PROCEEDINGS

OF THE 25th INTERNATIONAL CONFERENGE ON
ECOLOGICAL TRUTH

AAXV

YEARS

Ecolst '17

Editors



UNIVERSITY OF BELGRADE
TECHNICAL FACULTY BOR

o)
L

XXV International Conference

"ECOLOGICAL TRUTH"

Eco-Ist'17
PROCEEDINGS

Edited by
Radoje V. PANTOVIC

and

Zoran S. MARKOVIC

12 — 15 June 2017
Hotel "Breza", Vrnjacka Banja, SERBIA



XXV International Conference
"ECOLOGICAL TRUTH" Eco-Ist'17

PUBLISHER:
UNIVERSITY OF BELGRADE - TECHNICAL FACULTY IN BOR, BOR, MAY 2017

FOR THE PUBLISHER:
DEAN: Prof. dr Nada STRBAC

EDITORS:
Prof. dr Radoje V. PANTOVIC and
Prof. dr Zoran S. MARKOVIC

TECHNICAL EDITOR
Zeljko PAJKIC, MSc.

PRINTED BY:
»HAPPY TREND« Zajecar
Printed: 150 copies

CIP — KaTanoruzanuja y my0auKanuju
Haponna 6ubimotexa Cpouje, beorpan

502/504(082)
613(082)

INTERNATIONAL Conference "Ecological Truth"
(252017 ; Vrnjacka Banja)

Proceedings / XXV International Conference

"Ecological Truth", Eco-Ist '17, 12-15 June 2017,

Vrnjacka Banja, Serbia ;

[organizer] University of Belgrade, Technical Faculty, Bor ;
edited by Radoje V. Pantovic and Zoran S. Markovic. - Bor :
University of Belgrade, Technical Faculty, 2017

(Zajecar : Happy Trend). - XVII, 697 str. : ilustr. ; 26 cm

Tiraz 150. - Bibliografija uz svaki rad. - Registar.

ISBN 978-86-6305-062-4

1. Tehnicki fakultet (Bor)

a) J)KuBoTHa cpeanHa - 3amTuTa - 300pHUII
b) 3npassbe - 3amTura — 300pHULINA

COBISS.SR-ID 236276748




aul
‘

1

\":’

b
i

ORGANIZER:

UNIVERSITY OF BELGRADE - TECHNICAL FACULTY BOR

Co-ORGANIZERS:

University of Zagreb, Faculty of Metallurgy — Sisak, Croatia

University Christian “Dimitrie Cantemir”, Faculty of Management in
Tourism and Commerce — Timisoara, Romania

University of Pristina, Faculty of Technical Science - Kosovska
Mitrovica, Serbia

Institute for Mining and Metallurgy Bor, Serbia
Institute for Nature Conservation of Serbia — Belgrade, Serbia

Society of Young Researchers — Bor, Serbia

GENERAL SPONSOR:

The Ministry of Education, Science and Technological
Development of the Republic of Serbia



This page is intentionally left blank



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

, COMMITTEES

¥, ‘}‘
‘{ g,!' XXV International Conference
=4 "ECOLOGICAL TRUTH" Eco-Ist'17

HONORARY COMMITTEE

Emeritus Prof. Dr Stevan Stankovic, UB GF Beograd, President
Prof. Dr Ladislav Lazic, Sisak, Croatia

Prof. Dr Zoran Markovic, UB TF Bor

Dr. Petar Paunovic, Zajecar

Prof. Dr Zvonimir Stankovic, UB TF Bor

Mihajlo Stankovic, Rezervat, S. Mitrovica

SCIENTIFIC COMMITTEES

Prof. dr Zoran S. Markovic, President
Prof. dr Radoje Pantovic, Vice President
Prof. dr Nada Strbac,Vice President

International Committee

Prof. dr Hami Alpas, Middle East Tech. Univ. Ankara, (TURKEY)

Prof. dr Gerassimos Arapis, Univ. of Athenas, Athenas, (GREECE)

Prof. dr Roberto E. Villas Boas, Ministerio da scienca, (BRASIL)

Prof. dr Mladen Brncic, Univ. of Zagreb, Zagreb, (CROATIA)

Prof. dr Risto Dambov, Univ. "Goce Delcev" Stip, (FRY MACEDONIA)

Dr. Kremena Dedelyanova, STUMGM Sofia,(BULGARIA)

Prof. dr Genc Demi, Univ. of Tirana, Tirana, (ALBANIA)

Prpf. dr Zoran Despodov, Univ. "Goce Delcev" - Stip, (MACEDONIA)

Doc. dr Natalija Dolic, Univ. of Zagreb, MF, Sisak, (CROATIA)

Prof. dr Antonello Garzoni, Libera Univ. Mediterrannea, Bari, (ITALY)

Doc. dr Irena Grigorova, Univ.of Min.&Geol. "St Ivan Rilski" Sofia, (BULGARIA)
Prof. dr Seref Gucer, Uludag Univ. Facultu of Art and Science, Bursa, (TURKEY)
Prof. dr Violeta Holmes, Univ. of Huddersfield, (UK)

Dr Slavomir Hredzak, Slovak Academy of Science, Kosice, (SLOVAKIA)

Prof. dr Rajko Igic, JSHCC Chicago, (USA)

Prof.dr Totyo Iliev, TU Gabrovo, (BULGARIA)

Prof. dr Milovan Jotanovic, Tehnol. Faculty Zvornik, (B&H)

Dr Florian Kongoli, Flogen Technologies, Inc. (CANADA/USA)

Prof. dr Artem Kolesnikov, D.Mendeleyev Univ.of Chem. Technol. of Russia, Moskow, (RUSSIA)
Dr Marius Kovacs, INCD INSEMEX, Petrosani, (ROMANIA)

Prof. dr Ivan Krakovsky, Charles Univ. Prague, (CZECH REPUBLIC)

v



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Prof. dr Jakob Lamut, Univ.Lj FNT Ljubljana, (SLOVENIA)

Prof. dr Ladislav Lazic, Univ. of Zagreb, MF, Sisak, (CROATIA)

Dr Marcin Lutinsky, Silesian Univ. of Technology, Gliwice, (POLAND)

Dr Borislav Malinovic, Univ. of Banja Luka, Faculty of Technol. (B&H)

Prof. dr Konstantinos Matis, Aristotle Univ. Thessaloniki, (GREECE)

Prof. dr Marius Miculescu, FMTC Timisoara, (ROMANIA)

Prof. dr Mirela Mazilu, Univ. of Craiova, (ROMANIA)

Prof. dr Ivan Nishkov, Univ.of Min.&Geol. "St Ivan Rilski" Sofia, (BULGARIA)
Prof. dr Adila Nuric, Univ. of Tuzla, RGGF Tuzla, (B&H)

Prof. dr Samir Nuric, Univ. of Tuzla, RGGF Tuzla, (B&H)

Prof. dr Guven Onal, Techn. Univ. Istanbul, (TURKEY)

Prof. dr Jelena Pjescic, UCG FMT, Podgorica, (MONTENEGRO)

Prof. dr Helena Prosen, Faculty of Chem. and Chem. Technology, Ljubljana, (SLOVENIA)
Prof. dr Svilen Ratchev, TU Gabrovo, (BULGARIA)

Prof. dr Cipriana Sava, FMTC Timisoara, (ROMANIA)

Prof. dr Slavica Sladojevi¢, Univ. of Banja Luka, TF, Banja Luka, (B&H)

Prof. dr Petr Solzhenkin, Russian Academy of Science, Moskow, (RUSSIA)
Prof. dr Natalia Shtemenko, DN Univ. "Oleg Goncar", Dnepropetrovsk, (UKRAINE)
Prof. dr Nada Sumatic, Faculty of Forestry, Banja Luka, (B&H)

Prof. dr Barbara Tora, Academy GH Krakow, (POLAND)

Prof. dr Darko Vuksanovic, UCG FMT, Podgorica, (MONTENEGRO)

Prof.dr Jim Yip, College of Science& Technology Salford, (UK)

Prof. dr Jacques Yvon, ENSG Nancy, (FRANCE)

Local Committee

Prof. dr Grozdanka Bogdanovic, UB TF Bor
Dr Dejan Petrovic, UB TF Bor

Dr Dragana Randjelovic, UB RGF Belgrade
Doc. dr Mile Dimitrijevic, UB TF Bor

Prof.dr Dejan Filipovic, UB GF Belgrade

Prof. dr Predrag Jaksic, UNI PMF Nis

Prof. dr Djordje Janicijevic, UB TMF Belgrade
Prof. dr Zeljko Kamberovic, UB TMF Belgrade
Dr. Dejan Kozelj, Rakita Exploration,

Dr Dragan Milanovic, IRM Bor

Prof. dr Snezana Milic, UB TF Bor

Prof. dr Zoran Milosevic, UNI MF Nis

Prof. dr Maja Nikolic, UNI MF Nis

Dr Nina Obradovic, ITN SANU Belgrade

Dr Miroslav Pavlovic, IHTM Belgrade

Prof. dr Slavisa Putic, UB TMF Belgrade

Prof. dr Ivica Radovic, UB FB Belgrade
Prof.dr Vesela Radovic, UB IRM, Belgrade
Prof. dr Ivica Ristovic, UB RGF Belgrade
Prof. dr Mirjana Rajcic-Vujasinovic, UB TF Bor
Prpf.dr Dejan Riznic, UB TF Bor

Doc dr Novica Staletovic, FEZZS Belgrade
Prof. dr Nenad Stavretovic, UB FF Beograd
Prof. dr Snezana Serbula, UB TF Bor

VI



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Prof. dr Jasmina Stevanovic, IHTM Belgrade

Dr Dejan V.Stojanovic, UNS Inst.for lowland forestry Novi Sad
Dr Mirjana Stojanovic, ITNMS Beograd

Prof. dr Marina Stamenovic, Belgrade Polytechnic, Belgrade
Prof. dr Dejan Tanikic, UB TF Bor

Prof. dr Milan Trumic, UB TF Bor

Prof. dr Maja Vukasinovic- Sekulic, UB TMF Belgrade

Prof. dr Nenad Vusovic, UB TF Bor

Prof. dr Miodrag Zikic, UB TF Bor

PROGRAM COMMITTEE

Prof. dr Radoje Pantovic, UB TF Bor

Prof. dr Zoran S. Markovic, UB TF Bor

Prof. dr Snezana Serbula, UB TF Bor

Prof. dr Mirjana Rajcic-Vujasinovic, UB TF Bor
Dr Dejan Stojanovic, UNS Novi Sad

Dragan Randjelovic, Spec. MBA

ORGANIZING COMMITTEE

Prof. dr Radoje V. Pantovic, President
Prof. dr Zoran S. Markovic, Vice President
Prof. dr Snezana Serbula, Vice President
Prof. dr Dejan Tanikic

Doc. dr Dejan Petrovic

Doc. dr Sasa Stojadinovic

Doc dr Jovica Sokolovic

Predrag Stolic

Dragan Randjelovic, Spec. MBA

Dobrinka Trujic

VII



This page is intentionally left blank



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

TABLE OF CONTENTS

PLENARY LECTURE

Pasqua L’Abbate, F. Manfredi
ASSESSMENT OF THE ENVIRONMENTAL IMPACT OF AN ITALIAN
TEXTILE PRODUCT WITH THE LCA METHOD.........cccootitiieieieiisiecteee ettt eeesie e

Snezana Grujic, S. Urosevic, G. Kokeza
INDUSTRIAL COMBUSTION AS A SOURCE OF AIR POLLUTION........ccccectnmueveenrerenennn.

Miroslav M. Pavlovic, S. Erakovic, V. Panic,

M. R. Pantovic Pavlovic, S. Stopic, B. Friedrich

ELECTROCHEMICAL CHARACTERIZATION OF Lag Sry 4CoO; AND

LagSry 4CoO; DOPED WITH RuO, POWDERS AS THE NEXT

GENERATION SUPERCAPACITORS.......ooootieteeeeeeeeee ettt eneeeaeenns

Goran Roglic, B. Dojcinovic, B. Obradovic, M. Kuraica
NONTHERMAL PLASMA IN WATER TREATMENT .......cccomiiiiiinieinneiteneereiecneeeeeeee,

Jelena Tomicevic - Dubljevic
MANAGING PROTECTED AREAS: NEW APPROACH TO PROTECTED
AREA MANAGEMENT — THE ROLE OF THE LOCAL PEOPLE..........cccccooeieieieieeieennen,

PROTECTION AND PRESERVATION OF NATURAL RESOURCES

Mihajlo Stankovic
AN OVERVIEW OF THE Macrocrustacea (Invertebrates-Arthropoda)
IN SPECIAL NATURE RESERVE ZASAVICA......ccooiiiiiiiiiiincnenenenteeceeececteneeaeneeneen

Serap Kirmizi, G. Guleryuz, H. Arslan, M.Bayrak
COMBINATIONAL DORMANCY AND STORAGE BEHAVIOUR OF ENDEMIC
Hypericum adenotrichum SEEDS IN RELATION TO ex situ CONSERVATION.....................

Orhideja Strbac, Z. Gavrilovic, M. Stupar
THE CONFIRMATION OF Iris spuria L. AT ,MALI VRSACKI RIT”.......ccccervrrirrerrrirenrnnnn.

Orhideja Strbac, M. Vucanovic, M. Stupar
THE EVIDENCE OF CANIS LUPUS AT “VRSAC MONTANTAINS”.....c.ooveeieeeeeeeeeeienne

Vanja Markovic, K. Zoric, M. Ilic, N. Marinkovic,

S. Djuretanovic, A. Miloskovic, N. Radojkovic

A CONTRIBUTION TO THE KNOWLEDGE ON THE DISTRIBUTION OF NATIVE
CRAYFISH Austropotamobius torrentium (SCHRANK, 1803) IN SERBIA..........ccoceeerernunnee

IX



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

TECHNOLOGIES, WASTES RECYCLING AND THE ENVIRONMENT

Ladislav Lazic, S. Reskovic, 1. Jandrlic, T. Brlic
DETERMINATION OF THE EMISSIVITY OF COATINGS FOR
PREPARATION OF SAMPLES IN THERMOGRAPHIC TESTINGS.........cooeeieeieeereceene 100

Irena Nikolic, D. Djurovic, 1. Milasevic
PROPERTIES OF ALKALI ACTIVATED SLAG UNDER THE SEAWATER ATTACK....... 108

Marija Sljivic-Ivanovic, M. Egeric, I. Smiciklas, S. Dimovic, M. Jovic
KINETIC STUDY OF Cu(II) AND Zn(II) IONS SORPTION
ONTO RECYCLED CONCRETE ........cooiiiiiiieitieeeeeeeeee ettt eve e nean 113

Biljana Jovanovic, D. Miljkovic, G. Lazic
MONITORING OF HEAVY METALS CONTENT IN SOIL COLLECTED
FROM SMELTER-POLLUTED AREA, SERBIA..........cootiiiieeeeeeeeee et 119

Calamar Angelica, S. Simion, L. Toth, M. Kovacs, A. F. Simion

STUDY ON DETERMINING ACCIDENTAL EMISSIONS OF TOXIC, ASFIXIANT
FLAMMABLE OR EXPLOSIVE GASES, VAPORS AND

DUSTS IN EXPLOITATION OF COOPER ORE.......c..cooiioiiitiiieeeeeeeeeeeeeeeeee e 126

Lorand Toth , A. Calamar, M. Kovacs, S. Simion, A. F. Simion
COLLECTION AND TREATMENT OF LEACHATE FROM LANDFILLS
IN ORDER TO REDUCE POLLUTION LEVELS.......c.oootiotittee e 132

Ivana Jelic, R. Serovic, D. Antonijevic, M. Adzemovic
ENERGY RECOVERY FROM HAZARDOUS WASTE IN
REPUBLIC OF SERBIA — A REVIEW......oooiiiiiiiiieieeeeeeeeeeeeeeeee ettt 137

Jasmina M. Jovanovic Mirkovic, C. Alexopoulos, V. Jevtovic, D. Dejkovic
PREVENTIVE EFFECT OF LIPOIC ACID DURING TOXIC EFFECTS
LEAD OVER DNASE ACTIVITY .ottt ettt e evaeevae v 144

Jasmina Jovanovic Mirkovic, R. Nikolic, G. Kocic, C. Alexopoulos
ANTIOXIDANT ROLE OF GLUTATHIONE DURING ACUTE
INTOXICATION BY CADMIUM.......coiiiiiiiiceieeeeeeeeeee ettt ettt ene e enseeaeeeneens 151

Dusanka Miljkovic, G. Lazic, B. Jovanovic, D. Bozic
BAT TECHNOLOGY IMPACT ON AIR QUALITY IN BOR.......ccoeooiiiiiecieeceeeeeeeeee. 158

Tihomir Kovacevic, A. Bozic, J. Rusmirovic, M. Stamenovic, V. Alivojvodic,

N. Tomic, Z. Kamberovic, A.Marinkovic

EFFECTS OF OXIDIZED NON-METALLIC FILLERS OBTAINED FROM

WASTE PRINTED CIRCUIT BOARDS ON MECHANICAL

PROPERTIES OF POLYESTER COMPOSITES........ctooiiiieetieeeeeeeeeeeeeee et 165



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Mirjana Rajcic Vujasinovic, V. Grekulovic, A. Mitovski, Z. Stevic
ELECTROCHEMICAL BEHAVIOR OF COPPER IN PRESENCE OF
CHESTNUT MACERATE ..ottt st 171

Ivana Smiciklas, Z. Grahek, M. Sljivic-Ivanovic, M. Nodilo, M. Jovic
EQUILIBRIUM STUDY OF Sr*” AND Pb?' IONS SORPTION USING
BONE-APATITE OF VARIOUS VERTEBRATE SPECIES.......c.ccooeoieiieeeeeeeee e 176

Milena Tomic, Lj. Nikolic Bujanovic, Z. Kamberovic, M. Cekerevac,

M. Simicic, M. Zdravkovic

POSSIBILITY OF REMOVAL OF HEAVY METALS AND SELENIUM

FROM WASTEWATER OF THE COPPER SMELTER PLANT,

BOR USING SOLID FERRATE(VI)...ootiiiitieiieiieiieeeiesiesie ettt stesbesteevaesaesaesaesaessesenns 182

Snezana M. Serbula, N.N. Mijatovic, J.S. Milosavljevic, T.S. Kalinovic,

A.A. Radojevic, J.V. Kalinovic, R.M. Kovacevic

METAL(LOID)S CONTENT IN A MEDICINAL HERB GROWN

IN INDUSTRIALLY POLLUTED AREA.......coiiiitiee ettt 189

Uros S. Stamenkovic, 1. Markovic, M. Dimitrijevic, D. Medic
SEM AND EDS INVESTIGATION OF Zn-Sn ALLOYS AS POTENTIAL

HIGH TEMPERATURE LEAD-FREE SOLDER.........coccectiiiiiiitiiiee ittt 196
Marcin Lutynski

OVERVIEW OF GASIFICATION METHODS FOR

LOW QUALITY COAL AND WASTE.....cccotiitiiiiirieeene ettt 202

Dragana Randjelovic

MICROORGANISM ACTIVITY IN MINE SOILS OF BLACK LOCUST

(Robinia pseudoacacia L.) STANDS ON COPPER MINE WASTES

IN BOR, SERBIAL. ...ttt ettt s b bbbt ebe bt e st eseeneebens 207

Viadan Micic, S. Begic, Lj. Tanasic, N. Vukic, J. Budinski-Simendic
SUPERCRITICAL FLUIDS - APPLICATIONS AND ECOLOGICAL IMPORTANCE.......... 214

Jovica Sokolovic, R. Stanojlovic, Z. Stirbanovic

ANALYSIS OF THE INDUSTRIAL RESULTS OF COPPER

SLAG PROCESSING FROM THE RECONSTRUCTED COPPER

SMELTER IN RTB BOR......cooiitiiitiietieeeeeeteeeeeeeee ettt ettt e e eaeeeae e enaeeneeennens 221

Tanja S. Kalinovic, S.M. Serbula, A.A. Radojevic,

J.V. Kalinovic, J.S. Milosavljevic, J.V. Petrovic

LEAVES OF TREES AS A LOW COST MATERIAL FOR DETECTION

OF CuUAND ZnIN THE AILR......oooiiiiioeeeeee ettt ettt e eveeeaeenne s 227

Zoranka Malesevic, M. Papovic, D. Gavrilovski, M. Arsic
TOXICITY OF ESTIMATION METHODS FOR RESIDUAL STRESSES
AND STRESS CORROSION RESISTANCE IN BRASS PRODUCTS........cooeevieeeeiiecreeeneens 235

XI



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Mira Cocic, V. Tasic, S. Devic
DETERMINATION OF THERMAL SHOCK RESISTANCE OF
GLASS FRIT USING NONDESTRUCTIVE TEST METHODS........ccocoiiiieieeeeceecreeeeeee. 242

Dusan Grdic, N. Ristic, G. Toplicic — Curcic, D. Krstic
USAGE OF CATHODE RAY TUBE WASTE GLASS FOR THE PARTIAL
SUBSTITUTION OF AGGREGATE IN CEMENT MORTAR.........cceoitioiiieeeeeeeeeeeeeeaenn 251

Violeta Jakovljevic, M. M. Vrvic
THE POTENTIAL OF Aspergillus niger IN BIODEGRADATION/BIOREMEDIATION
OF ETHOXYLATED OLEYL-CETYL ALCOHOL........cccectiiiiiniinieineeenceeee e 259

Vukoje Vukojevic, D. Cikara, D. Cikara-Anic
POSSIBILITIES OF THE PLASMA TECHNOLOGY APPLICATION
FOR WASTE TREATMENT IN METAL PROCESSING INDUSTRY .....cocovviviiiiereeieeenen. 267

Milos V. Simicic, Lj. N. Nikolic-Bujanovic,

M. Z. Zdravkovic, M. M. Tomic

THE ELECTROCHEMICAL PROPERTIES OF THE BARIUM FERRATE
PLASTIC-BONDED CATHODE FOR SUPER-IRON BATTERY ....cccccereiriineinieee e 275

Ana Simonovic, Z. Tasic, M. Petrovic Mihajlovic,

M. Radovanovic, S. Milic, M. Antonijevic

THE INFLUENCE OF TETRAZOLE COMPOUNDS ON THE

CORROSION BEHAVIOR OF COPPER IN 0.05 M NACL SOLUTION.........ccccevveerieiierenen, 282

Ana A. Radojevic, S.M. Serbula, T.S. Kalinovic,

M.M. Steharnik, J.S. Milosavljevic, J.V. Kalinovic

HAZEL AS BIOMONITOR OF METAL POLLUTION ORIGINATING FROM

COPPER SMELTER AND FLOTATION TAILING PONDS IN THE BOR AREA.................. 289

Ivana Mladenovic-Ranisavljevic, Lj. Takic
INDUSTRIAL POLLUTION OF THE DANUBE
AT THE SITE OF SMEDEREVO.......ccooiiiiiiiiiiiiieeeee ettt 297

M. R. Pantovic Pavlovic, S. Erakovic, M. M. Pavlovic, K. Pantovic Spajic,

V. Panic, M. G. Pavlovic

IN SITU SYNTHESIS OF BIOCOMPATIBLE COMPOSITE LAYER OF
HYDROXYAPATITE/PASSIVE OXIDE SURFACES ON THE MODIFIED TITANIUM......301

SOIL AND WATER CONSERVATION ENGINEERING

Hulya Arslan, U. S. Erdemir, G. Guleryuz, S. Gucer
ELEMENT TRANSPORT IN RUMEX OLYMPICUS BOISS. FROM
ABANDONED TUNGSTEN MINE WORK ..........cooiiiiiiiiiieeeeeteeeeeeeeeete et ene s 307

Gordana Sekularac, M. Jelic, M. Aksic, N. Gudzic, S. Gudzic
QUANTITATIVE INDICATORS OF THE PROCESS OF THE SOIL
EROSION CATCHMENT NAMELESS BROOK, WESTERN SERBIA........c.ccccevvievieireneen. 314

XII



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Gordana Sekularac
CONDITIONS FOR SOIL EROSION OF THE CATCHMENT
OF THE NAMELESS BROOK (WESTERN SERBIA).......cccceitiiiieierieieieieieiesie e 321

Sanela Bozinovic, S. Apostoloy
CORROSION OF METALS IN SOIL —REVIEW.....ccooooiiiiiieeeeeeeeeeee e, 328

Marko llic, V. Presburger Ulnikovic
POSITIVE EFFECTS OF WASTE WATER TREATMENT PLANT CONSTRUCTION
ON THE ENVIRONMENT WITHIN KICEVO MUNICIPALITY .....ccoeiiiiireiiecneeicreeeene 333

Marko Urosevic, M. Stefanovic, N. Zivanovic, Z. Gavrilovic
CLASSIFICATION OF ANTHROPOGENIC SEDIMENTS
IN ORDER TO WATER PROTECTION IN SERBIA........c.coioieiieieeeteeecteereeteeeeeeee e 340

Maja Poznanovic Spahic, S. Sakan, D. Manojlovic, P. Tancic,

S. Skrivanj, J. Kovacevic, S. Petrovic

HEAVY METALS IN SOIL IN SREM (VOJVODINA): CONTAMINATION

LEVEL AND MOBILITY ..ottt ettt eve et eaeevaeneenaeeneeeneeenes 347

Mladen Zdravkovic, M. Popovic, M. Cekerevac,
Lj. Nikolic-Bujanovic, M. Simicic, M. Tomic
POSSIBILITY OF REMOVING LINDANE FROM WATER USING FERRATE(V]).............. 355

NUTRITION AND HEALTH

Marijana Demajo, A.G. Toxopeus, J. Ramirez, A.R. Muifioz
FOOD AVAILABILITY ANALYSIS FOR GRIFFON VULTURE (Gyps fulvus)
IN CADIZ PROVINCE, SOUTHERN SPAIN........coiiitiiitieiieee ettt eaeen 360

Zvezdana Kojic, A. Milovanovic, S. Ristic
GLOBAL AND ENVIRONMENTAL HEALTH - IMPERATIVES
FOR THE 21 CENTURY ...ttt ettt ettt eae ettt easesveeeneenteenseeaneeanas 367

Nenad Zaric, K. Ilijevic, B. Jovancicevic, Lj. Stanisavljevic, I. Grzetic
HONEYBEES (Apis mellifera L.) AS BIOINDICATORS
OF METAL POLLUTION IN SERBIA.......cooiiiiitiieieeee et 375

Nenad Zaric, B. Jovancicevic, I. Grzetic, V. Cejic
METAL CONTENTS OF WHITE, ROSE AND RED WINES FROM SERBIA........................ 380

Slavica Cepic, J. Tomicevic-Dubljevic
CONTRIBUTION OF URBAN GARDENS TO FOOD SECURITY IN
CITIES. A CASE STUDY OF THE CITY OF KRAGUJEVAC.......ccccceveririiereeeeeeieeeeieeenienns 385

Goran Roglic, M. V. Pergal, I. D. Kodranov, M. M. Pergal,

B. P. Dojcinovic, D. Manojlovic

DEGRADATION OF HERBICIDES WITH CHLORINE DIOXIDE:

DEGRADATION EFFICIENCY AND TOXICITY TEST....cccooeoiiimiiniiecneineneeneeesieeeiees 392

X1



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Gordana Milojevic Miodragovic, D. Lukic, S. Bijelovic
COSMETICS, SAFE OR NO?...c..ciiiiiiiieiiieteteet ettt sttt st ettt 400

Ana Cuculovic, M. Cujic, J. Petrovic, S. Goc, R. Cuculovic, D. Veselinovic
RADIONUCLIDE CONTENT IN PREMIXES IN 2015 AND 2016.......cccovveeeeeeeereereeieeienn. 408

WATER SUPPLY AND PROTECTION

Aida Bode, S. Xhulaj, J. Thanasi, E. Dindi
POLLUTANT TRANSPORT IN WATERS AND THEIR PROCESSES........coooiiiiiieeeeene 415

Jovica Sokolovic, S. Perendic, B. Stakic, D. Ciric
IMPROVEMENT OF THE ECONOMIC EFFECT IN COAL MINE
,,VRSKA CUKA” PRODUCTION OF FILTER-ANTHRACITE®.......cciuieeeeeeeeeeeeeeens 429

Sanja Mrazovac Kurilic, V. Presburger Ulnikovic, V. Cibulic,
N. Staletovic, M. Trifunovic
WATER QUALITY MODELING IN LAKES.......ooooiiiieeeeeeeeeeeeeeee e 434

Jelena Velimirovic
THE ROLE OF SCIENCE AND SCIENTIFIC RESEARCH AND DEVELOPMENT

OF WATER MANAGEMENT PROFESSION IN SERBIA........cccooveirmiiiinieneerinieeene e, 439
Marija Prokic

CHARACTERISTICS OF WATER SUPPLY SYSTEM IN NIS

AND QUALITY LEVEL OF DRINKING WATER........ccccoviiiiiiniiineciriceceeereeeenenae 444

Vanja Markovic, K. Zoric, M. llic, A. Atanackovic,

J. Tomovic, B. Vasiljevic, M. Paunovic

A PRELIMINARY ASSESSMENT OF WATER QUALITY OF SOME

SMALLER WATERCOURSES FROM SREM (VOJVODINA, SERBIA)

BASED ON AQUATIC MACROINVERTEBRATES.........oootiiiieeeeeeeeeeeeeeeeveve e 450

ECOLOGICAL MANAGEMENT (LOW, ECONOMY AND STANDARDIZATION)

Slavica Miletic, D. Bogdanovic, D. Milanovic, V. Conic, Z. Stanojevic Simsic
MULTI-CRITERIA ANALYSIS OF THE IMPACT INTERESTED
PARTIES ON ACCESS TO SUSTAINABLE BUSINESS......cooioiiitieeieeeeee ettt 455

Novica Staletovic, S. Mrazovac-Kurilic, M.Sljivic, A. Salkai

MODEL OF ENVIRONMENTAL ASPECTS IMPACT ASSESSMENT

BASED ON RISK ASSESSMENT IN FUNCTION OF EMS

IN ACCORDANCE WITH ISO 14001 ..ottt eveeeneans 463

Natasa Randjelovic, Dragan Randjelovic, Dragana Randjelovic

"TIMOK SCIENTIFIC TORNADO- TNT" - A MODEL FOR SCIENCE

POPULARIZATION AND THE DEVELOPMENT OF COMPETENCIES

THROUGH COOPERATION WITH THE STAKEHOLDERS........ccccceceniininininccneecenienens 478

XIvV



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Branko Protic, M. Lukic, D. Filipovic, B. Lukic
LEGAL AND PLANNING FRAMEWORK FOR NATURE PROTECTION —

COMPARATIVE ANALYSIS OF AUSTRIA AND THE REPUBLIC OF SERBIA.............

Ivana Mladenovic-Ranisavljevic, S. Zerajic
POSSIBILITIES OF IMPROVEMENTS IN MANAGING SUSTAINABLE

DEVELOPMENT OF WATER TRANSPORT ON THE DANUBE............ccccoiviviniiiinne

Vesna Alivojvodic, N. Bukumiric, A. Bozic, B. Nesic, M. Stamenovic
DEVELOPMENT OF UNDERGRADUATE VOCATIONAL PROGRAM

IN THE FIELD OF WASTE MANAGEMENT........cccciiiiiiiiieceereeeeee e

Milos Mihajlovic, D. Milic

ENVIRONMENTAL RESPONSIBILITY IN TRANSITIONAL ECONOMY .......cccccecvueeee

ENVIRONMENTAL IMPACT ASSESSMENT

Mirela Samardzic, O. Galovic, M. Sak-Bosnar
APPLICATION OF A NEW SURFACTANT SENSOR, BASED ON
FUNCTIONALIZED MWCNTs, FOR THE DETERMINATION OF ANIONIC

SURFACTANTS IN MUNICIPAL WASTEWATERS.........c.ccooiiiiiiiiiiiice

Veljko Djukic, Dj. Okanovic, Z. Cizmic
IMPORTANCE OF SAFE DISPOSAL OF ANIMAL BYPRODUCTS

IN ENVIRONMENT PROTECTION......coouiiiiiiiiieinieieiieenee ettt

Ivica Vujcic, S. Masic, M. Medic, M. Timotijevic, M. D. Dramicanin
EFFECT OF GAMMA RADIATION ON THE INACTIVATION

OF AFLATOXIN IN HEMP FLOUR........cociiiiiiiiiiiiicicccece e

Ivica Vujcic, S. Masic, M. Medic, S. Putic, M. D. Dramicanin
GAMMA IRRADIATION OF LEATHER GLOVES IN TERMS

OF CULTURAL HERITAGE PRESERVATION.......c.ccooiiiiiiiiiineencteeee e

Vesna Cvetanovski, Marina Birovijev
BUSINESS GUIDE ACCORDING TO THE LAW ON CHEMICALS

(CHEMICALS RISK MANAGEMENT)......ocoiiiiiiiinieiineeeeee e

Viadanka Presburger Ulnikovic, S. Mrazovac Kurilic,
N. Staletovic, M. Trifunovic, V. Cibulic
THE SYSTEMATIZATION OF CONTAMINATION DEGREE

ASSESSMENT OF SEDIMENTS AND ECOLOGICAL RISK......cccccoviniiiiiniiiiiecneieens

Maja Sremacki, M. Milanovic, I. Mihajlovic, 1. Spanik,
M. Turk Sekulic, J. Radonic, M. Vojinovic Miloradov
RISK ASSESSMENT OF DDT AND METABOLITES IN WASTE

AND SURFACE WATER OF NOVI SAD.....c.ociiiiiiiecieeceeee e

512

519

525

531

536

542

549



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Pasqua L’Abbate
SUSTAINABILITY ANALYSIS OF A PHOTOVOLTAIC
PANEL RECOVERY PROCESS......ccooiiiiiieiiiiniectrteeteeteeeee et 555

Gordana Toplicic Curcic, D. Grdic, N. Ristic, Z. Grdic
COOL ROOFS IN SUSTAINABLE CIVIL ENGINEERING ......cccoooeoiiiiiiieeieeieeeeeeeeeee e 562

Umran Seven Erdemir, S. Gucer
RELIABILITY OFANALYTICAL DATA FOR THE RISK
ASSESSMENT OF ABANDONED MINE ENVIRONMENT.........cooooiiiiiiieeeeeeeeeeereevee 569

Tatjana Cirkovic-Mitrovic, D. Vilotic, Lj. Brasanac-Bosanac,

V. Popovic, Lj. Rakonjac, A. Lucic

MORPHOMETRIC CHARACTERISTICS AS INDICATORS OF QUALITY

OF ONE-YEAR-OLD SEEDLINGS OF Juglans Nigra L.........cccccoiireieiinnieneine e 576

Nebojsa Knezevic, D. Knezevic
CITY BIOMASS-FIRED HEATING PLANT — ENVIRONMENTAL
IMPACT ASSESSMENT .. ...ttt ettt ettt et aeeveeaaeeasesaeeenseereeneens 583

Milan Milenkovic, V. Babic, M. Krstic, T. Jojic Glavonjic, S. Denda
THE NORTH ATLANTIC OSCILLATION (NAO), THE ARCTIC
OSCILLATION (AO) AND FOREST FIRES IN LITHUANIA.........ccooeiiteieieieiereereereee e 589

Sanja Apostolov, S. Bozinovic
TRACE THE MAN TO THE RIVER CONTROL WATER QUALITY
OF MINERAL RESOURCES OF BRESTOVAC SPA.......ooioiieee e 597

Sasa Kalinovic, D. Tanikic, J. Djokovic
THE ENERGY EFFICIENCY OF THE WINDOW, AND ITS DEPENDENCY
ON THE PHYSICAL MODEL OF CONSTRUCTION OF THE WINDOW.......c..ccccovevveenen. 602

Ljiljana Stosic, R. Markovic
MONITORING OF PHOTOCHEMICAL SMOG IN NIS
IN THE FIFTEEN - YEAR PERIOD......c.ccooiiiiiiiiiiiiiicennccteeeete et 609

Jelena Ivaz, P. Stojkovic, D. Petrovic, V. Milic, S. Stojadinovic
ASBESTOS WASTE MANAGEMENT PROCEDURES AT
THE TEHNICAL FACULTY IN BOR.......ooiiiiioiiieeeeeeeeee ettt eaeens 614

Predrag Stolic, A. Peulic, D. Tanikic
THERMOVISION APPLICATION IN TRIAGE PROCEDURES
FOR EMERGENCY ORTHOPEDIC CONDITIONS.......ccoooitiitieeeteeee et 621

Zan Disterlo
INFLUENCE CIVILIAN AIR TRAFFIC ATMOSPHERE TIMOCKE KRAJINEII................. 628

XVI



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

ECO TOURISM AND SUSTAINABLE DEVELOPMENT

Cipriana Sava
ASPECTS REGARDING THE DEVELOPMENT OF ECOTOURISM
IN THE SEMENIC - CARAS GORGES NATIONAL PARK, ROMANIA.......c.cccovueuerenrererenen. 631

Jakob Lamut, M. Debelak, B. Lamut, M. Knap
INOVATION AND SUSTAINABLE DEVELOPMENT.........ccooiiiiiiiiiiieeeee e 638

Ljiljana Stosic Mihajlovic, M. Mihajlovic
URBAN ECOLOGY AND SUSTAINABLE DEVELOPMENT OF CITIES.........ccccceceneennene. 642

Dejan T. Riznic, A. Dukic, D. Durkalic
GREEN MARKETING IN FUNCTION OF ECOTOURISM
AND SUSTAINABLE DEVELOPMENT .....c.coiitiiiiiiiniictnetnteee sttt 649

Milica Mihailovic, A. Djukin, N. Stavretovic
ECOLOGY AND FUNCTIONALITY OF GREEN AREAS
OF THE VILLAGE RAJAC ... oottt eaa et e enreenaeenns 657

Milica Mihailovic, A. Djukin, N. Stavretovic

THE TAXONOMIC ANALYSIS OF THE LAWNS OF SPORTS

AND RECREATION COMPLEX AT IBAR QUAY IN KRALJEVO......ccocvvininirieieienne. 664
Jelena Tomicevic-Dubljevic, M. Vujcic

THE OBSERVED ECONOMIC VALUES OF ECOSYSTEM SERVICES
OF THE PARKS IN THE CITY OF BELGRADE..........ccccoiiiiiiieceeceeeeeees 670

AUTORS  INDEX ..ottt sttt ettt 679

XVl



XXV International Conference " 5'
!
"ECOLOGICAL TRUTH" ECO-IST'17 \{JXV}
=&

12 — 15 June 2017, Hotel "BREZA", Vrnjacka Banja, SERBIA

DEGRADATION OF HERBICIDES WITH CHLORINE
DIOXIDE: DEGRADATION EFFICIENCY AND TOXICITY TEST

Goran Roglic', M. V. Pergal”’, I. D. Kodranov’, M. M. Pergal’,
B. P. Dojcinovic” , D. Manojlovic'

'University of Belgrade, Faculty of Chemistry, Studentski trg 12-16, Belgrade, SERBIA
*University of Belgrade, Institute of Chemistry, Technology and Metallurgy,
Njegoseva 12, Belgrade, SERBIA

“marijav@chem.bg.ac.rs

ABSTRACT

The main objective of this study was to find optimal parameters for degradation of herbicides, such
as nicosulfuron and thifensulfuron-methyl, with chlorine dioxide in deionized water. In order to examine the
optimal parameters, degradation of herbicides was investigated under light or dark conditions with different
amount of chlorine dioxide (5 and 10 ppm), different time of degradation (30 min, 1, 2, 3, 6 and 24 h) and at
different pH values (3, 7 and 9). Degradation efficiency of herbicides was monitored using HPLC-DAD. Acute
toxicity tests were performed for degradation products after the treatment with chlorine dioxide.

Key words: herbicides, chlorine dioxide, HPLC, degradation efficiency, toxicological analysis.
INTRODUCTION

Pesticides are very hazardous pollutants that can persist in the aquatic
environment for many years [1]. Contamination of soil and ground water by pesticides
applied to soil and swept by transport processes such as leaching or runoff is posing an
increasingly serious environmental problem. Besides that, herbicides are one of the most
used groups of organic compounds, especially for treatments in agro- and horticulture
[2]. They are used for weed control in crops. The weed reduces the yield, increases the
cost of agricultural production and can reduce crop quality [3]. The widespread use of
herbicides and pesticides are in general in agricultural and non-agricultural purposes, and
has resulted in the presence of their residues in the various environmental matrices [4].
The land becomes contaminated from the use of herbicides, which are well soluble in
water. They, as well as their degradation products, are washed away and get into ground
waters, thereby contaminating them [5, 6].

Nicosulfuron, chemically defined as  2-[(4,6-dimethoxypyrimidin-2-
yl)carbamoylsulfamoyl]-N,N-dimethylpyridine-3-carboxamide (NS; Figure 1), and
thifensulfuron-methyl, chemically defined as methyl 3-[(4-methoxy-6-methyl-1,3,5-
triazin-2-yl)carbamoylsulfamoyl]thiophene-2-carboxylate (TFSM; Figure 1) are
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sulfonylurea herbicides typically used to control weeds in post-emergence treatments.
Several authors have studied different properties of nicosulfuron pesticide such as its
degradation or its effect in the grown of different vegetables. Adsorption and desorption
of nicosulfuron in soils [7, 8] and clay minerals [9] have been studied.

Accordingly, in order to reduce the harmfulness of pesticide residues, different
treatments are used for their degradation and removal. One way is by using chlorine
dioxide (CIO,) [10]. Chlorine dioxide is a very powerful means for the disinfection and
highly selective oxidizing agent (Eo = 0.936 V), so that it can selectively oxidize specific
functional groups such as phenolic groups, and tertiary amines [11, 12]. It achieves a
very high solubility in water, especially cold. Chlorine dioxide decomposes under the
influence of UV rays, high temperature and pH>12. It should not be stored for a long
time because it slowly dimerizes to chlorine and oxygen. It is suitable for the treatment
of apples, lettuce and the minced meat in order to reduce the microbial activity, for the
degradation of certain drugs, as well as for the removal of pesticides on fresh fruits and
vegetables [13, 14]. In literature there were data for removal of isoproturon, ametryn,
methiocarb, phorate, diazinon and phenylurea pesticides [15, 16, 17, 18]. Chlorine
dioxide is used as a disinfecting/oxidizing agent in the treatment of drinking water. In
comparison with chlorine, it has a stronger antimicrobial activity, and compared with the
ozone and chlorine does not give toxic products such as trihalo-methane, halogen acids
and ketones. The disadvantage of chlorine dioxide is in the fact that chlorine dioxide is
transformed into chlorite and chlorate anion during treatment (about 70% of chlorine
dioxide is transformed in chlorite and 10% in chlorate), which have a negative impact on
human health, because they lead to changes in the red blood cells.

Chlorine dioxide was efficiently used for degradation of sulfonylurea
herbicides: thifensulfuron-methyl and nicosulfuron. This is the first study of degradation
of these herbicides with chlorine dioxide. The objectives of this study were to: a)
investigate and optimize degradation of sulfonylurea herbicides: thifensulfuron-methyl
and nicosulfuron, with chlorine dioxide in deionized water, b) investigate degradation
efficiency of herbicides using HPLC-DAD, and c) examine toxicity of degradation
product of herbicides after chlorine dioxide treatment.

MATERIALS AND METHODS

Nicosulfuron and thifensulfuron-methyl (technical grade, 98%) were both
supplied from Institute for Plant Protection, Belgrade. The pure stock solution of
chlorine dioxide (3 g L) was prepared by mixing sodium chlorite (Superior Water
Disinfection Power, TwinOxide®) and sodium bisulphate (Superior Water Disinfection
Power, TwinOxide®), in 1 L of distilled water. The exact concentration of chlorine
dioxide in the stock solution was quantified using 4500-C10, DPD method according to
the Standard Method [19]. Sodium-thiosulfate (Na,S,0;, p.a., Merck) was used as
received.

Acetonitrile (> 99.9%, Sigma-Aldrich HPLC grade), formic acid (Fluka
analytical HPLC grade,) and water (HPLC grade water, Sigma-Aldrich) were used for
HPLC analysis. Syringe filters (25 mm, PTFE membrane 0.45 pm) were obtained from
Agilent Technologies.
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In all experiments concentration of pesticides was 10 ppm. Pesticides were
dissolved in acetonitrile and then were diluted using ultra-pure water to the desired
concentration. Pesticide solutions were treated with a solution of chlorine dioxide
(concentrations of 5 and 10 ppm). Samples were taken from reaction mixture after 30
min, 1 h, 2 h, 3 h, 6 h and 24 h of degradation, and the reaction is interrupted by
degradation of a standard 0.1 mol dm™ solution of Na,S,0; (in 10 mL of sample was
added approximately 0.3 mL of a solution of Na,S,0;). In order to optimize the
conditions for degradation of pesticides, degradation was investigated in the dark and in
the light, as well as at different pH values (3, 7 and 9). The pH values were adjusted with
sulfuric acid (conc. 98%, Sigma-Aldrich) and sodium-hydroxide (analytical grade
Sigma-Aldrich).

Degradation efficiency of pesticides was monitored using HPLC (Dionex
Ultimate 3000, Thermo Fisher) with photodiode array detection on Hypersil Gold aQ
C18 analytical column (150 mm x 3 mm, 3 um) at 40 °C. Mobile phase consisted of
0.1% formic acid water solution as component A and acetonitrile as component B. The
chromatographic elution was conducted at flow rate of 0.6 ml/min in gradient mode: 5 —
95% B in 8 min. Injection volume was 25 pl. Data analysis was performed with software
Chromeleon, v6.8 (ThermoFisher Scientific, Bremen, Germany). At appropriate time
intervals samples were taken from reaction mixture and quenched using Na,S,0;.
Degradation efficiency was calculated for each sample by the equation:

Py — P

0

* 100

r’:

where m was degradation efficiency (%); P, was peak area of initial pesticide
concentration; Pt (mAU/min) was peak area of residual pesticide concentration.

Acute toxicity tests with Daphnia magna were performed according to
standardized guidelines OECD 202 [20] with temperature 21+1 °C and photoperiod of
16 h light/8 h dark. Five Daphnia magna neonates not older than 24 h were placed in
each vessel with 25 ml of the tested medium (dilution medium was prepared according to
the standard method ISO 6341). Acute toxicity tests were performed in borosilicate
glasses with control and five test dilutions (6.25%, 12.5%, 25%, 50%, and 100%) with
four replicates per dilution. Neonates were not fed during the exposure. Endpoint was the
mortality of neonata. Toxic effect for each sample was expressed as the percentage of
mortality. Tests were considered valid if the mortality in the control did not exceed 10
%. Immobilization of the neonates was observed after 24 and 48 h, and the results were
compared to the control. The LCs, (lethal concentration which causes mortality of test
organism by 50%) values with 95% confidence intervals were estimated by regression
model: Spearman—Karber using TesTox software, version 1.0. We have analyzed the
degradation products of herbicides after 24 h of treatment of chlorine dioxide.
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Figure 1. Chemical structure of the herbicides
RESULTS AND DISCUSSION

In view of the increasing usage of chlorine dioxide in water treatment it is
important to investigate its reactivity with common organic contaminants, such as
pesticides. Optimization of chlorine dioxide dosage, different time of degradation and at
different pH values of solutions were performed in system with deionized water.
Chlorine dioxide was added in deionized water solution of pesticide. Concentration of
pesticide was 10 ppm.

The percentage of degradation was monitored by HPLC analysis on the basis of
the pesticide peak area reduction after degradation compared to the peak area of the
pesticides prior to degradation.

Analysis of nicosulfuron samples showed that at a concentration of 5 ppm ClO,,
high efficiency of degradation was not achieved in the dark or in the light (in the dark,
after 24 h, 48.47%; in the light, after 24 h, 64.27%) (Figure 2. A), whereas at a
concentration of 10 ppm ClO, good efficiency of degradation also wasn’t achieved in the
dark (64.92% after 24 h). However good degradation efficiency was achieved in the light
(after 24 h, 89.03%) (Figure 2. A). The results showed that the best degradation
efficiency of 92.89% was achieved after 6 h at pH=3, at a concentration of 5 ppm ClO,,
while at the same pH and at a concentration of 10 ppm CIO, slightly lower efficiency of
the degradation was achieved (87.44%). On the other pH values, 7 and 9 and at a
concentration of 5 ppm ClO,, satisfactory degradation efficiency was not observed (at
pH=7, after 24 h, 67.57%; at pH=9, after 24 h, 59.24%) (Figure 2. B), but at a
concentration of 10 ppm ClO,, at pH 7 and 9 somewhat higher degradation efficiency
was achieved (at pH=7, after 24 h, 82.25%; at pH=9, after 24 h, 83.19%) (Figure 2. B).
Degradation products analysis and their toxicity evaluation was done using NS sample
with the best degradation efficiency, e.g. by treating NS sample with 5 ppm CIO, at
pH=3 during 6 h.
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Figure 2. Degradation efficiency of nicosulfuron: at concentrations 5 and 10 ppm ClO,
under light and dark (A) and at different pH values (B)

Analysis of TFSM samples showed that at a concentration of 5 ppm ClO, in the
dark high efficiency of degradation was not achieved, while in the light at the same
concentration of chlorine dioxide, somewhat better efficiency of degradation was
alhieved, but it was still not satisfaltory (in the dark, after 24 h, 34.38%; in the light,
after 24 h, 50.83%) (Figure 3. A). At a concentration of 10 ppm ClO, in the dark,
efficiency of the degradation was not satisfactory, while in the light good degradation
effilaly was alhieved (in the dark, after 24 h, 46.75%; in the light, after 24 h, 73.18%)
(Figure 3. A). Satisfactory degradation efficiency was not achieved at all observed pH
values and at a concentration of 5 ppm ClO, (at pH=3, after 24 h, 55.86%; at pH=7, after
24 h, 36.96%; at pH=9, after 24 h, 46.29%) (Figure 3. B). However, at a concentration of
10 ppm ClO, and at all pH values relatively good degradation efficiency was achieved,
but lower compared to degradation of TFSM with ClO; in the light (at pH=3, after 24 h,
67.23%; at pH=7, after 24 h, 61.36%; at pH=9, after 24 h, 67.26%) (Figure 3. B).
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Figure 3. Degradation efficiency of thifensulfuron-methyl: at concentrations 5 and 10
ppm ClO, under light and dark (A) and at different pH values (B)
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For analysis of degradation products and their toxicity, sample with best
degradation efficiency was used, i.e. TFSM sample treated with 10 ppm ClO, after 24 h
without pH value adjustment.

For the same samples ecotoxicological analysis was performed using Daphnia
Magna. The data obtained indicate that degradation products of the NS sample, as well
as TFSM sample have lower toxicity than the starting herbicides and may be classified in
a category III (Toxic unit (TU) = 1-10; TU = 1/LCs) (Table 1), as acute toxic on a scale
fromIto V [21].

Table 1. Results of toxicity of degradation products of the herbicides

Sample LCsy ( %, v/v) 48h
NS: 10 ppm NS + 5 ppm CIO, + pH=3 + 6 h 78.92
TESM: 10 ppm TFSM + 10 ppm CIO, + light + 24 h 73.56
CONCLUSION

Degradation of sulfonylurea herbicides, nicosulfuron and thifensulfuron-methyl
(10 ppm) was studied in deionized water under light and dark conditions with different
dosage of chlorine dioxide, different time of degradation and at different pH values of
solutions. It was found that the degradation of herbicides with chlorine dioxide happens
in the dark and in the light and at all pH values. The most efficient degradation of TFSM
was obtained in the light at a concentration of 10 ppm of ClO,, and it was 73%, while in
the case of NS the most effective degradation was achieved at concentration of 5 ppm of
ClO, at a pH=3 and it was 93%. Toxicological analysis showed that the resulting
degradation products of herbicides have lower toxicity compared to the starting
herbicides and may be classified in a category III, as well as acute toxic on a scale of I to
V. Further research will tend to reducing of toxicity.
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