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PREFACE

The 31% international conference Ecological Truth & Environmental Research — EcoTER 24
focuses on showing the latest research findings and innovations in the field of ecology,
environmental protection and sustainable development. The conference will be held in
Sokobanja (Serbia) in hotel Sunce in the period of 18-21 June 2024.

The aim of the conference is to connect the experts in various fields in order to transform
attitudes and behaviors in everyday practices, as well as in the industry and economy sector
which is essential for achieving the desired changes that our society must undergo.

The 31% international conference Ecological Truth & Environmental Research — EcoTER 24
is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology; the University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica; the University of Zagreb, Faculty of Metallurgy —
Sisak; the University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Society of Young Researchers — Bor.

These Proceedings encompass 119 papers from the authors coming from the universities,
research institutes and industries in 15 countries: Brazil, Norway, USA, Spain, Austria,
Libya, Italy, Israel, Slovenia, Croatia, Romania, Bulgaria, Montenegro, Bosnia and
Herzegovina, North Macedonia, and Serbia. It is a great honor and pleasure to cordially wish
a warm welcome to all the participants of the conference.

As a part of this year's conference, the 6™ Student Section — EcoTERS24 will be held. We
appreciate the contribution of the students and their mentors who have also participated in
the conference and hope that students will continue to explore and to be curious, since
education is a never-ending process, and knowledge is continuously growing.

The organization of the EcoTER 24 conference has been financially supported by the Ministry
of Science, Technological Development and Innovation of the Republic of Serbia.

The support of the Donors and their willingness and ability to cooperate has been of great
importance for the success of the EcoTER 24 conference. The organizing committee would
like to extend their appreciation and gratitude to the Platinum donors of the conference —
Serbia ZiJin Copper doo Bor and HBIS SERBIA, to the Gold donor of the conference — Elixir
Group, as well as to the Silver donor of the conference — Serbian Chamber of Engineers.

We would like to express our sincere appreciation to all the authors who have contributed to
the Proceedings. We would also like to express our gratitude to the members of the scientific,
organizing and honorary committees, reviewers, speakers, chairpersons and all the
conference participants for their support of the EcoTER24. Sincere thanks go to all the
people who have contributed to the successful organization of the EcoTER 24.

Prof. Snezana Serbula,

President of the scientific and organizing committee

Xi



. 315 International Conference Ecological Truth
N T ’ 2
oy e S E R 4 & Environmental Research
e 3 R LA 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

www.eco.tfbor.bg.ac.rs

TABLE OF CONTENTS

Plenary Lectures

Branko Bugarski

ELECTROSTATIC DISPERSION OF POLYMER SOLUTIONS IN THE
PRODUCTION OF MICROGEL BEADS CONTAINING BIOCATALYST 1

Anupama Ghosh, M. R. Del Grande, L. T. Teixeira, S. Letichevsky, C. A. Senna,

M. D. Carbajal Ccoyllo, J. F. Chaves e Silva, V. C. Gois de Oliveira, R. N. Correia

de Siqueira
HEAT TREATMENT OF IRON-ADSORBED FUNCTIONALIZED
NANOCELLULOSE FIBERS IN ORDER TO SYNTHESIZE HYBRID
INORGANIC-CARBON MATERIAL 8

Alena Bartonova

ENVIRONMENTAL PROTECTION: WHY IS EUROPE’S AIR (MOSTLY)
SO CLEAN? 14

Invited Lectures

Nevenka Rajié, J. Pavlovi¢

APPLICATION OF NATURAL ZEOLITE — CLINOPTILOLITE IN WATER
TREATMENT BY ADSORPTION AND PHOTOCATALYSIS 17

Dusan Nikolié, A. Tasi¢

THE EUROPEAN PERCH (Perca fluviatilis) AS AN INDICATOR OF OCPs
POLLUTION IN DIFFERENT TYPES OF RESERVOIRS IN SERBIA 24

Jelena Koracé Jacié, M. R. Milenkovié, D. Bartolié

DEGRADATION OF TETRACYCLINE ANTIBIOTICS IN AQUATIC
ENVIRONMENT BY UV IRRADIATION AND FERRIC ION PHOTOLYSIS 30

Conference Papers

Environmental monitoring and impact assessment

Aleksandra Papludis, S. Alagi¢, S. Milié, J. Nikolié, 1. Zlatanovié, S. Jevtovié,
V. Stankov Jovanovié

NAPHTALENE SCREENING IN BOR’S MUNICIPALITY BASED ON ITS
CONCENTRATIONS IN LEAVES AND STEMS OF Hedera helix L. 38

Darko Andelkovié, M. Brankovié

APPLE PEEL AS A BARRIER TO PESTICIDES MIGRATION INTO
DEEPER FRUIT PARTS 43

Xii



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Darko Andelkovié, M. Brankovié

PERFORMANCES OF QUuUEChERS BASED GC-MS AND LC-MS/MS
METHODS FOR PESTICIDES ANALYSIS IN APPLES

49

Darko Andelkovié, M. Brankovié

COMPARISON OF PESTICIDES STABILITY STORED IN TWO
SOLVENTS OF DIFFERENT VISCOSITY

55

Milena Tadié, I. Nikolié, D. Durovié, N. Cupara, J. Vukovi¢

TRIHALOMETHANES CONTENT IN HOTEL'S SWIMING POOLS
WATER IN A SOUTH OF MONTENGRO

61

Jelena Vrankovié, K. Jovicié¢, V. Dikanovié

FIRST LINE DEFENCE ANTIOXIDANT ENZYMES IN Blicca bjoerkna
(LINNAEUS, 1758) FROM THE BELGRADE SECTION OF THE DANUBE
RIVER

66

Miomir Mikié, R. Markovié, V. Marjanovié, R. Rajkovié, M. Jovanovié
RECULTIVATION OF RTH FLOTATION TAILINGS IN BOR, SERBIA

71

Miomir Mikié, V. Marjanovi¢, R. Markovié, M. Jovanovié, R. Rajkovié¢

MINING AND THE ENVIRONMENT, ENVIRONMENTAL IMPACT
MONITORING PROGRAM FOR FLOTATION TAILING RTH-BOR,
SERBIA

77

Vesna Obradovié, M. Perovié, T. Vuckovié¢

EVALUATING CORROSION AND BIOFOULING POTENTIAL BASED
ON GROUNDWATER MICROBIOLOGICAL COMPOSITION

83

Vesna Obradovié, M. Perovié, J. Lekié¢

EVALUATION OF CORROSION POTENTIAL USING
PHYSICOCHEMICAL WATER QUALITY ASSESSMENT

89

Jelena Canak Atlagié, A. Marié, K. Jovic¢ié, J. Stankovié, V. Dikanovié, T. Mitié,
M. Rakovié
QUESTIONING THE RESILIENCE OF THE DANUBE FISH FAUNA
UNDER THE PRESSURE OF BELGRADE WASTEWATERS

95

Vladan Marinkovié, M. Maksimovié, M. Jovanovié, S. Trujié¢

MONITORING OF THE STATE OF THE ENVIRONMENT IN THE BOR
DISTRICT, GIVEN THROUGH THE EXAMPLE OF THE DISTRIBUTION
OF Pb IN THE SOIL LOCATED IN THE IMMEDIATE VICINITY OF THE
BOR RIVER

101

Mirjana Ocokoljié, Dj. Petrov, N. Galeci¢, D. Skocajié, D. Vujicié, J. Cukanovié,
1. Simovié
EFFECTIVENESS OF Photinia x Fraseri 'RED ROBIN' IN THE URBAN
LANDSCAPE: TOWORDS OF CLIMATE CHANGE

106

Mirjana Ocokoljié, Dj. Petrov, N. Galeci¢, D. Skocajié, D. Vujicié, J. Cukanovié,
1. Simovi¢é
Chaenomeles japonica (Thunb.) Lindl. ex Spach IN THE DESIGN OF URBAN
PARKS: LEARNING FROM NATURE

113

Xiii



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Mirjana Ocokoljié, J. Cukanovié, Dj. Petrov, N. Galecié¢, D. Skocajié, D. Vujic¢ié,
1. Simovié

Parthenocissus quingefolia L.: PHENOMONITORING IN BLUE-GREEN
INFRASTRUCTURE OF BELGRADE AND NOVI SAD

119

Bojana Tubié, J. Duknié, K. Zorié, N. Popovié, N. Marinkovié, M. Paunovié,
M. Rakovié

EFFECTS OF THE IRON GATE DAMS ON THE BENTHIC
MACROINVERTEBRATE COMMUNITY

126

Danica Bogdanovié, T. Andelkovié, 1. Kosti¢ Kokié, M. Milovanovié

GC-MS QUANTITATIVE DETERMINATION OF PHTHALATES IN PVC
ARTICLES INTENDED FOR CHILDREN'S USE

132

Danica Bogdanovié, T. Andelkovié, 1. Kosti¢ Kokié, M. Milovanovié

OPTIMIZATION OF LIQUID-LIQUID PHTHALATES EXTRACTION
FROM ARTFICIAL SALIVA

138

Danica Bogdanovié, T. Andelkovié, 1. Kosti¢ Kokié, M. Milovanovié

MIGRATION OF DI-2-ETHYLHEXYL PHTHALATE AND DI-N-OCTYL
PHTHALATE FROM PVC ARTICLES TO ARTIFICIAL SALIVA

144

Daliborka Stankovié, D. Z. Rajkovié, M. Rakovié, S. Skorié

HAEMOSPORIDIAN PARASITES IN LONG-EARED OWLS WINTERING
IN BANAT, SERBIA

150

Nenad Zarié, 1. Hotea, A. Lato, M. Zarié, F. Crista

UNVEILING PESTICIDE CONTAMINATION IN TRANSBOUNDARY
WATERS: A CASE STUDY OF SERBIA AND ROMANIA

156

Nenad Zarié, F. Crista, A. Berbecea, I. Hotea, L. Crista, M. Zari¢

COMPARATIVE  ANALYSIS OF PESTICIDE RESIDUES IN
AGRICULTURAL SOILS OF SERBIA AND ROMANIA

160

Milica Velickovié, D. Voza

THE RELATIONSHIP BETWEEN PMj;; AND METEOROLOGICAL
PARAMETERS CLOSE TO THE MINING AREA

164

Biljana Budzakoska Gjoreska, S. Trajanovski

MACROZOOBENTHOS COMMUNITY AND ECOLOGICAL STATUS IN
PRESPA LAKE (OTESHEVO, STENJE AND EZERANI) IN SPRING 2022

169

Suzana Patcheva, J. Leshoski, E. Veljanoska Sarafiloska

PHYTOPLANKTON COMMUNITY AS BIOINDICATOR OF WATER
TROPHIC STATE IN LAKE PRESPA

176

Boris Novakovié¢, M. Rakovié

EARLY, LATE AND OUT-BREEDING SEASON BIRD SINGING -
EFFECTS OF CLIMATE CHANGE?

183

Boris Novakovié¢, M. Rakovié

THE USE OF HOA (HEMIPTERA-ORTHOPTERA-AVES) INDICATORS
TO FORMULATE THE SERBIAN CLIMATE CHANGE INDEX (Scci)

189

Xiv



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

4na Marié, V. Nikolié¢, D. Skraba Jurlina, V. Sokolovié, D. Mili¢ié, T. Karan
Znidarsic, T. Kanjuh, P. Simonovi¢
ASSESSMENT OF NON-NATIVE SPECIES IMPACT ON FISH
DIVERSITY IN THE CELIUE RESERVOIR: IMPLICATIONS FOR
CONSERVATION AND MANAGEMENT

194

Ivan'a Jelié, A. Savié, T. Miljojcié, M. Ra[kovié, M. Jankovié, N. Sarap, S. Dimovié,
M. Curci¢, V. Stanié, D. Antonijevi¢, M. Sljivié-Ivanovié
THE IMPACTS OF WASTE MATERIALS UTILIZATION IN LIQUID
RADIOACTIVE WASTE SOLIDIFICATION BY MORTAR MATRIX

200

Stefan Dordievski, M. Dukié, A. Petrovié, D. Adamovié, J. Petrovié, Lj. Leki¢

INSIGHTS FROM THE DAILY MONITORING OF WATER QUALITY
PARAMETERS IN CEROVO RIVER NEAR BOR CITY IN OCTOBER 2023

206

NataSa Kojadinovié, S. Duretanovié, A. Miloskovié, M. Radenkovié, M. Jakovljevic,
T. Veli¢kovié¢, M. Nikolié, V. Simi¢
FISH DIVERSITY ASSESSMENT OF THE IBAR RIVER: A 20-YEAR
PERSPECTIVE

212

Milanka Negovanovié, L. Kricak, S. Milanovié, N. Simié, J. Majstorovi¢

APPLICATION OF EXPANSIVE MORTARS FOR THE FORMATION OF
ARTIFICIAL SCREENS DURING BLASTING IN URBAN AREAS

216

Sneiana Serbula, T. Kalinovié, A. Radojevié, J. Kalinovié, J. Jordanovi¢
AIR POLLUTION IN THE BOR REGION FROM 1994 TO 2023

225

Irena Blagajac, 1. SamardZié

CAUSES OF FLOODING AND MEASURES TO MITIGATE THE
CONSEQUENCES — CASE STUDY OF RAKOVICA MUNICIPALITY
(BELGRADE, SERBIA)

Urban and industrial ecology

Zarko Radovié, N. Tadié

231

SIMULATION OF THE EAF DUST RECYCLING 240
Mirko Gojié, S. KoZuh, I. Ivanié, D. Dumencié¢

DEVELOPMENT OF METALLURGY AND ENVIRONMENTAL

PROTECTION IN THE REPUBLIC OF CROATIA IN THE PERIOD FROM

1900 TO 2020 246

Air, water and soil pollution, prevention and control

Visa Tasi¢, T. Apostolovski-Truji¢, V. Kamenovié, B. Radovié, 1. Zlatkovié,
N. Risti¢, Z. Damnjanovi¢

APPLICATION OF LOW-COST NETWORK FOR  URBAN
MICROCLIMATE AND AIR QUALITY MONITORING

251

XV



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Nebojsa Tadi¢, Z. Radovic, A. KneZevi¢
ANALYSIS OF THE INFLUENCE OF NATURAL GAS COMPOSITION
AND EXCESS AIR COEFFICIENT ON COMBUSTION PRODUCTS

258

Aleksandar Jovanovié, N. KneZevié, M. Bugarci¢, J. Petrovié, M. Sokid,
M. Stevanovié, A. Marinkovié

INVESTIGATION OF MULTI-CYCLE USAGE OF
NANOPHOTOCATALYSTS IN DEGRADATION OF THIOPHANATE-
METHYL

265

Vesna Obradovié, M. Perovié, P. Pajié

PHYSICO-CHEMICAL AND MICROBIAL ANALYSIS IN SELECTED
GROUNDWATER IN SERBIA

270

Silvia Dimova, K. Zaharieva, O. Dimitrov, P. D. Petrov, H. Penchev
METHATHESIS SYNTHESIZED OLIGOMERIC

POLYPHENYLACETYLENE AS STERIC STABILIZER OF CARBON
NANOTUBES/PLANT EXTRACT SYNTHESIZED ZINC OXIDE HYBRIDS

276

Miljan Markovi¢, M. Gorgievski, N. Strbac, V. Grekulovié, M. Markovié,
K. BoZinovié, D. Jovanovié
EQUILIBRIUM ANALYSIS OF COPPER IONS BIOSORPTION ONTO
HAZELNUT SHELLS

282

Vesna M. Marjanovié, R. Markovié, D. BoZié¢
CALCULATION OF CALCIUM OXIDE CONSUMPTION IN THE MINE

WASTEWATER TREATMENT FROM INACTIVE OPEN PITS OF THE
COPPER MINE

287

Marina Markovié, M. Gorgievski, N. Strbac, V. Grekulovié, M. Markovié,
M. Zdravkovié, D. Jovanovié
THERMODYNAMIC ANALYSIS AND INFLUENCE OF THE pH VALUE
ON THE BIOSORPTION OF COPPER IONS ONTO HAZELNUT SHELLS

294

Jelena Koraé Jacié, D. Bartoli¢, M.R. Milenkovié

THE IMPACT OF FERROUS AND FERRIC IONS ON DEGRADATION OF
ANTIHYPERTENSIVE DRUG DIHYDRALAZINE IN IRON-BASED
FLOCCULATION AND COAGULATION METHODS FOR WASTE
WATER TREATMENT

299

Berina Sejdinovié¢
OILY WASTEWATER

305

Vesela Radovié, S. Krnjajic, S. Stankovié, V. Tomié, G. KneZevi¢

ENVIRONMENTAL RISKS CAUSED BY THE POLLUTION FROM
AGRICULTURAL PLASTICS — A BRIEF STATE OF ART

311

Marija Koprivica, J. Dimitrijevi¢, J. Petrovié, M. Ercegovié, M. Simi¢
COMPARISON BETWEEN HYDROCHAR AND ITS ALKALI MODIFIED
FORM IN THE REMOVAL OF Cd(Il) IONS FROM AQUEOUS SOLUTION

317

XVi



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Milena Pijovi¢ Radovanovié, M. Seovié, 1. Perovié, N. ZdolSek, J. Georgijevic,
P. Lausevié, S. Brkovié

EFFICIENT REMOVAL OF RHODAMINE B FROM AQUEOUS
SOLUTIONS USING CARBONIZED WASTE CAR TIRES:
CHARACTERIZATION AND ADSORPTION STUDIES

323
Svetlana Butulija, J. Maletaski¢, B. Todorovi¢, G. Brankovié, A. Krstié,
R. Mihailovi¢, B. Matovi¢
SYNTHESIS, CHARACTERIZATION AND ADSORPTION POTENTIAL
OF CORN COB-DERIVED ACTIVATED CARBON 329
Vladan Nedelkovski, S. Stankovié, D. Medi¢, D. Buzdugan, 1. Hulka, S. Milié,
M. Radovanovié
PHOTOCATALYTIC PROPERTIES OF C-ZnO NANOPARTICLES
SYNTHESIZED via MECHANOCHEMICAL METHOD 335
Aleksandar Zdravkovi¢, M. Nikoli¢, D. Markovi¢ Nikolié, D. Stojadinovié,
G. Petkovié, T. Nikoli¢
EQUILIBRIUM AND THERMODYNAMICS OF NITRATE SORPTION BY
MODIFIED ZEOLITE FROM AQUEOUS SOLUTION 341
Aleksandar Zdravkovié, M. Nikolié, D. Markovié Nikolié, D. Stojadinovié, 1. Ristié,
T. Nikoli¢
POTENTIAL USAGE OF OAT STRAW FOR ANIONS REMOVAL FROM
WATER: A KINETIC STUDY 348
Aleksandar Zdravkovié, M. Nikolié, A. Pavlovié, D. Markovi¢ Nikolié, G. Petkovié,
T. Nikoli¢
ULTRASOUND-ASSISTED EXTRACTION OF ACETAMIPRID FROM
POLLUTED SOIL 354
Katerina Zaharieva, B. Barbov
PLANT-MEDIATED SYNTHESIS AND PHOTOCATALYTIC
INVESTIGATIONS OF Ce0,-ZnO COMPOSITES 358
Milena Milosevi¢, M. Abdualatif Abduarahman, M. M. Vuksanovié, Z. Velickovic,
N. KneZevié, B. Najdanovié, A. Marinkovié
CELLULOSE BASED MEMBRANE FOR CATIONIC POLLUTANTS
REMOVAL FROM WATER 363
Milena MiloSevié, A. Marinkovié, M. M. Vuksanovié, Z. Velickovi¢, 1. Purickovié,
B. Najdanovié, N. KneZevi¢
HEMP MODIFIED WITH BETAINE AS A GREEN AND EFFICIENT
ADSORBENT FOR REMOVAL OF ANIONIC DYES FROM WATER 369
Nevena SurudZi¢, M. Spasojeviéc, M. Crnoglavac Popovié, M. Stanisié,
R. Prodanovié, O. Prodanovié
PHENOL REMOVAL FROM WASTEWATER WITH HORSERADISH
PEROXIDASE IMMOBILIZED BY PERIODATE METHOD ONTO NOVEL
MACROPOROUS POLY(GMA-CO-EGDMA) CARRIERS 375

Xvii



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Miljana Radovi¢ Vucié, N. Velinov, J. Mitrovi¢, S. Najdanovié, M. Petrovié,
M. Kostié, A. Bojié
MODIFIED ACTIVATED WOOD SAWDUST  AS GREEN
ENVIRONMENTAL-FRIENDLY CATALYST FOR TREATMENT OF

PHARMACEUTICAL EFFLUENT 381
Jelena Mitrovié, M. Radovié¢ Vucié, N. Velinov, S. Najdanovié, M. Kostic,
M. Petrovié, A. Bojié
ADVANCE OXIDATION OF TEXTILE DYE BY ACTIVATED
HYDROGEN PEROXIDE WITH UV-C LIGHT 387

Protection and preservation of natural resources

Gordana Sekularac, M. Aksié, T. Dimitrijevi¢, M. Ratknié, N. GudZi¢
QUANTIFYING SOIL EROSION OF THE TOM’S BROOK CATCHMENT

(WESTERN SERBIA) 393
Gordana Sekularac, M. Aksié, T. Dimitrijevi¢, S. GudZié, N. GudZi¢, D. Gracak,
M. Gréak, M. Ratknié

EFFECT OF IRRIGATION RATE ON THE ONSET INTENSITY OF GREY

MOULD AND LATE BLIGHT IN GREEN HOUSE TOMATOES 399
Tatjana Dimitrijevié, M. Ratknié, G. Sekularac, M. Aksi¢

INFLUENCE OF SOIL TYPE ON MEAN TREE HEIGHTS OF FIR TREES

IN A 40-YEAR PROVENANCE TRIAL 406
Dragana BoZié, Lj. Avramovié, V. Trifunovié, R. Markovié, Z. Stevanovid,
V. Marjanovié, E. PoZega

AGITATION LEACHING OF FLOTATION TAILINGS AT THE PILOT

PLANT 412
Ivana Kerkez Jankovié, D. Violi¢, M. Nonié, J. Devetakovic, M. .Sv‘ijac"ié-Nikolié

FOREST FRUIT SPECIES OF URBAN FOREST “KOSUTNJAK” (SERBIA)

— GENEPOOL ASSESSMENT AND CONSERVATION 418
Boris Novakovié, N. Paskas, M. Rakovi¢

NEW DATA ON THE DISTRIBUTION OF AQUATIC BEETLES IN

SERBIA 424
Matej Fike, M. Pezdevsek, A. Roger

COMPARING FROST PROTECTION STRATEGIES FOR SUSTAINABLE

AGRICULTURE IN SLOVENIA 430
Filip Maksimovié, M. Nonié, D. Vilotié, 1. Kerkez Jankovié, M. S’ijaé’ic'—Nikolié

GENE POOL OF FOREST FRUIT TREES IN THE PROTECTED AREA OF

THE NATURAL MONUMENT “KOSUTNJAK FOREST” — THEN AND

NOW 435
Dragana Medié, S. Mili¢, N. Milosevi¢c, M. Nujki¢, M. Pesié, V. Nedelkovski,
S. Stankovié

APPLICATION OF THE SHRINKING CORE MODEL IN THE LEACHING

PROCESS OF LiNiMnCoO, 441

XViii



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Ecotoxicology and environmental safety

Branko Matovic, J. Maletaskic, S. Butulija, S. Petrovic, B. Todorovic
IMMOBILIZATION OF LEAD USING CERIA CRYSTAL STRUCTURE

448

Dragana Medié, S. Milié, N. MiloSevi¢, M. Nujkié, S. Alagié, A. Cvetkovié,
A. Papludis
CAUSES AND POSSIBLE CONSEQUENCES OF THERMAL RUNAWAY
IN LITHIUM-ION BATTERIES

454

Nena Velinov, M. Radovi¢ Vucié¢, J. Mitrovi¢, M. Petrovié, S. Najdanovié, D. Bojié,
A. Bojié
KINETIC AND EQUILIBRIUM STUDIES OF CHROMIUM SORPTION
USING ULTRASONICALLY MODIFIED WOOD SAWDUST BY
ALUMINA

Hazardous materials and green technologies

Uro§ Stamenkovié, I. Markovié, V. Cosovié, B. Markoli
THE INFLUENCE OF AGEING PARAMETERS ON MICROHARDNESS,
ELECTRICAL CONDUCTIVITY AND MICROSTRUCTURE OF SOME Al-
Mg-Si ALLOYS

460

466

Marija Simié, D. Aéimovié, B. Savi¢ Rosié, M. Je¢menica Ducié, K. Stojanovid,
D. Maksin, T. Brdari¢
KINETIC STUDY OF DEGRADATION BISPHENOL A BY FENTON
PROCESS

472

Danka Aéimovié, K. Stojanovié, M. Simié, B. Savi¢ Rosié, Z. Vranjes,
M. Jec¢menica Ducié, T. Brdari¢
DETECTION OF BISPHENOL A INTERMEDIATES DURING FENTON
PROCESS AND PREDICTION OF REACTION PATHWAYS

476

Tanja Brdarié, D. Aéimovié, B. Savié Rosié, K. Stojanovié, M. Simié, Z. Vranjes,
M. Je¢menica Duci¢
ADVANCED OXIDATION PROCESSES (AOPs) FOR WASTEWATER
TREATMENT: BIBLIOMETRIC STUDY

480

Vanja Trifunovié, S. Milié, Lj. Avramovié
POSSIBILITY OF ZINC AND CADMIUM RECOVERY FROM
HAZARDOUS INDUSTRIAL WASTE — EAF DUST

486

Sandra Bulatovié, N. Nedié¢, T. Tadié¢, B. Markovié, A. Nastasovié¢

MAGNETIC BIOSORBENT BASED ON THE Ambrosia arthemisiifolia FOR
ADSORPTION OF MALACHITE GREEN FROM WATER

491

Milan Nedeljkovié, S. Mladenovié, J. Petrovi¢, M. Mitrovi¢

STUDIES OF THE INFLUENCE OF GRAPHENE NANOSHEETS ON THE
WETTABILITY OF ECO-FRIENDLY SOLDER ALLOYS

497

Xix



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Ana Simonovié, M. Petrovi¢ Mihajlovié, M. Radovanovié, Z. Tasié, M. Antonijevi¢

ELECTROCHEMICAL SENSORS FOR DETERMINATION  OF
ANTIBIOTICS 502

Sonja Stankovié, V. Nedelkovski, D. Buzdugan, I. Hulka, M. Gorgievski, S. Milié,
M. Radovanovié
INFLUENCE OF CALCINATION TEMPERATURE ON THE
MORPHOLOGY, CHEMICAL COMPOSITION, AND STRUCTURE OF
ZnO NANOPARTICLES 508

Human and ecological risk assessment

Milena Tadié, 1. Nikolié¢, D. Durovié, J. Vukovié, N. Cupara

CHILDREN HEALTH RISK ASSESSMENT OF TRIHALOMETHANES
CONTENT IN HOTEL'S SWIMMING POOL WATER IN MONTENEGRO 515

Miljan Bigovié, D. Durovié, Lj. Ivanovié, M. Blagojevié, A. Orahovac
HEALTH RISK ASSESSMENT OF ACRYLAMIDE IN POTATO CHIPS
FROM MONTENEGRIN MARKET 520

Vesna Dijikanovié, K. Jovici¢, J. S. Vrankovié, M. Dimitrijevi¢, S. Kovacevié,
N. Pankov, B. Miljanovié

ACCUMULATION OF HEAVY METALS AND HUMAN HEALTH RISK

ASSESSMENT via THE CONSUMPTION OF FRESHWATER FISH Esox
lucius 524

Agriculture: nutrition, organic food and health impacts

Vitaly Erukhimovitch, M. Huleihel
OPTIMIZATION OF PREPARATION PROCEDURES FOR FUNGAL
INFECTED PLANTS BY FTIR ANALYSES 531
Mahmoud Huleihel, V. Erukhimovitch

POSSIBLE USE OF FOURIER-TRANSFORM INFRARED (FTIR)
MICROSCOPY FOR IDENTIFICATION OF FUNGAL PHYTO-
PATHOGENS 536

Ana Cuéulovié, J. Stanojkovié, R. Cuculovié
RADIOACTIVITY IN SAMPLES OF IMPORTED MINERAL FERTILIZER
ANALYZED IN THE PERIOD 2020-2022 541
Nenad Zarié¢, M. Zari¢

METAL CONTENTS IN VEGETABLES ORIGINATING FROM COAL
FIRED THERMAL POWER PLANTS REGION 547

Alternative energy: efficiency and environmental policy

Snezana Brkovié, N. Zdolsek, 1. Perovi¢, M. Seovié¢, P. LausSevié, J. Georgijevic,
M. Cebela

ENHANCING OXYGEN EVOLUTION: THE ELECTROCATALYTIC
POWER OF Ag-DOPED BISMUTH FERRITE 552

XX



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Nebojsa Potkonjak, D. CokeSa, M. Markovi¢

NONLINERA PHENOMENA DURRING VOLTAMMETRIC
MEASURMENT OF COPPER CORROSION 558

Mirjana Markovié, D. Cokesa, N. Potkonjak

EVALUATION OF THE HYDROGEN DIFFUSION COEFFICIENT IN
METAL HYDRIDE BATTERIES 562

Greenhouse effect and global climate change

Slobodan Milutinovié, T. Radenovié, S. Zivkovié

FORESTS UNDER THREAT: IMPLICATIONS OF CLIMATE CHANGE
ON SERBIAN WOODLANDS 566

Danijela Nikolié, S. Jovanovié, Z. Dordevié, D. Koncalovié, V. VukaSinovi¢

GLOBAL WARMING - TREND ANALYSIS IN THE REPUBLIC OF
SERBIA 574

Sustainable development and green economy

Dragana Randelovié, A. Jovanovié, B. Markovié, M. Sokié¢

CONTRIBUTION OF THE INSTITUTE FOR TECHNOLOGY OF
NUCLEAR AND OTHER MINERAL RAW MATERIALS TO THE SDGs —
TOWARDS INTERNATIONAL DECADE OF SCIENCE FOR
SUSTAINABLE DEVELOPMENT 580

Veljko V. Savi¢, J. D. Nikolié, V. Topalovié, M. S. Djosi¢é, M. Markovié,

S. Matijasevié, S. Gruji¢
CHEMICAL DURABILITY EVALUATION OF SINTERED FLY ASH
BASED GLASS 586

Stefan Mitrovié, S. Brkovié, M. Seovié, N. ZdolSek, P. LauSevié, J. Georgijevic,

1. Perovié¢
RECYCLING ELECTRONIC WASTE CPUs FOR ENHANCED
HYDROGEN AND OXYGEN EVOLUTION: AN ECO-FRIENDLY
LEACHING APPROACH 593

Adrijana Jevti¢, D. Riznié, M. Vukovié

BRAND MANAGEMENT AND SOCIO-ECONOMIC ASPECTS OF
ADAPTATION TO CLIMATE CHANGES 598

Ana Radojevié, J. Jordanovié, T. Kalinovié, J. Kalinovié, S. Serbula
PROSPECTS OF SUSTAINABLE UTILIZATION OF FOOD WASTE 606

Maja Bogdanovié, 1. Blagajac
DECENTRALIZATION OF THE URBAN TOURIST ZONE OF ZLATIBOR 613

XXI



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Environmental biology

Sladana Popovié, N. Nikolié, Z. Savkovié, M. Stupar, D. Predojevié, A. Andelkovié,
0. Jakovljevié

ISOLATION AND CULTIVATION OF CHROOCOCCUS
(CYANOBACTERIA) FROM AEROPHYTIC BIOFILM IN STOPIC CAVE 621

Tamara Miti¢, J. Canak Atlagié, J. Tomovié, J. Stankovi¢, D. Mrdak, D. Skraba
Jurlina, A. Mari¢

MORPHOMETRIC STUDY OF EUROPEAN BULLHEAD Cottus gobio
FROM DIFFERENT DRAINAGE POPULATIONS 626
Jelena Duknié, N. Popovié¢, B. Vasiljevi¢, B. Tubié, S. Andjus, M. 1lié, M. Paunovié

ECOLOGICAL POTENTIAL OF THE DANUBE RIVER THROUGH
SERBIA BASED ON BIOLOGICAL QUALITY ELEMENTS 632

Sladana Popovié, G. Subakov Simié, S. Stankovié, D. Lazié
Chlorella vulgaris GROWTH IN SMALL OPEN CULTIVATION SYSTEMS 638

Olga Jakovljevié, S. Popovié¢, D. Predojevié¢
EPIPHYTIC DIATOMS AS TOOL IN BIOINDICATION OF LAKE PALIC 643

Mihailo Jovanovié, J. Paunkovié¢

IMPROVING PALEOENVIRONMENTAL RECONSTRUCTIONS BASED
ON SMALL VERTEBRATES IN THE BALKANS 648

Jovana Damjanovié, M. Milkovi¢, A. Miscevié, M. S’éiban, V. Lakusié,
M. Stankovié

SUPPLEMENT TO THE LIST OF ENTOMOFAUNA FROM THE
RESEARCH ACTIONS AND CAMPS OF SRSBE “JOSIF PANCIC” AT

SRN ZASAVICA 654
Mihajlo Stankovié¢

“LIVING FOSSILS” IN THE CRASH FAUNA OF THE ZASAVICA

SPECIAL NATURE RESERVE 662

Environmental and material flow management

Natasa KneZevié, A. Jovanovié, M. Vuksanovi¢, M. Savié, M. MiloSevié,
A. Marinkovié

DEGRADATION OF DYE CRYSTAL VIOLET RELEASED FROM THE
TEXTILE INDUSTRY 669

Milenko Jovanovié, D. Krianovié, E. PoZega, V. Marinkovié, M. Mikié

APPLICATION AND ENVIRONMENTAL SUITABILITY OF HYBRID
GEOGRIDS 674

Miroslav Drljaca

MODERN APPROACH TO SUPPLY CHAIN BASED ON CIRCULAR
ECONOMY PRINCIPLES 681

XXIii



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Isidora Berezni, T. Marinkovié, N. Stanisavljevic, M. Muhadinovié, B. Batini¢

ASSESSMENT OF THE MUNICIPAL SOLID WASTE MANAGEMENT —
CASE STUDY: NOVI SAD (SERBIA) 687

Ljubisa Balanovié¢, D. Manasijevié, I. Markovi¢, U. Stamenkovié, K. BoZinovi¢

CALCULATION OF THERMODYNAMIC PROPERTIES Al-Ga-Sn
TERNARY ALLOY USING GENERAL SOLUTION MODEL 693

Life-Cycle-Analysis (LCA)

Danijela Nikolié, S. Jovanovié, D. Mikié¢, Z. Dordevié¢

LIFE CYCLE ASSESMENT OF THE HAIR DRYER WITH ECO-it
SOFTWARE 701

Student Section — ECOTERS’24

Students: Sofija Kosti¢, Aleksa Marjanovic¢ (Serbia)

Mentor: Maja Nujkié (Serbia)
SOME ASPECTS OF THE APPLICATION OF METAL-ORGANIC
FRAMEWORKS 709
Student: Jelena Jankovié¢ (Serbia)
Mentor: Maja Nujkié (Serbia)
MECHANISMS OF CADMIUM UPTAKE INTO THE PLANT 711

Student: Jovana Kumbrijanovié (Serbia)
Mentors: Maja Nujkié, Sonja Stankovié¢ (Serbia)
COAGULATION PROCESS AND APPLICATION OF NEW ECOLOGICAL
COAGULANTS 713
Student: Lazar Cvetkovié (Serbia)
Mentors: Maja Nujki¢, Tanja Kalinovié, Jelena Kalinovic (Serbia)
SOME APPLICATION ASPECTS OF THE MATERIALS BASED ON THE
GREEN MAGNESIUM OXIDE ECOLOGICAL COAGULANTS 715
Students: Milena Radivojevié, Kristina Konstadinovi¢ (Serbia)
Mentors: Maja Nujki¢, Dragana Medié¢ (Serbia)
RECYCLING OF USED LITHIUM-ION BATTERIES 717

Student: Milica Deni¢ (Serbia)
Mentor: Ana Radojevi¢ (Serbia)
MEDICAL WASTE ISSUES RELATED TO COVID-19 PANDEMIC 719

Student: Sara M. Pantovic¢ (Serbia)

Mentor: Enisa S. Selimovic (Serbia)

PRESENCE OF TOXIC AND POTENTIALLY TOXIC ELEMENTS IN
SOME DOMESTIC FRUIT FROM THE PESTER PLATEAU, SJENICA,
SERBIA 721

xXxiii



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Student: Milena Stankovié (Serbia)

Mentor: Ljiljana Stanojevi¢ (Serbia)
CHEMICAL COMPOSITION OF ESSENTIAL OIL ISOLATED FROM
FRESH AND DRY LEAVES OF Geranium robertianum L.

Student: Nikola Petrovic¢ (Serbia)

Mentor: Ana Simonovié (Serbia)

TOXIC EFFECTS OF PETROLEUM DERIVATIVES ON LIVING
ORGANISMS FROM CONTAMINATED SOILS

Students: Anja Antanaskovié, Nevena Ili¢ (Serbia)

Mentors: Milan Milivojevi¢, Suzana Dimitrijevié-Brankovié, Zorica Lopicic,
Nikola Vukovié¢ (Serbia)

ENZYME IMMOBILIZATION ON MODIFIED BIOMASS:
OPTIMIZATION AND CHARACTERIZATION

Student: Milena Balabanovic¢ (Serbia)

Mentor: Ana Radojevic¢ (Serbia)
BIOLOGICAL TREATMENT OF THE BIODEGRADABLE WASTE

Student: Natalija Stojanovi¢ (Serbia)

Mentors: Maja Nujkié, Vliadan Nedelkovski (Serbia)
ADSORPTION MATERIALS BASED ON NANOPARTICLES FOR THE
REMOVAL OF ARSENIC FROM WASTEWATER

Student: Jelena Veskovic¢ (Serbia)

Mentor: Antonije Onjia
HEALTH RISK ASSESSMENT OF RARE EARTH ELEMENTS IN
GROUNDWATER NEAR A THERMAL POWER PLANT

Students: Vladimir Topalovié, Anja Antanaskovié¢, Veljko Savi¢ (Serbia)

Mentors: Marija Djosié, Zorica Lopicié, Ana Vujosevié, Jelena Nikoli¢ (Serbia)
EFFECT OF PHOSPHATE GLASS AND BIOCHAR ON ROSE GROWTH

Student: Aleksandra Milenkovié¢ (Serbia)

Mentor: Ljiljana Stanojevic¢ (Serbia)

THE REDUCING POWER OF BLACK PEPPER (Piper nigrum L.)
ESSENTIAL OIL HYDRODISTILLATION FRACTIONS

Student: Marija Tasi¢ (Serbia)

Mentor: Dragan Cvetkovié (Serbia)

ENVIRONMENTAL METHOD OF GOLD NANOPARTICLES SYNTHESIS
AND THEIR CHARACTERIZATION

Student: Marija Stankovic¢ (Serbia)
Mentor: Jelena Kalinovié (Serbia)
PURIFICATION METHODS FOR POLLUTED AIR

Student: Marija Stankovié (Serbia)

Mentor: Jelena Kalinovic (Serbia)
PURIFICATION OF INDUSTRIAL WASTEWATER

XXiv

723

725

727

729

731

733

735

737

739

741

743



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Students: Zeljka Nikoli¢, Nebojsa Radovié (Serbia)

Mentor: Olga TeSovié (Serbia)

RISKS OF CHLORINE EXPOSURE IN HOUSEHOLD CLEANING: A

CALL FOR AWARENESS AND PREVENTION 745
Students: Zeljka Nikoli¢, Nebojsa Radovi¢ (Serbia)
Mentor: Olga TeSovic¢ (Serbia)

IS THERE A NEED TO INFORM CITIZENS MORE DIRECTLY ABOUT

THE HANDLING OF HOUSEHOLD HAZARDOUS WASTE? 747

Students: NataSa Simonovié, Tamara Milosavljevié (Serbia)

Mentors: Jelena Stanojevié, Ljiljana Stanojevié, Jelena Zvezdanovié, Dragan
Cvetkovic (Serbia)

SOLID WASTE FROM HYDRODISTILLATION OF HERNIARIAE HERBA
(Herniaria glabra L.) AS A POTENTIAL SOURCE OF ANTIOXIDANTS 749

Students: Aleksa Vizi, NebojSa Radovié, Zeljka Nikolic, Stefan Lekié (Serbia)

Mentors: Goran Roglié, Ksenija Stojanovié, Vele TeSevié (Serbia)

SUSTAINABLE SOLUTIONS IN  ANALYTICAL CHEMISTRY:
COMBINING OF INSTRUMENTAL TECHNIQUES AND
ENVIRONMENTAL-FRIENDLY NATURAL INDICATORS FOR
CLASSICAL VOLUMETRY 751

Students: Aleksa Vizi, NebojSa Radovié, Zeljka Nikolié¢ (Serbia)

Mentors: Ivan Kojié, Ksenija Stojanovi¢ (Serbia)
EFFICIENT DETERMINATION OF UNDECYLENIC ACID CONTENT IN
PHARMACEUTICAL PRODUCTS: A NOVEL SIMPLE APPROACH 753
Student: Andrijana Mileti¢ (Serbia)
Mentor: Antonije Onjia (Serbia)
HEALTH RISK ASSESSMENT OF FiOTENTIALLY TOXIC ELEMENTS IN
AGRICULTURAL SOIL OF BRANICEVO DISTRICT 755
Student: Jelena Obradovic (Serbia)
Mentor: Antonije Onjia (Serbia)
DISTRIBUTION OF PM;5, CO,, HCHO, AND TVOC IN AIR IN A HIGH
SCHOOL CLASSROOM 757
Student: Gordan Misié (Serbia)
Mentors: Ana Radojevié, Jelena Jordanovié (Serbia)

TOXICOLOGICAL EFFECTS OF MICRO- AND NANO-PLASTICS ON
HUMAN HEALTH 759

Student: Andela Bogdanovié¢ (Serbia)

Mentor: Marija Petrovi¢ Mihajlovié (Serbia)
MAGNESIUM AND ITS ALLOYS 761

Author index 763

XXV



318! International Conference Ecological Truth

0
& qg l E R ,: 24 & Environmental Research
A 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

www.eco.tfbor.bg.ac.rs

THE IMPACTS OF WASTE MATERIALS UTILIZATION IN LIQUID
RADIOACTIVE WASTE SOLIDIFICATION BY MORTAR MATRIX

Ivana Jeli¢"', Aleksandar Savié?, Tatjana Milj ojéic'l, Maja Rajkovic'l, Marija J ankovi¢',
NataSa Sarapl, Slavko Dimovi¢*, Milica Curéié’, Vojislav Stani¢’, Dragi Antonij evié®,
Marija Sljivi¢-Ivanovi¢*

University of Belgrade, Vinca Institute of Nuclear Sciences, M.P.A. 12-14, 11351 Belgrade,
SERBIA

2University of Belgrade, Faculty of Civil Engineering, B.K.A. 73, 11000 Belgrade, SERBIA

University of Belgrade, Innovation Center of Faculty of Mechanical Engineering, K.M. 16,
11000 Belgrade, SERBIA

“ivana.jelic@vin.bg.ac.rs

Abstract

The nuclear industry generates significant radioactive waste (RW) amounts, with its safe disposal
being a primary safety and environmental issue. RW management involves solidification and disposal,
often in deep underground facilities. Cement mortar is commonly used for liquid RW solidification due
to its cost-effectiveness and simplicity. However, Portland cement concrete production raises
environmental concerns, such as CO, emissions and natural resource depletion. Additionally, RW
storage and disposal costs drive research into low-cost matrices, especially those made from final
waste products. The main requirements for matrix materials for liquid RW immobilization, which
accept the role of primary barrier, are compatibility with RW material, good mechanical properties,
and resistance to chemical and biological agents. However, partially substituting cement with waste
materials can reduce strength and durability, increase susceptibility to cracking, porosity, and
corrosion, further leading to harmful substance release. The matrix material must demonstrate long-
term stability under various environmental conditions, including changes in temperature, humidity,
and exposure to radiation ensuring that RW remains stable and safe within the matrix for decades or
centuries. In addition, factors such as groundwater infiltration and seismic activity should also be
considered when evaluating the long-term effectiveness of a protective structure. To manage these
hazards, the selection, treatment, and preparation of recycled waste are crucial, alongside with
proper design and utilization of such concrete. Monitoring concrete performance over time and
implementing maintenance measures are necessary to ensure the long-term durability and reliability
of structures. This work aims to assess the overall impact of recycled materials utilized in liquid RW
solidification matrix.

Keywords: nuclear industry, radionuclide, disposal, recycling.

INTRODUCTION

Nuclear energy is recognized as a significant aspect of the new energy landscape and the
factor of energy stability, particularly amidst the current global energy crisis. Moreover, it is
regarded as a substitute for fossil fuels, offering a potential solution to mitigate their adverse
environmental effects. This is crucial for reducing greenhouse gas emissions, which would
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help slow down global warming and climate change. However, the activity of the nuclear
industry generates significant amounts of liquid and solid radioactive waste (RW) and the
primary safety and environmental concerns related to nuclear power are its safe disposal. RW
is created in the processes of the nuclear fuel cycle, the industry of exploitation, processing,
and enrichment of uranium ore, the activities of the reactors of nuclear power plants and
research centers, the use of radionuclides in research institutes, hospitals, and industry [1,2].

RW has to be processed to make it safe for storage, transportation, and final disposal. This
process involves waste conditioning to immobilize it before storage and disposal.
Immobilization of waste radionuclides in durable waste forms provides the most significant
barrier to contribute to the overall performance of any storage and disposal system. RW
immobilization is the conversion of waste into a waste form by solidification, embedding, or
encapsulation that reduces the potential for migration or dispersion of radionuclides during
the operational and disposal stages of the waste lifecycle. RW can be immobilized by
chemical incorporation into the structure of a suitable matrix like cement, glass, or ceramic,
which captures it and prevents it from escaping. The distinction between chemical and
physical immobilization mechanisms is not always clearly defined. Chemical immobilization
occurs at atomic distances, while physical immobilization occurs at larger distances, e.g. at
the microscope level. High-level waste (HLW) is usually chemically immobilized, while
physical immobilization (encapsulation) involves surrounding the waste with material, like
bitumen or cement, to isolate the RW and retain the radionuclides.

Materials used to immobilize RW are essential for multibarrier systems that isolate waste
from the environment, ensuring safe disposal in the long term. The volume of liquid RW is
much larger than solid, and its processing increases the storage capacity and ensures the safe
release of decontaminated liquid into the environment. Compared with the HLW liquid, the
amount of the intermediate-level waste (ILW) and low-level waste (LLW) liquids is much
larger, accounting for more than 90% of the total RW.

Very high costs of immobilization, temporary storage and final disposal of liquid RW
stimulate research into the development of cost-effective, low-cost matrices, especially those
that represent final waste during production or after their useful life. In particular, it is
necessary to pay attention to the European legislation that encourages the development of the
“circular economy”, which implies the efficient use of materials [3]. The aim of this study is
to assess the impact of recycled materials used in liquid RW solidification matrix.

ASPECTS OF CEMENT USAGE IN RW SOLIDIFICATION

Cement is the oldest and most extensively researched base material for solidifying and
stabilizing various types of solid waste. Cement solidification is a well-established technology
that relies on the hydration of cement and its gelatinizing effect to immobilize radioactive
elements. This method is widely used for treating LLW and ILW liquids due to its cost-
effectiveness and the simplicity of the process [2,4].

Cement is a porous material, with a wide range of pore sizes that are filled with liquid
under normal conditions. Incomplete filling of the space between the clinker grains in the
reaction of formation of hydration products creates mesopores, usually in the size range of
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0.05-1 pum [5]. Entrapped air or gas contributes to the creation of macropores larger than
1 pm, filling 1-10 cubic meters. % hydrated cement. During solidification, the volume of the
cement-waste mixture decreases and shrinks. As a result of shrinkage, based on gel drying or
crystallization, gel pores are formed, with diameters in the range of 10 mm-0.0005 mm. Their
volume fraction decreases with the time of hydration and reaches 20-30% of the hardened
cement paste fraction. Gel pores are not significant from the point of view of leaching and
corrosion. Capillary pores are also formed by evaporation of excess free water. Capillary
pores reach a diameter of 1-10 mm. They increase with the water content in the mixture and
with advancing hydration. If there are large particles in the cement paste, e.g. grains of sand
or gravel, and due to the formation of zones of poor packing on the boundary surface of paste
particles, the total mesoporosity increases. The total porosity of the cement paste is in the
range of 16-24% [5]. As the curing time of the cement increases, the porosity decreases
steadily in the first 6-12 months.

In the past few decades, the production of concrete has raised significant environmental
concerns not only related to CO, emissions but also regarding the depletion of natural
resources. It is known that concrete consumes large amounts of natural resources, specifically
gravel and sand. Environmental issues, in particular climate change caused by carbon dioxide
emissions, have aroused huge attention across the world. The biggest contributor to the
carbon footprint of the construction industry is the production of Portland cement [6].
Currently, approximately 4 to 6 GJ of energy are used per ton of cement clinker produced,
with energy costs accounting for up to 40% of the total production cost. One ton of cement
clinker production typically results in the release of around 0.8 tons of CO, into the
atmosphere and contributes to approximately 7% of total CO, emissions, exacerbating the
greenhouse effect and consuming around 5% of global industrial energy [6,7]. This
inefficiency is a major environmental concern due to its contribution to global warming and
climate change. Also, the energy-intensive manufacture of cement emits not only carbon
dioxide but also other hazardous gases such as NOy and SO,.

PARTIAL SUBSTITUTION OF CEMENT WITH WASTE MATERIALS

Each treatment of RW creates a specific concentrate. Depending on the treatment process,
the concentrate will be solid (spent ion-exchange resins, filter cartridges, filter cakes, sludge,
etc.) or liquid (evaporator concentrates, membrane process concentrates). To immobilize RW
of low and medium activity levels, solidification of the concentrate is carried out by binding it
into inactive matrices: cement, bitumen, polymer materials, and rarer glass. The processes
available for treating liquid RW effluents can be divided into three main categories: ion
exchange, chemical precipitation, and evaporation (evaporation) [8,9].

The primary requirements for matrix materials for liqguid RW immobilization, which serve

as the primary barrier, include the following [10]:

e Compatibility with RW: Matrix materials must be compatible with the RW itself. Ensures
that the matrix material chemically and physically bonds well with the liquid RW,
preventing separation or degradation over time. This means that they must not react with
the radioactive material in a way that could compromise the stability or integrity of the
container or structure that holds the waste.
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e Mechanical properties: These materials should have good mechanical properties in order to
withstand physical stresses and loads during the handling, transport, and long-term storage
of RW. These include factors such as strength, flexibility, elasticity, resistance to cracking
or breaking, and toughness.

e Durability: Ensures long-term stability under various environmental conditions such as
temperature fluctuations, humidity, and radiation exposure.

¢ Resistance to chemical and biological agents: The material must resist degradation caused
by chemical reactions with the waste or exposure to environmental conditions, including
resistance to acids, alkalis, and microbial activity. Resistance to corrosion and degradation
is critical to ensure the long-term stability and safety of RW containment systems.

e Permeability: The matrix should be impermeable to water and gases to prevent the
leaching or release of radionuclides into the environment.

e Processing Feasibility: The material should be easy to process, handle, and apply using
existing technologies and equipment.

o Cost-effectiveness: The use of the matrix material should be economically viable,
considering the costs of production, application, and long-term maintenance.

The matrix material must demonstrate long-term stability under various environmental
conditions, including changes in day temperatures, air humidity, and radiation exposure. This
ensures that RW remains stable and safe within the matrix for decades or even centuries.
Moreover, factors such as groundwater infiltration and seismic activity must be considered
when evaluating the long-term effectiveness of a protective structure.

PARTIAL REPLACEMENT OF CEMENT WITH WASTE: IMPLICATIONS AND
BENEFITS

Partial replacement of cement with waste materials can reduce the strength and durability
of concrete structures [11]. Utilizing scrap raw materials may lead to uneven material
distribution, making it challenging to achieve consistent performance. This inconsistency can
increase susceptibility to cracking, porosity, and corrosion. In homogeneous concrete, uneven
distribution of waste particles can cause localized weakening or heightened corrosion
susceptibility. Variations in the quality and characteristics of recycled materials can result in
performance inconsistencies, complicating efforts to achieve predictable and reliable concrete
structures.

Waste materials can affect the porosity of the concrete matrix, leading to increased
absorption of water and chemical agents. Increased porosity reduces concrete’s resistance to
frost and aggressive chemicals, accelerating deterioration. This can allow the penetration of
water, chemicals, and other harmful substances, further weakening the structure and
potentially leading to the release of radionuclides.

Despite these challenges, it can be concluded that using recycled materials in the
solidification of liquid RW offers significant environmental and economic benefits as follows:
Environmental Benefits
e Reduced Resource Depletion — Preservation of two types of natural raw materials:
Using recycled materials decreases the demand for virgin raw materials.

203



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

e Energy Savings: Reducing energy consumption associated with processing raw
materials can lower greenhouse gas emissions.

e Waste Reduction — Treatment of two types of waste: Recycling helps to minimize waste
going to landfills, reducing environmental pollution.

e Lower Pollution Risks: Properly managed recycling can reduce the risk of soil, air, and
water pollution from waste materials.

e Climate change and Global Warming Reduction.

Economic Benefits

e Cost Savings: Using recycled materials can lower production costs by reducing the need
for expensive raw materials.

e Revenue Generation: The recycling industry can generate revenue through the sale of
recycled products.

e Job Creation: Establishing new markets for recycled materials can create jobs and
stimulate economic growth at local and national levels.

e Regulatory Compliance: Companies can meet environmental regulations and standards

more easily by incorporating sustainable practices.

Overall, the use of recycled materials in the solidification of liquid RW offers a balanced
approach, providing environmental benefits by reducing resource consumption and waste
generation, and economic benefits by lowering costs and creating new economic
opportunities.

CONCLUSION

Nuclear energy can substitute fossil fuels almost completely and significantly reduce
greenhouse gas emissions, which is key to mitigating global warming and climate change.
However, the nuclear industry generates large quantities of RW, and the safe disposal of this
waste is a primary environmental and safety concern. Processing of RW is necessary for safe
storage, transport, and final disposal. Immobilization of RW by converting waste into solid
form via cement, glass, or ceramics provides a key barrier to waste storage and disposal.
Immobilization materials must be compatible with RW, have good mechanical properties, and
be resistant to chemical and biological agents.

The use of recycled materials in the solidification of liquid RW brings environmental and
economic advantages. Environmental benefits include reduced resource depletion, energy
savings, waste reduction, and lower risk of soil, air, and water pollution. Economic benefits
comprise cost reduction, revenue generation, and the creation of new jobs and markets for
recycled materials.

Despite challenges such as the reduction of strength and durability of concrete structures
when partially replacing cement with waste materials, the benefits of recycled materials in the
solidification of liquid RW are significant. They enable a more sustainable approach to RW
management, reduce the environmental footprint, and contribute to sustainable economic
development. This approach represents a balanced path to reducing resource consumption and
waste generation, while at the same time bringing economic benefits through cost reduction
and the creation of new economic opportunities.
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