.

Water management should achieve the necessarylioksmwithout waste. The amounts and
strength of wastes can be reduced by good pradises as dry removal of solid waste and
providing screens on wastewater collection chani3ls

The principal operations and processes in meatpggiiants where wastewater originates
are:

- Animal holding pens

- Slaughtering

- Cutting

- Meat processing

- Secondary manufacturing (by-product operations)

- Cleanup operations

In-plant measures such as the following can be usededuce the odor nuisance and
generation of solid and liquid wastes from the picithn processes:

Recover and process blood into useful byproductS].[4Allow enough time for blood
draining. By reducing the volume of blood lost e teffluent stream by only 100L each day,
a meat plant disposing of its effluent by land a&tion could reduce the land area required
by 2.5 ha. This blood, if recovered for blood pigirg, also represents a gain in product
revenue. Blood recovery, grease recovery, sepaat@ch manure handling and efficient
rendering operations can reduce waste loads suiadiyaand may also produce salable by-
products.

Minimize water consumed in the production procesk®sexample, by the use of taps with
automatic shut-off, the use of high water pressmeimprovement of the process lay-out.
Reduce the liquid waste load by preventing allsalastes and all concentrated liquids from
entering the wastewater stream by covering coblacthannels in the production area with
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grids to reduce the amount of solids entering weeaster.

Separate cooling waters from process and wasteasvael recirculate cooling water.
Implement dry pre cleaning of equipment and praduacareas prior to wet cleaning. Dry
cleaning methods should be used to collect thedsas close to source as possible this
maximizes recovery for rendering. Dry cleaning befbosing down the floor will reduce the
amount of water used for cleaning.

Equip the outlets of wastewater channels with sigemd fat traps, to recover and reduce the
concentration of coarse material and fat in thelwoed wastewater stream. Optimize the use
of detergents and disinfectants in washing water.

Remove manure from the stockyard and from integiimoeessing in solid form.

For meat plants that do not carry out on-site rendgeblood processing or other major by
product processing operations, it is estimated tthetfeces and gut contents would typically
account for more than 75% of the phosphorous af@ &80the nitrogen, sodium and organic
loading in primary screened or settled effluentrfrine plant.

Odor reduction is the most important air pollutimsue in rendering plants and can be
achieved by: minimizing the stock of raw materiadastoring it in a cold, closed, well-
ventilated place. Pasteurization the raw mateeébte processing it in order to halt biological
processes that generate odor. Installing all egeigtnmn closed spaces and operating under
partial or total vacuum. Keeping all working andrafge areas clean.

Treatment Technologies

Choice of technology for treatment of waste watemot an easy and irresponsible task.
Industrial wastewater components show differentreleg of environmental nuisance and
contamination hazard due to their chemical charisties as well as excessive concentration.
Therefore, the treatment of wastewater, which idi@darly hazardous to the environment,
requires a number of complementary techniques shéficiently remove pollutants and
enable the wastewater to be discharged into rewpiwater or be reused for industrial
purposes. Abattoirs and the meat processing induse a huge amount of water. The whole
chain from cattle delivery, slaughtering and preaas to the final cleaning is subject to strict
hygiene regulations. That is why large amounts a$tewater accrue that is highly polluted
with organic substances- containing blood and dissbproteins, fat, straw, sawdust and
residues of animal excremen&nce the wastewater contains substantial amodimioteins,

it putrefies easily and gives off nasty smells. &sally if this wastewater cannot be disposed
fast and reliably, germs and insect attacks, tereathe plant.

The wastewaters of meat processing industry ataldeifor biological treatment and (except
for the very odor rendering wastewater) could becliarged to a municipal sewer system
after flow equalization if the capacity exists. Esjally abattoirs have to deal with unpleasant
smells due to the accrual of ammonia and hydroggrhgle as well as the accumulation of
solids from deposition. Oftentimes this leads taptaints from residents and the formation
of action groups targeting the companies. Sewatjesties usually require pretreatment of
the wastewater before its discharge into the seMechanical pre-cleaning is very important,
particularly for municipal wastewater, in order @énsure the efficient functioning of the
wastewater technology in the following treatmengpst The pre-cleaning will prevent
blockages and damages and thus unnecessary maicgesehedules and superfluous cost.
Screens and fat traps are the minimum level ofg@aénent in any system.

If the wastewater contains water-insoluble subsamr colloids, for instance, sedimentation,
filtration or centrifugal separation becomes neapssto achieve efficient wastewater
treatment. Flotation (in some cases aided by chanaddition) may also be provided to
remove suspended solids and emulsified fats, wbashbe returned to the rendering plant.
The choice of an appropriate biological treatmestesn will be influenced by a number of
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factors, including wastewater load and the needhiteimize odors. Rendering wastewater
typically has a very high organic and nitrogen lead extended aeration is an effective form
of treatment, but care must be taken to minimizasd

Disinfection of the final effluent may be requirédhigh levels of bacteria are detected.
Ponding is a simple solution but requires considerapace. Chemical methods, usually
based on chlorine compounds, are an alternative.

Biofilters, carbon filters, and scrubbers are usedcontrol odors and air emissions from
several processes including ham processing anceriegd Recycle of exhaust gases from
smoking maybe feasible in cases where operatiansia@ir carried out manually and smoke
inhalation by workers is not of concern.

Conclusion

Production of wastes during the processing of npeatlucts is not desirable because it
significantly deteriorates the quality of the firmbduct as well as causes some serious health
threats if not properly disposed-off. The majora§ the waste, in the meat industry is
produced during slaughtering. The composition okteagenerated by the meat industry
depends on species of animals slaughtered. Theewaaterial of the meat processing
industry contains plentiful amount of organic compds due to which its disposal is quite
difficult. Efficient utilization of by-products hadirect impact on the economy and reduce
environmental pollution.

Meat by-products have been used all over the wsidde decades but due to certain health
concerns there is need to develop new technolofgiessafe processing and efficient
utilization. This is also very important to developeat by-products with maximum cost-
benefit ratio in the future for the viability of meindustry. Additionally, more research is
needed to develop some innovative methods for thatrhent of meat industry wastes.
Moreover, modern extraction methods such as sokemaction, microfiltration, solid phase
extraction and super critical fluid extraction slibbe applied to extract several bioactive
compounds from the effluents of the meat processidgstries.

Wastewater from the meat industry is very diffidolipurify due to its specific characteristics,
irregular scatter, and considerable amounts ofrocgamineral and biogenic matter. It can
also be satisfactorily treated so that it can hesed in the production cycle of a plant. In
addition to wastewater management, this study ptesngood practice in the management of
gas and solid waste stream in meat processing tiyduBhis system has considerable
advantages in terms of environmental protectiomgrsavings and cost-effectiveness.
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Abstract

This paper investigates the possibility of redudimg content of organic substances in waste
printing developer using a combination of electampaation/flotation (ECF) and adsorption
(AD) processes. The content of organic substancesste printing developer was monitored
by analysis of total organic carbon (TOC), chemim&ygen demand (COD) and biological
oxygen demand (BOJ) before and after the ECF and AD processes, réspgc When
combining the two processes, a removal of 99.4 88d 96.0% of the TOC, COD and BOD
was achieved, respectively. Obtained results aonfthe improvement in the printing
industrial effluent quality and height removal e§anic substances by the combined ECF and
AD treatments.

Keywords: electrocoagulation/flotation, adsorption, treatt@rganic substances

Introduction

The ECF process involves the passage of an elemtnient into the reaction cell using
sacrificial aluminum or iron electrodes. The getieraof the metal ions takes place at the
anode by dissolving electrically metal electrodésese ions, at an appropriate pH, can form
wide ranges of coagulated species such as corrésgoaluminum or iron hydroxides and/or
polyhydroxidesthat destabilize and aggregate the suspendedclpartor precipitate and
adsorb dissolved contaminantalso, electrooxidation, surface complexation,celestatic
attraction, and chemical modification occur in tBEF reactor. The flocks generated of
coagulated species and the pollutants then canefm®ved using liquid-solid separation
methods, such as, settling, flotation, or filtratifL, 2, 3]. The typical benefits of the ECF
process are: no liquid chemical is added; alkalirst not consumed, pH adjustment is not
needed, requires less dosage and produces leggeshh@ space required for apparatus is
smole because ECF does not require chemical stodilggion, and rapid mixing, short
reaction time (few minutes), oxidation or reductioh much pollutant, coagulation and
flocculation of finest colloids andconomic advantag¢s, 2].

Research has shown that ECF is an effective tredtfoeremoving pollutants from lowland
surface water, urban wastewaters, synthetic copoituted wastes, restaurant effluents,
metal plating wastes, actual industrial dischargasgdboard paper mill effluents, etc. [3, 4].
Also, ECF was not used for treatment of waste ofismting effluent such as waste printing
developer (WPD). As can be see, ECF has a widecagiph field and it can also be effective
for complicated wastewater which contains: heavyatse oils, turbidity, color, bacteria,
algae and microorganisms, tannin, dyes, organiecem@OD and COD), suspended solids,
and colloids [3, 5].

Also, the AD is a very well known, effective andnmmercially applicable water and
wastewater treatment process, which is gaining prente as a means of reducing inorganic
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and organic concentrations in industrial efflug@ts3, 6, 7]. Adsorption has been found to be
superior to other techniques for water and wastwead-use in terms of the initial cost,
simplicity of design, ease of operation and insahi to toxic substances [8]. Activated
carbon is one of the commercially applicable anagtnedfective adsorbent, which are remove
different types of dyes, organic and inorganic yalhts such as metal ions, phenols,
pesticides, chlorinated hydrocarbons, humic subs&n PCBs, detergents, organic
compounds which cause taste and odor, and many cotfemicals and organisms [7].
Nevertheless, as an individual process for treagéfilyents, AD requires overdoses of the
adsorbent. In addition, the regeneration of thevaietd carbon is very complicated and
expensive [3].

In the recent years, the potential of ECF technplog the treatment of industrial effluents is
tried to be even further increased by the synecgisbmbination with other treatment
technologies, such as ozonation, adsorption, oitnag irradiation, and pulses [6]. Barrera-
Diaz et al. [6] reported that the use of an ECRttnent in combination with AD take place
within the two systems. In the first system ECFatineent was combined with AD as a pre-
treatment step to enhance AD capability of adsdsbehlso, this coupling technology has
been studied in systems in which an adsorbent fagethe fast removal of pollution from
wastewater is continuously regenerated using elysis.

Materials being used in the printing industry aeeywdiverse and complex and they influence
the quality of printing products to a great extemhe knowing of the structure and
characteristics of the materials and their expliv¢aproperties conditions the choice of the
optimal technological procedure in the printingustty [9]. Also, the characteristics of the
waste printing materials have a major impact onegh@ronment. The WPD is expected to
contain residual ingredients and products preserihe offset plate surface such as organic
binders and photo-sensitive compounds. Also, inpifeservation process, plate is covered
with a thin solution of gum arabi€¢ or similar chemical. These processes resulteligh
amount of organic substances witch were originated plate surfaces and chemicals [10].
The objective of this paper is to investigate theximum TOC, COD and BOpremoval
from WPD by combining ECF and AD treatments. Thé&E@atment with iron electrodes, as
a pre-treatment, was followed by AD of residualammig substances on commercially powder
activated carbon (Norit W35).

Experimental

The waste printing developer

In the plate development process, initial printileyeloper was dispensed in quantities of 100
mL per nf of plate. After the development process, the oeiWPD cumulatively was
collected in containers of 20 L. The WPD was caéidcfrom the offset printing facility in
Novi Sad, Republic of Serbia.

The electrocoagulation/flotation treatment of the WPD

The ECF experiments was performed in a batch belis{licate glass of 250 mL) with four
plate iron electrodes (dimensions of 10 cm x 5 cthlxcm) connected in a parallel (bipolar)
mode. Only the outer electrodes have been connectethe DC power supply (DF
1730LCD). The current density of 8 mA émvas applied for the interelectrode distance of
0.5 cm and operating time of 60 minutes. The E@Rtinent was carried out at the ambient
temperature (25£1°C), with 220 mL aliquots of th&/which has been mixed with the 0.5
g of sodium chloride as a conductor. Then the B€&té¢d WPD was filtered through a set of
membrane filtration with Millipore vacuum pump awdllulose nitrate filter (pore size of
0.45um). Supernatant has then been used for the anayseESC, COD and BOR Before
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each run, iron electrodes have been mechanicallghgol with abrasive paper, rinsed with
distilled water, dried, dipped for 10 min in a 59dlution of hydrochloric acid, rinsed with
distilled water, and placed vertically in the EGH ¢10].

Adsorption treatment of the WPD

The adsorption (AD) treatment were run in duplicateoom temperature (25+1°C)) in 1100
mL plastic bottle. The amount (10 ¢'Lof powder activated carbon (Norit W35) was added
to 1L of ECF treated WPD. The head space in betds kept at a minimum in order to
minimize the loss of compounds during the experintkre to evaporation. The amount of
adsorbent (10 g) and the equilibration period of Bhutes were selected based on a
preliminary kinetics experiment which was performeith amount of 5, 10, 15 g1,
respectively, and operating times over 6h. The BE€&ted WPD was filtered through a set of
membrane filtration with Millipore vacuum pump acellulose nitrate filter (pore size of 0.45
um). Supernatant has then been used for the analf/3€3C, COD and BOB

Analytical procedure and calculation

Measurements of TOC were performed after sampla@if@ation with concentrated
hydrochloric acid to pH = 2 and membrane filtratigith cellulose nitrate filter (pore size of
0.45 um). The TOC was measured using an Elementar Gerrhaqy Tocll analyzer,
according to SRPS ISO 8245 (2007) method [11]. BOD determination, calculated from
the consumption of GO,*, SRPS P-IV-10 method was used [12]. The B®@Rs determined
by SRPS EN 1899-1:2009 [13].

The removal efficiencies of investigated parame(€@C, COD and BOE) by ECF or AD
treatments were evaluated by the following univieegaation [5, 10]:

E, (%):%xloo 1)

[o]

where X, — the initial values of investigated parametersthe WPD before of certain
treatment (ECF or AD), and;X the final values of investigated parameterhenWPD after
of certain treatment.

Results and discussion
The initial values of TOC, COD and BQIh the WPD and values of investigated parameters
after ECF and AD treatments of WPD are present&dbie 1.

Table 1. The values of TOC, COD and B&bthe WPD and before and after ECF and AD

treatments
ECF AD Efficiency (%)
Parameter WPD | treated | treated ECF AD ECF + AD
WPD WPD | treatment| treatment| treatment
TOC (mg L) | 60800| 1740 391 97.1 77.5 99.4
COD (mg L") | 21100| 11300 1499 46.5 86.7 92.9
BODs (mg L) | 9400 5350 372 43.1 93.0 96.0

The results indicate that the ECF treatment redii€¥S, COD and BOPBvalues by 97, 46.5
and 43.1%, respectively, which still does not cogmwith environmental discharge standards.
In relation to ECF process, AD process removes stinwice more COD and BQDrvalues.
Thus, additional techniques such as AD are neaul@dgrove the quality of the wastewater.
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AD process used as a secondary treatment is e#eeind requires limited amounts of
activated carbon. According to Linares-Hernandeal.ef4] the use of an ECF treatment as a
pre-treatment step to enhance AD capability of dosds can be justified if the resulting
industrial wastewater quality expressed as colat @OD removal is good. Thus, the
coupling of electrochemical and adsorption processeght prove a judicious choice for
treating industrial wastewater with mixtures offelient types of pollutants [4].

The combined ECF and AD processes are able toreimiTOC, COD and BQODfrom
printing industry effluent, respectively. The ovémrdimination reaches of TOC, COD and
BODs are 99.4, 92.9 and 96.0%, respectively.

Conclusion

The proposed combined ECF (with iron electrodes) AD (with activated carbon Norit
W35) treatmnents used in this study excellent redulce concentration of organic substances
in waste printing effluent. The removal efficienofy TOC, COD and BOBfrom WPD by
combined ECF and AD processes are 99.4, 92.9 aiid®6Gespectively. In the future, the
combined effect of ECF and AD treatments could ppliad to other effluents of printing
industry.
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Abstract

Iron is essential elements for human, animals dadt prganism. The depletion of organism
in iron leads to modification in the concentratioh hemoglobin which is responsible for
oxygen transportation. Also, overload of iron regar@s a possible intoxication that can affect
negatively the liver tissue and then all cells. @yperiments was conducted on two groups
(control and experimental) of rabbits — German LBpred Rabbits breed, and we
administrated ferrous gluconate (10mg/kg body wgitghthe experimental group, two times.
Also, during the experiment the rabbits had a spediet with plants from garden
administrated fresh. The plants have very goodogiutant properties, and can prevent the
iron intoxication and also participate intense &odification of the liver after iron overload.
Hematological analysis were preformed for red blaetls, hemoglobin, hematocrit, mean
corpuscular volume, mean corpuscular hemoglobin,am€mmecorpuscular hemoglobin
concentration, red cell distribution width, platelend leukocyte evaluation. The results
demonstrated a very good protective action of ikemants, meaning that the hematological
parameters were not out of normal range afterangerioad.

Key words: rabbit, iron, protective diet

Introduction

Iron is an essential element found all over inng/iorganisms and environment; is a
transitional metal, and is the fourth most représtére metal in the Earth’s crust.
Biochemical properties of iron are various beingpined in many oxido-reduction processes
— by changing the oxidation states fronf'F® F€* or reverse. Iron is present in different
essential compounds in organism, but most knowhasprophyrinic compound that contain
ferric ion — hemoglobin. Also, many enzymes acyivdte depending on the presence of iron.
Main functions of iron in living organism are: grthwpromoting capacity, transportation of
oxygen, in energetic metabolism: conversion of ghgc from blood in energy, DNA
synthesis, and more others (Seo et al., 2014).1d3teof iron from organism has to take in
view the wurination, sweating, defecation, old skaells exfoliating, and bleeding
(menstruation).

The quantum of iron from organism is very imporfamd the equilibrum between the intake
and excresion has to be very well managed by ligrganism because also the excess and
deficiency (microcytic or hypochromic or severe mme primary and secondary
hemochromatosis) can have severe consequencesifizet#tvet al., 2005; Chua et al., 2007;
Naigamwalla et al., 2012). However, in case of fiisient iron, the concentration of
hemoglobin is also reduces that lead to a decrebsaygen transport with consequences
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such as fatigue, vertigo, or loss of energy in calathletes (Mettler and Zimmermann,
2010).

Iron bioavailability is depending by dietary comjpims, and very important by the chemical
form of the iron salt (Hurrel and Egli, 2010).

More of 90% of necessary iron has to come from gadous sources because of the
metabolic pathway of iron in concordance with tbd cells. The necessary iron for organism
has to count the losses of iron and the needsonffor growth and has to be provided by a
proper diet. Also, the dietary characteristic iefiges the iron bioavailability as non-heme-
iron (present in plans and animals) and heme-ifoom( hemoglobin and myoglobin).
Between these two iron forms, the heme-iron isebbetbsorbed compared to non-heme-iron.
However, there are some other factors that inflaghe iron absorption, such as the presence
of some chemical compounds that bound the iron rmade it insoluble, and finally is
excreted by feces. These compounds are usuallys atkd phytate (myo-inositol
hexakisphosphate) well presented in some plants gvéen leaves and some grains (Gupta et
al., 2015; Hurrell and Egli, 2010; Sotelo et a01Q).

Experimental

For this experimental data we used German Lop E&alobits breed, as two groups of
animals: one control group and one experimentalg(®ronca, 2007). Each group of rabbits
was formed by five animals. The animals where iwell suited placed, Wlthout to be
stressed, and had well physiological conditio - e
according with specific laws concerning ani
protection in scientific researches (Romanian Law
205/2004; Directive 86/609/EEC from November 2
1986 for Protection of Vertebrate Animals Used f
Experimental and Other Sciences Purpose ¢
Directive 2010/63/EU for Protection of Animals Use
for Experimental and Other Scientific Purposes)e Ti
environment was well ventilated and the diet
establish in order to bring a toxicity protectiogamst § g
iron overload (Hazra et al, 2012). Dietary feedludag organlc plants from garden that
provided a protective and a pro-active antioxidamtection (well-ahead of the addition of
the toxicity of iron administration). The rabbitachin their diet one time a week oatvéna
sativg, dry alfalfa (Medicago sativg carrots Daucus carota subsp satiyusclover
(Trifolium), garden parsleyPetroselinum crispuim leek @Allium ampeloprasuip chives
(Allium tuberosury coriander Coriandrum sativurp and fenugreekTfigonella foenum-
graecum. These plants were organic plants, cultivatedour garden, and were fresh
administrated in the rabbit’s diet.

We choose to administrate iron as Fe(ll)-gluconht@lrated (Fluka) because it was
commercially available, is water soluble and thenirfrom this product has good
bioavailability in animal organism. We administhteron such as ferrous gluconate
(C12H26Fe016) as a solution that provided 10mj Féody weight for every rabbit from
the experimental group, twice times during our expent, with a pause between
administrations of 7 days. The animals from cordwdd experimental group where introduced
into the experiment right after the weaning pefiafier five weeks of life), the weight of the
rabbits was between 580g and 800g (weight meanA08g and SD was 89.19) and the
experiment was conducted during 43 days duringstimamer time. Blood samples were
collected for hematological determinations. By tulbeersions we ensure mixing of
anticoagulant K3EDTA with blood to prevent clottifgampling the blood from rabbits had
in view the good practice guidelines (Waynforthakt 1998). Complete blood count was
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analyzed in the authorized bioclinical laboratony Timisoara, with Impedance Analysis
System, Flow Cytometry method.

Results and discussion

Our experiment wants to have in consideration thaluation of some hematological
parameters after iron overload in experimental itakdompared to the control group. In the
figure 1 we present the results of red blood c#lBC or erythrocytes), hemoglobin (HB),
hematocrit (HC), mean corpuscular volume (MCV), Mearpuscular hemoglobin (MCH),
Mean corpuscular hemoglobin concentration (MCHGd Rell distribution width (RDW),
platelet (PL) and leukocyte (WBC — white blood skgll

The hemoglobin (HB) is the protein that participet@xygen carrying in blood. Hematocrite
(HC) represents the percent (%) of the red blodid é@m the total blood volume. The red
blood cells (RBC) indicates more informations abthé heath status, and these tests are:
mean corpuscular volume (MCV) that representsvamage size of a single red blood cell;
mean corpuscular hemoglobin (MCH) that presentsatla@age of hemoglobin inside a red
blood cell; mean corpuscular hemoglobin concemna(MCHC) represents a calculation of
an avarage hemoglobin concentration inside thebtedd cells; red cell distribution width
(RDW) represent a calculation of RBCs size varratio

Some hematological parameters in rabbits after iron overdoses
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Figure 1. Variation of some blood hematological parametémabbits

After iron glconate administration for a very shtime, the rabbits accummulates more iron
compated to the control group, but compared tonthienal range of these parameters the
values from experiment are in normal range. This lsa explained that all animals where
feeded wit a special detoxifiant diet, based ofed#ht plants with protective action against
iron intoxication.

Evaluation of reb blood cells (RBC) represent thtaltnumber of red blood cells (also named
erythrocytes) presented in total blood. The platel@luation presents the cell fragments that
play a vital role for normal blood clotting and thkatelet count is the plateles number from
blood; mean platelet volume (MPV) is more oftenordgd together with reticulocyte count
(CBC) and with platelet distribution width (PDW)tkat reflects the uniformity of plateles in
size.

Figure 2 presents the variation of red blood c@#BC) and platelets in rabbits for control
group and experimental group — after administratioh moderate excess or iron.
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Concentration of RBC and platelets is easy incebasethe experimental rabbits that is
normal because of the total iron intake in a shioré.

Red blood cells and Platelets from rabbits after ir on overload

5913333
5415000

6000000

5000000+

4000000+

1169000

513500

RBC (nr/mm3) Platalet (mm3) ‘DControI @ Experimental

Figure 2. RBC and plateles
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Evaluated of WBC — total number of white blood sgelpresent a respons of the organism
against infection and cancer and also play a vewyortant role in allergic reactions and
inflammation. White blood cells differenties varsotlypes of white blood cells, such as:
neutrophils, lymphocytes, monocytes, eosinophiig, lasophiles.

White Blood Cells (mm3) in rabbits iron overload
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Figure 3. WBC after iron overload in rabbits

White blood cells number is higher in control grocgmpared to experimental group, but
both values are in normal range for rabbits. TRigans that the immunity is not affected by
administration of iron overload for a very shorh& or another explanation could be link to
the diet that could protect the body from an infecof low immunity.

Conclusion

Iron is an element essential for a good heath statwt out of the normal range can affect the
immunity, the resistance to effort, can lead tonailag or in overload case can affect the liver
tissue or all the cells integrity.

Diet based on different plants administrated fresénn prevent and can counteract the
moderate toxicity of administration of iron in higtoncentration for a short time to the
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rabbits. Iron overload can not affect negativelg treath status to the rabbits if the diet is
conducted to assure a protective action againsttaxicity.

Hematological determination after iron overload éoshort time to the rabbits feed with a
protective fresh diet, does not affect the normalues for red blood cells, hemoglobin,
hematocrit, mean corpuscular volume, mean corpasdaémoglobin, mean corpuscular
hemoglobin concentration, red cell distribution thigplatelet and leukocyte evaluation.
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Abstract

The removal of phenolic compounds form wastewatef isignificant importance due
to the damages caused to the environment and hilifegi-3]. The polymeric adsorbents
were intense studied in the adsorption processdsaam now considered efficient in the
removal of different pollutants from wastewategluding phenolic compounds [4-6].

In this study we introduce two new polystyrenedianylbenzene copolymers,
functionalized with carboxylic groups. The two copoers, PC12 (with 12% divinylbenzene)
and PC6.7 (with 6.7% divinylbenzene) were charagdrand tested as adsorbents for the
removal of p-nitrophenol from aqueous solution. ®itect of different parameters on the
removal efficiency was investigated. The kinetiasd aadsorption isotherm were also
evaluated.

The copolymers were characterized by means opHRtsoscopy. FTIR spectra were
carried out using a Shimadzu Prestige-21 spectemiethe range 400—-4000 &rusing KBr
pellets and resolution of 4 ¢m N, adsorption—desorption isotherms of copolymers were
performed on Micromeritics ASAP 2020 instrumente®pecific surface area was calculated
using the Brunauer—Emmett—Teller (BET) method amel fiore size distribution using the
Barrett—Joyner—Halenda(BJH) method from the deswrptcurves. Thermal analysis
(TG/DSC) was carried out using a NETZSCH-STA 449Gtrument. The curves were
recorded in the range of 25-1200 °C with a heatitg of 10 K mifi, using platinum
crucibles. The experiments were carried out irfieidl air at a flow rate of 20 mL mih The
morphology of the nanopowders was investigatingstgnning electron microscopy (SEM),
using a FEI Quanta FEG 250 microscope.

The adsorption experiments were performed at 258g 50 mg adsorbent added at
25 mL p-nitrophenol solution with initial concentitms of 100 mg L*. All experiments were
performed at a 200 rpm shaking speed for 8 h tarenthe equilibrium of the adsorption
process. The p-nitrophenol concentration was moetdtby spectrophotometric analysis using
a Schimadzu UV-VIS Spectrophotometer. The absoghaatuies were measured according
to the maximum UV-absorption, at the wavelengtB16 nm.

The copolymers proved a good adsorption capadite removal efficiency of p-
nitrophenol using PC6.7 adsorbent was 86% whileguBiC12 was 78%.

The experimental data were fitted with Langmuireudndlich, Redlich-Peterson and
Sips isotherms. The maximum adsorption capacity-oitrophenol, resulted from Langmuir
isotherm was 213.4 mg'qusing PC6.7 adsorbent and 80.8 rifquging PC12.
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Abstract

Titanium dioxide (TiQ) thin films were deposited by pulsed laser depmsion Si substrate.
An KrF excimer laser with wavelength of 248 nm wiaed for the irradiation of TiQargets.
The substrates were heated during the film deposdt 400°C under an oxygen pressure of
35 mTorr, 50 mTorr and 65 mTorr. The XRD resultgead the growth of Ti@ thin film
deposited on Si substrate in pure anatase phaskl #pography of as deposited film
indicates the formation of uniform TjOon substrate and particles size depending of the
oxygen pressure. The optical properties of filmsvehdbeen recorded using UV-Vis
spectrophotometer in the wavelength range 400-800 n

Introduction

TiO, thin films have been synthesized by using numenoethods including sol-gel [1],
plasma oxidation [2], chemical vapor deposition )\ 3], metal organic chemical vapor
deposition (MOCVD) [4], reactive magnetron sputigri[l], plasma-enhanced ALD
(PEALD) and pulsed laser deposition (PLD) [5]. Amgahese techniques, PLD is one of the
most promising techniques for the formation of cterpoxide heterostructures, super-
lattices, and well controlled interfaces at highltmg points of oxide materials. This
technique generally enables the deposition of kiigkhse films and has proven its efficiency
in growing oxides of complex stoichiometry [6]. Tidas been proven to be an effective
material for applications such as photocatalysis §), dye sensitized solar cells [9],
heterogeneous catalysis [10], self-cleaning surfacatings, sensors and anti-reflection
coatings [5].TiQ thin film prepared by PLD has been studied byo#siresearch groups [10,
11]. However, different type of targetse( Ti and TiQ), variation in substrate materials,
widerange of operation pressures, and the diffe®nno synthesis temperatures make it
difficult to compare and understand the differeniogsroperties of the thin films [12]. TiOs
one of the most important semiconductors with tpbbtocatalytic properties, stability, non-
toxicity, wide band gap and high dielectric constdnO, can exist in three crystallographic
phases: anatase, rutile and brookite. The dietectmstant of Ti@Qincreases from amorphous
to anatase and rutile phase [5]. The band gap®@f dmnanges from 3.2 to 3.5 eV depending of
crystalline phase. The anatase and rutile multprsructures were observed in Ti@in
films by several researchers [13]. Variation in PtBposition parameters such as oxygen
pressure and target temperature results in theiggowf TiO, thin films with different
chemical and physical properties. It has been teddhat the deposition of T¥dilms on Si
substrates at higher temperature leads to incieaseygen vacancies as the surface Si atoms
easily capture oxygen atom from Li{3].

In this paper, we report the successful growthwkmnatase phase Lithin films on
Si substrate by PLD method. As TLiarget we used pure Ti foil, at fixed heated terapee
400°C and different conditions of oxygen pressuBssides the composition and structure
evolution as a function of oxygen pressure, we stigated the optical properties of the
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deposited thin films for further sensing applicatio

Experimental

TiO; thin films were deposited on Si substrate by PeEhhique using a NANO PLD-
1000 system, PVD products. The KrF excimer ldsambda Physik COMPex PRO 11
with wavelength of 248 nm was used for depositibhe target used for ablation was
commercial titanium foil with high purity (Aldrici99.97%). The target to substrate distance
and deposition temperature was kept 75 mm andX08spectively. To avoid major changes
in the surface morphology of the target, which haegative effects on the deposition
process, the substrates were rotated during thépheulaser irradiations with 10 rpm. The
laser spot area on the Si surface was about 19amdthe laser pulse energy about 0.2 J. The
laser beam incidence angle onto the target wasechais60. Thus, the laser fluence onto the
target surface was about 2Jfcm

The irradiation chamber was previously evacuatedndm a residual pressure of 810
Torr. High purity oxygen (99.99%) was then circelhinside the irradiation chamber through
a calibrated gas inlet system. The oxygen presswwasured with an MKS controller was
varying at 35 mTorr (Ti@Si-35), 50 mTorr (TiQ'Si-50) and 65 mTorr (TigSi-65).The
substrates were heated during the thin film dejowsibrocess at 400 fixed temperature.
Prior to introduction inside the deposition chamiblee Si substrates were carefully cleaned in
ultrasonic bath in acetone, ethanol and distilledewfor the removal of the impurities present
on the surface. The films were annealed for 5 rfier @eposition.

The surface morphologies of the deposited;Tion films were investigated by atomic
force microscopy (AFM) using a Nanosurf® EasyScad2anced Research AFM apparatus.
The crystalline phase of the deposited thin filneswtudied by X-ray diffraction (XRD) with
a PANalytical X'PertPRO MPD Difractometer, Cu tullde transmittance spectra for LiO
thin films on Si substrate annealed at @DWere obtained in the range of 400-800 nm using
the Lambda 950 Perkin Elmer UV-Vis spectrophotomete

Results and discussion

TiO, thin films on Si substrate were characterized gisiRD, AFM and UV-Vis
spectroscopy. Influence of oxygen pressure on nubogfical and optical properties of TiO
thin films were discussed in detailed below.

X-ray diffraction analysis

X-ray diffraction of different TiQ thin films are shown in Fig.1. The spectra were
recorded by using X-ray reflectivity module and gewmple was aligned both 89 and w
angle. XRD pattern was recordedeat= 4° and26 between 24° - 37° with a time per step
about 200 s. For a better accuracy for each sathplanalysis time was about 420 minutes.
In the present study the diffractograms of all thilims deposited at different oxygen pressure
(Fig.1 a-c) contain one intense line at 25.5419katted to (101) lattice plane reflection of the
tetragonal anatase Ti@hase indexed by Program XPert High Score-Plug @®de 01-073-
1764). It can be observed also the line at 24.5@bated to (400) lattice plane assigned to
SiO, indexed by Program XPert High Score-Plus (Ref.ec08-025-1332). Appeareance of
SiO, peak in XRD pattern is probably because of highkydant medium and a heating
temperature inside reaction chamber.

95



21st International Symposium on Analytical and Emenmental Problems

g
:

Intensity (a.u.)
? =

2
I

Intensity(a.u.)

a)

8 &8 8§ B

8

Angle (20)

c)

Figure 1. XRD pattern otthin films TiO,/Si-35(a), TiO,/Si-50(b) and TiQ/Si-65(c)

AFM microscopy
AFM images were recorded in the contact mode, atsttale of (2 x 2um?. Figure 2
shows the 3D AFM images measured in deflection miodedeposited Ti@ films on Si
substrate. AFM images obtained in different ardas® films showed that the TilBi films
reveal a homogenous nanostructure and a uniforrasttém. Particle size analysis has been
carried out on Ti@films surface using Nanosurf software by consittgiihe image sizes of
about 220 nm x 220 nm and the corresponding setelalitions are shown in Fig. 2 b, ¢ and
f. The average nanostructure size obtained fop/BIEB5 (Fig. 2b) is about 16 nm, and when
the oxygen pressure increased at 50 mTorr (FigaRd)respectively 65 mTorr (Fig. 2f) the
particle sizes decreased at 5 nm.

e)
Figure 2. 3D AFM topography and particle size distributidr2qum x 2um scan arefor
TiO/Si-35(a, b), TiQ/Si-50 (c, d) and TigSi-65 (e, f)

96




21st International Symposium on Analytical and Emenmental Problems

Optical characteristics

The transmittance spectra in the wavelength raf®§e890 nm of the TiO2 films are
shown in Fig. 3. The transparency of the films beswveen 25% and 35% in the spectra of the
deposited films. The oscillations are absent indptcal spectra probably because the films
are so thin (< 100 nm). The optical transmissionT®, films in the visible wavelength
region reduces with the increase of oxygen pressulieating lower defect density near the
band edge [15].

40

—— TiO2/Si-35
***** TiO2/Si-50
-~ TiO2/Si-65

354

304

Transmittance (%)

N S S SO

20

T T T T T T T
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wavelength (nm)

Figure 3. Optical transmittance of Tikxhin films

Conclusion

TiO, films have been deposited on Si substrate usinD Riethod in an oxygen
atmosphere. The deposited films were charactebiyedRD, AFM and UV-Vis techniques.
XRD spectra suggested the formation of anatase Mm@ependently of oxygen pressure.
AFM topography of as deposited films indicates uhdormity of TiO, layer with an average
size of 16 nm for a oxygen pressure of 35 mTospeetively 5 nm for 50 and 65 mTorr. The
transparency in the visible range was found to ®&a3which fulfill the requirements of the
sensing applications.
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Abstract

The studies were conducted on Romanian horseradigimated from three domestic farms,

located in the plains, hills and mountain arease Ttalization of the horseradish plant as
well as processing and temperature treatment seeims/e a big effect on total polyphenols

content (TPPC) of roots and leaves. The modificetiof TPPC are due to the increasing and
decreasing of temperature and they maintain the gaofile irrespective of the locations

Introduction

Armoracia Rusticanaontains a complex mixture of polyphenols and gmés a high total
antioxidant activity, confirmed also by the expezimal studies.

Polyphenols are chemical compounds with more than aromatic hydroxyl group on the
aromatic ring inserted. Due to this structure,réaox properties, can be oxidized by the Folin
Ciocalteau which form a blue coloration with maximmabsorption at 750 nm [5].

“Phenolic composition of plants is affected by éiéint factors —variety, genotype, climate,
harvest time, storage, processing, and treatméfdirelli et al., 2012, cited by Tomsone L.
and Zanda K., 2014) [4,8].

Experimental

The studies were conducted on Romanian horseradiginating from three domestic farms,
located in the plains, hills and mountain areas ff@in where the samples wefegeshly
harvested. The study was carried out in our laboya{Environmental Research Test
Laboratory, All samples were separated and rinsedistilled water to remove potential
impurities. The samples were washed with doublglldid water and spread on clean plastic
trays to allow the water to drain off.

Drying of leaf samples was performed in a vacuurenoat 60°C for 36 hours and for the
roots samples 48 hours. After drying, the samplesevground in a special mill plant. The
freezing of samples were done at a temperature2@fG. The alcoholic extracts were
obtained from the roots and leaves dried in thenaral the sample frozen in the freezer. and
fresh roots and leaves were used as control batch.

The total phenolic content (TPPC) of the plantaotis was determined according to the Folin
-Ciocalteu spectrophotometric method. The absodamas measured at 750 nm and total
phenols were expressed as the gallic acid equiteal@AE) 100 ¢ fresh weight (FW) of
plant material.To determine the total polyphencbatent, the alcoholic extracts were diluted
1:10. 0.5 mL alcoholic extract were mixed with Zabof Folin and Ciocalteau 1:10 solution
and 2 mL 7.5% sodium carbonate solution.

All reagents used in the present study were ofyéinal grades and double distilled water was
used throughout the analyses.

The data were statistically analyzed and graphjicalbresented using PAST software [3].
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Results and discussion
The roots present 5 times less TPPC (57.49 - 78¢2GAE 100gFW) compared to the
leaves content (316.12 - 399.28 mg GAE 180¢) (figurel and 2).
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Figure 1. Horseradish Polyphenols concentrations based oard@eof origin of samples
Legend: FPr = Fresh horseradish leafs; FUs = Drgrkeradish leafs; FCo = Frozen leafs;
RPRa = Grated horseradish; RPBu = Horseradish pge&S = plain area; ZD = hills area,;

MA = mountain area
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Figure 2. Horseradish roots and leaves TPPC profiles earluti
Legend: FPr = Fresh horseradish leafs; FUs = Drgrkeradish leafs; FCo = Frozen leafs;
RPRa = Grated horseradish; RPBu = Horseradish pge&S = plain area; ZD = hills area,;
MA = mountain area
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Higher content of TPPC in horseradish leaves coatpdo roots is confirmed by other
scientific studies (Calabrone L.et al, 2015, Toneshnet al, 2010), [1, 6].
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The horseradish leaves show the highest variatiopolyphenol content compared to the
roots content. The highest TPPC (figure 1), irrespe of the preserving method show the
horseradish samples collected from the hills afesslf: 399.28 mg GAE 100§W; dry:
345.27 mg GAE 1004~W; frozen: 386.50 mg GAE 100§W).

In the case of horseradish roots preparation, giadeseradish presents less TPPC compared
to horseradish sliced in small piedégure 1 and 2), which is confirmed by (Marrelti &.,
2012)[4, 7].

Conclusion

The modifications of TPPC are due to the increasimg) decreasing of temperature and they
maintain the same profile irrespective of the |laat of the plant.

After the analysis it is concluded that the besthmoeé for preserving TPPC of horseradish

leaves is by freezing and for the roots by dryiAgthe same time we could observe that

different environmental conditions of the plantsdtions affect TPPC significantly.

The highest content of polyphenolic compounds wasorseradish leaves extracts, and these
extracts could be incorporated in foods especraliyat products.
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Abstract

The main objective of this study is to calculate ttorrelation existed between the NPK
mineral fertilization doses on tomato yield usinagtistical tests (multiple regression analysis
of variance, the F-test, value of R antj Rurbin—Watson test). A field experiment was using
two tomatoes samples in different precocity ste@kport Il and Ace Royal) cultivated in
Romanian west area. Multiple regression analysigafince on the influence of fertilization
on the yield of Export Il cultivar show that 90.28%the production variability is due to the
influence of these three macronutrients (NPK) witile yield of Ace Royal cultivar the
percentage is 97.78%. The tomato yield increasés the fertilization doses and nitrogen
fertilization has a major influence distinctly sificant on achieving production, while the
fertilization with potassium is lower but superimr phosphorus fertilization for two tomato
cultivar.

Introduction

Consumption of vegetables and fruits is very imgmotrtfor human nutrition [2]. Tomato
(Lycopersicum esculentyns one of the popular and most consumed vegetahilee world.
Romania produces about 745 thousands tons tomggaesturrent average productivity is 16
- 18 tons per hectare (t/ha) [9]. Multiple regresianaliysis model provides not only a
statistical test of the models ability to predisé toutcome variable (the F-test), but also the
value of R and the adjusted R]. The Durbin-Watson statistic (DW) is a commoniged
and routinely reported diagnostic test for the @neg of first-order auto or serial correlation
in the error of a time-series regression model li3].value always lies between 0 and 4. A
value of 2 indicates there appears to be no auteation. If the Durbin-Watson statistic is
substantially less than 2, there is evidence oitipesserial correlation [3, 4].

Experimental

Fertilization was control (without fertilizers) amdineral fertilizers (NPK) in variable doses:
N3oPsoK3o, NasPasKas, NgoPsoKeo, Ni2dPsoKeo. Were use dry/granulated fertilizers NPK
15:15:15 and the nitrogen high dose supply witlawpplication. The fertilization doses and
the application methods in tomatoes fertilizatioaravto determine in correlations between
agro chemistry factors [8].

Regression analysis is defined as another techrigueneasuring the linear association
between x (independent variable) and y (dependeatiable) and shown as
(Y=a+by X +bpXo+bsXs...+1,X,) which is used extensively in forecasting. Mukipkgresion
analiysis model provides not only a statisticat tdgshe models ability to predict the outcome
variable (the F-test), but also the value of R & adjusted R[1, 7]. Data collected was
subjected to analyses using statistical package YWAIO
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Results and discussions

The experience was done in a cambic cernosium\sithl, low acidity reaction and the high

natural fertility potential favorable vegetablesltiation. The analysis show that solil its

favorable for tomatoes cultivation [6]. Liptay amadl [5] has showed that with increasing
nitrogen fertilization doses increased tomatoeslpetion. As can be observed from Figure 1,
the tomato yield increases from control to higHestlization doses for both varieties.

o
o

36,2
30,9 33,8
25,6 29,6

N
o

|Export Il

n
=]

BAce Royal

Tomato yield (t/ha)

=
S)

o

NOPOKO N30P30K30  N45P45K45  N60P60K60  N120P60K60

N fertilization doses (kg/ha)

Figure 1. Tomato yield

Multiple regression analysis of variance on theuerice of the three macronutrients on the
yield of Export 1l tomato cultivar (Table 1) showat 90.28% of the production variability is
due to the influence of the macroelements. Of thiese observed that nitrogen fertilization
has a major distinctly significant contribution (82%) to achieving the high yield, while
potassium (15.15%) and phosphorus (1.87%) fertiimahas small and very small influence

on the production. Other sources, were not sigamficand did not have much contribution to
the tomato yield.

Table 1.The multiple regression analyses of variance betweagort Il cultivar production

and nitrogen, phosphorus and potassium fertilinatmses
Variability source SP GL s F test
Regression 168.22 (100% 3 56.07 F = 65.20**
N dose (x) 139.59 (82.98%) 1 139.59] F=162.31*
P dose (¥ 3.12 (1.87%) 1 3.12 F =3.62ns
K dose (%) 25.51 (15.15%) 1 25.51 F = 29.66**
Other sources 18.10 21 0.86
Sum 186.32 24

ns: non significant; *: significant; **: distinctignificantly; ***: major distinct significantly
y = 23.407 + 0.032¢ 2.546 %- 2.525 %; R* = 0.9028; R = 0.9501; SDE = 2.206 t/ha; DW = 3.06

The regresion model adopted for the analysis aditimships between production and
different macroelements, shows a strong statisasalirance, assessing the production with
an error of +2.206 t/ha, while the estimated prdoidacwithout fertilization is about 23 t/ha.
Because the DW index is 3.06, the any errors tbadrapanying experimental results are not
autocorrelation and the macroelements order in rdgression equation not affect the
estimated production.

Eliminating the effect of phosphorus fertilizatioon the results of multiple regression
analysis of variance with two independent varialflesble 2) shows that 76.38% of Export Il
tomato yield is influenced by the effect of nitrogend potassium doses applied.

In Figure 2 was noted that there is a linear retedhip, positive and highly significant
between the nitrogen doses applied and Export ato yield, such as the production
increases proportionally with the nitrogen applie®72.5 kg/ha, where obtaining the highest
estimated tomato yield of 31 t/ha.
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Table 2. The multiple regression analyses of variance betwegort Il cultivar production

and nitrogen and potassium fertilization doses

Variability source SP GL g F test
Regression 142.30 (100%) 2 71.15 F = 35.52*
N dose (x) 139.58 (98.08%) | 1|  139.58| F =69.79*
K dose (%) 2722 (1.92%) | 1 272 | F=1.36ns
Other sources 44.02 2P 2.00
Sum 186.32 24

y = 23.428 + 0.033x+ 0.019%; R* = 0.7638; R = 0.8739; SDE = 2.887 t/ha; DW = 3.15

35

30 $ s 30.89
&g < ¢
< 258 o .
S ¢ MRS
E 20¢ *
=
o
= 15
5
= 10 y = -0.0001%+ 0.0545x + 23.492

R2=0.9383; r = 0.968***
5
272.50
0

100 150 200 250 300

N fertilization doses (kg/ha)
Figure 2. Regression between the production and nitrogea dbExport Il tomato variety

In Table 3 it is noted that 98% of the Ace Royah&to yield can be explained as the result of
NPK fertilization. The fertilization with nitrogehas a major influence distinctly significant

on achieving production (78.64%), following the tidyution with potassium (20.32%) and
phosphorus (0.98%) fertilization.

Table 3. The multiple regression analyses of variance betwae Royal cultivar production

and nitrogen, phosphorus and potassium fertilinatmses
Variability source SP GL s F test
Regression 203.69 (100% 3 67.8¢ F = 188.60*
N dose (x) 160.20 (78.64%) 1 160.20] F =445*
P dose (¥ 1.97 (0.98%) 1 1.97 F=5.47ns
K dose (%) 41.52 (20.32%) 1 41.52 F =115.33*
Other sources 7.66 21 0.36
Sum 211.35 24

y = 24.422 + 0.039x+ 2.686% — 2.67%; R° = 0.9778; R = 0.9888; SDE = 2.268 t/ha; DW = 2.99
According to the distinct significantly regressionodel, the control samples obtain a
production about 24 t/ha, by an error about +2/B&.tDW coefficient values (2.99) indicate
that the order of the three variables does notaffe results of estimated tomato yield [1].

Table 4. The multiple regression analyses of variance betwae Royal cultivar production

and nitrogen and potassium fertilization doses

Variability source SP GL| & F test
Regression 177.84 (100% ? 88.92 F =58.50**
N dose (X) 176.20 (99.07%) 1| 176.20 F =115.92*"
K dose (%) 1.64 (0.93%) 1 1.64| F=1.08ns
Other sources 33.51 2P 1.52
Sum 211.35 24

y = 24.444 + 0.039% 0.015%; R° = 0.8414; R = 0.9173; SDE = 2.359 t/ha; DW = 3.13
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Considering only fertilization with nitrogen and tpssium (Table 4), shows that these
macrolements influenced by 84% the Ace Royal tomgtdd, under amajor distinct
significant contribution of nitrogen (99.07%).

Figure 3 illustrates the result of the correlatioetween nitrogen fertilization doses and
productions; the highest estimated Ace Royal torgagld (35 t/ha) is obtained at the optimal
dose of about 274 kg/ha.
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Tomato yield (t/ha)
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0 50 100 150 200 250 300

N fertilization doses (kg/ha

Figure 3. Regression between the production and nitrogen oiobdee Royal tomato variety

Nitrogen was more efficiently exploited by Ace Rbyamato variety compared with the
Export Il variety, which on the optimal fertilizath dose has achieved an increase of 4.0 t
tomato/ha.

Conclusion

The tomato yield increases with the fertilizatioosds. The fertilization with NoPsoKeo
determinate maximum tomato yield (34 t/ha for Expbwariety and 36 t/ha for Ace Royal
variety).

Using statistical methods show that the highestatonyield (31 t/ha) is obtained at the
optimal nitrogen dose of 272 kg/ha for Export Itiety and for Ace Royal variety the highest
estimated tomato yield (35 t/ha) is obtained atajbggmal nitrogen dose of 274 kg/ha.

The nitrogen fertilization has a major influencetomato yield, followed by fertilization with
potassium and phosphorus by two tomato cultivars.
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Abstract

The paper presents data regarding the distribusfoeome mineral bio elements in three
assortments of fall fruits — apples, pears and @psn- cultivated in a hill area of Banat,
Romania, and an estimate of their mineral supply.

Experimental results obtained through the ICP-M&eque show that the fruits analysed
have important contents of K, Ca, Mg, and Na, gmgreciable contents of Fe, Mn, Zn, and
Cu.

Calculus shows that a consumption of 400 g of frésiits (edible parts) supplies the

necessary daily amount of macro elements: 14.66%rKmales and females, 9.50% Mg — in
females and 7.24% Mg — in males, 2.76% Ca — in snaihel in females, and 0.18% Na — in
males and females. Microelement supply is slightgher: 16.45% Fe — in males and 7.31%
Fe —in females, 12.22% Mn — in females and 9.5786-Nh males, 9.33% Cu — in males and
5.45% Cu — in females and 3.96% Zn — in males.

Introduction

Apples, pears and quinces, as fall fritd] are a true treasure of antioxidants, vitamins,
fibbers and mineralgl, 6, 8, 9. Their nutritive and therapeutic features are meitged by the
contents in and nature of minerals some of whiah egsential bio elements for the good
functioning of the human body: Ca, Mg, K, P, Fe,,Mn, Cu, Cr, |, Se, ef&}, 3, §. This is
why we believe it is important to know the shareroferals in different fruits and to estimate
their mineral supply.

We determined the concentrations of Na, K, Ca, Mg,Mn, Zn, Cu, Co, Cr, Ni, Pb and Cd
in apples, pears and quinces cultivated in a pohidree hill area of Banat, Romania.
Experimental results allowed us to calculate theeral supply by these fruits and to estimate
the degree of supply of the necessary Na, K, CaRdgMn, Zn and Cu in the recommended
dietary allowances containing fresh fruits.

Experimental

To carry out the experiment, we used three nasgeraments of fall fruits — apples, pears and
guinces — harvested from a hill area of Banat, Rom&nown as a pollution-free area.

The total concentration of macro- and micro-elemexnich as Na, K, Ca, Mg, and Fe, Mn,
Zn, Cu, Co, Ni, Cr, Pb, and Cd, respectively, iesfr fruit samples was assessed using the
ICP-MS spectrometry technique after calcinationsthef samples at 580 and extracting
from the mineral residue with HNOsolution of 0.5N 2, 3.

To measure absorbance, we used the Bruker — AWo&D spectrometer, choosing the
working parameters after the recommendations optbducers.
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Results and discussion
Experimental results after determining mineralsthie three assortments of fresh fruits
analysed are shown in Tables 1 and 2 below.

Table 1. Concentration of Na, K, Ca and Mg (mean Jaes) in some fall fruits

Specification Macroelements, mg/kg fresh fruit
Na K Ca Mg
Apples 4.20 1079 51.2 44.5
Pears 12.5 2551 81.9 112
Quinces 3.10 1538 72.8 72.3
Mean values 7 1723 69 76
Table 2. Concentration of Fe, Mn, Zn, Cu, Cr, Co, N Pb and Cd (mean values)
in fall fruits
Eruit Micro-elements, mg/kg fresh fruit
Fe Mn Zn Cu Cr Co Ni Pb Cd
Apples 218 | 0.44| 0.22) 0.04 0.01 | 0.01| 0.01 <0.01 | SLD
Pears 3.14 | 0.44| 139 0.25 001 | 0.02| 0.01 <001 | sLD
Quinces 454 | 0.78| 1.67| 0.32 0.02 | 0.01| 0.09 <0.01 | SLD
Mean values| 3.29] 055 1.09 021 0.01 0.01 004 0/00.00

As shown in Tables 1 and 2, the share of minerathe fruit assortments analysed is uneven.
Of the total elements analysed, the best represeste macro-elements, i.e. over 99%.
Among them, K is the best represented, followedMggnesium and Calcium, and by
Natrium, respectively.

Potassium was determined within concentration $inuf 1079 mg/kg (apples) and 2551
mg/kg (pears), its value reaching 1723 mg/kg.

Magnesium was determined in much smaller conceorathan Potassium, its concentration
ranging between 44.5 and 112 mg/kg; pears aradhest fruits in Mg.

Calcium was determined in much smaller concentnatiban Potassium (51.2 mg/kg — 81.9
mg/kg), the mean value of its concentration bei®06 mg/kg, relatively close to the
concentration of magnesium.

Natrium was determined in the lowest concentratiompared to K, Ca and Mg, the mean
value of its concentration being 7 mg/kg. The hgihealues were in pears (12.5 mg/kg),
while the lowest were in quinces (4.2 mg/kg) andlep (3.10 mg/kg).

Microelements were identified in much smaller concations compared to macro-elements
(Table 2). There was also uneven distribution afroglements: the best represented was Fe,
followed by Zn, Mn, and Cu. The rest of microelemserCr, Co, Ni, Pb and Cd, in working
conditions, were identified in extremely small centrations, at the limit or beneath the limit
of detection of the apparatus.

Iron was determined in concentrations between 2vigkg (apples) and 4.54 mg/kg
(quinces); the mean value of the concentrationeoivks 3.29 mg/kg.

Zinc was determined in smaller concentrations thanbut in larger concentrations than Mn
and Cu, and much larger than Mn and Cu. The coraté@m of Zn ranged between 0.22
mg/kg (apples) and 1.17 mg/kg (quinces); quincespesars are richer in Zn.

Manganese was determined within close concentrétiots, i.e. between 0.44 mg/kg (apples
and pears) and 0.78 mg/kg (quinces); the mean otmatien of Mn was 0.55 mg/kg.
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Copper was determined in small concentrations rengeetween 0.07 mg/kg (apples) and
0.32 mg/kg (quinces), the mean concentration regchi2l mg/kg; quinces are the richest in
cooper.

Zinc and Copper, essential bio elements, can hasovea certain concentration limits.
Comparing the values determined with maximum acwaitimits[10], we see that the fruits
we analysed do not show any contamination risk tna@d Cu.

Cobalt, Chromium and Nickel were identified in extrely small concentrations, which
explains why we did not consider them in estimatmgeral supply.

Lead and Cadmium, high toxicity metals, were pcatly not determined under experimental
conditions; therefore, there is no contaminatiesk by Pb and Cd.

We can say that the fall fruits we analysed havpoitant amounts of K, Ca, Mg, and Na,
appreciable amounts of Fe, Mn, Zn, and Cu andstoaf contamination by toxic elements.
The mean values of the concentrations of Na, K, k&g, Fe, Zn, Mn, and Cu in the
assortments of fall fruits we analysed (Tables d 2nand the recommended mineral intake
[12] allowed us to estimate their supply in the recomeel dietary allowancgg, 13.

The mineral supply, i.e. the degree of coveragéhefrecommended dietary allowances of
minerals calculate for 400 g of fresh fruit (thaur@lent of two medium-size apples eaten at
two main meals) is shown in Table 3 below.

Table 3. Mean supply with some bio elements of trecommended dietary
allowances for a mean consumption of 400 g of fregtuit

Bio element supply of the RDA (%)
Na K Ca Mg Fe Mn Zn Cu
Males, aged 30-70 | 0.18 | 14.66] 2.76 | 7.24| 16.4% 9.57 ( 3.96| 9.33

Females, aged 30-7( 0.18 | 14.66] 2.76 | 9.50| 7.31] 12.2p 545 | 9.33

Group/Life Stage

The mean supply of bio elements in the recommemiletdry allowances by fall fruits has

different values depending on the nature of theneltg and on the category of consumer
(male of female).

In the case of macro-elements, the supply of miseeached 14.66% K — in males and
females, 9.50% Mg — in females and 7.24% Mg — ifle)&.76% Ca — in males and females,
and 0.18% Na — in males and females.

The supply in microelements is slightly higher: 4846 Fe — in males and 7.31% Fe — in
females, 12.22% Mn — in females and 9.57% Mn — ales) 9.33 % Cu - in males and
females, and 5.45% Zn — in females and 3.96% Cumailes.

Conclusions

The analysed Fall fruits are to be noted for tiraportant contents of K, Ca, Mg, and Na and
for their appreciable amounts of Fe, Mn, Zn, and €wwing no contamination risk by toxic
elements.

The mean values of the mineral supply in the recemied dietary allowances, under
experimental conditions, show that these fruitsletdne taken into account as an alternative
supplementary source of certain bio elements ssdfy Mg, Fe, Mn, Mn, and Cu.
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Abstract

Chromium compounds are highly toxic to plants anel detrimental to their growth and
development. Cr is toxic to most higher plants @ iMKg™ dry weight, while Zn is an
essential plant nutrient. The essentiality of Zmplants was first shown in maize. The aim of
this paper was to determine the influence of Ctaxmmed soils on the accumulation of Zn in
maize Zea mays l).grains, sampled from Tarnaveni area (Mures CqurRgmania), a well
known industrial center. The heavy metals contamtsoils and maize were determined by
flame atomic absorption spectrometry using a CoAti300 spectrophotometer with high
resolution continuum source. In soil, Cr conteatsged from 9.7 ppm to 80.73 ppm and Zn
from 21.77 to 99.87 ppm. In corn, the values foa between 0.081 to 0,11 ppm and for Zn
between 44.74 to 132.66 ppm. Mathematical modeahwlicates that chromium in the soill
might be the one which is determining the evolutbzinc corn content.

Introduction

Zinc is an essential plant nutrient. The essenialf Zn in plants was first shown in maize
[12]. Zinc deficiency is one of the most widespreatronutrient deficiencies in plants and
causes severe reductions in crop production [5].

Chromium compounds are highly toxic to plants anel detrimental to their growth and
development. Although some crops are not affecietby Cr concentration (3.8x10pM)
[9,10], Cr is toxic to most higher plants at 100 iig# dry weight [6].

Soil pH is influencing the accumulation of chromium plants, observation confirmed by
various literature data[2].

Barcelo et al. found high correlation between abydryll pigments and Fe and Zn uptake in
Cr-stressed plants [1].

The accessibility of metals for plants dependsahrsaction, mineral colloids, soil humidity,
microbiological activity and organic matter cont¢h6]. Literature contains numerous data
on the distribution of minerals in plants from stgreous flora or cultivated in different
geographical areas, as well as a series of miaesdysis techniques [3,4,7].

The aim of this paper was to determine the infleewf Cr contaminated soils on the
accumulation of Zn in maizeZéa mays L. grains, sampled from Tarnaveni area
(Mures County, Romania), a well known industriahtes.

Experimental

The prelevations points are located in a pollutead §Tarnaveni- Mures County, Romania).
Soil and maize samples were collected from fourilfarty farms located in the studied area.
From each prelevation points (PP) were collected(8e40 cm depth) and maize samples.
Determination of pH has been accomplished in wagsergpension in report with the soil:
water of 1:2.5.
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The heavy metals contents in soils and maize weterchined by flame atomic absorption
spectrometry using a ContrAA 300 spectrophotomettir high resolution continuum source
(Analytik Jena, Germany).

The FAAS determination of minerals, in the analysadhples needed two working steps:
mineralisation through calcination followed by tkelubilisation of the inorganic matter in
nitric acid 0.5 N up to 50 ml. The solutions obtinwere used for total metal content
determinations [11]

Statistical analysis

Cluster analysigpermits to form groups of related variables (samtb what is done in factor
analysis), in such a way that objects in the sarmam(called a cluster) are more similar to
each other than to those in other groups (clusfédg) Cluster analysis was performed using
PAST (version 2.14), [8].

Principal Components Analysi®PCA) is a mathematical model that permits to idgnt
patterns in data by expressing the data to hightlgtir similarities and differences [8].

Results and discussion

The pH level of sall, in studied area, registeratligs between 7.67 and 8.73.

The results were expressed in ppm (mgkigy weight).

Regarding the heavy metals contents in soil, Cgednfrom 9.7 ppm to 80.73 ppm and Zn
from 21.77 to 99.87 ppm.

In corn, the values for Cr are between 0.081 td pdm and for Zn between 44.74 to 132.66
ppm.Each value is an average of 3 replicates.

According to Table 1 (the maximum admitted concaidns for soils), in the sensitive areas
revealed to be exceeded for Cr (30 ppm) in 3 sites.

The soil levels of Zn do not exceed the refereradaes(100 ppm) in the sensitive area.

Table 1: Romanian guideline on the admitted concentratidr@r@nd Zn in soil [19]

Element RVS(ppm) ALVS(ppm) AITV(ppm)
Cr 30 100 600
Zn 100 300 1500

Legend:RSV = Reference value in the sensitive area, ALYARH level value in the
sensitive area, AITV = Area intervention thresheddue

Further, mathematical modeling indicates that chwomin the soil might be the one which is
determining the evolution of zinc corn contentalhfour locations (Figure 1 and 2).

Spatial interpolation map (Figure 3) highlightsttitfae level of Zn in corn depends on the
total chromium soil content for all the analyzedhgées.

Our research is in accord with other studies [8p\fdund high correlation between Zn uptake
in Cr-stressed plants.
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Figure 3. Spatial interpolation of soil and maize
samples data

Conclusions

In soil, sampled from Tarnaveni area, Cr rangethf@7 ppm to 80.73 ppm and Zn from
21.77 to 99.87 ppm.

In corn, the values for Cr were between 0.081 fd (hpm and for Zn between 44.74 to
132.66 ppm.

Mathematical modeling indicates that chromium i thoil might be the one which is
determining the evolution of zinc corn content.
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Abstract

[(Ko.3ed\|ao_432)Li0_5][Nb0.868tb.o4-|—a).]]03 doped with 0.5 mol% Gert{D piezoelectric
speakers were obtained, with good frequency seémgibi the range 20 Hz — 20 kHz. The
additive used distorts the crystalline structureatmixture of orthorhombic and tetragonal
phases at room temperature. Also the dopants ub#d tee high temperature phase
transitions toward room temperature. Good pieztedeproperties were obtained for doped
samples, with an optimum piezoelectric charge @mst g3 of 127 for
[(Ko.36dN@0.439Li0.5][Nbo.geShy.04Tan 1103 - 0.5 mol % GdMn@, a planar coupling coefficient
of 0.39 and a quality factor of 102.

Introduction

The most common piezoelectric ceramics used novsaday actuators and sensors
applications are lead oxide based ferroelectrisgeeially Pb(Zr,Ti)@ (noted as PZT). Their
excellent piezoelectric and dielectric propertigl fnake suck materials a suitable choice for
commercial products. Nevertheless, a major issuthe$e materials is the toxicity of Pb
compounds, relative to the environment and mara Aesult of E.U. directives on waste from
electrical and electronic equipment (WEEE) andriggin of hazardous substances (RoHS)
[2], the latest trends in scientific research areerded toward “environmental friendly”
materials. As a consequence, many lead free pezoel materials are nowadays intensively
studied: modified BaTi@[3], bismuth layer structure ferroelectrics [4Na&) sBio.5)TiO3 [5]
and (KosNaps)NbO; (denoted as KNN) [6, 7]. Presently, the most psing lead-free
piezoelectric ceramics are based on potassium modiiobate modified with different
additives, sintering aids or doped with other pskite structures.

The purpose of this work is to fabricate piezoelecddpeakers based on lead free materials.
[(Ko.36dN&0.439)Li0.5][NDbo geShy 04T 80.1]O3 was previously reported with improved piezoelectri
properties [8], due to the presence of morpholdgbase boundaries between orthorhombic
and tetragonal crystalline phases at room tempera@dIMnQ was considered in this work
to improve the piezoelectric properties and fregyeresponse of the lead free piezoelectric
speaker. The ceramics obtained were characterizety wk-ray diffraction (PANalytical
X'Pert Pro MPD) and scanning electron microscopesgéct S Phillips). Dielectric
measurements were performed with a programmable-Re@r TEGAM-3550, ferroelectric
hysteresis loop was obtained using a Sawyer-Thorogounit and an Atten ADS 1152CML
digital storage oscilloscope. A complete set okpadectric properties were obtained using a
network analizer Agilent E5100A. The relative soymmdssure generated by the piezoelectric
speaker was recorded using Audacity 2.0.5 software.

Experimental

Solid state reaction was used to prepare o5& s)NbOs noted KNN,
[(Ko.36dN@0.432)Li0.5][ND0.86Shy.04T 2. O3 noted KNLNST, and
[(Ko.3ed\|ao_432)Li0_5][Nb0.868tb.o4-|—a).]]03 — 0.5 mol% GdMn@ noted KNLNST-0.5GM. All
the samples were calcined at 880° C with a 5 det: siope and a five hours dwell time. The
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resulting powders were mixed with a 5 mass% PVAléincold pressed at 200 MPa into disk
samples of 10 mm in diameter and 0.5 mm thickrmesgectively into bar shapes of 6 mm in
length and 1.8 mm in width/thick, and sintered @@@C for 3 hours. Silver electrodes were
formed on each side of the disks. The ceramics pealted in silicone oil at room temperature
under a direct current electric field of 4 kV/mnr 80 min. The piezoelectric speakers were
then constructed from poled disk glue with silvainp to a thin metal plate, serving as a
mechanical amplification of the vibrations produdsthe piezoceramic.

Results and discussion

The X ray diffraction patterns presented in fegarof KNN and doped KNN ceramics,
shows a perovskite phase structure, with no secgndhases present. The presence of
additive change the crystalline structure at roemgerature from orthorhombic for KNN, to
a mixed orthorhombic-tetragonal for KNLNST and KNE&R-0.5GM, visible from the
diffracted angles shift presented in the inset.
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Figure 1. X ray diffractions of the sintered ceramics.

The dielectric constant (figure 2) was measuredhfroom temperature up to 430° C, at 1
kHz. For the reference sample KNN, we can notieaulibflexions of the dielectric constant,
corresponding to different phase transitions: fromom temperature, where the system
crystallize in orthorhombic crystal structure, ai02C the system distorts to tetragonal and
then to cubic at 410°C (Curie temperature). Sintid@havior was noticed for doped KNN
samples, but all the phase transition temperatames significantly shifted to lower
temperatures: 80°C for orthorhombic - tetragonal a85°C for the Curie temperature for
KNLNST, respectively 65°C and 260°C for KNLNST-0MG

4000

3500

=KNLNST-0.5GM
3000 =KNLNST
=KNN

n

Dielectric constant

—

130 340 375 410

165 200 235 270 30;
Temperature (°C)

Figure 2. The temperature dependence of the dielectric conkiasintered ceramics.

From the hysteresis loops of the unpoled ceranfigaré 3), we can conclude that all the
additives used contribute to a softening of feroglc properties. From 13.2 uC/erfor
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KNN, the remnant polarization increase up to 13@Fant for KNLNST, respectively 14.5
nClenf for KNLNST-0.5GM. The coercive field however deofrom 20 kV/cm for KNN,
down to 15 kV/cm for KNLNST, respectively 14 kV/cCKNLNST-0.5GM. The observed
softening of ferroelectric properties is to be tethto a higher freedom of domain walls, due
to the presence of dopants, since a lower eletfiield is necessary to reduce the remnant
field to zero.
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Figure 3. Room temperature hysteresis loops of sinteredaiamic disks.

After poling of the ceramics at room temperaturesilicon oil under an electric field of 4
kV/mm, the samples were aged for 1 day. Resonandeaati-resonance curves (figure 4)
were obtained at room temperature. For a complettermiination of piezoelectric
coefficients, both radial mode (left) and lengthdaqright) oscillations were obtained. For
the reference sample KNN, poor frequency responas @btained, with badly outlined
resonant frequencies and phases shift. An impravetsharper response was obtained for
KNLNST and KNLNST-0.5GM ceramics in radial mode. Aptimum frequency response
was observed for KNLNST-0.5GM in length mode, swgigg) improvements of piezoelectric
properties.

i

n radideagth mode.

+ o

Figure 4. Resonance and anti-resonance curves i

The frequency response of the piezoelectric speaketerms of relative sound pressure, was
evaluated in the range 50 Hz- 20000 Hz. The spelalised on KNN (insets in figure 5),
responds very well to frequencies up to 180 Hz, laasl a moderate response for 180 Hz-
2000 Hz, with a rapid decrease in sensitivity faghler frequencies. In the case of the
piezoelectric speaker based on KNLNST (figure himmiddle), the relative sound pressure
recorded show an improved frequency response cauptr pure KNN. The speaker
maintains a good sensibility to low frequencies K20-180 Hz) but an increased sensibility is
noticed in the frequency range 200 Hz — 4 kHz. ighlr frequencies, we notice a similar
rapid decrease in sensibility as KNN. For KNLNSBH®M, the maximum frequency
sensibility is obtained, particularly in the rang@0 Hz — 10 kHz. Good piezoelectric
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properties were obtained for doped samples (taplevith an optimum piezoelectric charge
constant g of 127 for KNLNST-0.5GM, planar coupling coeffiaieof 0.39 and a quality
factor of 102.

200 300 600 1000 2000 4000 8000 20000 b 600 000 2
Frequency (Hz) Frequency (Hz)

Flgure 4, Relatlve sound pressure response of KNN basedkspzeannd insets |Ilustrat|ng the
piezoelectric speaker disks.

000 4000 S000 20000

Table 1.Piezoelectric properties of sintered ceramic.

Properties KNN | KNLNST | KNLNST-0.5GM
Q 407 | 158 102
ka1 019 | 0.21 0.17
Ko 0.35 | 0.38 0.39
S0 m?N] | 7.4 5.9 10.1
S, [10%m°IN] | 2.5 2.4 4.1
S’ [10“ m?N] | 6.76 | 5.68 9.83
ds: [102C/N] | 28.8 | 41.7 45.9
0s1 [10°VmIN] | 9.4 5.7 7.1
Kas 0.38 | 0.42 0.42
da3 [10" C/IN] 82 93 127
032 [10°Vm/N] | 17.3 | 14.6 10.1
S5 [107 m?N] | 9.4 20 11.1
S3:[10“m?N] | 105 | 21.1 13.1

Conclusion

We have successfully obtained o@ay5)NbOs, [(Ko.ssdNap.asdLlios [NbogeSky.04T 2003,
[(KosedNap.asdLios [NbogeShyosTan1]Os3 — 0.5 mol% GdMn@ piezoelectric speakers. At
room temperature Li, Sb and Ta distorts the criystlstructure from orthorhombic to a
mixed orthorhombic-tetragonal, while GdMnO3 maintasuch distortion. The remnant
polarization increase from 13.2 uC/cm2 for KNN, 4.5 pC/cm2 for KNLNST-0.5GM.
Compared to the reference sample KNN, the preseihadditive decrease the coercive field,
suggesting a softening of ferroelectric propertAdso the additives decrease the temperature
of all phase transitions. Good piezoelectric propsrwere obtained for doped samples, with
an optimum piezoelectric charge constagtaf 127 for KNLNST-0.5GM, planar coupling
coefficient of 0.39 and a quality factor of 102. heTl piezoelectric speaker based on
[(Kolged\lao.432)Li0.5][Nbo.358b)_04Tao_1]O3 — 0.5 mol% GdMn@ has the best frequency
response in the range 20 Hz -20 kHz. The highivelaound pressures recorded suggest that
this composition can be successfully used for pralkcapplications.
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Abstract

The liquid chromatography tandem-mass spectrom@@-MS/MS) with ESI was applied
for the detection of 60 pesticides residues in magxtracted with QUEChERS. The average
recoveries for all analites were 83.7-121.9% (R8[3&-15.34%). The obtained Ralues for

all investigated pesticides were higher than 088 LOQs of 0.01 mg/kg confirm that the
method is appropriate for the determination of ipe residues in all investigated vegetables
according to the regulations of the Serbian andMRRLs. One sample was with no detected
pesticide residues and in three samples only osticmke residue was detected. The multiple
detections were confirmed in three analyzed sam@dsthe detections were below the
MRLs.

Introduction

Maize Zea maypis an annual plant — a crop from grass fam@yaminag the cultivation of
which is widespread due to the fact that it is uaedood and feed. Its grains, as basic raw
material, are of particular significance as theyitam 70-75% of carbohydrates, 10% of
proteins, about 5% of oil, 15% of mineral compouadsvell as 2.5% of cellulose.

The goal of modern agricultural production is obiag high and qualitative yields of
agricultural products [1-2]. To achive these resalhd to obtain qualitative and quantitative
justified yields it is necessary to apply plant tetion products. The use of pesticides in
agriculture continues to increase as much as feodeeded to meet the demands of the
growing population and also for the export [3]. Theman exposure to low doses of
pesticides through food consumption has led to rahreoxicity which can lead to birth
defects, cancers, endocrine disruption or reproeiotlysfunctions [4]. Crop protection
problems refer to all the biotic and abiotic fast{#].

Based on the register of plant protection prodsctsl in Serbia, 239 products have been
registered for maize protection, which emphasites need for pesticide residues control
regarding this crop [6].

That is why the aim of this study has been to detez the content of 60 pesticides in maize
samples by the validated multiresidue method udimqgd chromatography tandem mass
spectrometry (LC-MS/MS).

Experimental

Plant material. The seven maize samples were collected directlyn ftbe farmers from
Rivnica and Novi Slankamen, Vojvodina, Serbia.

The sampling was carried out in accordance with*Regulations over the methods of food
sampling and testing aimed at the determinatioplarit protection product residues in food”
[7] which defines the sampling methods and the mim size of laboratory samples.
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Seven average samples of maize were taken atdbe sf technological maturity from the
farmers. The samples were put into polyethylenesbaigd promptly transported to the
laboratory. Each sample was homogenized on theahin the laboratory and kept in the
freezer at the temperature of -18 °C till beinglyred [8].

Sample analysesFor LC analysis, an Agilent 1200 HPLC system withimary pump was
used. For chromatography separation, Zorbax XDB @id@ytical column of 50 x 4.6mm
and 1.8um particle size (Agilent Technologies) was usedr Be mass spectrometric
analysis, an Agilent 6410B Triple-Quad LC/MS systeras used. Agilent by MassHunter
Workstation Software version B.04. was applied fbe method acquisition and data
processing.

Validation. The method was validated according to SANCO/125¥1132

The limit of detection - LOD was determined as lth@est concentration giving a response of
three times the average baseline. The ratio signia# in the obtained chromatograms for the
LOD was calculated by MassHunter Qualitative Sofewva

The linearity was checked using matrix matcheddaeass (MMS) at the concentrations of
5.0, 10.0, 25.0, 50.0 and 100.0 ng/mL.

The recovery was checked by enriching 5 g of akbkample with the mixture of pesticide
standard of 1Qug/ml in the amount of 50 and 2& (final mass concentration 0.10 and 0.05
mg/kg) and with the mixture of pesticide standaird pug/mL in the amount of 100l (final
mass concentration 0.01 mg/kg) with the additiothefinternal standard carbofuran-D3.
Pesticide extraction.A 5 g of homogenate samples was weighed into 50PRLcentrifuge
tube. Five milliliters of water was added and mixXag vortex. For the extraction of the
pesticides, 10 mL of acetonitrile was added andube was shaken for 30 sec. A mixture of
21 g of NaCl, 4g of MgS®) 1 g of trisodium citrate dehydrate, and 0.5 gdfodium
hydrogencitrate sesquihydrate was added, and the was vigorously shaken for 1 min,
followed by centrifugation for 5 min at 3500 rpmn Aliquot of 6 mL of the supernatant
acetonitrile phase was transferred into 15 mL RRrifege tube containing 150 mg PSA and
900 mg MgSQ, and the tube was vigorously shaken for 30 se® @illiliter of aliquot
evaporated nearly to dryness and reconstituted fimL1of mixture methanol/water (50:50,
V/V) contained 0.1% of formic acid.

Results and discussion

The LC-MS/MS was used for the simultaneous resahktermionation of 60 pesticides in the
maize samples. The validated method which usesL@#S/MS provides a very high

sensitivity, good reproducibility, appropriate laxgy and can be applied with the high
reliability to the analysis of investigated pesteeresidues in maize samples.

The LOQs was 10 mg/kg with the average recovenesall analites from 83.7 to 121.9%
(RSDs 4.82-15.34%). The obtained coefficients afalations (K) values for all investigated

pesticides were higher than 0.99.

The analyses of the obtained data from the LC-MS/sffalyses show that the most
frequently detected pesticides were pirimifos-metimetalaxyl-M and acetamiprid.

One maize sample was with no pesticide residuesctien, or detections were below the
LOQ. In three samples one pesticide was detectedtamiprid, pirimifos-methyl and

metalaxyl-M, respectively. Three samples were withitiple detections, two with four and
one with three detected pesticides (sample numbeacgtamiprid, difenoconazol and
metalaxyl-M; sample number 6. carbendazim, metdkand pirimifos-methyl and sample

number 7. clothianidin, metalaxyl-M, pirimifos-mgtland thiametoxam).
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Figure 1. LC-MS/MS chromatogranof a maize sample
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Off. Gazzete RS No 29/2014 regulates the maximumtdithe amount of pesticide residues
in agricultural products whereby the Regulatione ar compliance with the MRLs as
regulated in the European Union, i.e. by Regula®6/2005.

When comparing the detected values of pesticidebenanalyzed maize samples with the
MRL values all the detections were found to bedcoadance with their limits.

Figure 2. Detected pesticides in maize samples (mg/kg)
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Conclusion

The high percentage of samples (85.71%) positivilaeéopesticide residues which are below
the MRL values, emphasizes the need for the cootimufood safety control in the
production, in order to successfully prevent hatndiiiects of pesticides on the healts of
humans and animals, as well as to secure the tdjgadherence to the rules of GAP-a
(Good Agricultural Practice).

However, the alarming fact is that farmers, initipeoduction, tend to use the compounds, i.e.
active substances which have not been registerddaam not allowed for use in maize
protection. Among the detected insecticides theseaaetamiprid, thiamethoxam, clothiandin
and pirimifos-methyl which are not registered fbe tapplication on maize as well as the
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detected fungicides carbendazim and difenocondi@.only detected pesticide permitted to
be used on this crop is the fungicide metalaxyl-M.

It is interesting to note that, although a largember of herbicides are used for maize
protection from weeds, none were registered inrhestigated samples.
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Abstract

In recent years, a significant decline in populagi@f honeybeesApis mellifera has been
recorded. GC/MSD and LC-MS/MS were used to detezrpiesticide residues in honeybee
samples. By GC/MSD analysing six samples of deatkeyizees the acetochlor, metolachlor,
propiconazole and difenoconazol were detected. BYMS/MS analysing thiamethoxam and
acetamiprid were detected.

Introduction

In recent years, a significant decline in populagiof honeybeesApis melliferd has been
recorded. Through his abuse of the natural envienra man has continually caused damage
to the ecosystem and, among other things, has bralgut the decrease in the number of
bee colonies. Honeybees can be used as the indicdtenvironmental pollution because of
their morphological characteristics and the inteiosaging activity, and their ability to retain
and bioaccumulate in their bodies substances wthiel are in close contact with during
pollination [1]. In the countries that have a Idnigtory of using pesticides in agriculture, such
as Serbia [2], one can point to these agrochemésatsne of the important factors underlying
wild bee and honey bee colony losses [3]. Growimgcern about the impact of pesticides on
pollinators is reflected in the enormous literatarethe topic in the past few years [4]. The
literature of the subject concludes that the presenf pesticides in pollen, honey, wax and
other matrices in beehives presents a risk tothffgrent from the effect coused by spraying
with plant protection products [3].

According to the data by the Association of beeplees of Vojvodina 3200 hives were
destroyed in Vojvodina from 2007 to 2012 due todbpelication of pesticides. The losses of
bee colonies are of alarming proportion not only bee-keepers, honey quality and honey
consumers but for agricultural production and tleeket itself as well [5-7].

The analytical determination of pesticides, althoby research groups considered a routine
procedure, still constitutes a major challenge eglig due to the increasing demand for low
limits of detection (LODs) and the complexity oétatrices. The requirement for low LODs
is linked to bee toxicity since the honeybee orfakdand contact LEyare in the ng/g scale
for many pesticides. Thus liquid chromatographydean mass spectrometry (LC-MS/MS)
has been used by various researchers [8].

In this article, we describe the evaluation andpgateon of the QUEChERS approach in
combination with GC/MSD and LC—-MS/MS used to deteempesticide residues in honeybee
samples.
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Experimental

Chemicals and apparatusAll solvents were of HPLC grade and were obtaimedifMerck
(Darmstadt, Germany). The certified pesticide anzdy standards were purchased from
Sigma-Aldrich and Dr. Ehrenstorfer (Augsburg, Gengja

For LC analysis, an Agilent 1200 (Agilent Technotsg USA) HPLC system with a binary
pump was used. Chromatography separation was a&chiesing Zorbax C18, 50x4.6 mm, 1.8
pm analytical column from Agilent at a flow rate@# ml/min with mobile phase consisting
of water/methanol with 0.1% formic acid in gradianbde. For the mass spectrometric
analysis, an Agilent 6460 Triple-Quad LC/MS systaras applied. Agilent MassHunter
version B.04.00 software was used for the dataiaitigun and processing. The analysis was
performed in the positive ion mode. The multi seux@lues were as followslrying gas
(nitrogen) temperature 300 °C, drying gas flow rate/min, nebulizer pressure 40 psi and
capillary voltage 3000 V. The detection was perfedmusing the multiple reactions
monitoring mode (MRM).

For GC analysis, the Hewlet Packard GC System m6880, auto sampler Agilent 6890
series injector. The Mass spectrometar Hewlet Rdck@73. GC capillary column: HP5MS
(30 m x 0.25 mm x 0.2phm (5%-Phenyl)-methylpolysiloxane)). Carrier gadiuma, constant
pressure 21.82 psi (RTL Pestf-PTV method). GC teatpee program: 2 min -70 °C, 25
°C/min to 150 °C (0 min), 3 °C/min to 200 °C (0 & °C/min to 280 °C (10 min). Stop time
was 41.87 min. The injection volume was 5 pL (P$vlyent vent mode). PTV temparature
program: 0.04 min on 70 °C, 10 °C/sec to 280 °Cn(irt), 250 °C (10 min). Vent flow: 50
mL/min. Vent press: 0.00 psi hold 0.04 min. Purfgavf 60 mL/min start on 2 min. Gas
saver: Off. Acquisition mode: SCAN, type of ionisat El. Temperature of transfer line was
280 °C. Temperature MS quadropole of 150 °C, viighion source temperature of 230 °C.
Validation parameters. The validated QuUEChERS method according to
SANCO/12571/2013 was used for the pesticide residigtections in honeybees. The LOD
was calculated by MassHunter Qualitative Software linearity was checked using matrix
matched standards (MMS) at the concentrations @-200.0 ng/mL for GC/MSD and 1.0-
20.0 ng/mL for LC-MS/MS with the £0.99 for all investigated pesticides. The recovery
the final mass concentration of 0.01 and 0.00&m@/as in the range from 89.7-127.4+5-
14.8% (for LC-MS/MS) with the addition of the imt@l standard acetamiprid-D5.

Pesticide extraction

2 g sample +10 mL d. 4@ + 10mLMeCN + 10QuL ISTD (10 pg/mL Acetamiprid-D5)

| Shake vigorously for 1 min

Add 4g MgSQ1g NaCl, 1g NgCitrate dihydrate, 0.5g NEICitrat sesquihydrate
Shake tube immediately for 1 min

I Centrifuge for 5 min at 3500 rpm

Transfer 8 ml of the extract into a PP tube and ktoin the freezer
Transfer 5 ml of the extract into a PP tube comgimgSQ, PSA, C18; Shake for 30 s
| Centrifuge for 5 min at 3500 rpm

Transfer 20QuL into a vial, evaporate to dryngsbransfer 2 mL into a vial, evaporate to dryng¢ss

Reconstitute in 20QL of mobile phase Reconstitute in 1 mL of hexan/aceton
then LC-MS/MS then GC-MS

Results and discussion
The analysis compriged the detection of pesticdeues in six honeybees samples collected
from the localities ofCerevi and Radojevo. The validated QUEChERS method acaptd
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SANCO/12571/2013 was used for the pesticide residigtections in honeybees by LC-
MS/MS and GC-MS.

Figure 1. Detected pesticides in a honeybees sample obtBn&LC-MS
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By GC/MSD analysing six samples of dead honeybdes dcetochlor, metolachlor,
propiconazole and difenoconazol were detected. détections of acetochlor were in the
range from 12.8 to 18.5 ng/g, for metolachlor 49ngg, for propiconazole 19 to 29 ng/g,
and for difenoconazol from 390 to 420 ng/g. Acutal doxicity expressed as lspfor
acetochlor and propiconazol is >1Q@/bee, while the acute contact 4fds >200 pug/bee
while for difenoconazol acute oral is >100, anddbate contact is >18@/bee. According to
EPA, metolachlor is not bee toxic [3].

By LC-MS/MS analysing thiamethoxam and acetamipsidre detected. In one sample
thiamethoxam was found at the concentracion le/&Boug/kg, and acetamiprid was found
in three samples between 0.012 and 0.033 mg/kgteAaral toxicity expressed as kgfor
acetamirid is 14.53g/bee, while the acute contact 4Jds 8.09 ug/bee; for thiamethoxam
acute oral is 0.005, while the acute contact i290.@/bee.
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Figure 2. Detected pesticides in a honeybees sample obthne€-MS/MS
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A typical risk assessment considers only the atmteeity of pesticides by contact or oral
exposure in 24/48 hours, thus ignoring the negagffects derived from the constant
exposure to pesticide residues over longer pefRRlds

Conclusion
Taking into consideration the results GC-MS andMGS/MS analyses of honeybees samples,
there is a significant and justified doubt that dle¢ected pesticides brought about the death of
honeybees.
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Abstract

Urban environment usually consists of wide rangbleaierogeneous ecosystems with diverse
and complex interactions. All green areas, espgcpdrks and lawns, represent suitable
habitats for ticks, as they provide all necessaagtuires to complete a ticks’ life cycle.
Vegetation cover and the presence of suitable tawstsrucial for tick population persistence.
Therefore, vegetation management as a preventivieotheshould have the fundamental role
in tick control. The aim of this research was tdedmine whether regular and frequent
mowing and vegetation management have influenctherefficacy of tick control program.
The tick presence and abundance were observedvah decalities, from February till
October during 2014. The total number of collediekls was 1.241 and two tick species were
identified: Ixodes ricinusand Dermacentor marginatuslicks were present at all prospected
localities except Dunavski Park. The highest nunddezollected ticks was obtained at Park
of Poplar Research Institute and the lowest at KaoaePark. In order to obtain one
integrated, but adequate, environmental safe asgldepensive method for tick control, it is
necessary to integrate constant monitoring of pdpulations, mowing as a preventive
method and control of potential tick hosts.

Introduction

Urban environment usually consists of wide rangéeitrogeneous ecosystems with diverse
and complex interactions. Almost all areas in tiiesare managed and manipulated by man
[1]. All green areas, especially parks and lawepresent suitable habitats for ticks, as they
provide all necessary features to complete a iiekclcle. Vegetation cover and the presence
of suitable hosts for adult ticks are crucial ficktpopulation persistence [2]. The successful
survival of ticks in certain habitats depends otirogl temperature and humidity. Exophilic
ticks which live in the lower parts of vegetatiditter and upper layer of the soil are
especially dependent on these microclimate featf3lesFurthermore, even one species of
medium-sized hosts (hare, hedgehog) could suppertitk population, but the size of the
locality, the type of adjacent territories, thelsaaf anthropogenic influence and the degree of
its isolation from other potential tick localitiemre also important [3]. Different human
activities could change microclimatic conditionsittiinfluence ticks’ development and their
hosts [4].

Ticks have always been a part of urban fauna. Tii@nization and human activities
connected with it may often positively influence tbccurrence and abundance of ticks, both
in short- and in long-term perspectives [5].

Urban forest parks are different in their size andition in the city. Some of them are in the
central areas so they have rather weak or no ctioneat all with natural forests. They are
exposed to the strong anthropogenic influence aedabundance of all tick stages in such
localities is usually very low. Oppositely, parkdaged at the edges of the cities, in the semi-
urban areas, have good connection with surrounidirests or agroecosystems. Although the
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anthropogenic influence could be high at theselilies, the number of potential hosts is
higher.

Worldwide, researchers are making a great effodetcelop the most efficient method for tick
control, especially in urban areas. The applicatbbrinsectoacaricides based on synthetic
pyrethroids today is the most frequent. Howeveg, dkcessive use of these pesticides in tick
control could be dangerous for human and animdthhead cause environmental pollution.
Certain tick species are sensitive to desiccatiuh wsually search for sufficient humidity in
microhabitats at ground levels or sheltered by tage cover. During unfavorable
microclimatic conditions a great number of diffaréick stages dies, considerable number
finds shelters at surface ground layer, and certamber even permanently leaves the habitat
[4]. Therefore, vegetation management as a prexentethod should have the crucial role in
tick control.

The aim of this research was to determine whetlegular and frequent mowing and
vegetation management have influence on the eiffioatick control program.

Experimental

Tick sampling and identification

The tick presence and abundance were observedvah decalities, from February till
October during 2014. Ticks were sampled accordirigrkag-hour” method [6]. White flannel
cloth (1x1.6 m) was dragged through the low vegmtaand soil surface for an hour, through
the chosen transect in total length of 100 m. Fiaesects were chosen for each locality. Both
sides of the cloth were carefully examined everyn20and all ticks were collected. Ticks
were placed in the plastic tubes with a small cotball soaked into water to prevent
desiccation and closed with perforated plastic gtodor sufficient ventilation. Ticks were
sampled monthly, from 10 am till 6 pm, if the weatlbonditions were suitable.

Ticks were identified according to identificatiorys [7]. All tick stages (larvae, nymphs and
adults) were identified and counted.

Localities

The study was performed at seven localities in N®ad (Province of Vojvodina, Serbia),
based on tick abundance, floristic composition aneryday human activities. Five of them
were in urban areas of the city with high anthragog influence: Railway Station Park (9 ha,
N45°15'841, E19°49'403), Omladinski Park (3 ha, R¥5443, E19°51'219), Dunavski Park
(4 ha, N45°15'198, E19°51'053), Limanski Park (18 N45°14'201, E19°50°347), Futoski
Park (5 ha, N45°15020, E19°49'376). The sixth ldga Kamenica Park (18 ha,
N45°13'663, E19°50'776) was in semi-rural area,rriba city, known for picnic places, trim,
jogging and cycling pathways. The seventh localitye Park of Poplar Research Institute (50
ha, N45°17°'586, E19°53'754), has never been unagr chemical control program, and
therefore was set as a control locality.

All prospected localities are park-forest type Ietisi a combination of meadow vegetation
and deciduous trees. The plant species were ithti#fccording to standard identification
keys [8, 9 and 10]. The dominant tree species weaoplars Populus sp, sweet chestnut
(Castanea sativa silver birch Betula penduly oaks Quercus sp, white willows (Salix
alba), plane treesRlatanus sp, silver lime {Tilia tomentosy maples Acer sp), field maple
(Acer campestie hornbeam Carpinus betulus The shrub vegetation was consisted of:
forsythia Forsythia sp), dog-rose Rosa caning wild privet (Ligustrum vulgarg and hazel
(Corylus avellana The species of Poaceae family were dominanil at@spected localities:
wall barley Hordeum murinur)) yellow foxtail Setaria glauca and meadovgrassesKoa
sp), but also: dandelionT@raxacum officinalp Shepherd's-purs€épsella bursa pastors
greater plantain Rlantago majo), fat-hen (Chenopodium albujn amaranth Amaranthus
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retroflexug, cleavers Galium aparing and red cloverT(rifolium pratensg

Results and discussion

The total number of collected ticks was 1.241 amd tick species were identifiedixodes
ricinus Linnaeus 1758 anBermacentor marginatuSulzer 1776. Ticks were present at all
prospected localities except Dunavski Park. Thehdsty number of collected ticks was
obtained at Park of Poplar Research Institute &edldwest at Kamenica Park (Tab. 1.).
Larval stages were collected only at Park of PoRksearch Institute. This locality has never
been treated with any insectoacaricides. The tiokufations here are persistent and
independent, so they could be marked as self-siftiqgoopulations which can persist and
flourish without replenishment [3].

Table 1. The number of collected ticks in parks in Novi Sad

- - | 8 5
Sisl=lz/ 2| 2|23|5|2/| Toal
S| 81 2 =|3]|- ::? 2 | S | number
L $|©
Park of Poplar 6| 11| 21| 57| 493| 321| 62| 65| 52| 1080
Research Institute
Kamenica Park O 2| 1| O 0 oOf O 1| 1 5
Railway Station Park| 0| 1| 2| 9 5 3] 1| 3| 2 26
Omladinski Park 3| 5| 9| 24| 18 9| 5| 9| 7 89
Dunavski Park 0O 0| 0| O 0 0Of 0 0| O 0
Limanski Park ol 0o 1| 3 2 ol 0] 1| O 7
Futoski Park 0| 3| 4| 8 8 5/ 2| 2| 2 34

Kamenica Park, Dunavski Park and Limanski Park vpeoperly maintained throughout the
year: regularly and frequently mowed, the litterswagularly collected and the chemical
treatments were applied two to three times duriegggeason (April, May/June, September).
Because of high anthropogenic presence at thesdities, the number of potential host
species was low (lizards, birds, cats and dogs).tl@@n contrary, Railway Station Park,
Omladinski Park and FutoSki Park were mowed onlgeoor twice during the year and the
litter were not regularly collected. Although thieemical treatments were applied too, these
localities had relatively high densities of tickgutations. The highest abundance of ticks was
noticed in shrub belt on the edge of these parldditionally, at these localities more
potential host species were present: lizards, prats, mice, hedgehogs, squirrels, cats, dogs
and sometimes hares.

Tick populations noticed in Kamenica Park, DunavBkirk and Limanski Park could be
described as dependent or temporary, as these ghomsl cannot persist without constant
replenishment or they are short-lived populatioms unfavorable habitats which are
periodically appearing after tick specimens impiwta by their hosts from the outside.
Railway Station Park, Omladinski Park and Futo&kikPhave semi-independent population
of ticks that could not be maintained without reydément [3].

The constant presence lofricinus andD. marginatusin Railway Station Park, Omladinski
Park and Futoski Park could be explained by tisggcific microclimatic requirements such
as temperature and constant humidity which wasimdaddeby unmowed vegetation cover. The
ideal habitat fod. ricinus in continental Europe is a deciduous forest wamg soil covered
with rich undergrowth [11]. Although treatments wespplied at these localities too, the
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persistent ticks’ populations could be explained usyegularly mowing which provided
certain degree of humidity and higher number diedént host species.

Conclusion

The modern urban areas represent perfect habitaticks, as they could complete their
developmental cycles feeding on different but akvayesent hosts. Proper vegetation
covering and constant presence of adult tick hegpgport persistence of the tick population.
In order to obtain one integrated, but adequatar@mmental safe and less expensive method
for tick control, it is necessary to integrate dans monitoring of tick populations, mowing as
a preventive method and the control of potent@ hosts. In that way the use of pesticides
will be reduced in the urban areas and the prognamald be economically justified and
environmental safe.

Acknowledgements
The authors acknowledge the financial support ef Ministry of Education and Science,
Republic of Serbia, Project Ref. TR31084.

References

[1] P. Bolund, S. Hunhammar. Ecological Econom&$(1999) 293.

[2] I. Uspensky. Proceedings of the Conference GERI5 (Genes, Ecosystems and Risk of
Infection), Creete, Greece, 21-23 April, 2015.

[3] I. Uspensky. Proceedings of the 8th InternaloGonference on Urban Pests, Zurich,
Switzerland, 20 — 23 July, 2014, 203.

[4] A. Jurisic, A. Petrovic, D. Rajkovic, S. NiciExp. Appl. Acarol. 52 (2010) 101

[5] I. Uspensky. Ticks and Tick-borne Diseases®L@®) 41.

[6] G.O. Maupin, D. Fish, J. Zultowsky, E.G. CampdsPiesman. Am. J. Epidemiol. 133(11)
(1991) 1105.

[7] A.Estrada-Peiia, A. Bouattour, J.Camicas, A. Walker. Ticks of @stic animals in the
Mediterranean Region. A guide to identificationsplecies. University of Zagaroza, Spain.
2004.

[8] M. Josifovi, (ed.). Flora SR Srbije, I-1X, SANU, Beograd, $abil970-1977.

[9] M. Sark, (ed.): Flora Srbije X, SANU, Beograd, Srbija, 698

[10] F. Rose: The Wild Flower Key. Penguin Bookd,LEngland, 1981

[11] L. Gern, E. Rouvinez, L.N. Toutoungi, E. Gaulft. Folia Parasitologica. 44 (1997) 309.

129



21st International Symposium on Analytical and Emenmental Problems

Assessment of Serum Metallograms in Patients withufine Urolithiasis Before and
After Treatment

Zeno Garban™? Alin Cumpiinas®, Adina-Elena Avacovicf, Cornel Balti®, Ludovic
Sayt®, Sorin Marinesct?, Mirela-Minerva Nedelcu®

1)Department of Biochemistry and Molecular Biolgfprmer), Faculty of Food Products
Technology, University of Agricultural Sciences Afeterinary Medicine of Banat "King
Michael | of Romania” from Timoara, Calea Aradului No. 119, RO-300 645 Tsioaira,
Romania; 2) Working Group for Xenobiochemistry,mRaian Academy-Branch
Timisoara, Bd. M.Viteazu Nr.24, RO-300 223 Tsoara, Romania; 3) Clinic of Urology,
Faculty of Medicine, University of Medicine and hacy ,Victor Babg”, Timisoara,
Bd.losif Bulbuca Nr.10, Tinpwara, Romania; 4) West University ,Vasile GgldArad,
Faculty of Medicine, Arad, Romania; 5) InstituteGiiemistry of the Romanian Academz,
Bd. M. Viteazu Nr.24, Tigwara, Romania; 6.Clinical Laboratory , Municipal Hpital,
Str. G.Dima, Nr.5, Timbara, Romania
E-mail: zeno.garban@yahoo.com

ABSTRACT

Investigations on the homeostasis of the hydroeltic metabolism is important in
the assessment of the uroconcrements’ biogenedifathe therapeutic effects (based on
diverse procedures).

Our investigations have been performed on patieitts purine urolithiasis included
in two groups, according to the applied treatmenttifie removal of the uroconcrements. A
group included 23 patients who underwent surgreatment and the other group included 18
patients treated with Extracorporeal Shock-Wavédtiipsy (ESWL). Before and after the
therapeutic procedure the serum metallograms ofnidia alkaline (Na, K) and alkaline-earth
(Ca, Mg) metals were determined by using spectrimphetry. The obtained results revealed
post-treatment changes in the serum metallograrfolamsys: increase of natriemia and
calcemia; decrease of kaliemia and magnesiemiaoth groups. The find data show the
dyshomeostasis of the main alkaline and alkalintieaetals after the treatment underlying
their implication in urolithogenesis.

Keywords: serummetallogram, purine urolithiasis; ESWL and surgeeatment

INTRODUCTION

Metals are important components of the human osganvhich are neither produced
nor destroyed by the organism and are presentrierodronment, i.e. food, water, air, soil.

In the investigation of urolithiasis not only thegenesis mechanisms of concrements
formation and problems related to their preventimetaphylaxy and therapy, but also the
guantum of metals in blood serum and biologic #ugde of great importance.

The homeostasis of the hydroelectrolytic metabolisesents a major interest because
metals are compounds playing the role of startertheé urolithogenetic processes (Coe and
Parks, 1988; Cigan et al., 1994; Garban et al., 1998; Kok, 20B82)known, in the first stage
of the process —the heterogenous nuleation - th@&lsnentervene and become fixed to
inorganic, organic anions or organic compounds widlgative polarity. In this way are
formed the so called starters or primers whichlitate the precipitation of electrolytes
(Matouschek and Huber, 1981).

Mineral compounds, generally, and metals partitylam the human organism can be
evaluated under various aspects presenting intenephysiology, biochemistry, morphology
and, evidently, pathology.

130



21st International Symposium on Analytical and Emenmental Problems

From pathological point of view the approach okthroblem ca be made in relation
with patobiochemistry, physiopathology, respecivebrphopathology.

In the organism the development of the normal hggical processes is conditioned
by the maintenance of the biochemical homeostdstheocarbohydrate, lipid, protein and
hydroelectrolytic metabolisms.

Lithogenesis, in general, is considered as a diatroe of the hydroelectrolytic
metabolism, thus a dyshomeostatic phenomenon. iSotie can add the dyshomeostasis of
specific metabolites, e.g. oxalates, phosphatesesircystine, cholesterol a.o. (Coe and Park,
1988; Kok, 2002; Villegas et al., 2012).

The aim of this paper was to find out if the semmetallograms are or not disturbed by
the applied treatment.

MATERIALS AND METHODS

Clinical cases The initiated study have been made on two grafpgatients with
urolithiasis admitted to the Urological Clinic Tigpara. A group was formed by 23 kidney
stone patients - surgically (SU) treated for tamoval of calculi and the other group was
constituted by 18 kidney stone patients treatasth Extracorporeal Shock -Wave
Lithotripsy (ESWL).

Clinical chemistry investigationsin the studied group of patients there were
determined the concentrations of the main alkglieg K) and alkaline-earth (Ca, Mg) metals
in the serum, before and after the interventiore &bncentration of the alkaline and alkaline-
earth metals in serum and urine of kidney stoneeptst was studied before (48 hours) and
after (72 hours) the treatment in order to find thee role and participation at the formation of
concrements.Concentrations of Na and K were détedrby flame photometry, of Ca by
volumetric and of Mg by spectrophotometric methgdaplan and Pesce, 2010). Details
concerning this methods were presented in a preypaper (Digan et al., 1994; Villegas et
al., 2012; Garban, 2015)

Statistical evaluationWas done by a one-way analysis of variance (ANQVA
followed by the Tukey HSD post-hoc test. The olsdinlata are expressed as mean (X) and
standard deviation (SD).

RESULTS AND DISCUSSIONS

Investigations concerning the metals present ihogio fluids and in tissues are of
importance for defining the homeostatic status awkntually, the perturbations of
biochemical homeostasis (Garban et al., 1981; Matoek and Huber, 1981; Hesse et al.,
1993). Metals play an important role in the orgamit the case of lithiasis biogenesis caused
by morphophysiologic and/or biochemical factorstatsecan be found — in certain cases — in
increased amounts contributing at the constitutbmristallization nuclei as precursors of
lithiasic concrements (Coe and Parks, 1988; Gaebah, 1998). These can be formed at the
level of urinary tract, gall bladder, salivary giaetc.

The concentration of metals is maintained in theadybdhrough homeostasic
mechanisms being influenced by environmental factage, bioaccumulation processes.
Metals in excess can lead to competitive interastion biological systems modifying the
normal metabolic status and inducing certain disgas

Metal ions presence in blood and urine dependsyoardic characteristics of biologic
processes: hydroelectrolytic metabolism, chrondieoustry, homeostasis. Any
hydroelectrolytic inbalance that involves the mawifion of ions concentration depends on
diverse factors, among which a major role plays thmatritional status and the
morphofunctional characteristics of the body.
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Renal calculi can be removed surgically or disiated using Extracorporeal Shock -
Wave Lithotripsy (ESWL). Diverse surgical intertiems as well as the procedures of ESWL
are followed by homeostatic modifications decelatedugh the investigation of serum and
urine metabolites (Bigan et al., 1994; Saxby et al., 1997).

Calculi removal through surgical treatment or ESWIfollowed by modifications of
the biochemical homeostasis. These can be observaboratory investigations specfic for
clinic chemistry. Of main importance are the elelgtes because the lithogenetic process is a
disorder of the hydroelectrolytic metabolism.

Use of ESWL is beneficial being a non invasive teghe; the residues obtained pass
spontaneously through the urinary tract (Segur@0Ql1Bragan et al., 1994; Avacovici, 2012).
The method is successfully applied for renal argloa calculi with a diameter between 4-20
cm. Recovery time following ESWL is expected to b@imal. Patients resume activity
within a few days after treatment

Obtained data - concerning the aspects of, &, C22* and M@ ions homeostasis
- are presented and discussed separately on boémgsagroups, i.e. SU-treated and ESWL-
treated.

Table 1 presents the values of the metals condemtr&om the blood serum of
patients from the SU-treated group. Determinationsmetals were performed before and
after surgical treatment. The analytical data agessed in mmol/L (mM/L).

Table 1 Serum metallogram of patients with urolithiasisgically treated

Numfber Pre-treatement Post-treatement «
ven . 0 (]
Specification UM X
P patients X,+DS N, X, + DS (X1 —=X2)
(n) m
Alkaline | Na 23 23 | 136.12+23.81 21 | 143.91+30.16 +7.79
metals K 23 23 446 +0.34| 21 4.26 +0.48 -0.20
: mM/L
A'Eg'r'tr;le Ca 23 23| 259+0.29 21 | 273+061 | +0.14
metals | Mg 23 23 1.15+0.23] 21 1.07 + 0.26 - 0.08

n- number of patients with purine urolithiasig; nnumber of patients investigated before
(pre-) treatment;
n, - number of patients investigated after (posgtireent.

Data concerning metal concentrations in the serfinth@ ESWL treated group of
patients, presented in Table 2, revealed also atpment dyshomeostasis.
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Table 2 Serum metallogram of patients with urolithiasisated by Extracorporeal Shock-
Wave Lithotripsy

Numfber Pre-treatement Post-treatement «
L 0 0
Specification UM ;
P Pa?e)nts n | X#DS | Ny| Xo+DS | (Xi=X)
n
Na 18 | 18| 138.93+29.16 17 | 143.69+45.13 +4.76
Metale
alcaline | K 18 | 18| 4.49+037| 17| 421+052| -0.28
Ca mM/L
Metale 18 18 251 +0.26| 17 2.72 +0.37 +0.21
alcalino- M
teroase 9 18 18 1.08 +0.17| 17 1.04 + 0.29 -0.04

One can remark that post-treatment the concentratib sodium and calcium
increases and the concentration of potassium amph@saum moderately decreases. Results
concerning the concentration of alkaline and afieakarth metals in blood serum show a
post-treatment dyshomeostasis.

Our analytical investigations revealed data thatiarthe range of analytical values
from literature. For serum, Na 100-142 mM/L, K 3.8.5 mM/L; Ca 2.25 — 2.60 mM/L; Mg
0.7 — 1.11 mM/L. In the case of urinary metallogsam literature are mentioned the
following values: Na 100 — 300 mM/24h; K 40 — 10MM4h; Ca 1.25 — 7.50 mM/24h; Mg
2.5 - 8.2 mM/24h (Kaplan and Pesce, 2010; Garlath)2

Preliminary papers (Bgan et al., 1994; Bgan and Garban, 2002) showed slightly
different values that could be explained by therifistion of metal ions in the intrracellular
environment.

CONCLUSIONS
1. Serum metallograms of the main alkaline (Na, K)atsein surgically and ESWL treated
kidney stone patients revealed the increase oienaitt and decrease of kaliemia after the
treatment.
2. Serum metallograms of alkaline-earth (Ca, Mg) nsetal both groups of subjects
revealed the post-therapeutic decrease of magniaseard the increase of calcemia.
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ABSTRACT

In the last decade food business operators anegetiore and more foods to which
vitamins and minerals were added. The reason lissiore their content where this has been
reduced during processing, storage or handling goees. Beside the mentioned
micronutrients, other ingredients might be usedood manufacturing, too. Among such
substances one can mention : amino acids, esséaitialacids, fibre, various plants and
herbal extracts. At the Community level the Regatat(EC) 1925/2006 harmonises the
effective functioning of the internal market asamds the addition of vitamins and minerals
and certain other substances to foods. For anefficnonitoring of foods to which vitamins
and minerals and other substances have been atifidethanufacturer or the person placing
such foods on the market must notify the compedethority of that placing on the market
or on the withdrawal of the product from the market

Key words: fortified foods - mineral elements

INTRODUCTION

During processing, storage and handling processedinal food product may loose
micronutrients, mainly vitamins and minerals. Alfmere are regions where the soil is spoiled
in some minerals and the resulted crops and velgstabill be also poor in essentials
minerals, necessary for the optimal functioningtled organisms. Therefore food business
operators started to add some vitamins, mineral#rer substances to some foods.

Food or foodstuffs, according to the definition egivin the Regulation 178/2002,
means ,any substance or product, whether procegsetally processed or unprocessed,
intended to be, or reasonably expected to be iedesy humans”. "Food includes drink,
chewing gum and any substance, including wateentidanally incorporated into the food
during its manufacture, preparation or treatment”.

The European Community Regulation 1925/2006 astas the same rules for all
Member States regarding fortified foods.
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1. MINERAL ELEMENTS IN FOODS - OVERVIEW

From nutritional point of view the minerals (bdsivitamins) are included in the group
of micronutrients. Minerals are essential nutrieatdife, are needed in small amounts and
participate in numerous catabolic and anabolictr@as in various biochemical pathways.
Beside other nutrients the mineral compounds ppatiie in physiological processes which
assure the health maintenance. For the human srgahere are essential about twenty eight
elements, e.g. Ca, Mg, Na, K, Zn, Fe, Cuy,Ss#c. (Berdanier, 1998; Richardson, 2007)

Mineral micronutrients are generally divided wwot sub-categories accordingly to
their chemical characteristics: the micronutriesth cationic nature (metals) and
micronutrients with anionic nature (non-metals)s@ltaking in account the amount of this
elements that is found in the organism, the mineratrients can be classified in
macroelements, e.g.: Na, K, Ca, Mg, P, Cl etc.teaxtk elements, e.g.: Zn, Fe, Cu, I, Se.

They are often found as cofactors in enzymes; &g in alcohol dehyrogenase;
Mn?* in phosphotransferase; ¥ein the lysosomal myeloperoxidase; selenium in the
metalloenzyme glutathione peroxidase etc. (Chammd Harvey, 1987; Chaney, 1992).
Minerals can be present also in the compositiosarhe hormones, e.g.: iodine in thyroid
hormones ; in certain amino acids, e.g.: seletioim@ne; in hemoglobin or myoglobin.

Deficiency of minerals and especially of traceneénts in food are actually more
likely to occur than is vitamin deficiency. Becausfe differing geologic conditions minerals
and trace elements may scare in the soil of ceregion and rich in those of other regions
(O'Dell and Sunde, 1997; Garban and Garban, 2008).insufficiency or lack of one or
more minerals leads to dysmineraloses.

2. FORTIFIED FOODS : FOOD CATEGORIES, LEGISLATION

According to the European Food Safety Authority 38 and Codex Alimentarius
Commission various food categories can be fortifikdgulation (EC) No 1925/2006 of the
European Parliament and of the Council establiiesules for the addition of vitamins and
minerals to foods and the use of certain othertanbss or ingredients in foods. In Annexes |
and Il of that Regulation are the lists of vitamins and mineralsd for each of them the
forms, that may be added to food.

In the meantime EFSA evaluated new vitamin and rainforms. The substances
which have received favourable scientific opiniorere&v added to the lists with the
Commission Regulation (EC) No 1170/2009. In Anniot this Regulation the new list of
»Vitamin formulations and mineral substances whitély be added to foods” can be find.

In case of fortified foods it is also necessarpawe in view the Commission Directive
2008/100/EC amending Council Directive 90/496/EECnatrition labeling for foodstuffs as
regards recommended daily allowances, energy csiavefactors and definitions, because
the addition of a vitamin or a mineral to a foodlinesult in the presence of that vitamin or
mineral in the food in at least a significant amowere this is defined according to the
Annex to Directive 90/496/EEC.

Various diseases can reduce the mineral nutrieniéke and especially those that
interfere with the ingestion, digestion, absorptamd requirement of nutrients: celiac disease,
Crohn disease, irritable bowel syndrome, lactogelerance, bacterial, viral and parasitic
infections (Chaney, 1982; Shrimpton, 1997).

Evidence from recent studies revealed that minteae elements supplementation
may help to prevent various forms of cancer, he@stase and some other degenerative
processes.

A way to increase the mineral micronutrient levietsn diet is food fortification by
adding such nutrients during the food processingherconsumption of food supplements
with specific minerals.
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3. MINERAL ELEMENTS IN FORTIFIED FOODS

Mineral micronutrients can be found in various cieahforms with different levels of
absorption at the level of gastrointestinal traotl avith various degrees of bioavailability.
Therefore the regulatory institutions must estéiblidhich forms are safer and have a higher
bioavailability. Recently the European Commissioad hissued Regulation 1170/2009
amending Directive 2002/46/EC and Regulation 192862EC regarding the lists of vitamins
and minerals and their forms that can be addedddsd, including food supplements. The
nutritional reference valugNRV) for minerals and vitamins are specified iedRlation
1169/2011.

3.1. Macro- and micronutrients with cationic charaer

Regulation EC 1170/2009 of the European Parliarardtthe Council establishes the
nutrients and their chemical forms which may beealdid foods. Detailed data referring to the
chemical forms of micronutrients with cationic cheter are presented in table 1.

Table 1 Chemical formulations of the cationic mineral staimces which may be added to
foods

Micronutrient Meuarllsiture NRV Chemical formulations

bicarbonate ; carbonate ; chloride ; citrate ; ghate ;
Potassium mg 200D glycerophosphate ; lactate ; hydroxide ; salts of
orthophosphoric acid
carbonate; chloride; citrate malate; salts of cixid,;
Calcium mg 800| gluconate; glycerophosphate; lactate; saltgthioe
phosphoric acid ; hydroxide ; malate ; oxide ; bale
acetate; carbonate ; chloride ; salts of citriclaci
gluconate ; glycerophosphate ; salts of orthophasph
acid; lactate; hydroxide; oxide ; magnesium potass
citrate; sulphate
ferrous bisglycinate; ferrous carbonate; ferrcitrsite;
ferric ammonium citrate; ferrous gluconate; fegou
fumarate ; ferric sodium diphosphate ; ferrousdtet

(61

Magnesium mg 37

Iron mg 14 ferrous sulphate; ferric diphosphate (ferric
pyrophosphate) ; ferric saccharate ; elemental irgn
(carbonyl + electrolytic + hydrogen reduced)
Zinc mg 10 acetate ; bisglycinate ; chloride ; citrate ; cgioate ;
lactate ; oxide ; carbonate ; sulphate
Manganese mg 5 carbonate ; chloride ; citrate ; gluconate ;
glycerophosphate ; sulphate
cupric (Cu Il) salts: cupric carbonate ; cupricate ;
Copper mg 1 cupric gluconate ; cupric sulphate ; copper lysineg
complex
Chromium mg 40 chromium (Ill) chloride and its hexahydrate ;
chromium (lll) sulphate and its hexahydrate
Molybdenum ug 50 ammonium molybdate (molybdenum (VI); sodium

molybdate (molybdenum (V1)
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Various organisms such as the Scientific CommitieeFood (SCF), the European
Food Safety Authority (EFSA a.o. are involved i tbstablishment of the tolerable upper
intake of minerals. According to SCF and EFSA thlerable upper intake levels for some of
the cationic minerals are : Ca — 2500 mg, Mg —@2%0 Cu — 5 mg, Zn — 25 mg

3.2 Micronutrients with anionic character
The micronutrients with anion specificity (i.e. noretals) which may be added to
foods are, according to the Regulation EC 117@280the European Parliament and the
Council : iodine, selenium, fluoride and boron.
The chemical formulations of micronutrients withamc character as well as their NRV
are given in table 2.

Table 2 Chemical formulations of the anionic mineral gabhses which may be added to
foods

Micronutrient Miarllsiture NRV Chemical formulations

Fluoride mg 3.5 sodium fluoride ; potassium fluerid

lodine 150 sodium iodide ; sodium iodate ; potassium
HY iodide ; potassium iodate

Selenium 55 selenium enriched yeast ; sodium selengte ;
HY sodium hydrogen selenite ; sodium selerjite

Boron mg NE* boric acid ; sodium borate

*NE — not established

From the anionic minerals used in fortified fooésegsium and iodine are more often
found. Less often is used boron. In the case @nan nutrients the tolerable upper intake
levels, according to Scientific Committee on FO&CF) and the European Food Safety
Authority (EFSA) are: F — 7 mg, | — 600 ug, Se 8 3@, B — 10 mg/day.

The presence of too small and insignificant amoohtsicronutrients in foods would
not offer any benefit to consumers and would bdeading. Thus, in order to be allowed to
be declared in nutrition labelling, vitamins andnemals added to foods should be at least a
significant amount, i.e. 15% of the RDA per 100g ©@0Oml (Annex of Directive
90/496/EEC).

CONCLUSIVE DATA

1. In case of fortified foods an important aspectrelated to the source compounds of
minerals, namely the chemical formulations which ba used in their manufacture.

3. Mostly the following food categories are foridi : beverages excluding dairy products;
dairy products and analogues; cereals and ceredlipts; confectionary; fats and oils, and fat
emulsions.
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A major drawback of using metal oxide nanopartielexontrast agent in MRI is related to
their low saturation magnetization mainly due teitiparticle size. The current works seeks
to solve this problem by increasing the number ahaparticles, of micrometer sized
clustered particles. The studies shows that toffeetere in improving MRI signal, millions
of ultrasmall superparamagnetic iron oxide nandgad are needed to mark a single cell
which is a dificulty. A better solution to thisgirlem is to use singlecrystalline particles, in
micrometer domain. Micrometric magnetite singletaigs with average size of 10um (along
the <001> axis) with unusual superparamagnetic \nehaat room temperature was
synthesized by us through hydrotermal decompositfolie’*-Na,EDTA complex. Based on
this lately original results regarding the obtagiof single crystalline micrometric domain
(10-50um) iron oxide (magnetite) with superparanegignbehaviour generic named by as
SCMSPIO, we believe that it could be involved in many meting applications including
their formulation as Fcontrast agents for successfully exploring by MRI.

Single crystals of F©®, with micrometric dimensions of 10um and superpagmetic
behaviour were synthesized. We tasted these prtad contrast agent in MRI experiments
and at this stage of experiments the nuances of whech we obtained show promising
effects and they correspond to our objective (gpeds 1 an 2 presented below).

Fig. 1, Three representative phiasto Fig.2, The grey ntesm

The results indicate that the choice of appropatgcentration might give a good contrast
in MRI applications. Further in vivo experiments animals are in progress. Taking into
account the dimensions of the cells (&0-10Qum), this particle could be appropriate for
other medical applications such as intracellulgrdrthermia, controlled drug delivery system
(site specific drug delivery), cellular Magnetic $®@ance Imaging (MRI), monitoring cell
migration for cell therapy, multimodal cancer thraimmunomagnetic separation of cells,
detection, immobilization and modification of bigioally active compounds, cell labelling;
magnetic separation of cells, magnetic resonann&asi agents, gene delivery, multi-modal
cancer therapy.

Keywords:MRI, superparamagnetic, magnetite, micrometricyiadical.
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Abstract

A symmetrical substituted aryl porphyrin was incmaded by sol-gel method to generate a
silica hybrid nanomaterial that preserves the U¥albsorption properties of bare porphyrin.
The novel hybrid demonstrated to be a sensitiveenatfor CQ detection. The sol-gel
synthesis was monitored by UV-vis spectroscopy.nfitoforce microscopy was performed
for the hybrid before and after GQletection and important changes in the aggregation
behavior of the nanomaterial were observed.

Keywords porphyrin-silica hybrid, sol-gel, UV-vis, CQletection, AFM

Introduction

In 1997, for the first time a phosphorescence sifypen a porphyrin encapsulated in a sol-gel
matrix was used for gaseous oxygen sensing [1]s Tésult accelerated work into other
optical sensors using water-insoluble luminescgeatsbl-gel matrices.

Sol-gel process affords easy immobilization of poyphyrin retaining the optical and sensing
properties of the dye, due to the high homogerditihe porphyrin molecules into the sol-gel
matrices. The critical issues remain the tailorofgsol-gel materials to inhibit leaching of
porphyrin, and to achieve enhanced sensor perfarenanterms of stability, response time,
sensitivity, repeatability and selectivity.

Based on our previous studies regarding, @étection [2] in this paper the porphyrin was
incorporated into a silica matrix by sol-gel methndwo steps acid-base catalysis and used
as optical sensor for the detection of 4®wet environment.

OMe

Figurel. Structure of tetra (3,4-dimethoxy-phenyl)-porphyri
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Experimental

2.1. Reagents
All reagents used in this work wepeagrade provided by Merck, Fluka and Sigma-Aldrich.

2.2. Sol-gel synthesisas done by adapting previously reported paperA3inixture of
H,0 (2,730g; 0,152mmol ) and HCI 37% (0,037¢; 1,01ahrwere added by dripping under
continuous stirring to a solution of TEOS (7,99g038moli) dissolved into EtOH (6,98g;
0,152 mmol) containing a mixture of 8 mg porphyf88x10> mmol) dissolved in 14 ml
THF. The molar ratios were: TEOS:EtOH®IHCI= 1:4:4:0,01. After 40 minutes, the second
basic step was started by slowly adding of NH3 1($gjution of NH 25%+9g HO).
Transparent gel colored in violet was obtainedainsy.

2.3. Apparatus

UV-visible spectra were registered on JASCO UV-30®isible spectrometer using 1 cm
pass cells. Atomic force microscopy (AFM) investigns were performed on
Nanosurf®EasyScan 2 Advanced Research AFM. AFM esagere obtained in contact
mode.

Results and discussion

The hybrid material was characterized after fitspsof acid catalysis and in the final step of
base catalysis. As revealed by Figure 2, the ptigsenf porphyrin are preserved in both steps
of catalysis. Our interest was to incorporate i@ hybrid a porphyrin that is neutral, not a
protonated one, so that we choose for the tes@Qpdetection the hybrid preserving the

properties of the initial porphyrin base that is tiybrid after gelation in the basic step.

1.7

// porphyrin base

silica-porphyrin hybrid in two
acid-base catalysis steps

silica-porphyrin hybrid in acid
catalysis step
0.5

380 500 600 700 730
Wavelength [nm]

Figure 2. The UV-vis of the bare porphyrin and of the hybridt the same concentration in
THF

The selected hybrid was further subjected to te€® and by increasing the quantity of gas

introduced in the vial containing the gel (ratelpflL/min), the intensity of the Soret band of

the nanomaterial increased also, as presentedgard=i3. The dependence between the
intensity of the Soret band of the silica-porphymybrid and the C@concentration is linear.

A very good correlation coefficient is obtained.
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Figure 3. UV-vis spectra showing the linear dependence betW3® increasing of
concentration and the increase of Soret band iityefios porphyrin-silica hybrid.

Due to the fact that the shape of the spectrum doeshange during experiments we cannot
presume that the mechanism of detection is basedeomcrease of acidity of the medium by
CGO;, introduction. So other hypothesis can be somerptisn phenomena of GQhat might

be accompanied by morphology and topography chamjethe hybrid material. The
aggregates of hybrid before g@ddition, investigated by AFM, look uniform, wigmall
pores and with mean surface of islands of 0.0025 ampresented in Figure 4.

00311V

Figure 4. The surface image of hybrid nanomaterial before &dalition.

The aggregates of hybrid after g@terference are significantly bigger, look likeeigular
straw —type assemblies having the height of 68themean surface of 0.0181 fiamd the
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mean volume of 0.00013 (fmrhe diameter is varying in the range of 366 nnmtai@91 nm
(Figure 5).

Deflection - Scan forward nm g 20 a7 80 20 100 %

Figure 5. The surface image of hybrid nanomaterial aftep @@ition.

Conclusion

A symmetrical AB substituted porphyrin was incorporated into @ailmatrix by sol-gel
method in two steps acid-base catalysis and usegtasl sensor for the detection of €@
wet environment.

By increasing the quantity of G@as introduced in the vial containing the gelititensity of
the Soret band of the nanomaterial increased tileajependence between being linear.

AFM studies show important changes regarding tias& morphology before and after €O
addition to the hybrid nanomaterial, these inditgata probable absorption mechanism, not
one based on acidity changes, as expected.
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Abstract

Starting from the knowledge that phosphine dereatexhibit medium/high toxicity, in this
study we focused on the behavior of Co(ll)- 5,1(®0%etratolyl-porphyrin (CoTTP) and
Mn(ll1)-5,10,15,20-tetraphenyl-porphyrin  chloride MQTPPCI) as active UV-vis
chromophores for the detection of triphenylphosphiroxide (LC50=12.2pg/mL,
LC90=29.5ug/mL). The increase of triphenylphosphingde concentration generates the
hypochromic effect on the Soret bands of the tweaittgorphyrins. A comparison regarding
the efficiency of the two metalloporphyrins in deteg phosphine derivatives was done.

Keywords: Co(ll)-tetratolylporphyrin, Mn(lll)-tethenylporphyrin, UV-vis, phosphine
derivatives-detection, AFM.

Introduction

Due to d-pr bonding that diminishes the electron density oggex, tertiary phosphine
oxides are weak bases. Triphenylphosphine oxidegP@his a widely used reagent material
for synthesis of organophosphorus compounds anchtadyst, cocatalyst, Lewis base and
monodentate neutral oxygen donor ligand. It isaalyeknown that Mn and Mg have a strong
affinity to PO group in P#PO [1] and the coordination chemistry of P=0O ligaraohd their
coordination capabilities were largely studied [2].

Complexes of lanthanide nitrates with phosphinaes have been investigated since the
1960s [3]. Due to its versatile ligand propertiephenylphosphine oxide was used in
synthesis of Ti@hybrids incorporating Eti in order to improve EU luminescence [4] or in
the polymeric composites for the detection of dojp@ni5]. The detection of BRO was
reported by**P-NMR in complexes to silanes, siloxanes and steem6] but in this study,
related to our previous research [7] we proposttite and non-toxic detection, using a Mn-
porphyrin, namely: Mn(ll1)-5,10,15,20- tetrapherdH,23H porphyrin chloride (structure in
Figure 1).

Figure 1. Structures of Mn(111)-5,10,15,20-tetraphenyl-poyph chloride (MnTPPCI),
triphenylphosphine oxide and Co(ll)- 5,10,15,20&ttlyl-porphyrin (CoTTP).

2. Experimental

2.1. Reagents

All reagents used in this work wepairum analiticum provided by Merck, Fluka and Sigma-
Aldrich. The porphyrin bases, were synthesized m@licg to our previous report [8]. The
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manganese and cobalt complexes were prepared if8) lssge excess of salts (mole ratio
1/20 porphyrin/salts). Stock solutions of metallggoyrins 0.5x10 M and 2x1¢* M solution

of triphenylphosphine oxide, all dissolved in talee have been prepared for UV-vis
experiments.

2.2. Apparatus

UV-visible spectra were registered on JASCO UV- 806/isible spectrometer using 1 cm
pass cells. Atomic force microscopy (AFM) investigas were performed on
Nanosurf®EasyScan 2 Advanced Research AFM. AFM esragere obtained in contact
mode.

Results and discussion

Complete considerations regarding the UV-vis hygaectra of Mn-metalloporphyrin were
presented in the reported paper [8].

The UV-vis spectrum of triphenylphosphine oxiddofuene has the absorption maximum at
283 nm and do not influence these determinations.

For the UV-vis detection of triphenylphosphine axid spectrophotometric titration was
performed by adding 100 uL triphenylphosphine oxidéoluene to each metalloporphyrin
solution dissolved in toluene.

By increasing concentration of triphenylphosphin@le we noticed a continuous decrease in
intensity of the Soret bands of both metalloporpisjras shown in Figures 2, 3 and 4. The
dependence between the intensity of absorption unedst Soret band and the concentration
of triphenylphosphine oxide is linear, charactetiby a very good correlation coefficient of
0.978.

= I._1Bzx+1.312?
R*=09781

& Seriesl
imcTeasing

it '] iphenylphosphinoxide

| concentration

——Linear
o (Series1)
0 20 40 60

Intensity of Soret band

concentratie % vol trifenilfosfin oxid

i} b ~
"0 40 B0 ] 30

Figure 2. UV-vis spectra showing the linear dependenceipfiénylphosphine oxide
increasing concentration and MnTPPCI, in toluene.

Besides, a novel peak is formed at 437 nm, as af mbthe new complex formation, its
intensity increasing as the phosphine derivativetera is increasing. Figure 4 displays the
effect of increasing the concentration of triphg@mgdsphine oxide on UV-vis spectrum of
CoTTP. The same phenomenon is produced, the Sared tensity is decreasing by
increasing the concentration of the triphenylphasploxide, but the dependence is not a
regular one.
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Figure 3. UV-vis spectra revealing a novel peak generatethbyomplex formation between
triphenylphosphine oxide and MnTPPCI, in toluene.
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Figure 4. The influence of increasing triphenylphosphinedextoncentration on UV-vis
spectra of CoTTP.

The explanation of the lower quality detection pded by Co—porphyrin can be that
triphenylphosphine oxide is relatively basic andaidetter ligand for hard or intermediate
metal centers, as manganese case is.

Conclusions

The metalloporphyrins are a class molecules witbekbant sensing properties. With the
increase of amount of the phosphine oxide, a coatia decrease regarding the intensity of
the Soret bands of the two metalloporphyrins tedteddetection qualities was put into
evidence. A novel peak in the UV-vis spectrum atf 480 proved the complex formation
between the Mn-porphyrin and the phosphorus déverat his Mn-metalloporphyrin offers a
good base to develop a novel sensor for small ataairioxic PRPO.
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Abstract

Partial Least Squares (PLS) regression of bloodrIipermeation data (logBB) including 348
diverse organic compounds and drugs was built ud3Dragon descriptors. The prediction
performance of the obtained PLS model is acceptdbke squared correlation coefficient
(cumulative sum of squares of all the Y's explaibgdll extracted componemﬁzy(cum) =
0.822, the crossvalidated correlation coefficienungulative fraction of the total variation of
the Y's that can be predicted by all the extracmuponentsQZY(cuM) = 0.640, the number
of independent variables, X=487, for a dataset 42 8ompounds (six compounds was
outliers). The Y-randomization test demonstratezl ahsence of chance correlation which is
confirmed by the lower values of regression linericepts for Rqcumy (0.307) and Qcuw
(-0.320). The descriptors such as polar surfaca @¥eO and N,O,S,P polar contributions),
octanol-water partition coefficient (Ghose-Crippamd Moriguchi), hydrophilic factor,
complementary information content index and the Inemof H-bond donor atoms showed the
largest Variables Importance in the Projection (MiRlues and can influence the logBB. The
values of logBB predicted by our model display low&ferences against experimental values
of 342 compounds than logBB values predicted byP@k.

Introduction

The blood-brain barrier (BBB) is a complex systenplicated in the normal function of the
central nervous system (CNS) through: (i) stridtiyiting the passive diffusion of polar
substances from the blood to the brain; (ii) medgathe transport of nutrients to the brain
and of toxic metabolites and xenobiotics from thairly (iii) overseeing the migration of
circulating immune cells. [1-3] Penetration of bdelorain barrier, represents one of the most
important and challenging areas in drug discovéhe presence of the BBB makes difficult
the development of new therapies for brain diseaselsiding meningitis, brain abscess,
epilepsy, multiple sclerosis, neuromyelitis optitate-stage neurological trypanosomiasis,
Alzheimer's disease, cerebral edema, HIV encemhatitc [4].To measure the drug transport
across the blood brain barrier the blood—brainitp@mt coefficient, logBB has been defined,
[5] logBB= 10g(Gorai/ Coiood), Where Grain and Giooq are the equilibrium concentrations of the
drug in the brain and the blood, respectively.

In vitro experimental determination of BBB permeation ipaensive, time consuming and
requires compound’s stability, purity and assay cibpe conditions, while in vivo
determinations based on radiolabeled compoundeegrgred in some cases. [6] In 1988 the
first theoretical modefor a large number of H2 histamine receptor agemstdicting logBB
values has been reported. [7] Ever since many ptieto correlate the experimental blood-
brain concentration ratio values with physiothemical parameters have been reported. [8-
24]

In this study the prediction of logBB values based larger dataset of compounds belonging
to different structural classes collected fromratare [12, 22, 23, 25-33] is reported. The aim
is to build a comprehensive and general model tier ilood brain barrier penetration of
different organic compounds and drugs.
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Methodology

Dataset. In our study we combined various literature dages to collect a large-scale logBB
dataset comprising 348 experimental logBB valué®s€ dataset are available upon request
from the authors and contains compounds that betondifferent structural classes: 197
compoundsclassified as permeable showing positiegBB values, ranging from 0 to 1.64,
and 151 compoundslassified as non-permeabtigsplaying negative logBB value, ranging
from -0.01 to -2.15.

Descriptors. The following classes of descriptors were calculated with the loélDragon
software [34]: of 1D-functional groups, 1D-atom centered fragmentB-t@oological
descriptors, 2D walk and path counts, 2D-autocatiats, 2D-connectivity indices, 2D-
information indices, 2D-topological charge indiceBD-Eigenvalue-based indices, 2D-
topological descriptors, 2D-edge adjacency indic2B;Burden eigenvalues, molecular
properties, 2D-binary fingerprints and 2D-frequericygerprints starting from the SMILES
codes.Molecular descriptors were checked and constanhear-constant variables were
excluded. If two descriptors register a correlatiooefficient of 0.99 one of them was
eliminated. The final set of descriptors used infSHhvestigation included 903 molecular
descriptorsThe complete list of molecular descriptors andrth@aning are provided on the
Dragon website.[34]

PLS method. PLS analysis is a linear modeling technique [3bheal at finding the
relationship between the independent variable XdméDragon descriptors) and response Y-
matrix (logBB). The information contained in thesdeptor X-matrix is projected on a
smaller number of latent variables called PLS comepnds, denoted by A. The prediction of
Y-values is carried out by extracting a set of b2thogonal components from the initial X-
matrix, which display the highest predictive pow&he number of A factors was determined
using the cross-validation method leave sevenwaitit, maximum number of iterations when
fitting the model of 200, whereas the confidenceslavas set at 3. The VIP reflects the
influence of the variables in the PLS model coniteyrthe property Y (i.e., its correlation to
all responses), and independent variables X [3&Valuate the robustness of the PLS model
obtained we used the response permutation metholdnmented in SIMCA package [36].

Robustness of the QSAR modelsGolbraigh demonstrated that thé i® not adequate to
assess the predictive ability of the QSAR modeT] [Bherefore, Y-randomization test is a
widely used technique to evaluate the robustnesa QSAR model. [38] It consists in
building a number of QSAR models using the inidabkcriptor matrix and the randomized Y
variable. The plot showing ZFK(CUM) (cumulative sum of squares of all the Y's explaibgd
all extracted components) ancf(@.v.) (cumulative fraction of the total variation of thés
that can be predicted by all the extracted compisheor all PLS-DA models (all the Y
permuted models, and also the initial model) onYha&xis and the correlation coefficients
between randomized and original response varialpiethe X-axis was analyze@7].If the
Y-axis intercept of the regression line does nateed 0.3-0.4 for Rcuwy, and 0.05 for
Q%cuwm), the model is considered free of chance correlaf@s] The selected PLS model was
subjected to 999 Y-randomizations.

LogBB prediction by QikProp. The QikProp software [39] developed by Professdlidfh

L. Jorgensen [40fitted to 710 compounds including 500 drugs, one of the siftihe art
tools in predicting log(BB) was used as refererareolur model. In addition to predicting the
absorption, distribution, metabolism, and excre(tABDME) physically and pharmaceutically
relevant properties of organic molecules or dri@g&Prop provides ranges for comparing a
particular molecule properties.
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Results and discussions

In order to correlate the experimental logBB valwéth structural descriptors, the
PLS calculations were initiated for 903 descriptangl 348 log BB values [36]. From the 125
principal components resulted, the first 10% of tbenponents already explain 54% of the
information content of the X-matrix. The first PloSodel was constructed using the initial X
matrix, was not satisfactory, therefore we proceedhe improvement of the statistics as
follows: (1) the normal probability plot of Y stamdlized residuals - standard deviation
higher than +3 - was the criterion for graduallyrahating the outliers; (ii) the overfit was
reduced by excluding the noise variables (variaiolefficient values close to 0). Therefore,
six compounds were identified as outliers as thindard deviations exceeded +3SD (+3.04
to +4.31) and 416 noise variables were progressieiinated. The statistical parameters of
the final model are suitable for a large datasetoshpounds. The cumulative sum of squares
(SS) of all the X values explained by all extractemimponents ??((CUM) = 0.559, the
cumulative SS of all the Y’s explained by all exted componentsRcuw) = 0.822, and the
fraction of the total variation of Y values thatnche predicted for all extracted principal
components Q(CUM) = 0.640.The variables which influence markedly our PLS mduéP >
1.6) include several straightforward descriptorshsaspolar surface area (PSA - N,O and
N,O,S,P polar contributions), octanol-water paotiti coefficient (Ghose-Crippen and
Moriguchi), hydrophilic factor, complementary infoation content index and the number of
H-bond donor atoms. This is in accord with well gued parameters such as lipophilicity,
hydrogen bonding capacity, molecular charge, mddecisize, molecular shape, and
molecular flexibility which was correlated with 10BB. [5] Complementary information
content index is an topological index which is cédted based on Shanon information theory
[41] Generally speaking, the molecular topologycrelated with a large number of
molecular and biological properties. In particuldwe topological indices of zero order are of
special importance for the suitable descriptiomafar volume of organic compounds which
in turn is correlated with logBB [42]. Higher polkgrand hydrogen bonding are detrimental
for blood-brain penetration, whereas higher molacublume was positively correlated. [5]
PSA is highly correlated with the hydrogen bondaapacity of a compound. [5] Norinder
and Haeberleifd3] observed a linear correlation between PSAtaedsum of N + O atoms,
and concluded that (N + Q)5 is favorable for blood brain penetration. Cl444] stated that
logP is favorable to get positive values of log BB.

The predictive capacity or validity of a QSAR mbaea measure of how accurately
the model can predict the biological activity oéthet of compounds. The final model was
internally validated using, the Y-permutation prigee using 999 randomizations to cover
the complete dataset, each time forming a disteet The scrambled models were
constructed with the same number of latent vargabtethe final model. The plot displayed in
Figure 1 demonstrates that the Y-intercept (logB®@icept) of the Rcumy and Gcuwm) lines
has lower values and indicates no chance corralédiothe selected model.
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R2={0.0, 0.307), G:2=(0.0, -0.32)
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Figurel. Y - Randomization results for the final PLS modéiex-axis reports the
correlation coefficient between original and peretutesponse data, while on thaxis are
represented Rblack triangles) and Qgrey squares) values for the 999 randomized nsodel

Several descriptors displaying higher VIP (Variablenportance in the Projection)
values might play a critical role in defining BBRBnmeability of organic compounds. Ttup
ten descriptors according toVIP magnitudes includetie PLS model are shown in Table 1.

Table 1L The most relevant descriptors of the PLS model

VIPcvS |CoeffC |CoeffCScvS
VarID |VIP |[E S E Descriptor significance
2.01
ALOGF |4 0.028 | 0.035 | 0.009 Ghose-Crippen octanol-watditioar coeff. (logP)
1.92
MLOGP |6 0.035 |0.032| 0.010 Moriguchi octanol-water pantitcoeff. (logP)
1.92
BLTD48 |6 0.035 |-0.032| 0.009 Verhaar Daphnia base-lineityxirom MLOGP (mmol/l)
TPSA(NOL1.82
) 3 0.021 |-0.031| 0.007 Topological polar surface aiag N,O polar contributions
1.81
MLOGP2|3 0.029 |0.029 | 0.016 Squared Moriguchi octanol-wpéetition coeff.
1.75 Topological polar surface area wusing N,O,S,P
TPSA(Totp 0.015 |-0.031| 0.008 contributions
1.72
Hy 9 0.049 |-0.030| 0.022 Hydrophilic factor
1.72
ALOGP: |2 0.025 |0.024 | 0.009 Squared Ghose-Crippen octaatdrypartition coeff.
1.63 Complementary Information Content index
CIC1 6 0.027 |0.017 | 0.011 (neighborhood symmetry of first order)
1.62
nHDon |9 0.040 | -0.033| 0.022 Number of donor atoms for IHeso(N and O)

*VIP = The influence of every term in the matrix X ontak Y's; VIPcvSE =The jack knife standard error of
the VIP computed by seven rounds of cross validatioeffCS =PLS regression coefficients corresponding to
centered and scaled X, and scaled (but uncent¥;etpeffCScvSE The jack knife standard error of the

coefficients CoeffCS computed by seven rounds eg€wralidation.

For the same dataset of compounds QplogBB (PrediotEn/blood partition coefficient) was

calculated with QikProp module from Schrodingetesuihe logBB predicted by our model
register lower differences with respect to expentakvalues than QikProp calculations (see
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Figure 2). The highest number of compounds disptayow differences to experimental
values (0.05-0.3) is predicted by our PLS modelergbs QikProp predictions exhibit higher
differences against experiment.

100 1
90 1
80 1
70 1
60 1
50 1
40 1

Sl 00Ty

<0.05 0.05+0.1  0.1+0.2 0.2+0.3 0.3+0.4 0.4+0.5 0.5+0.6 0.6+0.7 0.7+0.8 0.8+0.9 >0.9

No of compounds

logBBexp-logBBpred

Figure 2. The number of compounds versus logBBexp-logBBpb&tk bars render the PLS
model and grey bars depict the QikProp prediction.

These results can be explained by the fact thatdtdmeain of applicability of the
regression equation used by QikProp, is based diOMsompounds of the molecular weight
between 20-525 Da, while the molecular weight for dataset of N=348 compounds ranges
16-1202 Da.

Conclusions

We have applied a PLS approach to a dataset of c®s@pounds with known
experimental logBB values, which belong to différstnuctural classe&ome straightforward
descriptors such aspological polar surface areactanol-water partition coefficier#nd the
number of H-bond donor atoms influence the devaelopeS model, showing VIP values
higher than 1.6The final PLS model built on a large dataset exetuthe risk of arbitrary
correlation. Further QSAR experiments using diverseleling methodologies including 3D
descriptors and additional compounds will be pulsue
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ABSTRACT

In the present paper, we have carried out quanBtastructure-fungicidal activity
relationships analysis on a novel series of Manhiabes with trifluoromethyl-1,2,4-triazole
and substituted benzylpiperazine moieties repottechave improved fungicidal activity
against Fusarium oxysporum f.sp. cucumerinuffhe chemical structures were energy
minimized based on semiempirical quantum chemicathod RM1. The molecular
descriptors were calculated using the DRAGON, mmsehem and ChemProp software.
Several models for the prediction of fungatidctivity have been drawn up by using
the multiple regression technique (MLR). Theejenalgorithm approach was employed for
variable selection method to search for the besting models. The predictive ability of the
MLR models was validated using an external tesb&8tout of 18 molecules. The best MLR

model was chosen by observing acceptablafj(;j and g’,, values, low residual errors and

high Multi-Criteria Decision Making (MCDM) scores. The MLR edaoat suggests the
positive impact of GETAWAY and edge adjacency matrix descriptordhe fungicidal
activity. The high acidic character of the molecule increase the fungaztity.

INTRODUCTION

Triazoles are often used in pharmacology, medicine and agriculture, fabnogd spectrum
of biological activities such as antimicrobial, cytotoxic, histaminic, anticonvulsant,
analgesic, anti-inflammatory, insecticidal, antimycotic, antimycobatteranticancer,
antiprotozoal, antimalarial and anti-ulcer activity [1].

Molecules containing thiazole ring systems are important becauseiofow toxicity and
excellent biological activity [2].

Triazoles undergo different types of reactions to yield other ratelfo compounds, e.g.,
mannich bases, thioureas, thioethers, schiff bases, triazolothiediszazolothiazines,
triazolothiazepines and triazolothiadiazines. They are nottaargition compounds but they
are also very effective organic compounds [3].

Triazole compounds have shown a great efficacy against antifun{sdtioms. The
mechanism of inhibition of fungal growth is well establish&tus, the azoles antifungal
action is performed in two steps: (i) inhibition of ergosteraitsgsis, a major component of
fungal membrane and (ii) the blocking of P450-dependent enzyamdanodterol 14e-
demethylase (CYP 51) [4]. Triazole fungicides are widely used broad-spetiingicides
that inhibit the sterol 14-demethylase, an enzyme involved in the biosynthesis of ergosterol
[5].

A series of novel 18 trifluoromethyl-substituted 1,2,4-triazole Mem bases containing
substituted benzylpiperazine ring have been synthesized agstigated for their herbicidal,
fungicidal and plant growth regulators activity [6] (Table 1).

The current paper presents a quantitative structure-activity relapsnstaudy for this series
of 1-[(4-substituted-benzylpiperazin-1-yl)methyl]-4-(substitutedgyideneamino-3-
trifluoromethyl-1H-1,2,4-triazole-5(4H)-thiones using multiplendar regression (MLR).
These compounds were optimized using the RM1 semiempiricacolal orbital method
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[7]. Descriptors calculated for the RM1 geometnesre related to the mycelial growth

inhibition activity against th&usarium oxysporum f. sp. cucumerinfungi test [6].

Table 1L The chemical structure of trifluoromethyl-suhsid 1,2,4-triazole Mannich bases
and theirfFusarium oxysporum f. sp. Cucumerinarperimental relative inhibition rates

(RIR)*
. Strongest
No Structure RIR HATS8u R2u | ERigllr basic pKa AH
kcal/mol
1 [ { O\ ﬁ“@ 0.01| 0402 | 2004 2 7.74 3.69
\ﬁ/N\/N\)
F %N/\N/\\
2 @Jk' : 0.804 | 0271 | 2103  2.167 7.74 47.91
A%
3 @VQ X&Q\ 0.187 | 0.426 | 1.972 2 7.74 -81.18
@vﬁ“ﬁj F@/
4 ! li 0 0.428 | 1.966| 2.167 7.74 -86.31]
5 |« /= A@ 0 0.398 | 2032 2.167 7.74 -73.74
O 0
Vo >\N/\N/\\
—— \\/N ;
6 / I 0.402 | 0.383 | 2015 2332 7.74 -40.62
7 \ﬁ” A@ 0509 | 0341 | 2082  2.167 6.76 -36.52
Q/\N/\]rk\/o .
PenoVv]
8 @Jf L 0719 | 0271 | 2129 2333 6.76 -16.0§
(\,.AAM
o | I [ LX\LQ\ 0.604 | 0.405 | 1.995  2.167 6.76 -49.72
A L
10 QQ %—"/ 0.401 | 0.357 | 2.061 2 6.76 -83.93
11 | . \N% v 0.303 | 0.398 2.03| 2167 6.76 -17.43
a2ACsUS AN
Y~ 1 LT
12 G_/_f N2 0.502 | 0.401 | 2009 2332 6.76 -11.64
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13 ¥ ”I 0.708 0.355 2.109 2 6.01 -19.18
JIOQOUsSa

14 ¥ “I 0.826 0.286 2.116 2.167 6.01 -64.77
JeaeN=t2s

15 Q\AO /QL\ , /| 0504 | 0388 | 2014 2 6.01 -58.49

16 @ S%/NVCC"/ 0705 | 0416 | 2.041]  2.167 6.01 -93.71
.

17 @CO /J:/\Q\ 0.607 | 0.389 | 2.043 2 6.01 -45.43

18| [T 7 /QL\FQ 0.608 | 0386 | 2034 2.167 6.01 -48.14

\

* HATS8u represents everage-weighted autocorrelatiolag 8 / unweighted (GETAWAY
descriptor); R2u - R autocorrelation of lag 2 / eighted (GETAWAY descriptor); EEIg11r -
eigenvalue 11 from edge adj. matrix weighted bypmasce integrals (Edge adjacency index);
heat of formationAH;) of the energy optimized structure.

MATERIALS and METHODS
Definition of target property and molecular structures

A series of 18 trifluoromethyl-substituted 1,2,#&nole Mannich bases containing substituted
benzylpiperazine ring (Table 1) was used, havirgyftingicidalFusarium oxysporum f. sp.
Cucumerinunrelative inhibition rate (RIR, expressed in %)dapendent variable.

All geometries of the title fungicides were miniredz with the semiempirical RM1 quantum
chemical approach [7] using the semiempirical NDB®@dule of Schrodinger software
(Schrodinger, LLC, New York, NY, 2015). The follavg quantum chemical descriptors were
derived for the RM1 geometries: electronegativitjardness, chemical potential,
electrophilicity, HOMO and LUMO molecular orbitahergies, heat of formation, dipole
moment, molecular surface area, softness, maximearage local ionization energy on the
molecular surface, minimum average local ionizagoergy on the molecular surface, mean
average local ionization energy on the moleculafase, maximum electrostatic potential on
the molecular surface, minimum electrostatic pa#érmdn the molecular, mean electrostatic
potential on the molecular surface, electrophiliaperdelocalizability, nucleophilic
superdelocalizability, radical superdelocalizapjliatom self polarizability. The outlines of
the calculated quantum chemical parameters praddéional information about the activity
of the studied compounds.

Structural 0D, 1D, 2D and 3D descriptors were dated for the lowest energy compounds
using the DRAGON (Dragon Professional 5.5 (2007alefe S.R.L., Milano, Italy),
InstantJchem (which was used for structure datab@m@agement, search and prediction)
(InstantJchem 15.7.27, 2015, ChemAxon (http://wyaermaxon.com) and ChemProp (UFZ
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Department of Ecological Chemistry 2014. ChemProp .2, 6
http://www.ufz.de/index.php?en=6738) software.
The variables were normalized using the followingagion (1):

X =X
Xij = mJS : (1)

where for each variable, XTy; andXy; are the valueg for the variablem after and before

scaling respectivelyXmis the mean an&, the standard deviation of the variable.

Structural descriptors were correlated with thegfawle relative inhibition rate by multiple
linear regression (MLR). MLR calculations were condal with a genetic algorithm for
variable selection included in the QSARINS v.2.agsam [8]. The RQK fitness function,
with leave-one-out cross-validation correlationftomnt was used as constrained function to
be optimized. The dataset was divided into trairsagand a randomly selected (30% of the
total number of compounds) test set. Compounds 0913, 18 (Table 1) were included in
the test set. Validation is a crucial aspect of gogntitative structure—activity relationship
(QSAR) analysis [9, 10]. In this light, the devedopMLR models were validated using
internal and external validation.

Model validation

All the statistical tests were performed at a sigance level of 5 %. In MLR models, outliers
were detected by a value of residual greater thantighes, the value of standard error in
calculation.

For internal validation results several measuresobiistness were employed: leave-one-out
cross-validation (§oc), Y-scrambling and Quo leave-more-out (LMO) cross-validation
(carried out for 30% of data out of training, each).

Y-scrambling testing was repeated 2000 times. lised for checking the robustness of a
QSAR model and the statistical significance of és¢imated predicted power. Satisfactory
leave-one-out cross-validatioalues are stable and predictive if validated keyldave-more-
out (LMO) procedure.

The data over fitting and model applicability wasntrolled by comparing the root-mean-
square errors of training (RM$Eand validation (RMSE;) sets. To test the predictive power

of the model, several parameters were calcula@d:[11], Q?,[12], Q%[13], RMSEy,
MAEx (Mmean absolute error for test set) and the prediczﬁ(/gfrgd) test [14]. It is considered

that for a predictive QSAR model, the valuergf, should be higher than 0.5.

The Multi-Criteria Decision Making (MCDM) [15] is d@echnique that summarizes the
performances of a certain number of criteria siangdbusly, as a single number (score)
between 0 and 1. A desirability function, takesuesl ranging from 0 to 1 (where O represents
the worst validation criteria value and 1 the besi) is associated to every validation criteria.
The geometric average of all the values obtainedhfthe desirability functions gives the
MCDM value. The ,MCDM all’ scores were calculateding all the criteria: fitting, cross-
validated and external and were used to chooskesteMLR models.

RESULTS AND DISCUSSION

A training set of 12 compounds and five test conmaisu(no.: 7, 9, 10, 13, 18) were used to
build the models and to measure their performanCesapound 2 was found as outlier and
was excluded from the final MLR models. Startingnfrall calculated descriptors several one
and two descriptor models were generated (Tabl&t2)ctural parameters derived from the
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InstantJChem, Dragon and ChemProp programs andugmarhemical descriptors obtained
from the RM1 geometries were employed in the MLRuwations. Variable selection was
carried out by the genetic algorithm, using thevéeane-out fit criterion as constrained
function to be optimized. Several fitting and potdbility criteria were employed for model
validation (see Tables 2 and 3). Satisfactory ML&dgls were obtained. Good fitting results
were obtained for all MLR models. The predictiveligbof models 3 and 4 is acceptable

(except theQ?, value), the “MCDM all” scores indicating as satigfary models 3 and 4, too.

Table 2 Internal validation parameters of the MLR mod#iagining set)

Model 2 r2 q2 MCDM F
LMO a”

N _ RMSE, MAE; 2
. training adj
Variables

2
qLOO scr

2
qSCI’

1 Strongest 0.839 0.803 0.735 0.110 0.095 0.188 -0.494 0.699 023.38
basic
pKa
HATS8u

2 Strongest
basic
pKa R2u

3 Strongest
basic
pKa
EEigl1r

4 Strongest
basic

pKa

0.823 0.783 0.715 0.116 0.095 0.180 -0.499 0.667 020.86

0.818 0.777 0.683 0.117 0.105 0.183 -0.468 0.636 610. 20.16

0.705 0.675 0.583 0.149 0.127 0.092 -0.312 0.572 663. 23.87

I,2

. . . L2 . . —_ 2 . .
raining ~COITelation coefficient; I, -adjusted correlation coefficiert};,, - leave-one-out cross-validation

Mpdnhean absolute error;r2 correlation

correlation coefficient; "

RMSEroot-mean-square errors;
coefficient of the randomized responseﬁ;ﬁcr- cross-validation correlation coefficient of thendamized

responses;qﬁ,\,IO -leave-more-out cross-validation correlation coggfit; MCDM all-Multi-Criteria Decision
Making scores using all the fitting, cross-validhtad external criteria; F-Fischer test.

Table 3 External validation parameters of the MLR models (test set)

Model Q%  Q, Q4 RMSEw MAEex 12,
1 0.699 -0.030 0.853 0105 0074  0.699
2 0537 -0583 0774 0131 0.102 0537
3 0731 0081 0869  0.100 0.092 0731
4 0811 0352 0908 0084 0072 0.810

* Qi Q. Q% -external validation parameters; RM&Eoot-mean-square errors; MAE
mean absolute error;,-predictive f

The best MLR model was chosen by observing the accepigmge r:dj, 0’0o and
req, Values, high ‘MCDM all’ scores and low residual errors. Basethese criteria, the best

MLR model could be considered equation 3 (Table 2):
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RIR =0.583¢0.07)-0.5530.09)StrogestbasicpKa+ 0.2445¢0.10)EEig1Lr
N =12 N ,=5 r3,.,= 0818 SEE=0.135 r2 =0.777 ¢°,, =0.683 Q°,, = 0636

training test training adj

where: SEE represents the standard error of estangt— the Fischer test
The differences betweerf,. .and r’, of 0.0406,betweenr’, . and q’,, of 0.1345, and

aining adj training
betweend’,,and g7, Of 0.0474, indicate that model 3 is robust and has low otterdfi

effects. The low differences between the root-mean-square errors and béteeeman
absolute errors of the training and validation sets point tal diting results and a robust
model (RMSE-RMSE; = 0.017; MAE—MAEx= 0.013).

In order to check the reliability of the proposed equation, theemwed versus predicted
activities RIR values according to the QSAR equation using mlaleaescriptors, the
Williams and the Y-scramble plots predicted by the MLR 3 madeloutlined in Figures 1, 2
and 3, respectively.

Exp. endpoint vs, Pred. by model eq.
Pred, by model eq.

0.8263
0,723+
0,620
0,516
0,413
0.310
0.207
0,103
=] L=}

0.000 T T T T T T T 1
0,000 0,103 0.z207 0.310 0,413 0.516 0.620 0723 0.326

Strongest basic pka EEiglir Exp. endpoint

Fig. 1. Experimentalersuspredicted RIR values for the MLR3 model (Table 2).

Generally, the Williams plot is used to identify compourndsh the greatest structural
influence by >h'; h =leverage of a given chemicdi:= the warning leverage) in developing
the model. The Williams plot for the training set presentedrigure 2, establishes
applicability domain of the model within £235and a leverage threshold h* = 0.750. It is
obvious from Figure 2 that all the compounds in the datasetvinen the applicability
domain of the model.
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© Training
HAT ifi (h* = 0.750) vs. Std. residual SlEr e iction
Std, residuals
2,000
1,500
s}
1.000
.
© o
0,500
0.000
Q
0,500 .
[}
-1.000- o
© * o
[}
-1.500
-2.000 T T T T T T T 1
0.089 0.119 0.149 0,179 0.209 0.239 0,289 0,299 0.330
Strongest basic pKa EEiglir HAT ifi (h* = 0.750)

Fig. 2. Williams plot predicted by the MLR3 model (Taldp

Y-scramble test was verified if the developed QSARdel is robust and not derived due to
chance. The models are expected to have signifiamtscrambledr? (r2) and cross-

scr

validated (g%,) values for several trials, which confirm the robustness of thelajsed
models. From Figure 3 one can observe that in case of all the raedomadels, the values
of rZ, andq?, were < 0.5. The low calculated, and g2, values (Table 2, Figure 3) indicate
no chance correlation for the chosen model.

CR2Yscr

& Q2 fscr
Kry vs. R2 Yscr and Q2 ¥scr
RZ Vscr and Q2 Yscr ¥ o @ Mod, R2

® Mod. Q2

]
model R2 Jo
o
&

0,897

T T T T T T 1
0,125 0,185 0,245 0,305 0,365 0,425 0,434

Ky

Fig. 3. Y-scramble plots for the MLR 3 model.

The predictive ability of the MLR models 3 and 4 is acceptatiegrding to th?,,
Qz; andr., values, model 4 having lower fitting results camg to model 3.
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CONCLUSIONS

In this study we developed MLR models for a serdstrifluoromethyl-1,2,4-triazole
derivatives with fungicide activity againfusarium oxysporum f.sp. cucumerinu@ross-
validation (LOO and LMO), ‘MCDM all' scoresj-scrambling test and applicability domain
analysis validate the internal and external prediitities of the models developed using the
training and test sets. Therandomization test outcomes ensure that the dpedldvLR
model is robust and not derived merely due to chaMoreover, the applicability domain
evaluation confirms that the developed model igbé to make predictions, which were
checked by several external validation criteria.

The chosen regression equation 3 indicates thatValwes of the ‘strongest basic pKa’
descriptor (more acidic fungicides) and high valoéshe EEIG11r descriptor increase the
RIR values, respectively the fungicide activity.

We conclude that GETAWAY and edge adjacency madescriptors provide the highest
contribution to the fungicidal activity for the datset studied herein, the acidic ability
influencing the fungicide inhibition rate.
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Abstract

In this research Sr(ll), Cs(l), TI(I) were removéédough adsorption using a functionalized
solid support, magnesium silicate with sodifrglycerophosphate. The influence of the
initial concentration of metal in the solution aofithe contact time were investigated. The
adsorption process runs quickly obtaining the hsglaelsorption capacity for Sr(l) 7 mg/g.

Introduction

One important problem in using nuclear energy heertuclear waste, because they contain
radioactive elements that are very harmful forehegironment and for humans. Two of those
elements are the metals Sr(Il) and Cs(l). Sr-90@sd 37 have long half-lives, 28 years, 30
years, respectively, and are contained in acidjb kevel liquid waste [1]. Being heat emitting
nuclides [2] and a source d¢f-radiation [3] it is necessary to remove them frone
radioactive waste. Advantages of removing Sr(ll)l &s(l) are: stability of vitrified waste,
reduction in the need of redundant cooling of theste solution [2]. Removal treatments
frequently used for removal of radionuclides fragquid radioactive waste include chemical
preparation, evaporation solvent extraction anceixechange process [4].

Another toxic metal is thallium. TI(I) is widely slributed in all environmental media [5]. It is
used in many industries like: manufacture of inndtatjewelry, thermometers, ceramic
semiconductor material, alloys and electronic devi&]. Thallium compounds are very toxic
and are used as insecticides and rodenticidedt$6ioxic effects are more severe than other
metals like mercury, lead, copper and cadmium [6].

Experimental

Adsorption experiments were carried out in othedétermine the equilibrium concentration
of the metals on the adsorbent material and toygtuglinfluence of the contact time between
the metal solution and the solid material.

For this, the adsorbent material was functionalimsthg the dry method. For 24 h, 5 g
magnesium silicate were kept in contact with 0.Gbdium§g-glycerophosphate dissolved in
25 mL ethyl alcohol. It was dried at 323 K for 2éuns. The obtained functionalized
adsorbent material was characterized by energyedise X-ray analysis (EDX) and
scanning electron microscopy (SEM), using a scanelactron microscope Quanta FEG 250,
equipped with energy dispersive X-ray quantifier.

The influence of the initial metal (Sr(ll), Cs(Ml(I)) concentration and of the contact time on
the adsorption capacity was investigated. Solutwitis different metal concentration (10, 50,
100, 150, 200 mg/L) were prepared through dilutivom a stock solution of the
concentration 1 g/L. 25 mL of each solution witlffefient concentration with were put over
0.1 g adsorbent material and mixed for one hourguaiJulabo SW23 mechanical shaker bath
at 200 rot/min and 298 K. The samples were fildatsnd the metal concentration was
analyzed.

For the influence of the contact time samples @f@adsorbent material were mixt with 25
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mL metal solution having the concentration of 10/Imdhe concertation of the metal in the
filtrate was analyzed after 15, 30, 60, 90, 120uta@s of mixing. The metal concentration was
analyzed using an inductively coupled plasma massteometry ICP-MS Bruker Aurora
M90.

Results and discussion

Characterization of the functionalized material popt

In other to ascertain if the solid support used,gmegsium silicate, was successfully
functionalized with sodiunf-glycerophosphate, the obtained adsorbent matexias
characterized by energy dispersive X-ray analyg[8X) and scanning electron microscopy
(SEM). Figure 1 and Figure 2 show the morphologyl dhe EDX spectrum of the
functionalized material, respectively.

Si

Mg

C Na p
200 keV
Figure 2. EDX spectrum of the obtained material

On the surface of the solid support with spotstaree observed. These are associated to the
extractant used for improving the adsorbent projeseof the material. Peaks of specific
elements of the extractant, like Na, P, C are wilsible on the EDX spectrum.
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Influence of the initial metal concentration anchtact time
The experimental data regarding the influence @&f ithitial metal concentration and the
contact time on the adsorption capacity of the tionalized material were collected and
described in Figure 3 and 4, respectively.
The adsorption capacity was calculated from theeerpental data using the following
equation:
_(C,-C)V

m (1)
where Cp is the initial metal concentration (mg/LJ; the equilibrium concentration of the
filtrated at timet (mg/L), V is the volume of metal solution (L is the amount of solid

support (g).

q

Adsorption capacity, mg/g

——Sr(II)

-a-Cs(I)

—=TI(I)

0 50 100 150 200
Equilibrium concentration C,, mg/L

Figure 3. Adsorption isotherm of the studied metal ionstofunctionalized material

It can be observed from Figure 3 that by increasimginitial concentration the adsorption
capacity increases until reaching a constant value. highest adsorption capacity obtained
was for Sr(ll) 7 mg/g, then Cs(l) 6.4 mg/g and liweest for TI(I) 4 mg/g.

Adsoption capacity, mg/g

—-TI(I)
0.2 ——Sr(II)

-a-Cs(I)

0 20 40 60 80 100 120 140
Time, min

Figure 4. Influence of the contact time on the functionalizeaterial

The influence of the contact time was also inveséd. It occurs that the adsorption capacity
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increases with increase of the contact time ofsibled support with the metal ion solution
(Figure 4). The equilibrium adsorption capacityeached after 60 minutes of contact, which
means that the adsorption process of the studiadl mens (Sr(ll), Cs(l), TI(l)) for the
obtained functionalized material happens relatiglickly.

Conclusion

The metal ions Sr(ll), Cs(l), TI(I) were removearir agueous solution using the adsorption
method. A new adsorbent material was used namegnesaum silicate functionalized with
sodium$-glycerophosphate. The SEM and EDX analysis revaal successfully
functionalization of the solid support. High addorp capacities were obtained for Sr(ll) 7
mg/g, then Cs(l) 6.4 mg/g and lower for TI(I) 4 mg6tudying the influence of the contact
time between the adsorbent material and the metakolution results that the adsorption
process of the studied metal ions runs quit quick&aching the equilibrium adsorption
capacity in 60 minutes.
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Abstract

Compounds with 2-hydroxy-benzanilide core are recoay for their biological effects.
Niclosamide, in particular, is authorized for itstishelmintic properties and, recently,
demonstrated additional effects like antitumorad amtiviral ones. Thus, we considered
worthwhile to synthesize some niclosamide deriestjvwhich could possess enhanced
biological activity. Starting from 5-chloro-N-(2-ldro-4-nitrophenyl)-2-hydroxybenzamide
and methyl/ethyl« -halogenated acid esters were obtained methyl/etbtdrs. In order to
prove the structural identity of the newly syntlzesi compounds, modern physico-chemical
methods (FTIR,*H-NMR, '*C-NMR) were used. The data obtained for the andlyze
compounds proved their identity and confirm th&incture.

Introduction

Worldwide, the drug and pharmaceutical productsisty is trying to obtain some products,
with high biological activity, a broad spectrum adtion, minimal toxicity and side effects.
Thus, finding new biologically active compounds ha&en a challenge for researchers, since
the incidence of disease and the action spectrysatbibgens was constantly increasing.
Salicylanilides and their derivatives proved amtgal, antibacterial, antimycobacterial,
analgesic and antiinflammatory effects beeing usedvarious pharmaceutical and
biochemical fields [1-4].

Niclosamide (5-chloro-N-(2-chloro-4-nitrophenyl)3«droxybenzamide) belongs to the
salicylanilides family and appeared on the marke1960 under the trade narBayluscide
(Bayer 73) fortreating infections caused by gastrointestinal wagen, both in humans and
animals [5]. Niclosamide is now an anti-helmintapound used in human therapy which is
approved by FDA [6]. It has an acute oral toxiamyrats (LDso) larger than 5 g/kg body
weight and a marginal decrease in haemoglobin cdraten and erythrocyte count occurred
when rats were given niclosamide at 5 g/kg/dayféor weeks [7]. Recently, Niclosamide
received renewed attention due to its antivirale&8 against severe acute respiratory
syndrome virus [8] and human rhinovirus [9], argbplastic activity [10] and anti-anthrax
toxin effects [11].

Thus, attempting to combine these properties foetéer biological activity and fewer side
effects, some new Niclosamide derivatives wereinbthand characterized.

Experimental

Reagents and solventsthyl chloroacetate, methyl chloroacetate, me2hghloro-propionate,
5-chloro-N-(2-chloro-4-nitrophenyl)-2-hydroxybenza® (Sigma-Aldrich, for synthesis);
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absolute ethanol, 2-butanone (Merck, analyticaitpyisodium carbonate, magnesium sulfate
(Sigma-Aldrich).

Apparatus Melting points are uncorrected and measured Skelting point Apparatus SMP
30. IR spectravmax in cmi™) were recorded as KBr pellet, on a Jaskow FTIR#3@ument.
TheH, **C-NMR spectra were recorded in DMSf@and CDC} on a Bruker Avance DRX
400 spectrometer, operating at 400 MHz. Chemicdtssfd values) are expressed in ppm
against tetramethylsilane (TMS) as internal stash@sd coupling constantd) (are reported
in Hz.

Synthesis of methyl/ethyl esters of 5-chloro-NH@1o-4-nitrophenyl)-2-hydroxybenzamide
[12]. A mixture of 5-chloro-N-(2-chloro-4-nitrophgh-2-hydroxybenzamide and anhydrous
K,CO; was refluxed in 2-butanone. Ethyl/methylchlorotat&propionate was added
dropwise. Optimum molar ratio was amide:estg€®; = 1:1:1. The mixture was stirred and
heated on a steam bath for 5 h. After cooling ahrdemperature, the mixture was poured
into water and shook intensively. The organic phaas dried over MgSQ After filtration
and evaporation of solvent in vacuum, the esteystaltized and were recrystallized from
ethanol.

Results and discussion

The synthesized compounds, 5-chloro-N-(2-chloratbphenyl)-2-hydroxybenzamide
derivatives, are presented in Table 1. Moleculamfda / weight, melting points and yields
are also presented in Table 1. The synthesized congs {-3) are white-yellow or brick-red,
crystalline substances. The synthetic route fopgraion of the synthesized compounds is
outlined in Scheme 1. The final purification wasiawed by recrystallization from absolute
ethanol. The target compounds were obtained inlyibetween 63-75%.

Table 1 Titled compounds characteristics

No. | Compound name Molecular M.p. Yield
formula /| (°C) (%)
weight

1 [4-Chloro-2-(2-chloro-4-nitro- Ci16H12CIbNoOg | 187-188 | 65

phenylcarbamoyl)-phenoxy]-acetic aci@99.18
methyl ester
2 2-[4-Chloro-2-(2-chloro-4-nitro- C17H14CIoN2Os | 284-288 | 63
phenylcarbamoyl)-phenoxy]-propionic 413.21
acid methyl ester

3 [4-Chloro-2-(2-chloro-4-nitro- C17/H14CIN2Os | 293-296 | 75

phenylcarbamoyl)-phenoxy]-acetic acid13.21

ethyl ester

Tl
0]
e

OH o @) OR,

CO—NH NO, + Rl—CH—C,// ﬂ» CO—NH NO,

‘ \OR MEK
2
Cl c Cl
1: Rl =H; R2 = CH3

Cl Cl 2: Rl = CH3, R2 = CH3

3:R; =H; Ry =CyHsg
Scheme 1 The synthesis of 5-chloro-N-(2-chloro-4-nitrophBf2-hydroxybenzamide
derivatives
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The structures of the synthesized compounds werdelted by IR!H-NMR and**C-NMR
analysis. In order to facilitate the NMR spectreerpretation, the numbering of the aromatic
rings is presented in Figure 1.

Ry

| 0
/CH_<OR 12 11

2
0
1 CO—NH*;QNOz
8 9
6

Cl

o

Cl
Figure 1. Numbering of aromatic rings

The spectral data of the synthesized compoundssted below.

([4-chloro-2-(2-chloro-4-nitro-phenylcarbamoyl)-phenoxy]-acetic acid methyl ester (1)

IR v(cm™) KBr pellet: 3317; 3087; 2958; 1735; 1685; 158348; 1502; 1481; 1400; 1340;
1274; 1205; 1116; 1047; 989; 804; 742;

'H-NMR [&(ppm)]: 3.73 (s, 3H, COOGH} 5.22 (s, 2H, OCKCO); 7.34 (d, 1H, & J=8.0);
7.65 (dsc, 1H, i J=8.0); 7.98 (ssc, 4 8.28 (dsc, 1H, kb, J=8.0); 8.39 (ssc, 1H,qH
8.64 (d, 1H, Hj, J=8.0); 10.60 (s, 1H, CONH);

13C-NMR [3(ppm)]: 51.78 (COOCH); 66.06 (OCHCO); 115.96 (§); 121.78 (G); 122.86
(C1a); 123.15 (G); 123.43 (G); 124.36 (G); 126.01 (G); 130.34 (G); 133.21 (GQ);
140.41 (G); 143.02 (Go); 154.27 (G); 161.70 (CONH); 168.94 (COOGH

2-[4-chloro-2-(2-chloro-4-nitro-phenylcarbamoyl)-phenoxy]-propionic acid methyl ester
(2)

IR v(cm™) KBr pellet: 3292; 3103; 1745; 1679; 1581; 154475; 1436; 1402; 1336; 1257;
1193; 1157; 1056; 891, 703;

'H-NMR [5(ppm)]: 1.68 (d, 3H, OCH(CHCOO); 3.48 (g, 1H, OCH(CHCOO); 3.69 (s, 3H,
COOCH); 6.93 (d, 1H, H, J=8.0); 7.26 (dsc, 1H,41J=8.0); 7.86 (ssc, X 8.17 (dsc,
1H, Hy,, J=8.0); 8.27 (ssc, 1H,9H 8.88 (d, 1H, Hh, J=8.0); 10.26 (s, 1H, CONH);

¥C-NMR [d(ppm)]: 18.12 (OCH(CHCOO); 55.78 (COOCH; 82.20 (OCH(CH)COO);
114.22 (@); 119.09 (G); 120.35 (Gy); 120.48 (Gy); 122.13 (G); 123.01 (G); 124.23
(Cg); 128.97 (G); 132.71 (G); 141.26 (G); 143.21 (Go); 155.16 (G); 161.66 (CONH);
164.60 (COOCH);

[4-chloro-2-(2-chloro-4-nitro-phenylcarbamoyl)-phenoxy]-acetic acid ethyl ester (3)

IR v(cm™) KBr pellet: 3105; 2904; 1749; 1641; 1600; 154%0Q; 1473; 1407; 1319; 1242;
1178; 1118; 1045, 889; 825;

'H-NMR [3(ppm)]: 1.19 (t, 3H, COOCKCH;, J=8.0); 4.19 (g, 2H, COOGBH;, J=8.0);
5.18 (s, 2H, OCKCOO); 6.91 (d, 1H, K J=8.0); 7.27 (dsc, 1H, 41J=8.0); 7.87 (ssc,
1Hg); 8.18 (dsc, 1H, kb, J=8.0); 8.29 (ssc, 1H,¢H 8.88 (d, 1H, Hh, J=8.0); 10.60 (s,
1H, CONH);

¥3C-NMR [5(ppm)]: 13.87 (COOCKLCH;); 60.83 (COQCHCHs); 65.27 (QCHCO); 114.23
(C3); 119.06 (G); 119.11 (Gy); 120.40 (Gy); 122.18 (G); 123.00 (G); 124.22 (G);
128.91 (@); 132.67 (G); 141.21 (G); 143.36 (Go); 155.14 (G); 161.51 (CONH);
164.65 (COOCHKCHsy);

The IR spectral data of the esters show the existefh an ether bond between the phenolic

hydroxyl group and the alkyl-C atom of the ester by signals in the range 12P661and

1040-1060 cm. The carbonyl groups from the esters appear irrahge 1730-1750 chn

The vibrations of the amide and hydrazide groupeapgs signals between 3100-3400 and

1640-1690 ci, respectively.
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The 1H-NMR shifts of the methyl protons from thethyd ester were observed in the spectra
as singlet between 3.6 and 3.8, whereas the etbylpgfrom the ethyl ester appears in the
range 1.1-4.2 ppm. The proton of the amide graupllianalyzed compounds, was observed
as singlet between 10.2 and 10.6 ppm.

The 13C-NMR signals corresponding to the carbom® fthe amide group appear in the range
161-162 ppm and those of the aromatic carbons leetd&4 and 156 ppm.

Conclusion

Three new compounds, 5-chloro-N-(2-chloro-4-nitrepyl)-2-hydroxybenzamide
derivatives, were synthesized in order to expaedctillection of potential biologically active
compounds.

The target compounds belonging to esters group wlai@@ned with good yields (>65%) and
characterized using modern analytical methods.

All spectral data proved the identity and provided elemental composition of the analyzed
compounds.
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Abstract

Magnetite/carbon nanocomposites, prepared by alsimpmbustion synthesis technique,
were tested for the removal of phenol and of sohenpl derivatives: p-chlorophenol (p-CP),
3-aminophenol (3-AP), p-nitrophenol (p-NP), 2,6-difmylphenol (DMP) and 2,4,6-
trimethylphenol (TMP) from aqueous solutions. Thfea of different parameters, including
the magnetite/carbon ratio, initial concentrationpollutant and the contact time on the
removal efficiency was investigated. The adsorptoretics was described by the pseudo-
second-order model and the equilibrium data werié fitted with the Langmuir isotherm in
case of phenol, the Sips isotherm in case of 3-apmeanol and the Redlich-Peterson isotherm
in case of p-nitrophenol. The good adsorption cdypand easy separation using a magnet,
recommend the magnetite/carbon nanocompositesoasging candidates for the removal of
phenol and its derivatives from polluted water.

Keywords iron oxides, nanocomposites, adsorption, phenol

Introduction

Water contamination with aromatic compounds is @aluproblem of our days. Among the
aromatic compounds which are in wastewater frofehnt industries like: petroleum, paper,
paint, resins, pharmaceutics, phenols and theivateres are an important category. They
were classified like priority pollutants by US Erammental Protection Agency (EPA) and
UE because of their toxicity, causing specific @éaabd odor in drinking water with possible
negative effects for biological processes [1]. &&pd exposure to phenols and to their
derivatives could cause negative effects to nensystem, digestive system, eyes, heart,
lungs, liver, kidney, skin and can cause genetinatges [2].

Throughout time there were developed many techsidae the removal of phenols from
wastewater such as: oxidation [3], membrane fiiraf4], electrochemical oxidation [5],
photocatalytic degradation [6], adsorption [7,i8h exchange [9], solvent extraction [10] etc.
Among this methods, adsorption is considered byyrarthors to be a superior technique
because of its efficiency, low implementation cdetge availability and simplicity of design
[11-16]. However, usual adsorbents have some limita because of their difficult separation
from the solution [17, 18]. Due to these reasonagmetic nanoparticles have drawn the
researchers’ attention because of their high atisorpcapacity and their effectiveness
regarding the separation [19-25].

The aim of this work was to investigate the efimg of some magnetite/carbon
nanocomposites as adsorbents for the removal afigbrend some phenol derivatives: p-
chlorophenol (p-CP), 3-aminophenol (3-AP), p-nittepol (p-NP), 2,6-dimethylphenol
(DMP) and 2,4,6-trimethylphenol (TMP) from aqueamutions. The effect of different
parameters, including the magnetite/carbon ratigial concentration of pollutant and the
contact time on the removal efficiency was investg. The kinetics and adsorption isotherm
were also evaluated.
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Experimental
2.1.Powder preparation

The magnetite/carbon nanocomposites were preparésebcombustion synthesis method as
described in our earlier work [26]. The solutiorsukked from the dissolution of necessary
amount of Fe(NO3)3-9H20 and tartaric acid (C4H6M6Yistilled water was mixed with
different quantities of carbon in a bottom flaskhe flask was placed inside a heating mantle
at 400 °C. As the temperature increased, a smalgileombustion reaction occurred between
iron nitrate and tartaric acid. The gases evolfiogn the combustion process were bubbled
in a beaker filled with distilled water, to prevent getting inside the flask.

After 30 minutes a black powder was obtained. Titwelpct was washed with distilled water
and dried at 70°C for 5 h.

2.2.Characterization methods

The nanocomposites characterization by means ofseph@mposition (XRD), FTIR
spectroscopy, thermal analysis (TG/DTA), magnetapprties and morphology was reported
in our previous work [26].

2.3.Adsorption experiments

The experiments of adsorption of phenol, p-chlossh (p-CP), 3-aminophenol (3-AP), p-
nitrophenol (p-NP), 2,6-dimethylphenol (DMP) angt,B-trimethylphenol (TMP) from
aqueous solutions were performed at 25°C, in antbstated shaker with a shaking speed of
200 rpm, using 1 g L-1 adsorbent and differentiahitoncentration of pollutants (50 — 300
mgL-1). The adsorbent was separated from the agusolution using a magnet. The
pollutants concentration was measured using a Wis-spectrophotometer model UVmini —
1240 SHIMADZU. The absorbance values were measatr@¥0 nm for phenol, 280 nm for
p-CP and 3-AP, 317 nm for p-NP, 217 nm for DMP aa8 nm for TMP.
The amount of pollutant adsorbed, gt (mg g-1), eadsulated according to Eq. (1):
g =GV )

W

where Co and Ct are the concentration of pollutanigally and, respectively, at any time, t,
V is the volume of solution (L) and W is the ma$sidsorbent (Q).
The removal efficiency R (%) was calculated by Ex (

R= COC;C [100 )

0

whereC, andCe (mg L) are the initial and the equilibrium concentrat@frpollutants.
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Results and discussion

3.1.Characterization of the samples

Some characteristics of the samples are presamiBabie 1.
Table 1.Characteristics of the prepared samples

Specific Micropore | Micropore P.artlcle Phase
Sample | Fe;O4/carbon | diameter "
symbol | mass ratio surface2 _?I'Icl arlg . volém)le Decr composition

Seel(m'g’) | (M°g™) 1M @) | ) XRD
M1-C3 | 1/3 622.4 390.9 0.178 1.85 3Bg
M1-C10| 1/10 813.5 505.6 0.234 1.42 3ER

3.2. Adsorption studies

Effect of pollutant nature

The studies were effectuated in the following ctinds: mass of adsorbent 1 g L-1, initial
concentration of the pollutant CO, 100 mg L-1, tenapure 25°C, contact time 6 h, shaking
speed 200 rpm. The influence of pollutant naturehenadsorption capacity of the adsorbents

is presented in Table 2.

Table 2. Effect of pollutant nature on the adsorption cajyaei adsorbents

Adsorbent Adsorbed Sollubility at 257K, R[%]
[gL7]
Phenol 83 9.95 65.2
p-CP 24 9.42 91.8
M1-C3 3-AP 35 4.30 75.5
p-NP 16 7.15 96.9
DMP 10 10.59 90.3
TMP 1.2 10.88 95.7
Phenol 83 9.95 73.9
p-CP 24 9.42 95.0
M1-C10 3-AP 35 4.30 89.1
p-NP 16 7.15 08.2
DMP 10 10.59 97.8
TMP 1.2 10.88 98.4

As can be observed, both adsorbents present higireval efficiency in the case of phenol
derivatives as compared to phenol. This behaviar earelated with the solubility and pKa
values of pollutants, factors that have a signifidafluence on the adsorption process.

For practically equal pKa values, both adsorbemesgnt higher removal efficiency for the
less soluble pollutant (phenol compared with p-f@Bpectively DMP compared with TMP).
The solubility of p-CP is much lower as comparethvphenol, while its removal efficiency is
much higher. TMP is much less soluble as compatigdd DMP and its removal efficiency is
higher. In case of pollutants with similar solutyilihigher removal efficiency can be observed
for the pollutant with the smaller pKa value.

Effect of magnetite/carbon ratio
The effect of magnetite/carbon ratio on the rema@féitiency of pollutants is presented in
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Figure 1.

B V1-C3
I M1-C10

R(%)

Phenol p-CP 3-AP p-NP DMP TMP

Pollutant

Figure 1. The effect of-emagnetite/carbon ratio on the nahefficiency of pollutants.

From Table 2 and Fig. 1 it can be observed thattsorbent M1-C10, with higher carbon
content (1/10) presents higher removal efficiendy phenol, respectively of phenol
derivatives compared to M1-C3 adsorbent that hésn&r content of carbon (1/3). This
behavior is correlated with the specific surfaceaathat is higher for M1-C10 adsorbent
(813.5 m2g-1) compared to M1-C3 (622.4 m2 g-1). Bhgnificantly increase of carbon
content in case of M1-C10 adsorbent does not lea gpectacular increase of the removal
efficiency; therefore is not justified to use aisarbent with high content of carbon due to
higher costs and a lower magnetization which reqgthie use of stronger magnets for phase
separation. For these reasons, the following atisor studies were performed using only
M1-C3 as adsorbent and phenol, 3-AP and p-NP dgtaots.

Effect of initial pollutant concentration

Fig. 2 shows the effect of initial pollutant contration on the adsorption process.
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Figure 2. Effect of initial concentration on phenol, 3-APdgn-NP adsorption using M1-C3

adsorbent
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In case of phenol, the adsorbed amount at equhibrcontinuously increases for initial
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concentration between 0-150 mg L-1 and after ithagmains constant; this behavior can be
explained by the saturation of the adsorbent sanfdth phenol.

In case of p-nitrophenol, it can be observed thatadsorbed amount at equilibrium increases
over the entire concentrations range, confirmirag the adsorbent M1-C3 shows the highest
adsorption capacity for p-nitrophenol, in accoawith the previous results (Fig.1).

Effect of contact time

Figure 3 shows the effect of contact time on phempehitrophenol and 3-aminophenol
adsorption onto M1-C3 adsorbent. It can be obsethedfast increase of the amount of
adsorbed pollutants in the first 20 minutes whielm de attributed to the large number of
vacant surface sites available at the initial stafgadsorption; then, the adsorption process
becomes slower, as the system approaches equilibliican be noticed that the equilibrium
was reached faster in case of p-NP (about 30 mscdompared with 3-AP and phenol (about
240 min).

100
90: A
80 -
70 .
60 °

50 - ®

q (mg/g)
[e]

40 - -
304
207 " = Phenol
10 e 3-AP

1 A p-NP

10 4+ ¥1+7+—
50 0 50 100 150 200 250 300 350 400

t (min)
Figure 3. Effect of contact time on phenol, 3-AP and p-NBaption using M1-C3
adsorbent

Adsorption kinetics
The adsorption kinetics of the 3 pollutants onto-8 adsorbent was investigated by fitting
the experimental data with the linear form of tiseydo-second-order (Eq. 3).

t 1 t
— L

a ko q 3)

were k2 is the pseudo-second-order rate constangfd min-1); ge and gt are the amount of
pollutant adsorbed at equilibrium and at time tr yeit mass of adsorbent, respectively (mg
g-1).

The results are shown in Fig. 4 and Table 3.
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Figure 4. Plots of t/g=f(t) dependencies for the adsorptaf phenol, 3-AP and p-NP onto
M1-C3 adsorbent

Table 3.Kinetics parameters and corelation coeficientdierpseudo-second-order model

Pollutant| Initial ko- 10° ge(mg g% R?
concentration | (g mg* Experimental Calculated
Co (mg LY min™)
Phenol | 100 0.88 65.2 67.3 0.99878
3-AP 100 1.05 75.6 76.4 0.99575
p-NP 100 8.79 97.1 97.4 0.99999

The correlation coefficients close to unity and exmental values for ge very close to the
calculated ones indicate that the adsorption kisetdf the 3 pollutants onto M1-C3 adsorbent
is described by the pseudo-second-order model.

It can be noticed that, the rate constant in cdgeMP adsorption is about 10 times higher
than that of phenol adsorption and about 8 timghdri than that of 3-AP adsorption. These
results are in full agreement with the shorter timaeach equilibrium in case of p-NP as
compared with phenol and 3-AP.

Adsorption isotherms

The experimental equilibrium data for the adsomptiof the 3 pollutants onto M1-C3
adsorbent were fitted to the Langmuir, FreundliRedlich-Peterson and Sips isotherms by
plotting ge versus Ce (Figs. 5-7).

The isotherms parameters, calculated by non-linegression analysis and the correlation
coefficients are listed in Table 4.
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Figure 5. Isotherm plots for phenol adsorption onto M1-C3Jsoit.
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Figure 7. Isotherm plots for p-NP adsorption onto M1-C3usmit

Table 4. The isotherms parameters and correlation coefisitor the adsorption of phenol,
3-AP and p-NP onto M1-C3 adsorbent

Phenol 3-AP p-NP

Langmuir K (L mg") 0.08 0.21 0.49

am(mg g 82.34 105.62 170.99

R° 0.99762 |0.96998 | 0.96831
Freundlich | K 28.50 41.20 73.58

(((mg" ™ML g™))

n 5.17 5.13 4.98

R’ 0.9718 0.98823 | 0.9747¢
Redlich- Krp (L g7) 7.32 53.13 183.06
Peterson are (L mg™)P) 0.10 0.94 1.75

B 0.97 0.87 0.88

R° 0.9975 0.99457 | 0.99978
Sips Ks (L mg?) 0.10 0.28 0.43

gms(Mg g% 84.53 146.75 | 215.99

n 0.90 0.28 0.52

R’ 0.99737 |0.99668 |0.99732
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As shown in Fig. 5 and Table 4, in case of phetid, best fit of the experimental data was
obtained by the Langmuir isotherm (R2>0.99762). fifaximum adsorption capacity of M1-

C3 adsorbent in case of phenol is qe=82.34 mg Thé. adsorption of 3-aminophenol onto
M1-C3 adsorbent is described by the Sips isothemth the adsorption of p-nitrophenol is

described by the Redlich-Peterson isotherm. Comgate maximum adsorption capacity
obtained with the Langmuir isotherm, respectivelthvthe Sips isotherm for the 3 pollutants,
there was confirmed the increase of the adsormapacity of M1-C3 adsorbent in the order:
phenol<3-aminophenol<p-nitrophenol.

The values of “n” parameter from Freundlich isothebetween 4.98 and 5.17, indicate that
the adsorption of the 3 pollutants on M1-C3 adsairbe favored. In the case of phenol
adsorption on carbon, the literature data inditateralues between 2.793 and 6.821 [27].

Conclusion

The adsorption studies have demonstrated the effigi of using magnetite/carbon
nanocomposites for the removal of phenol and iterdives from aqueous solutions. It was
demonstrated that both studied adsorbents, M1-@3vHIC10, with different carbon content,
show a higher adsorption capacity for pollutanss lgoluble and with lower pKa value.

The increase of carbon content from 1:3 for M1-€3:110 in case of M1-C10 adsorbent has
led to a moderate increase of removal efficienoy Woth, phenol and its derivatives. This
behavior can be explained by the increase of teeifsp surface area of M1-C10 adsorbent.
The increase of the initial concentration of pahit determines the increase of adsorbed
guantity at equilibrium; the least in case of pHeara the most in case of p-nitrophenol.

The adsorption process is very fast; the contaw tio reach equilibrium is about 30 min for
p-nitrophenol and approximately 240 min for pheatl 3-aminophenol, in the case of M1-
C3 adsorbent.

The kinetics of adsorption process of phenol, 3rapihenol and p-nitrophenol onto M1-C3
adsorbent is described by the pseudo-second-orddelmThe rate of adsorption process
increases in the order: phenol<3-aminophenol<pipitenol.

The adsorption process of phenol is described byLangmuir isotherm, 3-aminophenol by
Sips isotherm and p-nitrophenol by Redlich-Petersmtherm. Comparing the maximum
adsorption capacity of obtained with the Langmusotherm respectively with the Sips
isotherm for the 3 pollutants, it was confirmed therease of the adsorption capacity of M1-
C3 adsorbent in the order: phenol<3-aminophenoltpphenol.

In conclusion, the studied magnetite/carbon nanposites show both, high adsorption
capacity due to the carbon content and easy plepseation using a magnet.

The unique combination between high adsorption @apaexcellent separation capacity and
short time to reach equilibrium, that implies lopeoational costs for the industrial adsorption
systems, indicate that the investigated magneditedn nancomposites are excellent
adsorbent materials with great potential for waster treatment at industrial scale.
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Abstract

In present study, the electrochemical charactioizaf Y, sCa sBaCq0O; compound
in aqueous solution: alkaline (1 moilKOH) and neutral (0.5 mol'tNa,SO;) was followed,
correlated with the study of oxygen intake/relegsecess. The use of neutral aqueous
solutions is an element of originality in electreafical studies performed on this family of
layered cobalt perovskites.

Electrochemical behavior has been studied by cygbltammetry and chrono-
electrochemical methods: chronoamperometry anchdaoaulometry.

Introduction

Extended researches carried out on Y-114 perovhkhkie revealed his electrical and
also magnetic properties, and have shown that tlseme correlation between compound
structure and his properties, especially due toatlerage cobalt ion valence. Starting from
this emerged the idea to replace half of the Y imm®unt (in moles) with Ca ions, leading in
this way at changes into the average cobalt valen¥®aCaqO; perovskite, in order tu study
how is affecting electrical and magnetic propertd#en the ¥ sCa sBaCaqO; perovskite
was firstly synthesized by M. Valldor was definesissemiconductor material [1]. After first
preparation, has been deciphered crystalline streiciollowed by study of electrical and
magnetic properties [1-3].

Average cobalt ions valence modification from &i2 YBaCqO; at +2.375 in
YosCasBaCqO; explains the electrochemical interest as this aamgd and justifyies the
need for future studies. As a consequence of tbeease of average cobalt ions valence in
studied perovskite it is expected that the maximaxygen content is decrease from 8.5 in
YBaCq0O; at 8.25 in ¥ sCa sBaCq0O; perovskite. Purposes of carried electrochemicabte
were to characterize the compound from electrocba&npoint of view, and also to study
sample oxygen uptake/release capacity.

Experimental

The YysCasBaCq0O; compound was obtained using solid state reachgmixing
the precursors XO3 (Aldrich 99,99%), CaC@(Aldrich 99,99%), BaC@ (Aldrich 99,99%)
and CoQgss (99,99% Normapur) according to the stoichiometcation ratio. After
decarbonation at 680 the powder was reground, and fired in air foh4® 1108C and then
removed rapidly from furnace and set ambient teatpeg. The mixture was then reground
and pressed into discs (1 Ynmand sintered at 1100 °C for 24 h in.aifThe structure of
obtained Y sCa sBaCaqO; perovskite was checked by X-Ray powder diffracti@igaku
Ultima IV).

Electrochemical studies were carried out using iaL&jis SP 150 potentiostat/
galvanostat equipped with electrochemical impedapeztroscopy module. Electrochemical
cell used during experiments was a three electomg#e formed from two counter electrodes
placed symmetrically to the working electrode (skdiith the geometric surface of 0.8 ®n
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and a reference electrode represented by Ag/Agétitrelde. In electrochemical tests were
used KOH 1 mol [* and NaSQ, 0.5 mol L'* solutions.

Results and discussion

YosCasBaCqO;s electrochemical behavior was studied using the licyc
voltammetry recorded in a wide potential rangeriheo to identify all the processes occurring
in the electrochemical system: oxidation/reductieactions, oxygen and hydrogen evolution
reactions, followed by further cyclic voltammogramiscused on processes which are
important for practical applications of these peiates. Based on previous experiments it can
say that the voltammograms shape is influencedhkyeixperimental conditions, and one
important parameter is represented by polarizatpmed [4,5].

In figure 1a there are depicted cyclic voltammagsaecorded using KOH 1 mol*L
solution at a polarization speed of 100 mV, starting from open circuit potential, in a
potential range of +1.75 V to -2.0 V vs Ag/AgCl @i®de. Using such polarization speed, it
can observe on the anodic part of curve the appearaf peaks/plateaus associated with:
compound oxidation (1), limiting current (2), andygen evolution reaction (3). Also, figure
1b shows cyclic voltammograms recorded in neuwhlit®n (1 mol L' Na,SQy), on which
similar processes deployed on electrode surfacéeaserved.
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a) b)

Figure 1. Cyclic voltammograms recorded o 3Ca sBaCaO; electrodes at 100 mV's
a) 1 mol L*KOH, b) 0.5 mol [} Na,SO,

Electrochemical behavior of studied perovskitalkaline solution can be described
by following reaction:
YosCasBaCaO; + SHO « Y 5Ca sBaCa0O7.45 + 8/2H,0 + o€ (1)

to which are attached two different reactions: anacygen evolution reaction (2) and also
cathodic hydrogen evolution reaction (3):

4HO & O, + 2H,O+ 4é 2

2H,0+ 26— H, + 2HO (3)
Electrochemical behavior of the compound in newgoddition can be described by:
Y 0sCa sBaCq0O; + 6H,O < iYo,5C80_588CQ,O7+5 + BH" + € (4)
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which describes the oxidation process in the sdnsad also the cathodic reduction in the
sense 2. Similarly, to this global equation thectiea describing the oxygen (5) and hydrogen
evolution reactions (6) can be associated:

2H,0 & O, + 4H" + 46 (5)
2H'+ 26> H, (6)

Chronoamperometric study was the starting poiatcyclic voltammograms recorded
on perovkite compound in alkaline and neutral sohg. From data depicted in figure la, 3
potential values for chronoamperometric studiesewrosen: 1E = 0.25 V vs Ag/AgCl on
the compound oxidation plateau, E= 0.65 V vs Ag/AgCI on the limiting current platea
and 3 -E = 1.0 V vs Ag/AgCI for the oxygen evolution reactiplateau (figure 2).

500 T T T ? T ' ! ' ]
—+—(1)-E,, =0.25 V/Ag/AGCI
——(2)- on = 0.65 V/Ag/AgCI
—+—(3)-E__.=1.00 V/Ag/AgCI
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Figure 2. Chronoamperometric study on ¥Ca :BaCqO- electrodes in 1 mol tKOH.

Simultaneously the chronoamperometric curves weeerded in neutral solutions at:
1 - 0.75 V vs Ag/AgCI for the perovskite oxidatioh,25 V/Ag/AgCI for limiting current
plateau and at 1.75 V/Ag/AgCI for oxygen evolutreaction.

In same time, chronocoulometric data were recorgiedlkaline and also neutral
solutions, when the quantity of electricity used perovskite oxidation at working potentials
was measured. Based on that, using the electrdiysis, considering that only Co(ll) ions
oxidation is taking place, it was possible to ea#duthe oxygen quantity) inserted in the
compound structure as time a function of time. Fhalues obtained in alkaline and neutral
solutions are presented in tables 1 and 2.

Table 1. Oxygen content variatiod) {n Yo sCa sBaCqO7.s during electrochemical oxidation
in KOH 1 mol L*;

E 0
[VIAg/Ag/CI] t[min]
15 30 60 120
0,25 0,022 0,039 0,063 0,09y
0,65 0,047 0,080 0,136 0,266
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Tabelul 2. Oxygen content variatiom) (in YosCa&sBaCqO7.s during electrochemical
oxidation in NaSQ, 0.5 mol L'

E 0
[VIAgQ/AQ/CI] t[min]
15 30 60 120
0,75 0,028 0,048 0,064 0,076
1,25 0,028 0,090 0,127 0,175

Conclusion

Electrochemical oxidation of Co(ll) ions at Cojllions consists in oxygen atoms
insertion into the crystalline network of studiedrgvskite. Although, in thé values in the
case of electrochemical oxidation, in neutral sofutare smaller in comparison with the
values obtained for alkaline oxidation. Consiquenthn conclude the usage of neutral
solution represent a viable alternative fors€a sBaCq0O7.s oxidation.
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Abstract

This paper presents the electrochemical study %fsvbstitution with C& ions on
intake/release of oxygen. These studies were peerusing alkaline solution (1 mol’L
KOH) and also neutral solution (0.5 mof INa,SQy). All electrochemical behavior presented
in this paper has been studied by cyclic voltamynetr

Introduction

YBaCg,0s45 (0< 0<1), named Y-11,2 present a 112 phase which isuatate derived
from LnBaC@Os perovskites by ordering the rare element and #isobarium cations in
layers along crystallographic axis, by removing the oxygen inosn yttrium layer.

It is expected, that oxygen carriage inside of €B#s.; compound takes place really
easily due to high electrical conductivity of stedli perovskite, and also due the high
concentration of oxygen vacancies. Based on thessiderations it is expected that the
studied pervoskite can be used as cathode in axiliz fuel cells.

Crystalline structure of Y-112 perovskite can legarded as a layered structure
formed by consecutive layers:

(CoQ)—-(BaO)—-(Co®) - (YOs)

Different ways of the oxygen arrangement inside stidied compound lead at
superstructure formation in which the oxygen atares arranged differently into the YO
layer.

In the literature there are presented the sulistitiand doping possibility of Y-112
perovskites [1]. Until now, in all cases the sturat modifications which occurs during Y-
112 substitution were studied, and also the infteern the electrical and magnetic properties.
Likewise the possibility to replace®Yions with C&" ones was confirmed, there are a small
number of studies involving the;¥CaBaCaOs.5, where 0 8> 0,5 [1,2] and only one study
for the compound with x = 1 (CaBag®y.s) [3]. Aurelio et al. demonstrate in 2013 thafCa
ions replace ¥ ions and not BH ones inside of the perovskite structure [1]

The present paper describes the influence’6fs¥bstitution with C& ions on to the
oxygen intake/release capacity, by studying the pmmd electrochemical behavior in
alkaline and neutral solutions.

Experimental

CaBaCgOs perovskite (Ca-112) was prepared in a similar wagh YBaCao0Os
compound by using the solid state synthesis, remac,0O; precursor with CaC&and using
a similar thermal treatment as the one used fol ¥ {ireparation [4].

Electrochemical studies were carried out wusing adolL&jic SP 150
potentiostat/galvanostat equipped with electrochemimpedance spectroscopy module.
During experiments a three electrodes electrochengell was used, consisting of two
counter electrodes placed symmetrically to the wgylelectrode (a disk with a geometric
area of 0.8 ci), and a reference represented by Ag/AgCl electrbdelectrochemical tests
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KOH 1 mol L't and NaSQ, 0.5 mol L solutions were used.

Results and discussion

In order to demonstrate the oxygen intake/releal$imity the prepared Ca-112
perovskite was firstly studied by thermogravimetmethods, showing that during thermal
treatments in air it can accept and also releasgesx from his structure, which can be
associated with the modification of average oxmatiumber of cobalt ions.

Preliminarly, voltammetric studies shown that C&-ldompound is acting in both
solutions (alkaline and also neutral one) as supputerial, for a long potential range
(between +2 and -2 V/Ag/AgCI), when it can be oledronly the peaks associated with
oxygen and respectively hydrogen evolution reastidigure 1).

120 —/——F——7——7———7——T 17—

1000 | iy
750 | ]
500 | ]
250 |- )y
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i[Am?

250 | -
500 |- 4
750 | ]
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Figure 1. Cyclic voltammograms (5 cycles) on Ca-112 infad L™* NaSO; solution
at 100 mV ¢ scan rate.

_700 1 1 L 1 L 1 1 1 1
-2.0 -1.5 -1.0 -0.5 0.0 0.5

E [V] vs Ag/AgCI
Figure 2. Cathodic domain of cyclic voltammograms (2 cyples Ca-112 in 0.5 molt
Na,SQ; solution at 100 mV5scan rate.

Because the Ca-112 compound is not participaelkeictrode reactions, it is necessariy
to activate the electrode surface (figure 2) byadic pre-polarization at -1.00 V/Ag/AgCl,
when a part of C8 ions are reduced.

After the surface activation at polarization speed00 mV § the separation of peaks
corresponding to the electrochemical processesidagiace at Ca-112 interface can be
observed. On cyclic voltammograms depicted in #g8a (1 mol ! KOH) and 3b (0.5 mol
L™ NaSQy), recorded for OCP, it can observe that at anpdlarization appear first anodic
peak (1) associated with Co(ll) ions oxidation'Ge Cd" + € (Co(ll) ions are produced in
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activation period, followed by a limit current pat (2), and at more positive potentials the
peak (3) associated with oxygen evolution reactipears.
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Figure 3. Cyclic voltammograms recorder on Ca-112 at 100ghV
a) 1 mol L*KOH, b) 0.5 mol [} NSO,

As effect, the oxidation of Co(ll) ions at Co(llgns supplementary oxygen is inserted
into the Ca-112 crystalline structure. Intake/rseteaxygen ability is a consequence of
structural flexibility of 112 stratified perovskge which allows small distortions without
destroying the crystalline structure.

Conclusion

Based on voltammetric studies it can say that Cagerovskite presents the oxygen
intake/release property. Electrochemical oxidaboours at lowered speed in case of Ca-112
perovskites in comparison with Y-112 one. Ca-1l&ctebdes require a surface activation
stage, which allow the studied compound to be ugedll areas where the 112 layered
perovskites can be used.
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Abstract

In this paper are presented preliminary resultiinbd using capsaicin extract as
corrosion inhibitor for carbon steel in sodium cfde aqueous solution. Capsaicin is a chili
pepper extract with analgesic properties. €leetrochemical behavior of capsaicin in sodium
chloride solution was examined by cyclic voltammefurther, the inhibitory effect was
studied by linear polarization and Tafel methodider to determin the kinetic parameters,
providing informations about the the mechanism rdfibitory effect. The diminution of
corrosion rate of carbon steel in the presenceapsaicin can be attributed to the inhibitor
molecules adsorbtion on the sample surface andkibipche active sites, or depositing
corrosion products on the metal surface.

Introduction

Steel is a proven durable and efficient buildingtenial. It is cost effective,
aesthetically pleasing, sustainable, and strongweyer, like all metals, steel corrodes when
exposed to the atmosphere. Therefore, it is impbrta consider corrosion protection
methods in constructing projects with exposed stggbroximately 85% of all steel produced
is carbon steel and therefore susceptible to natx@ation and galvanic corrosion [1].
Corrosion control of steel is an expensive procasd industries spend huge amounts to
control this problem.

Protection by corrosion inhibitors is one of thelmwknown methods of corrosion
protection and one of the most useful in the ingudthis method is following stand up due
to low cost and practice method [2]. Throughout délges, plants have been used by human
beings for their basic needs such as productiofoad-stuffs, shelters, clothing, fertilizers,
flavors and fragrances, medicines and last butleast, as corrosion inhibitors. The use of
natural products as corrosion inhibitors can beetaback to the 1930’s when plant extracts
of Chelidonium majus were used for the first timé,SO, pickling baths [2-5].

The active ingredient capsaicin (oleoresin of @aps) is generally obtained by
grinding dried ripe fruits of Capsicum frutescens(thili peppers) into a fine powder. The
extract may be obtained by distillation of the pewdn an appropriate solvent, and
evaporation of the solvent to yield the liquid okin and associated fatty matter. The fatty
matter is removed by decanting or filtration [6].

The diminution of thr corrosion rate of carbonestm the presence of capsaicin or
active ingredient of capsaicin can be attributetheoadsorption of inhibitor molecules on the
methal surface blocking the active sites or deépascorrosion products.

Experimental

Electrochemical measurements were conducted Wiolgogic SP150 potentiostat/
galvanostat in a conventional three-electrode ssedtems. The working electrode was carbon
steel, the counter electrode was graphite, and /AgKY acted as the reference electrode.
Experiments were performed in 3.5% NaCl solutiondétermine the corrosion potential and
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corrosion current.

To determine the inhibitor effect of capsaicintbe corrosion rate of carbon steel in
sodium chloride aqueous solution in preliminarydis a 4 mg * concentration has been
used. The chemical structures of capsaiciaHerNOs) is presented in figure 1 [7].

()

N)J\/\/\/\(CH;;
H

CH
HO 3

OCHj
Fig.1. Chemical structures of capsaicin [7].

Results and discussion
Preliminary information about how capsaicin extraan influence the corrosion
process of carbon steel are pointed by its elelstnmical behavior on platinum electrode in

sodium chloride media emphasised by cyclic voltatnymne
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Figure 1. Cyclic voltammograms (5 cycles) on Pt electrod8.B26 NaCl in different fields

of potential.

In figure 1 cyclic voltammograms recorded on Piasking electrode ir8.5% NaCl
solution without capsaiciare presentedrhe base curve obtained in a blank solution jptsse
the characteristics of polarization curves drawaadium chloride solutions.
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Figure 2. Cyclic voltammograms (5 cycles) on Pt electrad8.6% NaCl in the
absence/presence of 4 mg tapsaicin, scan rate: a) 500 mVand b) 5 mV 3.
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In figure 2a (dE/dt = 500 mV’ and 2b (dE/dt = 5 mV'Y there are showen cyclic
voltammograms recorded on Pt as working electrod@.5% NaCl solutions without and
with 4 mg L* capsaicin used in preliminary corrosion tests.

In order to identify how capsaicin extract inflees the electrode processes,
polarization curves where recorded separately atV s*, in cathodic domain as well as in
anodic one. The obtained voltamograms are presamfeglire 3a-b.
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Figure 3. Cyclic voltammograms on Pt electrode for anodjcand athodic (b) polarization
3.5% NaCl in the absence/presence of 4 Mgapsaicin, scan rate 5 mV s

The manner in which capsaicin acts as corrosibibitor for carbon steel in sodium
chloride solution and its effect on the corrosiatercan be estimated by Tafel polarization
method. The potentiodynamic polarization curvesoméed without and with 4 mgt
capsaicin are shown in figure 4.
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Figure 4. Linear polarization curves on carbon steel etetegrin 3.5% NacCl in the
absence/presence of 4 mg €apsaicin, scan rate 1 m\:.s

Numerical values of the corrosion current den@ify,) variation, corrosion potential
(Ecor), anodic Tafel slopebf), cathodic Tafel slopedf) and polarization resistancB.f were
obtained from polarization profiles by extrapolgtipotentiodynamic curves from figure 4
using BioLogics software and showed in table 1.
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Tabel 1. Polarization parameters for the corrosibcarbon steel in 3.5% NaCl in the absence
and presence of 4 mg'lcapsaicin:

Electrolit T fcor o Ecor -be " b, . R, Veor IE
K] | [pAcm? | [mV] | [mVdec’] | [mVdec’] | [Q] | [mman?] | [%]
(Nacig 506) 39.14 | -601.1f 294.0 77.1 276 1.15
SB+amgl| 290
Capsaicin 10.74 | -630.00 272.5 74.4 578 0.4383 62,94
Conclusion

Preliminary studies confirm that capsaiclmas promising corrosion inhibition
propertiesfor carbon steel in aqueous sodium chloride smhgti Capsaicin extract can be
added to the list of non-toxic, cheap and effecgueen corrosion inhibitors from renewable
sources.
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This paper presents studies of anodic oxidatiosutfite ions on a graphite electrode
in aqueous alkaline solutions. Over the past feargjeextensive research has been focused on
the use of graphite as electrode material becadis#s oavailability, physico-chemical
properties, processability and relatively low coStahite electrodes are thermally and
mechanically stable, chemically resistant in défdr solutions (from strongly acidic to
strongly basic) and chemically inert [1, 2].

Electrochemical oxidation of graphite during openatof fuel cells has been widely
studied [3-6], because electrochemical behaviorgphite has relevant influence on
detrimental to the performance and life of fuelsel

Carbon is oxidised to carbon dioxide at higher poat than E°=+ 0.207 V (vs.
NHE) in accordance with reaction (1). Even if thedue means that carbon is unstable to the
electrochemical corrosion, slow kinetics of thedation reaction ensures good stability of
carbon in solid fuel cells [6].

C + 2H0 = CQ, + 4H' + 46 E° = 0.207 V (vs NHE) (1)

The reaction of sulphite at room temperature leenkexamined by cyclic and linear
voltammetric methods on a graphite electrode. i@on curves have been plotted in 1M
NaOH support electrolyte solution in which haverbadded different amounts of }0; in
order to obtain concentrations of 1, 10°M, respectively 18M. The mechanism of the
oxidation reaction was studied by varying the se and the concentration of sulphite in
electrolyte solutions.

The sulphite oxidation on graphite electrode océnrsnvo steps. In the first one, a
radical anion S@ is formed by losing one electron. Further moregetytransfer undergoes
by losing the second electron. Two sulphite radozal combine and form dithionate, which
can then disproportionate into sulphite and sulhbhut the formation of dithionate on the
graphite electrode (Equation 4) can be neglectedt@ordance with the literature [7].

Therefore, anodic oxidation of sulphite ions inadike solution on graphite electrode
can be expressed by the following equations:

SO~ =SQ" +e (2)
SO;” +20H = SQ% + H,0 + € (3)
2SQy"" = SO + 26 (4)

From figure 1, at a potential value 0D+ V vs. Ag/AgCl, the beginning of the anodic
oxidation of sulphite ions can be observed. Duégh&éevolution of oxygen and possible the
oxidation of graphite, gas bubbles are formed andlectrode surface and consequently the
oxygen evolution diminished the oxidation of sutphiFinally the current increased with
increasing potential exhibiting the abundantly etioh of oxygen.
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Fig. 1. Cyclic voltammograms (5 cycles) on the
graphite electrode dE/dt = 10 mV/s in the alkaline
electrolyte with different concentrations of sodium

sulfite.

Based on polarization curves resulting from linealtammetry kinetic parameters-(
a andi,) for electrochemical oxidation of sulphite to suwdpe have been calculated for each
electrolyte solution using Tafel method.
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Abstract

In this paper are presented studiestba leveling effect ofmidazolam{8
- chloro - 6 - (2 - fluorophenyl) - 1 - methyl - 4Hmidazo[1,5-a][1,4]benzodiazepine}, and
streptomycin {5 - (2,4 - diguanidino - 3,5,6 - trihydroxy- dghexoxy)- 4 -[4,5- dihydroxy -
6 - (hydroxymethyl) - 3 - methylamino- tetrahydrogy - 2 - ylJoxy - 3 - hydroxy - 2 -
methyl- tetrahydrofuran - 3 - carbaldehyd}, in a t@Wanickel electroplating bath, manifested
by the increase of cathode polarization. These drugere chosen because their
pharmaceutical formulation of the commercial prddiantains only pure compound, without
excipients.

Introduction

Watts nickel bath was discovered over 100 years[apand it is still maintaining
actuality and interest for the electrochemists kisato the anticorrosive efficiency of nickel
coatings [2] and ornamental effect [3] as well ase do the possibility of obtaining
nanostructures and materials with special progsefd]. Nickel coatings are also used as
substrate for hydrogen evolution reaction [5,6].

The composition of the deposition bath influendes quality of nickel deposits, such
as hardness, internal stress, compactness andnasgh which can be enhanced by adding
various agents [7]. Some of the well-known addgieee aromatic compounds [8]. The drugs
hereinbefore contain only active substance, witlamyt excipients, reason why these studies
are based on the use of expired drugs as additivesctrodeposition from Watts bath.

Experimental

Electrochemical studies were carried out using @®jms SP 150 and AUTOLAB
302N potentiostat/galvanostats, in a three-eleetretectrochemical cell, consisting of
working electrode (Pt, Cu, or Ni), two graphite deaas counter electrodes and Ag/AgCl as
reference electrod&fg/agci= 0,197 V).

Experiments were performed in 0,5 m&iNa,SQ,, SB (0,5 mol [ N&SO, + 30 g
L H3BO3) solutions and Watts bath (300 g NiSO,'6H,0 + 60 g L* NiCly'6H,0 + 30 g
Is_'l H38103), with different concentrations of additive — midéam or streptomycin (10+ 10

mol L™).

Results and discussion

Preliminary information about the electrochemicathévior of midazolam and
streptomycin were determined by cyclic voltammelirjras been observed how expired drugs
influence electrode processes.

In these studies, Pt electrode as working electwate used. The base curve, obtained
in blank solution presents the characterist€spolarization curves drawn in
0,5 mol L* NaSQ,. Further, the electrolyte solution was acidifiedthw30 g L'* HsBOs,
reaching the same pH as in the Watts bath (pH = 3,5).

In figure 1 there are presented cyclic voltamraogg recorded with a scan rate of
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50 mV s, on Pt as working electrode, in 0,5 mél NaSO, (a) and SB (0,5 mol't. NaSO,
+ 30 g L* H3BO3) (b), without and with 10 mol L midazolam.

8 ‘ ‘ T 10 ; .

— (1) Na,SO,- 0.5M ] | ——(1)SB
4 .

6r— @) Na_SO,- 0.5M + 10 M Midazolam 7 —(2) SB + 10" M Midazolam

T T T T T T T

2 y o~
=) E
< <
— 0 - - — »5 B ]
il 4
-10 F ]
4 " 4 3
dE/dt=50mV s L dE/dt=50 mV s~ |
Pt electrode Pt electrode
-6 " 1 N 1 N | N 1 N 15 1 R 1 N Il " 1 L 1
-1.0 -0.5 0.0 0.5 1.0 15 -0.5 0.0 0.5 1.0 1.5
E [V] vs Ag/AgCI E [V] vs Ag/AgCI
a) b)

Fig. 1. Cyclic voltammograms (5 cycles) on Pt electrode)i®,5 mol [* NgS0O, and
b) SB, without and with Ibmol L™ midazolam.

From the above figure it can be observed the itdmjpi effect of the drug on
electrochemical processes.

Conclusion

Experimental studies presented in this paper shtves both midazolam and
streptomycin can be used as leveling additive okeli Watts bath, manifesting inhibiting
effect for the cathodic process of nickel depogitio

References

[1] H. Brown, B.B.Knapp, Nickel, in F.A. Lowenhei(&ditor), Modern Electroplating, Third
Edition, Wiley Interscience Publication, New Yofl974, 287-341.

[2] S. Hassani, K. Raeissi, M. Azzi, D. Li, M. A.odzar, J. A. Szpunar, Improving the
corrosin and tribocorrosion resistance of Ni-Co auaystalline coatings in NaOH solution,
Corrosion Science, 51, 2009, 2371-2379.

[3] T. Sakamoto, K. Azumia, H. Tachikawaa, K. lo&#h M. Seoa, N. Uchidac, Y. Kagayac,
Electrochim. Acta, 55, 2010, 8570-8578.

[4] E. Rudnik, M. Wojnicki, G. Wtoch, Effect of gbwnate addition on the electrodeposition
of nickel from acidic baths, Surface and Coatingshhology, 207, 2012, 375-388.

[5] B. Pierozynski, .M. Kowalski, Hydrogen Evolofi Reaction at Pd-Modified Nickel-
Coated Carbon Fibre in 0.1 M NaOH Solution, Intéoral Journal of Electrochemical
Science, 8, 2013, 7938-7947.

[6] M. Torabi, A. Dolati, A kinetic study on theestrodeposition of nickel nanostructure and
its electrocatalytic activity for hydrogen evolutioreaction, Journal of Applied
Electrochemistry, 40, 2010, 1941-1947.

[7] Y.D. Gamburg, G. Zangari, Theory and PractiéeMetal Electrodeposition, Springer,
2011, ISBN: 978-1-4419-9669-5.

[8] E.M. Oliveira, G.A. Finazzi, I.A. Carlos, Infance of glycerol, mannitol and sorbitol on
electrodeposition of nickel from a Watts bath andfwe nickel film morphology, Surface and
Coatings Technology, 200, 2006, 5978-5985.

196



21st International Symposium on Analytical and Emenmental Problems

Corrosion Studies of Copper Electrodes in Acidic Mdium in the Presence of N,N-
Dimethylaniline

Agnes Jakab, Mircea Laurentiu Dan, Nicolae Vaszilcsin

Politehnica University of Tioara, Faculty of Industrial Chemistry and Environmted
Engineering, V. Parvan. No. 6, 300223 Tjoara, Romania
e-mail: agness.jakab@upt.ro

Abstract

In this work, the influence of N,N-dimethylanilindMA) as inhibition agent for
copper corrosion process has been studied. Theraabeemical behaviour of DMA on
platinum and copper electrodes in acid solutiors been analyzed by cyclic voltammetry.
Inhibitory properties of DMA for copper corrosiomopection were studied in 0.5 M,80,
solutions in the presence of different concentratiof inhibitor 1 M and 10° M,
respectively. The morphology of copper samplesinbthin the absence and presence of
DMA has been studied by scanning electron microg¢SgM).

Introduction

The possibility of the copper corrosion preventiming mostly organic inhibitors has
attracted many researchers. The most widely udatiiars are organic derivatives such as
azoles [1,2], amines [3,4], amino acids [5] and yathers. The presence of nitrogen
heteroatoms in organic compounds like amines imgsoNs action as copper corrosion
inhibitor [6]. The aim of this study was to invegte the inhibitory effect of N,N-
dimethylaniline (DMA) in 0.5 M HSO, at room temperature using cyclic voltammetry and
linear polarization.

Experimental

The chemicals used for this studye., sulphuric acid (BBO;) and N,N-
dimethylaniline (DMA, (CH).NCgHs) (analytical grade) were purchased from Merck
Company (Germany). The distilled water was usedafoexperiments. Inhibitory properties
of DMA for copper corrosion protection were studied 0.5 M HSO, solutions in the
presence of different concentrations of inhibit@°IM and 10° M, respectively. Cyclic
voltammetry, linear polarization method (Tafel asy and scanning electron microscopy
(SEM) were carried out to observe the inhibitiofeeff of copper corrosion process.

Results and discussion

The electrochemical behaviour of DMA on platinulactrode at different scan rates
was investigated by cyclic voltammetry measuremeni&gure 1 shows cyclic
voltamogramms recorded in 0.5 Mb$0; and in the presence of 1M DMA at different
polarization rate between 10 + 500 m¥. s

197



21st International Symposium on Analytical and Emenmental Problems

150 : T T T T
Pt electrode
" SB + DMA - 10°M
dE/dt = 500 mV/s
i) dE/dt = 100 mV/s 7]
dE/dt = 50 mVi/s
| —— dE/dt = 10 mV/s
& 50 - .
£
<
= ol |
50 | -
_100 i 1 " 1 N 1 N 1
-0.5 0.0 0.5 1.0 1.5

E [VI/Ag/Ag/CI

Figure 1. Cyclic voltammograms (5 cycles) recorded on F&.;WM H,SQO, and in the
presence of I®M DMA at different scan rates.

In order to study the DMA influence on the anodiccathodic process on copper
electrode, cyclic voltammograms were recorded thNd.H,SO, in the absence and presence
of 10°M DMA at 500 mV § polarization rate, which are presented in Figure 2

4000 .- 7. 1T =1 1T 1 =01 7T &0
Cu electrode
"dE/dt = 500 mV/s 1
3000 ——(1)SB -
——(2) SB + DMA - 10°M 2
2000 4
" 1000 | §
<
= il |
-1000 |- -
"2000 1 1 1 1 L 1 L 1 " 1 ] 1 1

10 -0.8 -06 -04 -02 00 02 04 06 08
E [VI/Ag/Ag/CI

Figure 2. Cyclic voltammograms recorded on copper electrad® M HSO, (1) and in the
presence of IeM DMA (2), scan rate 500 mV’s

The inhibition effect of different concentratioanEDMA on copper corrosion process
was studied by Tafel polarization method. FiguresHdws the Tafel polarization curves
recorded on copper electrode in 0.5 8By and in the presence of 4@nd 16° M DMA at
two polarization rates.
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Figure 3. Tafel polarization diagramms recorded on coppestedde (dE/dt = 2 mV'Y in
0.5 M H:SO, without and with different concentrations of DMA.

The obtained polarization parameters,, corrosion current density.{), corrosion
potential Ecor), anodic Tafel slopebf), cathodic Tafel slopebf), polarization resistancdRy)
and corrosion ratev{,) are gathered in Table 1.

Table 1. Polarization parameters for the corrosion of coppe 0.5 M HSO, in the
absence/presence of different concentrations of DMA

Inh. conc., I cor, Ecor, -b, ba, Ry, Veor,
M nA cm® mvV mV de¢’ | mV dec! Q mm year"
BS 7.84 2.01 201.4 64.5 2435 0.36
10° 5.23 1.25 225.1 70.8 3506 0.24
10° 4.75 -5.04 205.4 82.5 4758 0.21

The surface morphology of copper samples was agdlgfter a corrosive attack in the
presence and absence of®1@ DMA during 240 h immersion time. Figure 4 sho&EM
images recorded for copper samples.

Figure 4. SEM images of copper samé)les after 240 h immertsioe in 0.5 M HSQ, (a) and
10° M DMA (b).
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Conclusions

The obtained results confirm that DMA has prongsoorrosion inhibition properties
for copper in acidic environment. Further studiel lve required to determine the weight loss
data by gravimetric method in the absence and pecesef different amounts of DMA,
thereby the inhibition efficiency and surface cagg will be calculated. Also, the inhibition
effect of DMA on copper corrosion process at défartemperatures (308, 318, 328, 338 K)
will be investigated in the future.
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Abstract

In this paper we present experimental results ettebchemical measurements (EIS and
anodic polarization) on the performance of polyestgolymers films obtained at the various
volumetric pigment content (VPC).

Introduction

Polymer films could restrain the aggressive acbbnvater and oxygen and act as a barrier
against aggressive agents.

The performance of polymer films shows as a baagainst corrosive agents and depends on
the polymer structure, the thickness and degresdbésion to the metal substrate, the nature
of metallic substrate [1]. Electrochemical techmiguare usually used to evaluate the
corrosion behavior of organic coatings. EIS is an-mvasive method and allows the
determination of both the dielectric propertiesoojanic coatings and corrosion processes at
the interface metal / organic film [3, 4]. The mciive properties of the organic film can be
increased by use of anticorrosive pigments. Théopeance of a coating can be evaluated
from electrochemical techniques [2].

Experimental

The protective coatings were obtained from polyesésins with ZnO pigment on iron
substrate. Four types of resin are used: R1 fagdalR2 medium alkyd, modified with
aromatic polyurethane; R3 medium alkyd, modifiedhwstyrene and R4 medium alkyd,
modified with aliphatic polyurethane. From eacheaygd resin four formulations are prepared
with different volumetric pigment contentgble 1).

Properties of the coatings were investigated bgtelehemical impedance spectroscopy (EIS)
and polarization experiments in 3% NaCl solution.

Before each measurement the iron electrode wagutigrpolished mechanically with SiC
paper and spray with different degrees of diamdirdsave to mirror-surface (glossy).

EIS measurements were performed using FRA AUTOL3®2N module in the frequency
range of 0.1 Hz to 100 kHz and an amplitude ACag@tof 10 mV with. Each spectrum was
collected containing 60 points with a logarithmigstdbution of 10 points per decade.
Experimental electrochemical impedance data werdehed using an equivalent electrical
circuit by Levenberg-Marquardt CNLS procedure udimg software-Scribner Associates Inc.
Zview.
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Table 1.Characteristic of prepared coatings

No. | Code sample Resin type VPC*, %
1 V1 R1 fat alkyd 64.69
2 V2 44.16
3 V3 25.70
4 V4 15.09
5 V5 R2 medium alkyd, modified with aromati86.89
6 V6 polyurethane 3.3

7 V7 16.58
8 V8 16.22
9 V9 R3 medium alkyd, modified with polystyrene| .8%
10 | V10 47.10
11 | V11 28.53
12 | V12 17.07
13 | V13 R3 medium alkyd, modified with aliphatid2.49
14 | V14 polyurethane 27.42
15 | V15 17.44
16 | V16 17.08

*volumetric pigment content

From the polarization curves Ecorr - corrosion pbgd; Jcrt - critical corrosion current
density were determined.

Results and discussion
The Bode and Nyquist diagrams obtained for eleesocbated iron V3, V7, V11 and V15
coatings polyester resins immersed in 3% NaCl swiwre shown ifrigure 1.

-75000
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—— Fe_V7_NaCl 3%_-0.50 V_10 min.txt 107 &
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N 10°E S
-50000 - E E——
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Figure 1.a) Nyquist diagram and b) Bode diagram (modulenpledance and faze angle) for
V3, V7, V11 and V15 coatings at 10 minute minutenaérsion
in 3% NaCl solution at OCP, V
Impedance spectra analysis revealed the presernesdime constants. A time constant due
to the organic layer shaped by capacity - Cc asatance of polymer film — Rp elements,
capable to describes the dielectric and barriepgmees of organic coating. The second time
constant refers to the corrosion reactions and timadé metal interface of the polymer film
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(capacity double layer - Cdl and charge transfeistance - Rct). Comparing the impedance
values of the coatings at the same VPC contertkribss and also exposure time, it was
noted that they are dependent on the type of payessin.

The polarization resistance values obtained aftedeting using equivalent electrical circuit
for polymer films are between 46 16 ohm cm 2 and increase in general for the same type
of resin with the increase of the volumetric pigmemntent (VPC %)Rigure 2).

1.60E+06 -
1.40E+06 -
1.20E+06 -
1.00E+06 -
8.00E+05 -
6.00E+05 +
4.00E+05 -
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> > > > > > > > > Jd d

V12
V13
V14
V15
V16

Coating

Figure 2. Variation of polarization resistance Rp with resiyge for all coating formulation

The polarization resistance of polymer films shalaat at a volumetric pigment concentration
between 15-65 % it decreases in the order: resiraldatic polyurethane modified alkyd
medium, followed by oil alkyd resin R1, R3 alkydsire average modified styrene resin, R2
alkyd average modified aromatic polyurethane. Rergame pigment concentration (25 %) is
was observed that Rp is the maximum for resin Rd,a a lower concentration of pigment in
resin type R3 (15%) allow to obtain a film with igter Rp Figure 2).

In time the coating capacitance (Cc) coating ugualtreases due to the water uptake as a
result of the capillary action in the micro pordée structures. The volume fraction of water
absorbed (W) can be calculated from coating cagao# (Cc) by equation (1) [4].

v-bog
1)

whereW is the volume fraction of the absorbed water, Ghéscoating capacitance at time t,
CO is the capacitance at t = 0, and 80 is theediet constant of water. In this investigation,
the coating capacitance measured after 10 mirmwofarsion is taken asp@nd after 80 min.
of immersion as Ct. The water uptake are lower (&6 for all coatings and was observed
that the fraction of water uptake decrease witlielerease of VPC in the formulation for R1
resin. For V7 respectively V15 the W presents tighdst value. For the same VPC (15%), W
is higher for R4 and pointed out that at lower Vi€ W is affected substantially by resin
type. R4 resin seams to be the less hydrophobic/Amne higher VPC (25%) the R1 resin is
less hydrophobic. From potentiodynamic polarizatmurves the corrosion currents and
corrosion rate were determindgéidure 3).
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Figure 3. Potentiodynamic polarization curves for V1, V5,0/dnd V15, scan rate 10 mV/s.

For R1 resin with 25-65 %VPC, R3 resin with 17%%YPC and R4 resin 17-47 %
corrosion currents are loweFor a volumetric pigment concentration of 15 % @0d% the
lowest corrosion currents was obtained for resids Fie corrosion rates, Rcorr determined
from polarization curves for polyester films shothe same behavior observed for Rp data
from EIS Figure 4).
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Rcorr, mm/year
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Figure 4. Corrosion rates (Rcorr) determined from polarizatarve for different VPC

Conclusion
The corrosion rates decreases in the order: Ribwietl by resin R3 and R1 and R2. For the
same concentration of pigment, the corrosion satewer for films based on resin R4.
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Abstract

The paper analyses the application of various fasmsnfired clay pellets (whole and half),
for the removal of zinc and copper ions from a wastinting developer. The adsorption
experiments were performed in batch mode. The takproperties of defined clayey pellets
were examined by mercury porosimetry.

Textural characterization showed a significant amai the small pores in the case of whole
pellets in relation to half pellets. The efficieno§ the metal ions removal significantly
increases with the increase of the adsorbents mhes.emoval efficiency varied between 50
and 94%. Considering the adsorption efficienciks, following order of unfired clay pellets
was noticed: whole pellet > half-pellet. The ioraclius of metal ions and the obtained trends
of adsorption efficiency show that the selectidgguence of metal ions on the unfired clay
pellets was Zn > Cu.

Therefore, the unfired clayey adsorbents presenptbmising alternatives for purification of
waste printing developers.

Introduction

Industrial wastewaters are often characterized dwysiderable heavy metal content and,
therefore, it is required to treat them prior disgplanto water. The heavy metals, such as lead,
copper, cadmium, zinc, silver and nickel are thesmo@mmmon pollutants found in industrial
and printing effluents [1, 2]. Adsorption with tlokayey minerals is the low-cost promising
alternatives for the treatment of heavy metals goresn wastewater. There are many
advantages of using clay as an adsorbent: coslagfig relatively low compared to other
alternative adsorbents; clay minerals have higltipesurface area, excellent physical and
chemical stability and other structural and surfpogperties [3]. Thus, clays can adsorb all
kinds of pollutants from large volumes of aqueoalsitions. Also, clays are used as barriers
to prevent contamination of the subsoil and grouetdwby the leaching of landfill containing
metals [3, 4].

The aim of this research was to evaluate the atisargfficiency of different forms of
unfired clay pellets for waste printing developarification.

Materials and methods

Printing developerThe sample of waste printing developer was takem fan offset printing
facility in Novi Sad (Serbia).

Clayey pelletsThe newly designed unfired clayey pellets (whaid half) of diameter size 15
mm were chosen as the adsorbents. The raw clayeyimmiconsists of natural pozzolanic
material, waste glass, surfactant and wooden dihst.material was shaped by extrusion and
dried at 105C during 24h in laboratory conditions [5].

The textural properties of the unfired clayey pslieere examined by mercury porosimetry

[6].
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Methods.The adsorption experiments were performed in batode at standard procedure
[6]. In order to reach the adsorption equilibriuraste printing developer were shaken for 30
min (the optimal contact time for defined adsorpént The residual concentrations of Zn(ll)
and Cu(ll) ions were determined by Inductively CleapPlasma Mass Spectrometry method
using a PerkinElmer Elan 5000 mass spectrometer.

Results and discussion

Characterization of the unfired clay pellets

The investigation of textural properties by mercunyection is very suitable for the
characterization of porous structures in the rasfgbe pore radius of 0.05 um. The results of
textural characteristics are shown in Figure 1 &alole 1. Based on the obtained results it was
observed a monomodal pore radius distribution efitlvestigated adsorbents, Figure 1.
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Figure 1. Pore size distribution of the unfired clayey pislle

Contribution of pores (%o)

The pore size distribution analysis of the unfictaly pellets (whole and half) indicates the
presence of a significant amount of the large p@pese radius above 1 pum) in the case of
half pellets in relation to whole pellets. Wholdlges are characterized by a slightly larger
amount of small pores less thamrh, Figure 1. Also, whole pellets showed a highercsm
surface area (4.51%qg) in relation to half pellets, Table 1.

Table 1. The results of specific surface area

Unfired clay Specific surface area|
pellet (m?/g)
whole 451
half 3.85

Adsorption efficiency

The increase of the metal ion adsorption with teage of clayey materials can be attributed
to the increased surface area and the availatwlfitynore adsorption sites [8]. Also, the
chemical and mechanical stability allow their apgiion in various states and improve the
consistency of adsorption relative to less staldéenmals [8-10].

The influence of unfired pellets forms on the agson efficiency, Figure 2a and 2b,
indicates that the removal of zinc and copper ibos a waste printing developer increases
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with the increase of the adsorbent mass. The mariasorption efficiencies of the zinc ion
removal by using whole and half pellets were 9%t 88.3%, respectively (Figure 2a).
Whole and half pellets showed the lower adsorpgibiciency (62.4 and 50.4%, respectively)
for copper ion removal, Figure 2b. Considering d@dsorption efficiencies of used adsorbents
the following decrease order was obtained: wholkepe half pellet.

As whole pellets show a higher surface functiogdpecific surface area 4.5F/g, Table 1)

a great number of sites is available for the irtgoa with zinc and copper ion present in a
waste printing developer. Beside the availabilifyttee surface sites, the observed trend of
adsorption efficiency can also be related to the [gize distribution of whole pellets, Figure
1.
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Figure 2. Efficiency of zinc (a) and copper (b) ions remousing unfired clay pellets

The trends of adsorption efficiency can also belamrpd based on the ionic radius of metal
ions. The smaller ionic radius of a metal ion meidweshigher adsorption rate [11]. As Zn(ll)

and Cu(ll) ions have approximately the same ioaitius it is expected the same removal
efficiency. Our study shows that the selectivitgueence of metal ions on the unfired clay
pellets is Zn > Cu.

Conclusions

The adsorption efficiency of the unfired clay pedléwhole and half) was tested in order to
remove zinc and copper ions from a waste printiegetbper. The presence of a significant
amount of the small pores (pore radius less tham} was observed in the case of whole
pellet