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Zavereéna karta projektu

Nazov projektu Evidenc¢né ¢islo projektu PP-COVID-20-0019

Inteligentné monitorovanie odpadovych vod za uéelom vytvorenia systému véasného
varovania populacie SR pred Sirenim ochorenia COVID-19

Zodpovedny riesitel doc. RNDr. Miroslav Gal, PhD.

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

Nazov pracoviska, na ktorom bol projekt rieSeny

Fakulta chemickej a potravinarskej technoldgie STU v Bratislave

Fakulta elektrotechniky a informatiky Slovenskej technickej univerzity v Bratislave
Biomedicinske centrum SAV, Virologicky ustav

Lekarska fakulta UK v Bratislave

Prirodovedecka fakulta UK v Bratislave

Zoznam spolupracujucich organizacii zo zahranic€ia, ktoré sa zapojili do rieSenia
projektu (uved'te nazov, sidlo, stat a identifikacné Cislo ak je dostupné)

1. Juhoeska 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 technolégii a
materialov (Mgr. Jan Filip, PhD.) (vyvoj novych typov senzorov na detekciu mikropolutantov
a technolégii schopnych dezinfikovat odpadové vody — najma oxidacné postupy)

3. Universidad de Las Palmas de Gran Canaria (prof. Carmen Paz Suarez) (moznost
vyuzita umelej inteligencie pri vyhodnocovani dat s monitoringu mikropolutantov/ v Zivotnom
prostredi)

4. Middlesex University London (MU) (prof. Lian Lundy) (spolupraca pri tvorbe NORMAN
medzinarodnej databazy dat ohladné monitoringu mikropolutantov a RNA fragmentov
virusu)

5. INAB - Institute of Applied Biosciences - CERTH - Center for Research and Technology
Hellas (Fotis E. Psomopoulos) Nadnarodny monitoring na urovni EU tykajuci sa
monitorovania biomarkerov a RNA SARS-CoV-2 v odpadovych vodach (vyvoj novych
metodik analyzy vod)

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu
1. Marton, M., Vojs. M, Michniak P., Behul M., Rehacek V., Kromka. A., Stehlik S.,
Slovenska technicka univerzita v Bratislave, Fyzikalni ustav AV CR, v. v. i, EP21218421, A
method for growing boron doped diamond and product thereof
2. Marton, M., Vojs. M, Kromka. A., Stehlik 8., Pfeifer R., Szabd O., Potocky 8, Slovenska
technicka univerzita v Bratislave, Fyzikalni ustav AV CR, v. v. i, Nanoporous diamond
structure, method of production thereof, a battery and a sensor comprising thereof
3. Lipkova M., PaluSova I., VICkova J.,KubuSova V., Vojs M., Vr§ka M., Slovenska technicka
univerzita v Bratislave; PaluSova lvana VI¢kova Jana; KubuSova Vlasta, 76-2021,
Ekologické dezinfekéné zariadenie s pouzitim diamantovych nanotechnolégii
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Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

1. SELESOVSKA, Renata - NAVRATIL, Tomas - HRDLICKA, Vojtéch - MICHNIAK, Pavol -
HATALA, Michal - VOJS, Marian - MARTON, Marian - MATVIEIEV, Oleksandr - JANIKOVA,
Lenka - CHYLKOVA, Jaromira. Novel screen-printed sensors with chemically deposited
boron-doped diamond and their use for voltammetric determination of attention deficit
hyperactivity disorder medication atomoxetine. In Electrochimica Acta. Vol. 403, (2022),Art.
no. 139642 [11] s. ISSN 0013-4686 (2020: 6.901 - IF, Q2 - JCR BestQ, 1.534 - SJR, Q1 -
SJR Best Q). V databaze: DOI: 10.1016/j.electacta.2021.139642 ; SCOPUS: 2-s2.0-
85120708277.

2. Hatala, M., Gemeiner, P., Lorencova, L. et al. Screen-printed conductive carbon layers for
dye-sensitized solar cells and electrochemical detection of dopamine. Chem. Pap. 75,
3817-3829 (2021). https://doi.org/10.1007/s11696-021-01601-2

3. BIMOVA, Paula [Brandeburova] - 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]. ISSN 2213-3437 (2020: 5.909 - IF, Q1 -
JCR BestQ, 0.965 - SJR, Q1 - SJR Best Q). V databaze: DOI: 10.1016/j.jece.2021.105746 ;
CC: 000670384900006.

4. KRVONAKOVA, Nada - SOLTYSOVA, Andrea - TAMAS, Michal - TAKAC, Zdenko -
KRAHULEC, Jan - FICEK, Andrej - GAL, Miroslav - GALL, Marian - FEHER, Miroslav -
KRIVJANSKA, Anna - HORAKOVA, Ilvana - BELISOVA, Noemi [Beliova, Noemi] -
BIMOVA, Paula [Brandeburova] - BUTOR SKULCOVA, Andrea [Skulcova] - MACKULAK,
Tomas. Mathematical modeling based on RT-qPCR 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. ISSN 2045-2322 (2020: 4.379 - IF, Q1 - JCR Best Q, 1.240 - SJR, Q1 - SJR Best
Q). V databaze: DOI: 10.1038/s41598-021-98653-x ; SCOPUS: 2-s2.0-85116318937 ; CC:
000702737500114.

5. BELISOVA, Noemi - KONECNA, Barbora a kol. Sorption of SARS-CoV-2 Virus Particles
to the Surface of Microplastics Released during Washing Processes. In International Journal
of Environmental Research and Public Health. Akceptované 24.12.2021. ISSN 1660-4601
(2020: 3.390 - IF, Q1- JCR BestQ, 0.747 - SJR, Q2 - SJR Best Q). V databaze: DOI:
https://doi.org/10.3390/ijerph19010281.

6. MACKULAK, Tomas - GAL, Miroslav - SPALKOVA, Viera - FEHER, Miroslav -
BRIESTENSKA, Katarina - MIKUSOVA, Miriam - TOMCIKOVA, Karolina - TAMAS, Michal -
BUTOR SKULCOVA, Andrea [Skulcova]. Wastewater-Based Epidemiology as an Early
Warning System for the Spreading of SARS-CoV-2 and Ilts Mutations in the Population. In
International Journal of Environmental Research and Public Health. Vol. 18, iss. 11 (2021),
s.[1-21], art. no. 5629. ISSN 1660-4601 (2020: 3.390 - IF, Q1 - JCR Best Q, 0.747 - SJR,
Q2 - SUIR Best Q). V databaze: DOI: 10.3390/ijerph18115629 ; SCOPUS: 2-s2.0-
85106453298 ; CC: 000659925200001.

7. BUTOR SKULCOVA, Andrea [Skulcova] - 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 [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. ISSN 2214-7144. V databaze: DOI: 10.1016/j.jwpe.2021.102223 ;
SCOPUS: 2-s2.0-85110651213 ; CC: 000703751700004.

8. LUNDY, Lian - FATTA-KASSINOS, Despo - SLOBODNIK, Jaroslav - KARAOLIA, Popi -
CIRKA, Lubo$ - FICEK, Andrej - KRAHULEC, Jan - MACKULAK, Tomas - SOLTYSOVA,
Andrea et al.. Making Waves: Collaboration in the time of SARS-CoV-2-rapid development
of an international co-operation and wastewater surveillance database to support public
health decision-making. In Water Research. Vol. 199, (2021), s. [1-7], art. no. 117167. ISSN
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0043-1354 (2020: 11.236 - IF, Q1 - JCR Best Q, 3.099 - SJR, Q1 - SURBest Q). V
databaze: DOI: 10.1016/j.watres.2021.117167 ; SCOPUS: 2-s2.0-85106318931 ; CC:
000659348700013.

9. BODIK, Michal - MACKULAK, Toma$ - FEHER, Miroslav - VOJS STANOVA, Andrea -
GRABICOVA, Katefina - VARJUOVA, Déra - BODIK, Igor. Searching for the correlations
between the use of different groups of pharmaceuticals from wastewaters. In Ecotoxicology
and Environmental Safety. Vol. 228, (2021), s.[1-7], art. no. 112973. ISSN 0147-6513
(2020: 6.291 - IF, Q1- JCR BestQ, 1.377 - SUR, Q1 - SJR Best Q). V databaze: DOI:
10.1016/j.ecoenv.2021.112973 ; SCOPUS: 2-s2.0-85119058292.

10. MACKUL'AK, Tomas - CVERENKAROVA, Klara - VOJS STANOVA, Andrea - FEHER,
Miroslav - TAMAS, Michal - BUTOR SKULCOVA, Andrea [Skulcova] - GAL, Miroslav -
NAUMOWICZ, Monika - SPALKOVA, Viera - BROSOVA, 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. ISSN 2079-6382
(2020: 4.639 - IF, Q2- JCR BestQ, 0.960 - SJUR, Q1 - SJR Best Q). V databaze: DOI:
10.3390/antibiotics 10091070 ; WOS: 000699307200001.

Uplatnenie vysledkov projektu

Vysledky projektu mézu byt uplatnené v réznych oblastia verejného zdravia, Ciastiarenskych
technoldgii, Statistickom vyhodnocovani a v neposlednom rade aj pri rozvoji vedeckého
poznania v oblastiach, ktorym sa projekt venoval. Ide najma, ale nie len:

- po dokoncenej optimalizacii pri detekcii virusu v odpadovej vode a v inych matriciach
vyuzitim LAMP technoldgie a biosenzora pri bodovom monitoringu

- pri dezinfekcii bodovych zdrojov po detekcii virusu

- pri doCist'ovani lokalnych Cistiarni odpadovych véd napr. v nemocniciach, domovoch
déchodcov, $kél a pod.

- pri modelovani Sirenia virusu SARS-CoV-2 v odpadovej vode ako predikcie Sirenia sa
nakazy v jednotlivych uzloch vyuzitim umelej inteligencie a Statistickom spracovani velkych
dat

- v monitoringu zdravotného stavu populacie pomocou analyzy odpadovych vod a to nie len
v pripade tejto pandémie, ale aj inych ochoreni

- po modifikacii biosenzorov v sucinnosti s tradi€nou PCR technikou sa ponuka moznost
sledovania mutaénych zmien virusu. Tieto udaje by sa mohli v buducnosti vyuzit’ pri
vakcinacnej stratégii (big data analysis) pri predikovani vakciny proti COVID-19 (ale nie len
v pripade modifikacie senzorov) na podobnom principe, ako sa pracuje s vakcinou proti
chripke.

- rozvoji vedeckého poznania v oblasti elektrochémie, molekularnej bioldgie, lekarskej
biochémie, verejného zdravotnictva, epidemiolodgie, virologie a pod.

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

Pocas rieSenia grantu sa v ramci plnenia cielov projektu podarilo:

- Boli vyvinuté a otestované substraty na pripravu biosenzora na baze keramiky (BDDE a
BDDE modifikované zlatymi nano€asticami) a na baze plastového substratu (uhlikove,
modifikované uhlikové elektrody — Cisty uhlik, sadze, pozlatené elektrody)

- Bola otestované a optimalizovana chemicka a elektrochemicka preduprava povrchu
pracovnej elektrody v zavislosti na type biorekogni¢nej vrstvy

- Podarilo sa optimalizovat techniku imobilizacie protilatok na povrchu elektrody a
aptamérov na zlatom povrchu teréika QCM

- Bol vypracovany a uspeSne odskusany a rutinne zavedeny protokol na predupravu
odpadovych véd s ohladom na pritomnost roznych necistot v tejto komplikovanej matrici v
suvislosti s dekciou RNA SARS-CoV-2 pomocou PCR a LAMP

- Spolupracou troch prestiznych pracovisk na Slovensku sa UspesSne zaviedla metodika
izolacie virusovej RNA z odpadovej vody — komunalnej a nemochicnej

- Na detekciu RNA virusu SARS-CoV-2 v odpadovej vode sa zoptimalizovala metéda
izotermalnej amplifikacie a SHERLOCK

- Na podklade optimalizacie izolacie a amplifikacie RNA sa podarilo virusovi RNA
detegovat v roznych typoch odpadovych véd pomocou PCR techniky

- Wuzitim sekvenacnych technik sme analyzou odpadovych vod ziskali informacie o

Formular ZK, strana 3/5



Siriacich sa variantoch virusu v populacii v ¢ase a mieste

- Navrhnuté biosenzory na baze aptamérov (elektrochemické, QCM) a protilatok boli
otestované v réznych matriciach priCom sa ukazala nie dokonala odolnost tychto vrstiev
voCi adsorpcii roznorodych latok z odpadovych véd. Vy€istenie (napr. pomocou
membranovych technoldgii) sa ukazuje ako délezita pomoc pri vyuziti tohto typu senzorav
odpadovej vode. Ako dbsledok sa ukazuje pravdepodobne nevyhnutna preduprava tych vod
pred samotnou detekciou.

- V spolupraci s externym pracoviskom boli vykonané interferenéné Studie za u¢elom
ur€enia selektivity vrstiev.

- V dbsledku masivneho Sirenia sa réznych variantov virusu v populacii sa podarilo
navrhnut’ spravanie sa tohto virusu (na zaklade analyzy RNA fragmentov) v odpadovych
vodach a vytvorit’ Statistickym spracovanim analyzovanych dat z odberov vzoriek
matematicky model Sirenia sa COVID-19 v populacii a predikovat’ zatazenie zdravotnickeho
systému niekolko dni dopredu pred narastom poctu pozitivnych nasofaryngalnych PCR
testov.

- Okrem samotnej detekcie virusu a predikcie Sirenia sa choroby sme v ramci projektu
zoptimalizovali podmienky pre naslednu dezinfekciu zisteného znecisteného zdroja
pomocou Cistych a tabletovanych Zelezanov a pomocou elektrochemickej degradacie BDD
elektrodami (optimalizacia B/C, prudovo-napatovych parametrov, podmienok pre
elektrolyzu)

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

During the solution of the project, the following was achieved within the fulfilment of the
project objectives:

- Substrates for the preparation of a biosensor based on ceramics (BDDE and BDDE
modified with gold nanoparticles) and based on a plastic substrate (carbon, modified carbon
electrodes - pure carbon, carbon black, gold-plated electrodes) were developed and tested
- Chemical and electrochemical pretreatment of the working electrode surface depending on
the type of biorecogenic layer was tested and optimized.

- We managed to optimize the technique of immobilization of antibodies on the surface of
the electrode and aptamers on the gold surface of the QCM target

- A protocol for wastewater pre-treatment has been developed and successfully tested and
routinely implemented with regard to the presence of various impurities in this complicated
matrix in connection with the detection of SARS-CoV-2 RNA by PCR and LAMP.

- The cooperation of three prestigious workplaces in Slovakia has successfully introduced a
methodology for the isolation of viral RNA from wastewater - municipal and hospital

- The isothermal amplification method and SHERLOCK were optimized for the detection of
SARS-CoV-2 virus RNA in wastewater

- Based on the optimization of RNA isolation and amplification, viral RNA was detected in
various types of wastewater using PCR techniques

- Using sequencing techniques, we obtained information about the spread of virus variants
in the population at the time and place by analyzing the wastewater.

- The proposed biosensors based on aptamers (electrochemical, QCM) and antibodies were
tested in various matrices, while the perfect resistance of these layers to adsorption of
various substances from wastewater was shown. Cleaning (eg using membrane
technologies) is proving to be an important aid in the use of this type of sensorin
wastewater. As a consequence, it is probably necessary to pre-treat those waters before the
detection itself.

- In cooperation with an external workplace, interference studies were performed to
determine the selectivity of the layers.

- Due to the massive spread of different virus variants in the population, it was possible to
design the behavior of this virus (based on RNA fragment analysis) in wastewater and to
create a mathematical model of COVID-19 spread in the population by statistical processing
of analyzed sampling data and to predict system several days in advance before the
increase in the number of positive nasopharyngeal PCR tests.

- In addition to virus detection and disease spread prediction, we optimized the conditions
for subsequent disinfection of the identified contaminated source using pure and tableted
irons and electrochemical degradation by BDD electrodes (optimization of B / C, current-
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voltage parameters, conditions for electrolysis)
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