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Abstract
Purpose The walls, ceiling, and floor of a surgical environment, as well as the surfaces used in this place, must be submitted 
to a disinfection protocol to minimize nosocomial infections. Health regulations recommend two stages; the first is charac-
terized by cleaning procedures, mainly using an enzymatic detergent, and the second is use of a disinfection agent. Ozone 
is a natural substance that has a relevant oxidative property for inactivating microorganisms and has emerged as an interest-
ing agent in the hospital environment. Compared with conventional chemical products for disinfection, ozonated water has 
advantages such as a lack of storage control, disposal, and handling safety. The objective of this study was to use ozonated 
water as a disinfectant agent on a hospital metal surface, in comparison with 70% alcohol.
Methods The degree of disinfection of the metal surface was quantitatively analyzed with use of an instrument by biolumi-
nescence for a disinfection test.
Results Qualitative terms indicated gram-positive cocci microorganisms and yeasts, suggesting that bacteria and fungi from 
the environment were identified. After the use of ozonated water as a disinfectant, the quantitative analysis indicated values 
below 100 RLU, showing evidence of a surface suitable for use in surgical procedures.
Conclusion The use of ozonated water as a disinfectant agent for a metal surface in a hospital environment showed more 
effectiveness than 70% alcohol. Thus, ozonated water is a promising agent for disinfecting surfaces in surgical environments.
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Introduction

The association of surgical procedures with microbial 
infection is a severe risk to patients and health professionals 
(Flanagan et al. 2011). The hospital environment has been the 
main feature responsible for the occurrence of nosocomial 

infections. Joint contact surfaces in the surgical sector 
may be responsible for nosocomial infection, including the 
proliferation of multi-resistant microorganisms (Otter et al. 
2011). These organisms can survive for an extended period, 
and can even remain viable for months (Lu et al. 2009).

The ceilings, walls, floors, and surfaces used in surgical 
sectors have shown microbiological contamination 
(Carducci et al. 2011; Hooker et al. 2011; Morgan et al. 
2011). Microbiological transmission can occur due to the 
movement of personnel (patients and health professionals) 
between sectors and via the air-flow dynamics through the 
hospital (Borkow and Gabbay 2008; O’Connor et al. 2014).

The organic mater ials in general,  including 
microorganisms and the media that nourish them, are 
characterized by having significant capacity for adhesion to 
surfaces. The surface decontamination procedure generally 
involves two steps. In the first, routine use is made of a water 
solution with enzymatic detergent, due to its properties 
for removing organic material adhered onto surfaces. The 
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second stage demands an agent for disinfection, which 
means inactivation of the majority of microorganism 
present (Barker et al. 2004; Gebel et al. 2013; Barker et al. 
2004; Rutala and Weber 2001). In this sense, the use of 
traditional chemical products, such as peracetic acid and 
hydrogen peroxide, has shown good effectiveness in terms 
of surface disinfection. However, some disadvantages have 
been verified such as the rigid protocol of use, transport and 
storage control, and pollution problems relative to discarding 
these products (Panouillères et al. 2007).

Products commonly used as disinfecting agents, such as 
peracetic acid, glutaraldehyde, among others are microbi-
cidal by means of chemical action. In this sense, their use 
demands procedures such as production control, storage, and 
technical training for use. It is common in surgical environ-
ments to use 70% alcohol as a disinfectant, as it denatures 
organic substances and consequently produces the inactiva-
tion of microorganisms (Parikh and Parikh 2021).

Ozone  (O3) is a natural substance produced by the pres-
ence of oxygen  (O2) in the earth’s atmosphere, due to natural 
ultraviolet light from the sun (Andersen et al. 2013). Ozone has 
recently emerged as an interesting agent for inactivating micro-
organisms in healthcare (Botelho-Almeida et al. 2019; Nomura 
et al. 2021). Ozonated water has relevant microbicidal proper-
ties (Fonseca et al. 2015, 2020; Marson et al. 2016; Moreira 
et al. 2022; Carvalho et al. 2023), including the inactivation of 
resistant microorganisms (Nascente et al. 2021).

In assessing the degree of surface cleanliness, 
there is a technique for performing this process using 
bioluminescence, by collecting organic material—adenosine 
Triphosphate (ATP)—from the surface with a specific 
sterile swab. This allows the bioluminescence to indicate 
the degree of cleanliness/disinfection in real time, correlated 
to the presence of viable microorganisms. The equipment 
(luminometer) indicates a scale of values in relative light 
units (RLU), and values below 100 RLU indicate properly 
cleaned surfaces (Willis et al. 2007). Some studies involving 
the characterization of surface cleanliness in a hospital 
environment by the bioluminescence method also used 
the traditional microbiological assessment approach in 
quantitative terms (Willis et al. 2007). The aim of the present 
study was to verify the disinfection capacity of ozonated 
water on the hospital instrument table.

Materials and methods

Study location

This research was conducted in a hospital surgical center in 
the Vale do Paraíba, São Paulo, Brazil.

Cleanliness analysis

The degree of surface disinfection was evaluated using a 
commercial luminometer (SystemSure Plus, Hygiena LLC, 
Camarillo, CA, USA). A commercially available swab 
(snap valve—Ultrasnap Total, Hygiena LLC, Camarillo, 
CA, USA) was also used by friction to collect the organic 
material sample from a surgical metal surface area of 
100  cm2, for the purpose of analyzing it.

After each cesarean procedure, a stainless-steel metal 
hospital surface belonging to a table for surgical proce-
dures was analyzed. The degree of cleanliness was evalu-
ated by the bioluminescence method before and after the 
cleanliness protocol involving cleaning (enzymatic deter-
gent) and disinfection (70% alcohol).

The cleaning procedure was performed using an 
enzymatic detergent properly diluted in tap water. For 
this purpose, the solution was sprayed on the delimited 
place (100  cm2) until it formed a homogeneous liquid film. 
A time of 1 min has waited, and then the metal surface 
was cleaned using a sterile gauze. With regard to the 
disinfection procedure, the ozonated water was used by 
following the same protocol as that previously mentioned 
for use with the enzymatic detergent. A second cleanliness 
protocol was performed using the same detergent, but 
using 70% alcohol as a control agent. At the center 
where the study was conducted, 70% alcohol is adopted 
as a standard for surface disinfection. Considering each 
protocol, one area of 100   cm2 was delimited to assess 
the degree of disinfection by bioluminescence. For this 
purpose, a sterile paper with two openings, each with an 
area of 10 × 10 cm was used, one relative to the before-
condition and the other area, relative to the after-condition.

In the specific case of ozonated water, the water 
container was weighed before and after spraying the 
surface, to quantify the volume of ozonated water sprayed. 
Thus, knowing the ozone concentration in water, we could 
estimate the amount of ozone mass transferred onto the 
metal surface.

The ozone protocol was performed twenty times 
(n = 20), and this was also performed with 70% alcohol. 
The effectiveness of each disinfection procedure was ana-
lyzed by the percentage (%) of reduction, considering 
the bioluminescence values (RLU) before and after each 
cleaning procedure.

Qualitative microbiological analysis

A qualitative microbiological analysis was made with a 
sterile cotton probe, by performing the smear at the site 
for evaluating disinfection, and then the probe was packed 
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and sealed for further microbial laboratory analysis. The 
samples collected from the metal surfaces were also seeded 
on culture media for bacteria and fungi, TSA (Trypitc Soy 
Agar), and Sabouraud Agar, respectively. After this step, 
the samples were stained with Gram staining Gram (Coico 
2005).

The water ozonation procedure was performed as shown 
in Fig. 1. We used a volume of 500 mL of distilled water in 
a glass reservoir and a stainless-steel bubble diffuser that 
was submerged. The diffuser was connected by a silicone 
tube to a photometrically calibrated corona discharge ozone 
generator (MS3G, Medical Systems Ltda, Brazil) that sup-
plied the mixture of  O2 +  O3 gas at an ozone concentration 
of 44 mg/L, and an oxygen flow rate of 0.25 L/min.

The water temperature was kept low (8.2 ± 0.1 °C) with 
the insertion of some distilled ice cubes obtained from 
freezing some of the same liquid fluid mentioned. A sen-
sor (TIZ-OEM, Anseros Klaus Nonnenmacher, Germany) 
was coupled to the water to allow the ozone dissolved to be 
monitored in a hydrodynamic manner, by using a magnetic 
impeller (stirrer). The procedure was carried out inside a 
bench with an air exhaust system to collect the excess ozone 
and dispose of it into the external environment. The sensor 
also allowed measurement of the temperature in the liquid, 
and this procedure was also performed in triplicate. After-
ward, the ozonated water was transferred to another glass 
reservoir duly coated with thermally insulating material to 
keep the temperature constant.

Statistical analysis

The sample size (n = 20/group) was calculated using 
G*Power software (v. 3.1, Faul F., Germany) with a point 
biserial model with an alpha (α) error of 0.05 (95%), effect 
size (ρ) of 0.61, and a power of 0.95 (95%). Statistical analy-
sis was performed using the Instat software (v. 3.05, Graph-
pad Software, San Diego, CA, USA). The data were submit-
ted to a normality test (Kolmogorov–Smirnov, p < 0.1). In 

the RLU values, the data showed a non-normal distribution 
and was performed a Mann–Whitney U test. In the com-
parative analysis of disinfection protocols effectiveness (% 
RLU), the data showed normal distribution and thus was 
performed an unpaired t-test with Welch correction. The 
tests used a significance level of 0.05 and a confidence inter-
val of 95% for the mean or the mean difference was also 
applied to compare the groups.

Results and discussion

The water ozonation procedure related to the ozone con-
centration measurement, shown in Fig. 2, showed that after 
10 min of ozone mass transfer, a mean water ozone concen-
tration stability of 2.7 ± 0.1 mg/L was obtained. The inser-
tion of ice resulted in a more significant mass transfer of 
ozone; the total volume reached was established at the value 
of 750 mL, and the mean temperature measured during the 

Fig. 1  Assembly of the experi-
mental setup for ozonated water

Fig. 2  Ozone concentration in distilled water with a volume of 
750 mL, until 10 min, the ozone concentration stabilized at 2.7 mg/L
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ozonation process was 8.2 ± 0.1 °C. The ozone concentration 
in the water continued to be monitored, and after approxi-
mately 1 h, when the mean temperature rose to and stabi-
lized at 19.2 ± 0.1 °C, it was found that the sensor indicated 
a mean concentration of 2.3 ± 0.1 mg/L.

We transferred a mass of 2.5 g of water to the metal sur-
face using the sprayer method. Hence, the volume applied 
resulted in a value of 2.5 mL. Considering the ozone con-
centration of 2.7 mg/L in water, the mass quantity of ozone 
applied was 6.8 µg. The thickness of the water film trans-
ferred onto the surface of 100  cm2, considering the transfer 
volume, was calculated to be 0.25 mm. The total volume of 
ozonized water produced was 750 mL, capable of covering 
an area of 3  m2

. The procedure with 70% alcohol used the 
same volume of alcohol.

Table 1 shows the residual organic material before and 
after the disinfection protocols, measured by the ATP bio-
luminescence swab testing. Twenty tests were performed, 
using ozonated water, and all values indicated were shown 
to be lower than 100 RLU. This suggested that all these sur-
faces were properly clean; after checking all tests carried out 
with 70% alcohol, four of them were shown to have exceeded 
the limit value (100 RLU). The comparative statistical analy-
sis of the two disinfection agents showed a significant dif-
ference between them (p = 0.0002), thus indicating greater 
disinfecting effectiveness of ozonated water. It should be 
noted that before the procedure, surfaces that were subse-
quently disinfected with ozonated water had shown a higher 
degree of contamination (p = 0.0005) than those that were 
disinfected with 70% alcohol.

Table 2 shows the mean values of percentage effective-
ness (%) in the disinfection procedures using alcohol and 
ozonated water; the data refer to percentage (%) reduction 
in the RLU values. From the statistical analysis (t-test) 
of the data obtained relative to the percentage of effec-
tiveness, there was a significant difference (p < 0.0001) 
between the agents used. Moreover, ozonated water was 
more efficient in terms of disinfection of surfaces than 70% 
alcohol, 98.1% and 86.5%, respectively.

Before the cleaning and disinfection procedures, the 
qualitative microbiological swab of the surfaces indicated 
the presence of gram-positive cocci and yeasts. After the 
disinfection protocols with 70% alcohol and ozonated 
water, no microbial growth was detected.

Our study showed that ozonated water produced better 
cleanliness in terms of disinfection compared with 70% 
alcohol (gold standard). Indeed, ozone is a highly oxida-
tive agent with the potential to inactivate microorganisms. 
In this context, using ozonated water as a disinfectant has 
an advantage over chemical agents in terms of not being a 
toxic element. Indeed, in the scientific literature, there are 
reports of its use in treating wounds and even for human 
consumption as a drink (Leon et  al. 2022; Hayakumo 
et al. 2013).

Breidablik et al. (2019) showed that ozonated tap water 
(0.8 or 4 ppm  O3) had antimicrobial properties and could be 
an alternative to traditional alcohol-based hand disinfectants 
for nursing students, especially valuable for persons with 
contact dermatitis. In a short report (Breidablik et al. 2020), 
the same researchers showed that ozonated water together 
with a regular soap-and-water hand wash may be more effec-
tive than alcohol for the removal of bacteria from artificially 
contaminated hands.

Piletić et al. (2022) also use an ATP luminometer to 
determine the efficiency of ozone, in the form of gas, on 
ceramic plates (in vitro) contaminated with Klebsiella pneu-
moniae and showed that ozone caused a significant reduction 
in biofilm. Recently, in the COVID-19 pandemic context, 
Mascarenhas et al. (2022) used an ozonated water spray 
(0.7–0.9 ppm  O3) to disinfect the garments and accessories 
of a hundred volunteers. The results showed a higher effi-
cacy in microbial reduction and perception of acceptance 
of its use.

Another aspect to emphasize is that ozonated water is 
non-waste and pollutant in the environmental context; in this 
sense, an item of equipment adapted to a hospital condition 
could be developed to produce ozonated water for disinfect-
ing surfaces. Apart from the costs of electrical energy and 
medical oxygen, the hospital staff would be able to insert 
purified water into the device by the distillation or reverse 
osmosis method. The device would be responsible for car-
rying out the ozonation at low temperature, and after a few 
minutes, the same professionals would collect the ozonated 

Table 1  Residual organic material before and after applying the agent 
disinfection, measured by bioluminescence (RLU)

*p < 0.0007, when compared before and after 70% alcohol
**p < 0.0001, when compared before and after ozonated water

Bioluminescence (RLU)

Agent Alcohol 
before

Alcohol after Ozonated 
water 
before

Ozonated 
water 
after

Mean 619.7 54* 1547.0 17.1**
Standard 

Error
140.8 7.7 408.3 4.3

Table 2  Disinfection effectiveness (% RLU) of disinfection procedure 
with 70% alcohol and ozonated water

*p < 0.0001

Agent 70% alcohol Ozonated water

Mean 86.5 98.1*
Standard error 2.3 0.8



333Research on Biomedical Engineering (2023) 39:329–334 

1 3

water, and put it into the container already fitted with the 
spray device.

As regards the methodology and the results of this investi-
gation, some limitations warrant discussion. Further experi-
ments on ozone kinetics, the use of resistant microorgan-
isms, and penetration into biofilms need to be studied. A 
protocol applied to other hospital metal surfaces and various 
surgical environments must be elaborated to establish ozone 
disinfection.

Conclusion

The use of ozonated water as a disinfectant agent for a metal 
surface in a hospital environment showed more effectiveness 
than 70% alcohol. Thus, ozonated water is a promising agent 
for disinfecting surfaces in surgical environments.
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