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Nazov projektu Eviden¢né ¢islo projektu APWV-17-0183

Vyuzitie elektrochemicky pripraveného zeleného oxidovadla zelezanu pre do€istovanie
odpadovych véd

Zodpovedny riesitel prof. Ing. Jan Hives, PhD.

Priiemca Slovenska technicka univerzita v Bratislave - Fakulta chemickej a
potravinarskej technologie

Nazov pracoviska, na ktorom bol projekt rieSeny

Slovenska technicka univerzita v Bratislave
Fakulta chemickej a potravinarskej technologie
Ustav anorganickej chémie, technologie a materialov

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

1. Juhogeska Univerzita v Ceskych Budgjoviciach, Fakulta rybarstva a ochrany véd (doc.
Mgr. Roman Grabic, PhD.) (detekcia a monitoring mikropolutantov)

2. Univerzita Palackého v Olomouci, Regionalne centrum pokroc€ilych technoldgii a
materialov (Mgr. Jan Filip, PhD.) (vyvoj novych typov senzorov na detkciu mikropolutantov a
technoldgii schopnych dezinfikovat odpadové vody — najma oxidacné postupy)

3. Plasma Nanotechnologies and Bioapplications — Faculty of Science — Masaryk University
(Doc. Tomas Homola, PhD) (vyvoj novych technoldgii schopnych odstranovat
mikropolutanty a dezinfikovat' kontaminované vody)

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Uv 8419

Inkapsulacia zelezanov uréenych na odstrafiovanie mikropolutantov z odpadovych véd
Podané:21.12.2017; Zapis: 26.02.2019

Majitel: STU Bratislava

Povodca: Hives, KerekeS, Mackulak, Czolderova, Behul, Vojs

UV 8530

Elektrolyzér na elektrochemicku pripravu zZelezanov a spbsob pripravy zZelezanov
Podané:13.09.2018; Zapis: 10.07.2019

Maijitel: STU Bratislava

Poévodca: HiveS, Kerekes

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhrnujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Vedecké monografie:

1. GRENCIKOVA, Anna - SKULCOVA, Andrea - BONDAREY, Dmitrij- RYBA, Jozef -
MACKULAK, Tomas. Mikroplasty. 1. vyd. Bratislava, Spektrum STU, 2020. 214 s. ISBN
978-80-227-4974-9.

2. MACKUL'AK, Tomas - BODIK, Igor - BIROSOVA, Lucia. Drogy a liegiva okolo nas. 1.
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vyd. Bratislava, Spektrum STU, 2020. ISBN 978-80-227-5010-3.

Karrentové zahraniCné Casopisy: ) . ] ]

1. MACKULAK, Tomas - BRANDEBUROVA, Paula - GRENCIKOVA, Anna - BODIK, Igor -
VOJS STANOVA, Andrea - GOLOVKO, Oksana - KOBA, Olga - MACKULAKOVA, Markéta
- SPALKOVA, Viera - GAL, Miroslav - GRABIC, Roman. Music festivals and drugs:
Wastewater analysis. In Science of the Total Environment. Vol. 659, (2019), s. 326-334.

2. MACKULAK, Tomas - GRABIC, Roman - SPALKOVA, Viera - BELISOVA, Noemi -
SKULCOVA, Andrea - SLAVIK, Ondfej - HORKY, Pavel - GAL, Miroslav - FILIP, Jan -
HIVES, Jan - VOJS, Marian - VOJS STANOVA, Andrea - MEDVEDOVA, Alzbeta -
MARTON, Marian - BIROSOVA, Lucia. Hospital wastewaters treatment: Fenton reaction vs.
BDDE vs. ferrate(VI). In Environmental science and pollution research. Vol. 26, iss. 31
(2019), s. 31812-31821.

3. MACKUL'AK, Tomas - MEDVECKA, Erika - VOJS STANOVA, Andrea -
BRANDEBUROVA, Paula - GRABIC, Roman - GOLOVKO, Oksana - MARTON, Marian -
BODIK, Igor - MEDVEDOVA, Alzbeta - GAL, Miroslav - PLANY, Matej - KROMKA,
Alexander - SPALKOVA, Viera - SKULCOVA, Andrea - HORAKOVA, Ivana - VOJS, Marian.
Boron doped diamond electrode - The elimination of psychoactive drugs and resistant
bacteria from wastewater. In Vacuum. Vol. 171, (2020), s.[1-6], Art. No. 108957.

4. BRANDEBUROVA, Paula - BODIK, Igor - HORAKOVA, Ivana - ZABKA, Dusan -
CASTIGLIONI, Sara - SALGUEIRO-GONZALEZ, Noelia - ZUCCATO, Ettore - SPALKOVA,
Viera - MACKULAK, Tomas. Wastewater-based epidemiology to assess the occurrence of
new psychoactive substances and alcohol consumption in Slovakia. In Ecotoxicology and
Environmental Safety. Vol. 200, (2020), s. 1-8, art. no. 110762.

5. BIMOVA, Paula - ROUPCOVA, Petra - KLOUDA, Karel - MATEJOVA, Lenka - VOJS
STANOVA, Andrea - GRABICOVA, Katefina - GRABIC, Roman - MAJOVA, Veronika -
HIVES, Jan - SPALKOVA, Viera - GEMEINER, Pavol - CELEC, Peter - KONECNA, Barbora
- BIROSOVA, Lucia - KRAHULCOVA, Monika - MACKULAK, Tomas. Biochar - An efficient
sorption material for the removal of pharmaceutically active compounds, DNA and RNA
fragments from wastewater. In Journal of Environmental Chemical Engineering. Vol. 9, iss. 4
(2021), s. 1-9.

6. BUTOR SKULCOVA, Andrea - TAMASOVA, Katarina - VOJS STANOVA, Andrea -
BIROSOVA, Lucia - KRAHULCOVA, Monika - GAL, Miroslav - KONECNA, Barbora -
JANIKOVA, Monika - CELEC, Peter - GRABICOVA, Katefina - GRABIC, Roman - FILIP,
Jan - BELISOVA, Noemi - RYBA, Jozef - KEREKES, Kamil - SPALKOVA, Viera - HIVES,
Jan - MACKULAK, Tomas. Effervescent ferrate(Vl)-based tablets as an effective means for
removal SARS-CoV-2 RNA, pharmaceuticals and resistant bacteria from wastewater. In
Journal of Water Process Engineering. Vol. 43, (2021), s. 1-5, art. no. 102223.

7. KRIVONAKOVA, Nada - SOLTYSOVA, Andrea - TAMAS, Michal - TAKAC, Zdenko -
KRAHULEC, Jan - FICEK, Andrej - GAL, Miroslav - GALL, Marian - FEHER, Miroslav -
KRIVJANSKA, Anna - HORAKOVA, Ivana - BELISOVA, Noemi - BIMOVA, Paula - BUTOR
SKULCOVA, Andrea - MACKUL'AK, Tomés. Mathematical modeling based on RT-gPCR
analysis of SARS-CoV-2 in wastewater as a tool for epidemiology. In Scientific Reports. Vol.
11, Iss. 1 (2021), s. 1-10, art. no. 19456.

8. MACKULAK, Tomas - GAL, Miroslav - SPALKOVA, Viera - FEHER, Miroslav -
BRIESTENSKA, Katarina - MIKUSOVA, Miriam - TOMCIKOVA, Karolina - TAMAS, Michal -
BUTOR SKULCOVA, Andrea. Wastewater-Based Epidemiology as an Early Warning
System for the Spreading of SARS-CoV-2 and Its Mutations in the Population. In
International Journal of Environmental Research and Public Health. Vol. 18, iss. 11 (2021),
s. 1-21, art. no. 5629.

9. MALISOVA, Emilia - FASKOVA, Lucia - PAVUKOVA, Daniela - HIVES, Jan -
BENKOOVA, Michaela. Removal of cyanobacteria and cyanotoxins by ferrate from polluted
lake water. In Environmental science and pollution research. Vol. 28, iss. 21 (2021), s.
27084-27094.

10. MACKULAK, Tomas - CVERENKAROVA, Klara - VOJS STANOVA, Andrea - FEHER,
Miroslav - TAMAS, Michal - BUTOR SKULCOVA, Andrea - GAL, Miroslav - NAUMOWICZ,
Monika - SPALKOVA, Viera - BIROSOVA, Lucia. Hospital Wastewater-Source of Specific
Micropollutants, Antibiotic-Resistant Microorganisms, Viruses, and Their Elimination. In
Antibiotics. Vol. 10, iss. 9 (2021), s. 1-14, art. no. 1070.
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Uplatnenie vysledkov projektu

Spolupraca a realne nasadenie na

Bodovych zdrojoch zne€istenia odpadovych vod:

nemocnica Petrzalka, nemocnica Ruzinov, nemocnica Kramare, lieCebria OS&adnica
Cistierer odpadovych vod Petrzalka, COV Vrakufia

priemyselné vody VULM Modra

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

Na zaver by sme radi skonStatovali, Ze sa nam podarilo naplnit’ ciele projektu aj napriek
nepriaznivej epidemiologickej situacii v nasej krajine, ktora nas izolovala v domacnostiach a
neumoznila sa nam plne venovat experimentom v rozsahu ako sme chceli. Preto sa bude aj
v roku 2022 pokragovat' v spolupraci s COV nemocnica Kramare na testovani nasej
technologie s cielom postupne nahradit’ doteraz pouzivané chloroveé pripravky.

Preto si dovofujeme sumarizovat':

- dokazali sme optimalizovat elektrochemicku pripravu Zelezanu v laboratérnom meritku a
realizovat’ scale-up technoldgie do prevadzky schopnej produkcie v kilogramovych
mnozstvach vysokocCistého Zelezanu (70 %, komer&ne dostupny produkt zriedka presahuje
20 %)

- otestovali sme moznosti dlhodobého skladovania tuhého produktu v réznych prostrediach
s vyuzitim vodorozpustnych polymérov v kapsuliach pripravenych 3D tlacou, alebo
zmesnych tabliet so zeolitmi

- otestovali sme degradacnu silu Cistého zelezanu pre Siroké spektrum znecistujucich latok,
anorganickych (amoniak, fosfor), organickych (drogy, antibiotika, psychofarmaka, hormaony),
biologickych (baktérie, kvasinky) vratane fragmentov RNA / DNA virusov typu SARS-CoV-2
- otestovali sme degradacnu schopnost Zelezanu kombinovaného so slovenskymi zeolitmi
- otestovali sme degradacnu schopnost Zelezanu vo forme Sumivych tabliet

- otestovali sme kombinované techniky degradacie polutantov v odpadovych vodach
metddou adsorpcie na aktivnom uhli / Biochar-e, metédou UV Ziarenia aj s kombinaciou so
Zelezanmi

- vyskum sa realizovali na redlnych odpadovych vodach z COV (komunélne, nemocniéné,
lieCebné, vyrobno-prevadzkove)

Studentov - bakalarov, inzinierov, doktorandov na zmysluplnom projekte s praktickym
vystupom pre nasu krajinu.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Let us summarize the results of the project:

- Lab scale optimization of ferrate(VI) electrochemical preparation is finished. Scale-up of
production technology was made up to production of high purity Ferrates(VI) (purity about
70 %, commercially available products reach max. 20 % purity)

- We tested the possibilities of long-term storage of solid product in various environments
using water-soluble polymers in the form of capsules prepared by 3D printing, or mixed
tablets with zeolites

- We tested the degradation efficiency of pure ferrate(VI) for a wide range of pollutants,
inorganic (ammonia, phosphorus), organic (drugs, antibiotics, psychopharmaceuticals,
hormones), biological (bacteria, yeast, including RNA / DNA fragments of SARS-CoV-2
viruses)

- We tested the degradation power of ferrate(Vl) combined with Slovak zeolites

- We tested the degradation power of ferrate(VI) in the form of effervescent tablets

- We tested combined techniques of degradation of pollutants in wastewater by the
adsorption on active carbon/biochar, UV irradiation in combination with ferrate(VI)

- Research was carried out using real wastewater from various types of WWTPs (municipal,
hospital, production and operational)

We also consider the cooperation of young people, our bachelor, engineer, and PhD
students on a meaningful project with practical outcomes for our country to be one of the
biggest benefits.
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