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ARTICLE INFO ABSTRACT

Keywords: Waterborne pathogens including viruses, bacteria and micropollutants secreted from population can spread
Ferrate(VI) through the sewerage system. In this study, the efficiency of unique effervescent ferrate-based tablets was
SARS-CoV-2 evaluated for total RNA and DNA removal, disinfection and degradation of micropollutants in hospital waste-
r:lfrt::?;rﬁtczztmem water. For the purpose of testing, proposed tablets (based on citric acid or sodium dihydrogen phosphate) were

used for various types of hospital wastewater with specific biological and chemical contamination. Total RNA
destruction efficiency using tablets was 70-100% depending on the type of acidic component. DNA destruction
efficiency was lower on the level 51-94% depending on the type of acidic component. In addition, our study
confirms that effervescent ferrate-based tablets are able to efficiently remove of SARS-CoV-2 RNA from waste-
water. Degradation of often detected micropollutants (antiepileptic, antidepressant, antihistamine, hypertensive
and their metabolites) was dependent on the type of detected pharmaceuticals and on the acidic component used.
Sodium dihydrogen phosphate based tablet appeared to be more effective than citric acid based tablet and
removed some pharmaceuticals with efficiency higher than 97%. Last but not least, the disinfection ability was
also verified. Tableted ferrates were confirmed to be an effective disinfectant and no resistant microorganisms
were observed after treatment. Total and antibiotic resistant bacteria (coliforms and enterococci) were deter-
mined by cultivation on diagnostic selective agar growth media.

Antibiotic resistant bacteria
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1. Introduction

The hospital wastewaters play significant role as important source of
viruses and their fragments, bacteria and also pharmaceutical residues
[1,2]. Conventional biological treatment processes such as nitrification
or denitrification have limited or minimal options for elimination of
antibiotic-resistant bacteria (ARB) and of virus RNA [3]. Presence and
spread of ARB is becoming one of the problems endangering public
health. Although this threat has fallen behind the current pandemic, it
could seriously complicate treatment of many COVID-19 patients and
may increase mortality [4]. COVID-19 pandemic contributes and en-
hances development and dissemination of antibiotic resistance due to
widespread biocide use and increased consumption of antibiotics also by
COVID 19 patients. From this point of view, efficient disinfection of
wastewater is needed [5]. The presence of viruses and their fragments in
wastewaters raises considerable concern due to their ability of possible
resistance to disinfection procedures [6]. The recent studies declare that
2-49.5% of COVID-19 positive cases had diarrhea [7] and actually, it is
known that some viruses can spread through wastewater into which
they are excreted together with human excrements in amount of 102 to
1012 copies per gram of excrement [6]. Currently, there is assumption
that some types of coronaviruses can survive several days in the envi-
ronment and the question about the possible transmission via waste-
water, must be asked [8]. SARS-CoV-2 RNA was detected in 40-89% of
excrement from COVID positive patients [9-12]. Duration of faecal viral
shedding was 1-33 days after negative nasopharyngeal swab [13]. Also,
the positive detection of SARS-CoV-2 RNA in wastewater was observed
in several recent studies [1,14-17]. The problem of hospital wastewaters
is also closely related to occurrence of micropollutants such as phar-
maceuticals and illicit drugs [18,19]. These micropollutants may be
harmful mainly to aquatic organisms, but also to environment including
humans, because they can infiltrate into the groundwater and expose
drinking water sources [20,21]. Many pharmaceuticals occurred in
hospital wastewater are very stable, non-biodegradable and resistant
against conventional wastewater treatment [22]. To improve the quality
of wastewater treatment, especially in places with a higher occurrence
of pharmaceuticals, advanced oxidation processes (AOPs) were designed
as possible tertiary wastewater treatment process. Among various AOPs,
ferrates have been gaining popularity. Ferrates are very strong oxidative
agents with a redox potential of 2.2 V in acidic environment [23]. Fer-
rates have unique disinfection properties and have shown the great
potential in wastewater treatment as a coagulant and disinfectant, what
can be used also in viral RNA elimination [24]. Recently, in addition to
pure ferrate(VI), various water soluble polymeric capsules containing
ferrate(VI) powder were designed [25,26]. Capsules were used for
wastewater treatment not only in the case of various pharmaceuticals
(efficiency over 80%), but also for antibiotic resistant bacteria elimi-
nation with promising results (complete removal) [5,25]. During the
current pandemic situation, the issue of the virus occurrence in waste-
water arises as a risk factor for spreading of infectious diseases. Virus
surveillance in wastewater offer promising results with possible pre-
diction of disease outbreaks [27]. On the other hand, the usage of fer-
rates as the wastewater treatment method can help prevent the spread of
particles of viruses through the sewage system providing the safety so-
lution in the case of new pandemic situation similar to the actual SARS-
CoV-2. The uniqueness of this paper lays in special design of tableted
ferrates with effervescent effect and their application for the removal of
RNA viruses from hospital wastewater. Ferrate-based tablets present
complex method of wastewater treatment. There is an urgent need to
obtain more information on the possibilities of spreading SARS-CoV-2
and the ability of wastewater treatment plant (WWTP) to remove frag-
ments of this virus, which is not currently achieved with conventional
methods. Our study provides an interesting, cheap and effective solution
to several problems associated with the presence of micropollutants and
pathogens in wastewater including viral fragments focusing on SARS-
CoV-2.
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Table 1
Characterization of wastewater samples.

Wastewater Psychiatric clinic Central hospital (influent on hospital
(effluent) WWTP)

Parameter/label PC CH

COD (mg/L) 56.3 1650

pH 8.2 7.0

NH4-N (mg/L) 3.3 19.8

NO3-N (mg/L) 12.8 4.9

PO4-P (mg/L) 4.2 6.5

Cl™ (mg/L) 62.8 88.5

Number of beds 150 500

Treatment Nitrification Nitrification/chlorination
method

Temperature 12 14
(O]

Flow (m®/day) 58 90

COVID-19 cases 0 20

Sampling date 20/11/2019 17/11/2020

2. Experimental
2.1. Preparation of effervescent ferrate(VI)-based tablets

Potassium ferrate(VI) tablet was prepared using hydraulic hand press
(Trystom H62) with die for tablet (13 mm), according to [28]. Three
types of tablets with purity of ferrate(VI) 33 &+ 7% were designed based
on potassium ferrate: citric acid, anhydrous: sodium hydrogen carbonate
(mass ratio 1:2:1; labeled A), potassium ferrate: sodium dihydrogen
phosphate: sodium hydrogen carbonate (mass ratio 1:4:1; labeled B) and
pure potassium ferrate tablet (125 mg; labeled F). One tablet per 100 mL
of wastewater was dosed. As controls were used tablets without ferrates,
i.e. tablets based on acidic component and sodium hydrogen carbonate.
Reaction time was 5 min. All experiments were carried out in triplicate.

2.2. Quantification of RNA and DNA

Water samples were processed according to [29]. Nucleic acids were
isolated by Trizol. Qubit Fluorometer, Qubit RNA and DNA HS Assay
Kits (Thermo Fisher Scientific, Waltham, MA, USA) were used for the
quantification of total RNA and total DNA. The presence of SARS-CoV-2
fragments were assessed using QuantiTect SYBR Green RT-PCR kit
(Qiagen, Hilden, Germany) with primers specific for N1 gene (F: GAC
CCC AAA ATC AGC GAA AT; R: TCT GGT TAC TGC CAG TTG AAT) and
N3 gene (F: GGG AGC CTT GAA TAC ACC AAA; R: TGT AGC ACG ATT
GCA GCA TTG). All experiments were carried out in triplicate.

2.3. Antibiotic resistance detection

Detection of total and antibiotic resistant enterococci and coliform
bacteria in raw wastewater samples was performed according to [30].
Ampicillin, gentamicin, tetracycline, chloramphenicol, ciprofloxacin
and vancomycin were applied in concentrations equal to resistance
breakpoints for studied bacteria given by EUCAST [31]. All experiments
were carried out in triplicate.

2.4. Wastewater sampling and HPLC-MS/MS analysis

Wastewater samples from hospital effluent (Table 1) were collected
from the sampling point by an automatic sampling device from 7 to 10 a.
m., decanted samples in 10-minute intervals with a total volume of 1800
mL. The samples were collected in plastic bottles and were frozen
(—18°C) 2 h after the sampling or stored in the fridge (9 °C; samples for
disinfection study). The wastewater samples were let to thaw at room
temperature, filtered through to the syringe filter (0.20 pm regenerated
cellulose, Labicom, Czech Republic) and a mixture of isotopically
labeled internal standards was added before in-line SPE-LC-MS/MS
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Table 2
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Removal efficiency of selected pharmaceuticals and their metabolites using ferrate-based tablets.

Sample Hospital wastewater
Compound/tablet Initial concentration (ng/L) Removal efficiency (%)

A B F
Carbamazepine” 1550 13-29 91-99 36-39
Cetirizine 250 8-16 73-91 26-41
Dihydro CBZ 140 13-31 88-98 35-37
Epoxy CBZ 1530 9-27 17-30 0
Metoprolol acid 1000 0 43-50 32-39
Mirtazapine 320 53-62 >99 77-86
O-desmethylvenlafaxine 530 0 >96 >98
Oxcarbamazepine 940 0 >97 >89
Trazodone 120 41-47 >98 >98
Venlafaxine 450 7-22 22-26 67-69

2 CBZ - carbamazepine.

analysis. The analytical method has been previously described [32]. All
experiments were carried out in triplicate. This paper discusses selected
- in wastewater often detected, pharmaceuticals or their metabolites
from different therapeutic classes such as antiepileptic, antidepressant,
antihistamine and hypertensive. Disinfection of wastewater in the
Central hospital is currently carried out by chlorine gas. Its concentra-
tion in the effluent is kept at the level 4-5 mg/L and removal efficiency
of total RNA fragments is about 60%.

3. Results and discussion

3.1. Quantification of total RNA and DNA and their removal from
hospital wastewater

The following data summarize results of the quantification of total
RNA and total DNA in the samples before and after ferrate-based tablets
treatment. The initial concentration of SARS-CoV-2 was 6400 copy/L.
The removal efficiency of designed tablets was high, especially in the
case of pure ferrate(VI) (tablet F) up to 100%. Pure ferrates are very
strong oxidants and can completely destroy viruses, including SARS-
CoV-2, and their fragments. Tableted ferrate (VI) showed lower effi-
ciency caused by the presence of the acidic substance which has been
preferentially degraded by the ferrates. RNA removal efficiency was
80-100% for A tablets, and 70-94% for B tablets. Similar results were
obtained for DNA removal. The removal efficiency was 80-94% for A
tablets and 51-82% for B tablets. The efficiency of the A tablets (based
on citric acid) was significantly higher than B tablets (based on sodium
dihydrogen phosphate) in all cases. Ferrate-based tablets seem to be the
suitable option for the destruction of RNA parts of viruses as the samples
were positively tested for SARS-CoV-2 before the usage of tablets and
negatively tested afterwards. The options currently in use are for
example a set of disinfection tanks — directly on site with infectious cases
— but the disadvantage of these tanks is the high consumption of
chlorine-based preparations and the need for multiple disinfection steps
[33]. By removing RNA and DNA fragments does not occur the hori-
zontal transfer of genetic information through wastewater [34]. The
presence of SARS-CoV-2 RNA confirmed by RT-PCR analysis in waste-
water does not automatically imply the presence of infectious virus.
However, studies on the related SARS-CoV virus suggest that these types
of coronaviruses may be infectious in wastewater for some time. Ac-
cording to this study, this virus retains infectivity in wastewater for up to
14 days at 4 °C under certain conditions, but at 20 °C for 48 h [35].
There are only few studies on inactivation of SARS-Cov-2 in wastewater
so far. Chan et al. [36] reported that the genome of the SARSCoV-2
strains are phylogenetically closest to the bat SARS-related coronavi-
ruses, and the Spike protein has a 78% nucleotide identity with the
human SARS-CoV-1. Due to the similarities between SARS-CoV-1 and
SARS-CoV-2, the SARS-CoV-2 might also be sensitive to either envi-
ronment factors or disinfectants. Our results show that the designed

tablets have the ability to destroy viruses very quickly, effective and
without hazardous radical by-products, what is a typical advantage of
ferrates. There was also confirmed the ability of tableted ferrates to
remove SARS-CoV-2 RNA directly from the hospital wastewater.

3.2. Efficiency of effervescent ferrate-based tablets in antibiotic resistant
bacteria elimination

Number of total and antibiotic resistant coliform bacteria in un-
treated water ranged from 2.21 + 0.03 to 3.69 £ 0.03 log CFU/mL and
number of total enterococci was 1.00 + 0.02 log CFU/mL. No antibiotic
resistant enterococci were detected in raw effluent water. Treatment of
wastewater with tableted ferrate caused a decrease of all detected
antibiotic resistant bacteria below the detection limit.

3.3. Effervescent ferrate-based tablets used for wastewater treatment

Prepared tablets (A, B and F) were also used for the study of removal
of selected pharmaceuticals and their metabolites present in wastewater
samples. Only compounds occurred in collected wastewater at concen-
tration above 100 ng/L are reported. Obtained results are summarized in
Table 2.

Presented pharmaceuticals are often occurred in wastewater and in
surface water and are difficult to degrade [37,38]. Pure ferrate was very
effective in trazodone, oxcarbamazepine and O-desmethylvenlafaxine
removal with efficiency between 89 and 98%. Ferrate-based tablets
treatment resulted in higher removal efficiency in some cases for car-
bamazepine and its metabolites, cetirizine, metoprolol acid, mirtazapine
and lamotrigine compared to pure ferrate experiment. Generally, the
highest pharmaceuticals removal efficiency was achieved using tablets
containing sodium dihydrogen phosphate (labeled B). Removal effi-
ciency by ferrates depends on the way in which the oxidation of indi-
vidual pharmaceuticals takes place. It also depends on the oxidative
potential of the pharmaceuticals, thus whether the redox potential of
ferrates is high enough to oxidize a particular class of pharmaceuticals.

4. Conclusions

Our study for the first time reported the unique effervescent ferrate-
based tablets for the complex wastewater treatment including viral RNA
destruction and disinfection. Viruses like a SARS-CoV-2 or their RNA
fragments can be embedded in excrements as well as urine and con-
ventional disinfection procedures are not effective enough to destroy
them [39]. Designed ferrate-based tablets effectively removed up to 90%
of total RNA and 87% of total DNA. Fragments of SARS-CoV-2 were
completely removed using ferrate-based tablets. Prepared tablets
removed at least 99.9% of bacteria from wastewater and tested anti-
biotic resistant bacteria were below limit of detection. Proposed tableted
ferrates are also very effective (96-99%) in wastewater treatment of
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some pharmaceuticals and their metabolites (O-desmethylvenlafaxine,
oxcarbamazepine, trazodone and mirtazapine). Obtained results indi-
cate higher removal efficiency when sodium dihydrogen phosphate was
used as an acid substance balancing of pH of ferrates reaction. Tableted
ferrates with effervescent effect offer the fresh look at the way of
potentially infectious hospital wastewater treatment. Simple dosage and
effervescent effect that replace the stirring are unique benefits of tab-
leted ferrates. The absence of dangerous radical by-products, unlike
disinfection using chlorine compounds, advises ferrates on environ-
mental friendly technology and their price increases this rank. Designed
tablets can be used for quick disinfection after using the toilet in hos-
pitals or medical centres with infectious cases, in household for waste-
water treatment as replacement for chlorine-based tablets but also for
drinking water treatment if a reliable source of water in not available.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was supported by the Slovak Research and Development
Agency under the contracts no. APVV-17-0119, APVV-17-0183, APVV-
19-0250 and PP-COVID-20-0019 and project VEGA 1/0343/19. This
study was financially supported by project VIR-SCAN — Wastewater
monitoring data as an early warning tool to alert COVID-19 in the
population (“EOSCsecretariat.eu has received funding from the Euro-
pean Union’s Horizon Programme call H2020-INFRAEOSC-05-2018-
2019, grant Agreement number 831644.”) and by the Ministry of Edu-
cation, Youth and Sports of the Czech Republic — project “CENAKVA”
(LM2018099). The authors gratefully acknowledge the support by the
Operational Program Research, Development and Education - European
Regional Development Fund (project no. CZ.02.1.01/0.0/0.0/16_019/
0000754) of the Ministry of Education, Youth and Sports of the Czech
Republic. This article was written thanks to the generous support under
the Operational Program Integrated Infrastructure for the project:
“Strategic research in the field of SMART monitoring, treatment and
preventive protection against coronavirus (SARS-CoV-2)”, Project no.
313011ASS8, co-financed by the European Regional Development Fund.

This work was also supported from European Regional Development
Fund-Project “Centre for the investigation of synthesis and trans-
formation of nutritional substances in the food chain in interaction with
potentially harmful substances of anthropogenic origin: comprehensive
assessment of soil contamination risks for the quality of agricultural
products” (No. CZ.02.1.01/0.0/0.0/16_.019/0000845).

References

[1] W. Ahmed, N. Angel, J. Edson, K. Bibby, A. Bivins, J.W. O’Brien, P.M. Choi,

M. Kitajima, S.L. Simpson, J. Li, B. Tscharke, R. Verhagen, W.J.M. Smith, J. Zaugg,

L. Dierens, P. Hugenholtz, K.V. Thomas, J.F. Mueller, First confirmed detection of

SARS-CoV-2 in untreated wastewater in Australia: a proof of concept for the

wastewater surveillance of COVID-19 in the community, Sci. Total Environ. 728

(2020), 138764.

J.F. Reichert, D.M. Souza, A.F. Martins, Antipsychotic drugs in hospital wastewater

and a preliminary risk assessment, Ecotoxicol. Environ. Saf. 170 (2019) 559-567.

[3] K. Kummerer, Antibiotics in the aquatic environment-a review—part I,
Chemosphere 75 (2009) 417-434.

[4] E.M. Mikhael, A.A. Al-Jumaili, Can developing countries alone face corona virus?
An Iraqi situation, Public Health Pract. 1 (2020), 100004.

[5] T. Mackulak, R. Grabic, V. Spalkova, N. Belisovd, A. Skulcovd, O. Slavik, P. Horky,

M. Gal, J. Filip, J. Hives, M. Vojs, A. Vojs Stanova, A. Medvedova, M. Marton,

L. Birosova, Hospital wastewaters treatment: fenton reaction vs. BDDE vs. ferrate

(VI), Environ. Sci. Pollut. Res. 26 (2019) 31812-31821.

1. Xagoraraki, E. O’Brien, Wastewater-based epidemiology for early detection of

viral outbreak, in: S.J. O’Bannon (Ed.), Women in Water Quality, Women in

Engineering and Science, Springer Nature, Switzerland AG, 2020, pp. 75-97.

[2

—

[6

—

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Journal of Water Process Engineering 43 (2021) 102223

Y. Tian, L. Rong, W. Nian, Y. He, Review article: gastrointestinal features in COVID-
19 and the possibility of faecal transmission, Aliment. Pharmacol. Ther. 51 (2020)
843-851.

G. Kampf, D. Todt, S. Pfaender, E. Steinmann, Persistence of coronaviruses on
inanimate surfaces and their inactivation with biocidal agents, J. Hosp. Infect. 104
(2020) 246-251.

Y. Pan, D. Zhang, P. Yang, L.L.M. Poon, Q. Wang, Viral load of SARS-CoV-2 in
clinical samples, Lancet Infect. Dis. 20 (2020) 411-412.

R. Woelfel, V.M. Corman, W. Guggemos, M. Seilmaier, S. Zange, M.A. Mueller,
D. Niemeyer, P. Vollmar, C. Rothe, M. Hoelscher, T. Bleicker, S. Bruenink,

J. Schneider, R. Ehmann, K. Zwirglmaier, C. Drosten, C. Wendtner, Virological
assessment of hospitalized patients with COVID-2019, Nature 581 (2020) 465-469,
https://doi.org/10.1101,/2020.03.05.20030502.

C. Chen, G. Gao, Y. Xu, L. Pu, Q. Wang, L. Wang, W. Wang, Y. Song, M. Chen,

L. Wang, F. Yu, S. Yang, Y. Tang, L. Zhao, H. Wang, Y. Wang, H. Zeng, F. Zhang,
SARS-CoV-2-positive sputum and feces after conversion of pharyngeal samples in
patients with COVID-19, Ann, Intern. Med. (2020), https://doi.org/10.7326/M20-
0991.

F.X. Lescure, L. Bouadma, D. Nguyen, M. Parisey, P.H. Wicky, S. Behillil,

A. Gaymard, M. Bouscambert-Duchamp, F. Donati, Q. Le Hingrat, V. Enouf,

N. Houhou-Fidouh, M. Valette, A. Mailles, J.C. Lucet, F. Mentre, X. Duval,

D. Descamps, D. Malvy, J.F. Timsit, B. Lina, S. van der Werf, Y. Yazdanpanah,
Clinical and virological data of the first cases of COVID-19 in Europe: a case series,
Lancet Infect. Dis. 20 (2020) 697-706, https://doi.org/10.1016/51473-3099(20)
30200-0.

S. Gupta, J. Parker, S. Smits, J. Underwood, S. Dolwani, Persistent viral shedding of
SARS-CoV-2 in faeces - a rapid review, Color. Dis. 22 (2020) 611-620, https://doi.
org/10.1111/codi.15138.

B.A. Kocamemi, H. Kurt, S. Hacioglu, C. Yarali, A.M. Saatci, B. Pakdemirli, First
data-set on SARS-CoV-2 detection for Istanbul wastewaters in Turkey, medRxiv
(2020), https://doi.org/10.1101/2020.05.03.20089417.

W. Randazzo, E. Cuevas-Ferrando, R. Sanjuan, P. Domingo-Calap, G. Sanchez,
Metropolitan wastewater analysis for COVID-19 epidemiological surveillance,
medRxiv (2020), https://doi.org/10.1101/2020.04.23.20076679.

1. Bar-Or, K. Yaniv, M. Shagan, E. Ozer, O. Erster, E. Mendelson, B. Mannasse,

R. Shirazi, E. Kramarsky-Winter, O. Nir, H. Abu-Ali, Z. Ronen, E. Rinott, Y.E. Lewis,
E. Friedler, E. Birkover, Y. Paitan, Y. Berchenko, A. Kushmaro, Regressing SARS-
CoV-2 sewage measurements onto COVID-19 burden in the population: a proof-of-
concept for quantitative environmental surveillance, medRxiv (2020), https://doi.
org/10.1101/2020.04.26.20073569.

S. Wurtzer, V. Marechal, J.M. Mouchel, Y. Maday, R. Teyssou, E. Richard, J.

L. Almayrac, L. Moulin, Evaluation of lockdown impact on SARS-CoV-2 dynamics
through viral genome quantification in Paris wastewaters, medRxiv (2020),
https://doi.org/10.1101,/2020.04.12.20062679.

T. Mackulak, P. Brandeburova, A. Grenéikova, I. Bodik, A. Vojst-Stanova,

0. Golovko, O. Koba, M. Mackulakova, V. Spalkové, M. Gal, R. Grabic, Music
festivals and drugs: wastewater analysis, Sci. Total Environ. 659 (2019) 326-334.
T. Mackulak, S. Cernansky, M. Fehér, L. Birosova, M. Gal, Pharmaceuticals, drugs,
and resistant microorganisms—environmental impact on population health, Curr.
Opin. Environ. Sci. Health 9 (2019) 40-48.

H. Xie, H. Hao, N. Xu, X. Liang, D. Gao, Y. Xu, Y. Gao, H. Tao, M. Wong,
Pharmaceuticals and personal care products in water, sediments, aquatic
organisms, and fish feeds in the Pearl River Delta: occurrence, distribution,
potential sources, and health risk assessment, Sci. Total Environ. 659 (2019)
230-239.

R. Pal, M. Megharaj, K.P. Kirkbride, R. Naidu, Illicit drugs and the environment — a
review, Sci. Total Environ. 463-464 (2013) 1079-1092.

K.H.H. Aziz, H. Miessner, S. Mueller, D. Kalass, D. Moeller, 1. Khorshid, M.A.

M. Rashid, Degradation of pharmaceutical diclofenac and ibuprofen in aqueous
solution, a direct comparison of ozonation, photocatalysis, and non-thermal
plasma, Chem. Eng. J. 313 (2017) 1033-1041.

A. Henry-Chase, B.B. Tewari, Use to ferrate (VI) a green chemical for the
environment remediation, Rev. Boliv. Quim. 30 (2013) 13-23.

V.K. Sharma, Potassium ferrate(VI): an environmentally friendly oxidant, Adv,
Environ. Res. 6 (2002) 143-156.

M. Czolderova, M. Behtl, J. Filip, P. Zajicek, R. Grabic, A. Vojs-Stanova, M. Gal,
K. Kerekes, J. Hives, J. Ryba, M. Rybanska, P. Brandeburova, T. Mackulak, 3D
printed polyvinyl alcohol ferrate(VI) capsules: effective means for the removal of
pharmaceuticals and illicit drugs from wastewater, Chem. Eng. J. 349 (2018)
269-275.

B. Chen, H. Kuo, V.K. Sharma, W. Den, Chitosan encapsulation of ferrateVI for
controlled release to water: mechanistic insights and degradation of organic
contaminant, Sci, Rep. 9 (2019) 18268.

T. Acter, N. Uddin, J. Das, A. Akhter, T.R. Choudhury, S. Kim, Evolution of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as coronavirus disease
2019 (COVID-19) pandemic: a global health emergency, Sci. Total Environ. 730
(2020), 138996.

T. Mackulak, L. Biroov4, L. Bodik, R. Grabic, A. Takacova, M. Smolinsk4,

A. Hanusova, J. Hives, M. Gal, Zerovalent iron and iron(VI): effective means for the
removal of psychoactive pharmaceuticals and illicit drugs from wastewaters, Sci.
Total Environ. 539 (2016) 420-426.

F. Wu, A. Xiao, J. Zhang, X. Gu, W.L. Lee, K. Kauffman, W. Hanage, M. Matus,
N. Ghaeli, N. Endo, C. Duvallet, K. Moniz, T. Erickson, P. Chai, J. Thompson,

E. Alm, SARS-CoV-2 titers in wastewater are higher than expected from clinically
confirmed cases, medRxiv (2020), https://doi.org/10.1101/
2020.04.05.20051540.


http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0005
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0005
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0005
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0005
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0005
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0005
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0010
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0010
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0015
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0015
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0020
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0020
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0025
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0025
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0025
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0025
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0030
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0030
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0030
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0035
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0035
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0035
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0040
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0040
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0040
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0045
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0045
https://doi.org/10.1101/2020.03.05.20030502
https://doi.org/10.7326/M20-0991
https://doi.org/10.7326/M20-0991
https://doi.org/10.1016/S1473-3099(20)30200-0
https://doi.org/10.1016/S1473-3099(20)30200-0
https://doi.org/10.1111/codi.15138
https://doi.org/10.1111/codi.15138
https://doi.org/10.1101/2020.05.03.20089417
https://doi.org/10.1101/2020.04.23.20076679
https://doi.org/10.1101/2020.04.26.20073569
https://doi.org/10.1101/2020.04.26.20073569
https://doi.org/10.1101/2020.04.12.20062679
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0090
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0090
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0090
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0095
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0095
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0095
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0100
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0100
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0100
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0100
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0100
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0105
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0105
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0110
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0110
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0110
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0110
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0115
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0115
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0120
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0120
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0125
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0125
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0125
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0125
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0125
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0130
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0130
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0130
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0135
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0135
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0135
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0135
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0140
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0140
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0140
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0140
https://doi.org/10.1101/2020.04.05.20051540
https://doi.org/10.1101/2020.04.05.20051540

A. Butor Skulcova et al.

[30]

[31]

[32]

[33]

[34]

[35]

T. Mackulak, K. Nagyova, M. Faberova, R. Grabic, O. Koba, M. Gal, L. Birosova,
Utilization of Fenton-like reaction for antibiotics and resistant bacteria elimination
in different parts of WWTP, Environ. Toxicol. Pharmacol. 40 (2015) 492-497.
www.eucast.org/fileadmin/src/media/PDFs/EUCAST files/Breakpoint_tables/
v_11.0_Breakpoint_Tables.pdf (online 4.5.2021).

T. Mackulak, E. Medvecka, A.V. Stanové, P. Brandeburov4, R. Grabic, O. Golovko,
M. Marton, I. Bodik, A. Medvedovd, M. Gal, M. Plany, A. Kromka, V. Spalkova,
A. Skulcova, 1. Hordkova, M. Vojs, Boron doped diamond electrode — the
elimination of psychoactive drugs and resistant bacteria from wastewater, Vacuum
171 (2019), 108957.

J. Wang, H. Feng, S. Zhang, Z. Ni, L. Ni, Y. Chen, L. Zhuo, Z. Zhong, T. Qu, SARS-
CoV-2 RNA detection of hospital isolation wards hygiene monitoring during the
coronavirus disease 2019 outbreak in a Chinese hospital, Int. J. Infect. Dis. 94
(2020) 103-106.

N. A. Lerminiaux, A. D. S. Cameron. Horizontal transfer of antibiotic resistance
genes in clinical environments. Can. J. Microbiol. 65(1) 34-44.

X.W. Wang, J.S. Li, T.K. Guo, B. Zhen, Q.X. Kong, B. Yi, Z. Li, N. Song, M. Jin, W.
J. Xiao, X.M. Zhu, Concentration and detection of SARS coronavirus in sewage

[36]

[37]

[38]

[39]

Journal of Water Process Engineering 43 (2021) 102223

from Xiao Tang Shan hospital and the 309th hospital, J. Virol. Methods 128 (2005)
156-161.

J.F. Chan, S. Yuan, K.H. Kok, K.K. To, H. Chu, J. Yang F. Xing J. Liu, C.C. Yip, R.
W. Poon, H.W. Tsoi, A familial cluster of pneumonia associated with the 2019
novel coronavirus indicating person-to-person transmission: a study of a family
cluster, Lancet 395 (2020) 514-523.

A.F. Bollmann, W. Seitz, C. Prasse, T. Lucke, W. Schulz, T. Ternes, Occurrence and
fate of amisulpride, sulpiride, and lamotrigine in municipal wastewater treatment
plants with biological treatment and ozonation, J. Hazard. Mater. 320 (2016)
204-215.

P.M. Choi, J.W. O’Brien, J. Li, G. Jiang, K.V. Thomas, J.F. Mueller, Population
histamine burden assessed using wastewater-based epidemiology: the association
of 1, 4-methylimidazole acetic acid and fexofenadine, Environ. Int. 120 (2018)
172-180.

D. Zhang, H. Ling, X. Huang, J. Li, W. Li, C. Yi, T. Zhang, Y. Jiang, Y. He, S. Deng,
X. Zhang, Y. Liu, G. Li, J. Qu, Potential spreading risks and disinfection challenges
of medical wastewater by the presence of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) viral RNA in septic tanks of Fangcang Hospital, Sci.
Total Environ. 741 (2020) 140445.


http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0150
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0150
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0150
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0_Breakpoint_Tables.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0_Breakpoint_Tables.pdf
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0160
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0160
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0160
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0160
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0160
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0165
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0165
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0165
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0165
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0170
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0170
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0170
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0170
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0175
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0175
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0175
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0175
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0180
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0180
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0180
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0180
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0185
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0185
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0185
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0185
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0190
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0190
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0190
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0190
http://refhub.elsevier.com/S2214-7144(21)00310-X/rf0190

	Effervescent ferrate(VI)-based tablets as an effective means for removal SARS-CoV-2 RNA, pharmaceuticals and resistant bact ...
	1 Introduction
	2 Experimental
	2.1 Preparation of effervescent ferrate(VI)-based tablets
	2.2 Quantification of RNA and DNA
	2.3 Antibiotic resistance detection
	2.4 Wastewater sampling and HPLC-MS/MS analysis

	3 Results and discussion
	3.1 Quantification of total RNA and DNA and their removal from hospital wastewater
	3.2 Efficiency of effervescent ferrate-based tablets in antibiotic resistant bacteria elimination
	3.3 Effervescent ferrate-based tablets used for wastewater treatment

	4 Conclusions
	Declaration of competing interest
	Acknowledgements
	References


