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ABSTRACT

Background and._Objectives: In hospitals, where there is a high circulation of
microorganisms;. complementary technologies are essential to improve disinfection. This
study aimed to develop a technology adapted to our reality, produced and tested by our
research group; safe, easy to operate and with low construction cost so that it can be used in
health environments such as hospitals with limited resources. Methods: After research, S5W
lamps, T8 - G13 - 909 mm with emission of ultraviolet radiation at 254 nm were chosen as
the UVC source. The “Torre UVC” application was created using the Android Studio IDE.
Power measurements taken with a radiometer were used to assess the efficiency of the UVC
tower and determine the appropriate doses. The efficiency of the tower against some clinically
important microorganisms was evaluated. Results: The UVC tower was constructed with an
aluminum frame and 8 lamps, allowing remote operation. The app was designed for easy and
intuitive use. The efficiency tests conducted with the radiometer demonstrate an exponential
decrease in radiation dosage as objects or surfaces move away from the tower. The tower
effectively inhibited microbial growth (bacteria and fungi) even with low doses of UVC
radiation (12 mJ/cm?) and reduced the viral load of the SARS-CoV-2 positive sample.
Conclusion: It was possible to develop a safe and easy to operate technology with low



construction costs that can be used in healthcare environments with satisfactory results in the
disinfection of microorganisms.

Keywords: Decontamination. Disinfection. Ultraviolet Rays. UV Light. Nonlonizing
Radiation.

RESUMO

Justificativa e Objetivos: Em hospitais, onde ha alta circulagio de microrganismos,
tecnologias complementares sdo essenciais para melhorar a desinfeccdo. Este estudo teve
como objetivo desenvolver uma tecnologia adaptada a nossa realidade, produzida e testada
pelo nosso grupo de pesquisa, que seja segura e facil de operar, com baixo custo de
construcdo para que possa ser utilizada em ambientes de satde com recursos limitados.
Métodos: Apds a investigagdo, lampadas de 55W, T8 - G13 - 909 mm _com emissdo de
radiagdo ultravioleta a 254 nm foram escolhidas como fonte de. UVC/ O aplicativo "Torre
UVC" foi criado usando o Android Studio IDE. Para verificar a eficiéncia do equipamento e
determinar as doses a serem utilizadas, foram realizadas medicdes de poténcia através de
radidometro. Foi avaliada a eficiéncia da torre frente a alguns microrganismos clinicamente
importantes. Resultados: A Torre UVC foi construida com uma estrutura de aluminio e 8
lampadas, permitindo a operagdo remota. O aplicativo foi projetado para uso fécil e intuitivo.
Os testes de eficiéncia realizados com o radidmetro mostram que a diminui¢do da dose de
radiacdo ¢ exponencial & medida que objetos ou supetficies se afastam da torre. A torre inibiu
o crescimento microbiano (bactérias e fungos) mesmo com baixas doses de radiagdo UVC (12
mJ/cm?) e reduziu a carga viral da amostra clinica positiva para SARS-CoV-2. Conclusao:
Foi possivel desenvolver uma tecnologia segura e de facil operacdo, com baixo custo para que
possa ser utilizada em ambientes de satde, e com tesultados satisfatorios na inativacdo de
microrganismos.

Descritores: Descontaminag¢do. Desinfeccdo. Raios ultravioleta. Luz UV. Radiag¢do ndo
ionizante.

RESUMEN

Justificativa y Objetivos: En los hospitales, donde circulan muchos microorganismos, las
tecnologias complementarias son clave para mejorar la desinfeccion. Este estudio tuvo como
objetivo desarrollar una tecnologia adaptada a nuestra realidad, que sea segura y facil de
operar, con bajo costo de construccion para que pueda ser utilizada en entornos de salud como
los hospitales con recursos limitados. Métodos: Después de la investigacion, se eligieron
ldmparas de 55W, T8 - G13 - 909 mm con emision de radiacion ultravioleta a 254 nm como
fuente UVC. La aplicacion “Torre UVC” se cre6 con el IDE de Android Studio. Para verificar
la eficiencia de la torre UVC y determinar las dosis a utilizar, se tomaron medidas de potencia
utilizando un radiometro. Se evalud la eficiencia de la torre frente a algunos microorganismos
clinicamente importantes. Resultados: La Torre UVC fue construida con un marco de
aluminio y 8 lamparas, lo que permite la operacion remota. La aplicacion fue disenada para un
uso facil e intuitivo. Las pruebas de eficiencia realizadas con el radidémetro demuestran que la
disminucién de la dosis de radiacion es exponencial a medida que los objetos o superficies se
alejan de la torre. La torre inhibi6 eficazmente el crecimiento microbiano incluso con dosis
bajas de radiacion UVC (12 mJ/cm?) y redujo la carga viral de la muestra clinica positiva para
SARS-CoV-2. Conclusion: Se desarroll6 una tecnologia segura, facil de usar y de bajo costo,
con resultados satisfactorios en la desinfeccion de microorganismos, adecuada para ser
implementada en ambientes sanitarios.



Palabras Clave: Descontaminacion. Desinfeccion. Rayos Ultravioleta. Luz UV. Radiacion
No Ionizante.

INTRODUCTION

The coronavirus disease 2019 (Covid-19) pandemic brought the need for
comprehensive methods of decontamination of environments, while exposing the lack of
human and technological resources available on a large scale. Rigorous measures are
necessary to optimize the quality of care provided to infected patients and reduce the risk of
pathogen transmission to other patients or healthcare operators.! SARS-CoV-2 is highly
contagious, many people are generally susceptible, and many healthcare - workers have been
infected during patient care.> This virus is mostly transmitted through infected respiratory
droplets and contact with the infected person. Exposure to high concentrations of the virus in
a confined space for a long period of time increases the risk of aerosol transmission.>

Hospital-acquired infections are a challenging health sproblem worldwide, as
inanimate surfaces and equipment can be contaminated with microorganisms. This facilitates
their sporadic transmission and even outbreaks, since 'healthcare workers not only
contaminate their hands after direct contact with patients, but also after touching inanimate
surfaces and equipment.*

Appropriate protocols have to be used in hospitals for the decontamination of their
space to reduce infection and in-hospital transmission. The aerosol deposition of viruses on
surfaces and their resuspension is.a potential transmission pathway and effective sanitization
is critical in minimizing aerosol transmission of pathogens. As some traditional protocols are
insufficient to protect vulnerable patients from serious and life-threatening infections, new
strategies for decontaminating hospital environments are crucial for reducing the spread of
infections. 'The use of complementary technologies is indicated to supplement traditional
methods and improve desired levels of surface decontamination. Regardless of the type of
surface, the objective of a cleaning and sanitizing procedure is to reduce contamination to an
acceptable level of safety by applying operating methods for removal of pathogens from
surfaces.’

Several novel approaches have been developed for microorganisms’ inactivation in
recent years. Among these is the ultra-violet irradiation (UVC), which is able to destroy a
broad range of microbes, including bacteria, fungi and viruses.® The ability of UVC rays to

destroy microbes is largely attributed to their impact on DNA or RNA.” Given its advantages -



including broader virus inactivation, manageable costs, and practical applicability — UV
radiation can be used to supplement existing techniques.®

In this context, the development of a UVC radiation system is of great help to
professionals directly involved with hospital environments. Thus, hygiene professionals will
have an easy-to-install equipment that allows a quick and efficient disinfection process, being
a supplementary technique especially in situations such as the high-contagion Covid-19
pandemic. The main objective of this study was to design, develop and evaluate the
effectiveness of a UVC disinfection tower, with a focus on ensuring its performance and cost-
effectiveness, so that it can be used in healthcare environments such as hospitals with limited

resources.
METHODS

Study design and setting

The methodology adopted in this study was the Design Science Research, which
focuses on developing and testing innovative solutions. As the development of the equipment
does not involve practices with human beings, approval from the Research Ethics Committee
was not necessary, in accordance with current regulations. We formulate the following
hypotheses: (1) The developed technology will provide an effective means of disinfection in
hospital environments; (2) The technology will be feasible for implementation in resource-
limited healthcare settings. Key variables include the cost of construction and the
effectiveness of disinfection.

The study was developed between August 2020 and July 2022, at the Universidade
de Santa Cruz “do. Sul (UNISC). The tower was built in the university’s prototyping
laboratory, as was the smartphone app. The irradiation test, antimicrobial test, disinfection
evaluation of PFF-2 masks and antiviral test were carried out in the university’s technical
laboratory (TecnoUNISC). The first year of the study was dedicated to setting up the
equipment and carrying out the irradiation tests. In the second year, practical disinfection tests

were carried out.

Definitions of requirements and material selection

Firstly, it was to evaluate the different types of UVC radiation sources available in
the Brazilian market. The main technical characteristics for the use of UVC radiation sources
were listed based on the documentation provided by the suppliers and information available in

the literature. Commercial and market availability issues were also considered, as economic



viability is one of the commitment conditions of the study, allowing production scalability of
the final products developed through this research. The production of a technology that can be
replicated will effectively contribute to the fight against Covid-19 and other infectious
diseases. This step was time consuming, but essential for the elaboration of strategies for the
development of this disinfection system and correct acquisition of the main components.

Therefore, after carrying out an intense market research in search of models of UVC
radiation sources with the objective of identifying the best relationship between wavelength,
useful life, geometry, manufacturing material, power, current and voltage, lamps of 55W, T8 -
G13 — 909 mm with emission of ultraviolet radiation at 254 nm were selected. This
wavelength is considered the most effective for the maximum germicidal activity [6]. Thus,
the disinfection tower project was dimensioned for the use of this source of UVC radiation,
and 8 lamps in total were designated for the construction of the tower.

According to UV lamps manufacturers (Osram®), the radiation intensity decreases
exponentially with increasing distance from the source. Another important factor is the
positioning of the disinfection tower in a way to avoid shadows, since these regions may be
exposed to lower-than-expected UVC doses,® depending on the characteristics of the
disinfection environment (surgery room, or exam room). When the occurrence of shadows is
unavoidable, the disinfection process must be carried out in more than one step, alternating
the positioning of the tower to cover as much surface as possible. As a result, the tower was
made with 8 lamps to minimize the occurrence of shadows, allowing irradiation at an angle of

360°.

App development to turn on.the UVC tower

The “Torre UVC” app was created for Android® smartphones using the Android
Studio IDE. An external module has been seamlessly integrated into the app to enable
Bluetooth® connectivity and operations. An Android® device, such as a cell phone or tablet,

with a minimum operating system version of 4.4 is necessary to use this app.

Study protocol

Several experimental procedures have been conducted to evaluate the effectiveness of
the UVC tower irradiation in decontaminating pathogens, including bacteria, fungi, viruses,
and commonly used healthcare materials such as PFF-2 masks. The following sections

summarize the tests performed to validate the effectiveness of the device.

Irradiation test



Power measurements (mW/cm?) were taken using the Portable Radiometer 7.1 (Gen
UV) with a detachable LA9 sensor, detection range between 220~280nm, with a calibration
peak at 254 nm for assessment of the efficiency of the UVC tower and definition of the
dosages to be used. The measurements were taken at 12 different distances ranging from 10

cm to 200 cm, and the dosage (mJ/cm?) was subsequently calculated using the exposure time.

Antimicrobial test

Staphylococcus aureus (ATCC 29213) and Escherichia coli (ATCC 25922) were
used to test the decontamination efficacy of the tower by UVC radiation. Bacteria species
were inoculated in 3 mL of BHI medium (Brain Heart Infusion) at 37°C for 24 hours, then
seeded in Mueller Hinton agar and placed at 37°C for 24 hours. Cultures were prepared from
a 0.5-scale suspension of MacFarland diluted in a 0.9% NaCl solution, and seeded 100 pL
with sterile swab on plates containing 25 mL of Mueller Hinton agar.

Candida glabrata (ATCC) was used to test the <effectiveness of UVC
decontamination of the tower. The fungus species was inoculated in 3 mL of BHI medium at
37°C for 24 hours. The C. glabrata was seeded in Sabouraud agar and placed at 37°C for 48
hours. Cultures were prepared from a 0.5-scale suspension of MacFarland diluted in a 0.9%
NaCl solution, and 100 pL were seeded with sterile swab on plates containing 25 mL of
Sabouraud agar. The strains labelled ATCC were obtained from the American Type Culture
Collection (Manassas, VA, USA).

The plates positioned at different distances from the tower (20, 50, 70, 100 and 200
cm) were exposed to UVC radiation for 5 minutes. Then, the plates were exposed to 37°C for
24 hours for bacteria species.and 48 hours for fungus for subsequent colony counting. All

tests were done-in duplicates and the control had no exposure.

Disinfection evaluation of PFF-2 masks

The disinfection efficiency of PFF-2 masks (Life Protect®), was evaluated using a
mask previously used for 12 hours. Briefly, the PFF-2 mask was initially placed in contact
with Replicate Organism Direct Agar Contact plates (RODAC) (Laborclin®) on both sides
(inside and outside) for 5 seconds. Subsequently, the mask was exposed to UVC radiation on
both sides for 5 minutes, positioned at a distance of 20 cm (dose 2096 mJ/cm?) from the UVC
tower. After exposure, the mask was again placed in contact with RODAC plates on both
sides for 5 seconds. The plates were exposed to 37°C for 24 hours for subsequent colony

counting.



Antiviral test

Samples with a positive result in real-time polymerase chain reaction (RT-PCR) for
SARS-CoV-2 were used to evaluate the effectiveness of UVC radiation in a clinical
nasopharyngeal swab sample for SARS-CoV-2. The samples placed in Petri dishes and
positioned at different distances from the tower (70 cm, 100 cm and 200 cm) were exposed to
UVC radiation for 5 minutes. Subsequently, automated viral RNA extraction of the samples
was performed in the Extracta 32 equipment using the MagMAX™ CORE Nucleic Acid
Purification Kit, and reverse transcriptase followed by RT-PCR was performed using the
AgPath-ID™ One-Step RT-PCR Reagents kit per manufacturer’s instructions. The samples
were amplified using the QuantStudio 3 to identify the human ribonuclease P gene (RNaseP)
as an internal control and the SARS-CoV-2 virus envelope (E) gene for viral load detection.
The number of Ct (Cycle Threshold) was evaluated in the analyzes, and when Ct was above
35, samples were considered positive. All tests were done in duplicates with a control without

exposure.
RESULTS

UVC disinfection tower

The tower was built entirely with structural aluminum profile (40 x 40 mm),
industrial standard. The bottom base plate is 8 mm thick carbon steel with epoxy powder
coating, and the closing plates are 2 mm thick stainless-steel. The central tube, the handle,
support, and assembly parts are also made of stainless-steel. The pieces were cut on a
Computer Numerical Control (CNC) laser cutting machine and folded on a CNC bending
machine. Some stainless-steel parts are welded, such as the central tube flanges and the upper
disc (Figure'1B).

The UVC tower was designed for single-phase 220 Vac power supply, controlled by
a knob type switch for manual activation. As a safety measure, a residual current circuit
breaker hasbeen included to protect against electric shocks. A 220 Vac LED indicates the
tower is energized and ready for use (Figure 1C).

The activation of the lamps passes through the control system, which is carried out
through a standard electronic board, from the ESP32 family. This board has Wi-Fi and
Bluetooth® communication, in addition to digital inputs and outputs and analog inputs. The
digital outputs were used to activate transistors, which activate relays, and then two sets of

four reactors, responsible for activating the lamps. The 12 Vdc source is reduced to 5 Vdc to



power the ESP32 board. The interface relays are 12 Vdc. The control circuit was mounted on
a standard commercial board.

Finally, identification stickers and safety signs for the Tower were produced, as well
as a protective cover for the lamps and a user manual for the UVC tower (Figure 1A). The
manual was developed in an accessible language with operating instructions for the

equipment and the respective application, in addition to safety procedures.
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Figure 1. UVC tower and smartphone app:

App “Torre UVC”

The app Torre UVC was developed to allow the remote activation of disinfection
lamps. It presents a set of guidelines to users for the correct use and guarantee of maximum
disinfection efficieney without offering risks.

The app’s home screen presents a message for the user to enable Bluetooth® in the
mobile device that is operating system settings. Once Bluetooth® is activated, the user must
click on the Bluetooth® icon (Bluetooth® symbol in white color) to start locating the tower.
Thus, a new screen will open, and all Bluetooth® devices located within a range of up to 10
meters (without obstacles) will be scanned. The user must select the UVC tower from the list
of available devices. If no device appears, the button at the bottom of the screen restarts the
search.

Once the UVC tower is located and a valid connection is established, the color of the

Bluetooth® symbol changes to light blue. The application screen will show the guidance to



position the Tower in the first disinfection region, leave the room, and turn on the lamps
(Figure 1D).

By pressing the button on the previous screen, the user will turn on the tower lamps
for 6-minute periods, and the timer can be monitored via the application (Figure 1E). At the
end of the disinfection time, the lamps will turn off and the tower will be available for a new
disinfection process by simply repositioning it in another region (second region) and clicking

on the icon to turn on the lamps.

Efficiency tests

The measurements taken with the radiometer confirmed that the UVC tower was
operating efficiently. The dosage calculations were performed under real operating conditions
of the UVC tower. The decay of radiation dosage is exponential,-as objects or surfaces move
away from the tower. These results allowed us to identify that the radiation dosage at
distances greater than 2 meters is less than 1% of the radiation determined at 20 cm (Figure
2).
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Figure 2. Exponential decay of UVC radiation with distance from the tower.

Disinfection-against microorganisms

This work evaluated some of the main microorganisms of clinical importance, which
are frequently associated with healthcare-associated infections and can be commonly found
on contaminated surfaces and objects. In the three species tested, all control plates (not
exposed to ultraviolet light) showed microbial growth > 100,000 CFU/mL (Table 1).

When comparing the two bacteria tested, we observed that E. coli (gram-negative)
has a total inhibition with the dose of 146 mJ/cm? and only 2 CFU with the dose of 12

mJ/cm?. S. aureus (gram-positive) has total growth inhibition with the dose of 312 mJ/cm?



and only 2 CFU and 4 CFU with the dose of 146 mJ/cm? and 12 mJ/cm? respectively.
Regarding C. glabrata, a species fungus responsible for invasive candidiasis, the total
inhibition of growth is observed with the dose of 146 mJ/cm? and only 2 CFU with the dose
of 12 mJ/cm? (Table 1).

Table 1. Results of microbial growth as a function of distance and dose of exposure to UV radiation.

Distance (cm) 0 20 50 70 100 200
Dose (mJ/cm?) 0 2096 611 312 146 12
S. aureus, CFU/mL >100.000 - - - 2 4
E. coli, CFU/mL >100.000 - - - - 2
C. glabrata, 2
CFU/mL >100.000 - - - -

In the disinfection of PFF-2 masks, after counting the colonies, the RODAC plate
placed in contact with the inside of the mask before exposure to-UVC radiation showed
growth of 36 CFUs (Figure 3A). The plate RODAC placed in contact with outside of the
mask showed growth of 9 CFUs (Figure 3B),.in addition to the growth of a biofilm on the
edge of the plate. After exposure to UVC radiation, the plate placed in contact with the inside
of the mask (Figure 3C) did not have CFU growth, while the plate placed in contact with the
outside of the mask showed growth of 1 CFU (Figure 3D).

Figure 3. Effect of UVC radiation on the disinfection of PFF-2 masks.

The results show the Ct values of the E gene increase as the UV radiation dosage
increases, indicating that UVC radiation is able to decrease the viral load of the tested samples

(Figure 4).
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Figure 4. Effect of UVC radiation on the viral load of the samples.

Construction cost of the UVC disinfection tower
The construction costs of the UVC disinfection tower were low, considering
expenses related to materials, labor, and administrative costs. All values were calculated
based on prices practiced in Brazil and converted from BRL to USD (Table 2). The total
equipment cost of approximately 3,300 USD is perfectly accessible to the reality of Brazilian
hospitals, allowing for the widespread adoption of this indoor disinfection technology.
Furthermore, this cost is at least five times cheaper than other UVC radiation

disinfection equipment available in the market.

Table 2. Construction cost values for the final version of the UVC disinfection tower.

Cost elements Unitary value Quantity  Total

USD USD
UVC Radiation Lamp 55W, T8 - G13,26mm 40 8 320.00
Electronic ballast 55W 30 8 240.00
Stainless steel sheets (8 mm and 2 mm), CNC laser cut 600 1 600.00
Structural aluminum profile (40 x 40mm), 150 mm 40 2 80.00
Android smartphone 160 1 160.00
Mechanical components 80 1 80.00
Electrical components 80 1 80.00
Labor 940.00
Administrative expenses 800.00

3,300.00
DISCUSSION

Bacteria are classified into gram-positive and gram-negative according to the
composition of the cell membrane structure. Gram-negative bacteria have an additional outer
membrane that is not present in their gram-positive counterpart; the latter instead hold a
thicker peptidoglycan layer.® This reinforces the findings of this study, which found greater

inhibition of E. coli, which has a thin layer of peptidoglycan, compared to S. aureus, which



has a thicker wall of peptidoglycan, making it difficult for UVC light to reach the genetic
material.

As far as action against fungi is concerned, the results found in this study are
satisfactory for a species that has various virulence factors and resistance mechanisms to
antifungals that has allowed this yeast to become one of the most frequent agents of
candidiasis.'®

Other works developed with UVC radiation disinfection devices have also obtained
satisfactory results. A study showed that ultraviolet radiation applied for using the UVC
equipment was effective in disinfecting slides inoculated with four microorganisms involved
in healthcare-associated infections such as Pseudomonas aeruginosa, E. coli, S. aureus and
Candida. albicans. UVC achieved a high reduction in the microbial burden when treating
discs of several materials usually present in objects of medical practice, and/or daily use
(borosilicate, polycarbonate, polyurethane, silicone, Teflon and titanium) in both conditions,
achieving a reduction higher than 99.95%.'"" Furthermore, another study reported 100%
microbial inactivation, encompassing E. coli, 'P. aeruginosa, Salmonella enterica
typhimurium, S. aureus, and Staphylococcus epidermidis, with no observed bacterial growth
following UVC irradiation. Additionally, a reduction of approximately 4 logs was noted for
the yeast Candida albicans."?

The number of Ct (Cycle Threshold) was used to evaluate the effectiveness of the
UVC tower against SARS-CoV-2 positive clinical samples. The Ct value corresponds the
number of PCR cycles needed to produce a detectable signal, it is the point of intersection
between the amplification curve and the threshold line, so the Ct can serve as a relative
measure of target concentration, since its value is inversely proportional to the amount of
genetic material. The lower the Ct value, the fewer PCR cycles needed to produce a positive
result, the greater the quantity of viral nucleic acid in the sample tested, and the greater the
quantity of viral nucleic acid (the viral load) in the sample; and on the contrary, high Ct
values may mean low target concentrations or even absence.'

In research that related Ct values and SARS-CoV-2 viral load, the mean Ct values in
nasal and throat swabs obtained from patients with severe cases were lower than the values in
swabs obtained from patients with mild-to-moderate cases.'*'* Ct values also were used to
determine dynamics of SARS-CoV-2 viral load with the aim to guide the isolation period for
Covid-19 patients.'® Using the RT-PCR technique, it is not possible to affirm that the virus
has been eliminated, but rather that there has been a decrease in the genetic material and

consequently damage to the virus RNA.



However, the use of UVC irradiation is well described for the inactivation of various
viruses. A study evaluated the efficiency of UVC irradiation with a wavelength between 207-
222 nm on 2 strains of human coronavirus (alpha HCoV-229E and beta HCoV-OC43) and
found that this method was effective in eliminating viral particles, inactivating 99.9% of the
aerosolized coronavirus'’” Note that since all human coronaviruses have similar genomic sizes,
UVC light is expected to show similar inactivation efficiency against other human
coronaviruses, including SARS-CoV-2, the causative agent of Covid-19, present in the
environment. Another study evaluated the effect of UVC irradiation on an/experimental
model of fomite disinfection. A lower dose of UVC (10.25-23.71 mJ/cm?) was sufficient to
reduce the viral titer by >99.99%. In particular, plastic seems to be the most refractory
material to UVC disinfection, followed by stainless steel and glass, with the latter showing the
best adherence to treatment.'®

UVC irradiation can be a fast and effective means of disinfecting indoor spaces. A
paper describes an evidence-based approach to optimizing infection control and operating
room management during the coronavirus pandemic. Improvement strategies to mitigate
residual environmental contamination involve a combination of deep cleaning with surface
disinfectants and UVC light in the routine cleaning of operating rooms.*

The high cost of equipment and the limited accessibility to available technologies are
the main obstacles faced in the use of UVC light as a complementary alternative to the daily
practice of health services.”® The development of more accessible alternatives becomes a
relevant contribution to the area, favoring the democratization of the use of this technology
and making it viable for a wider range of users and institutions. The proposal for a low-cost
UVC irradiation tower with a simplified and efficient design emerges as a solution to
overcome financial barriers and facilitate the adoption of this technology.

Although the study on the UVC disinfection tower shows promising results, there are
some limitations that can be better investigated in future studies. One of these limitations is
the restriction of the spectrum of pathogens analyzed. For a more representative evaluation of
the efficacy of UVC disinfection, we suggest further studies with an expansion of the variety
of pathogens, including antibiotic-resistant strains and mycobacteria as the final step in the
validation of the device to complement the disinfection routine in health services, enabling
performance reports against these agents.

In addition, the study was conducted under controlled laboratory conditions, which
may not accurately reflect the challenges encountered in real clinical settings. In hospital

settings, variables such as temperature and humidity variations, as well as physical obstacles



(such as furniture and equipment), can significantly interfere with the effectiveness of UVC
disinfection. Future studies should replicate real-world clinical conditions while taking these
variables into account to evaluate the technology’s practical applicability in scenarios of daily
use.

The results presented in this work demonstrated satisfactory performance for the
UVC tower in the disinfection of pathogenic microorganisms. In addition, the developed
device has a low cost, using resistant and easy to clean materials. The UVC tower was
designed with wheels and handles to facilitate movement and can be manipulated by just one
operator. For safety reasons, lights indicating that the tower is energized and ready for use, as
well as a sound signal when it is in operation, were included. The tower is operated through
the “Torre UVC” application, developed in this project, which ensures the safety of the
professional who can turn on the equipment from outside the room, without being exposed to
UVC radiation. It is possible to make this product scalable, as the entire development was
carried out by the team, and it is possible to further improve the cost benefit ratio and access
to this equipment. Considering this, we can conclude that UVC irradiation could be a quick
and effective means for the disinfection‘of indoor spaces, and could be helpful in the setting
of irradiation-based sterilization.

Finally, it is important to highlight the social impact of this study, as a total of three
units of the UVC tower were built, all of which were donated to the Hospital Santa Cruz, a

philanthropic hospital in the municipality of Santa Cruz do Sul, Brazil.
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