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ABSTRACT

Ozonated water, produced by special generators, is a versatile and sustainable disinfectant
solution with numerous advantages. The generators use electrical discharges or electrolysis
to convert tap water into an ozone-rich solution (O3), a powerful oxidant, which expresses
microbicidal action against bacteria, viruses, fungi and spores.

In the food industry, ozonated water improves food safety, quality, and preservation. It is
effective against pathogens such as salmonella and listeria, reduces pesticides, increases
shelf life, and can improve organoleptic characteristics. Ozonated water is used to
disinfect vegetables and protein raw materials, and to inhibit the development of fungi
and molds.

Ozone generators have low energy consumption and operate at low temperature.
Ozonated water does not require rinsing, reducing water waste. Ozonated water
production is environmentally friendly, leaving no chemical residue and decomposing
into oxygen.

Ozonated water is a viable alternative to chemical disinfectants, improving the safety and
sustainability of hygiene practices.

This paper discusses the experience at the Terni Emergency Hospital , where a significant
experience was carried out by installing an stabilized ozonated water generator and using
it as part of the food production process.

Introduction

Ozonated water is water in which, through an electrolytic reaction, ozone, a molecule
composed of three oxygen atoms (O3), is produced. This ozonation process imparts
disinfectant and microbicidal properties to the water, making it useful for sanitizing
surfaces, instruments, and even water treatment in sanitation. (1)

Hygiene and disinfection in the hospital setting are essential to prevent nosocomial
infections, which are those infections that patients can contract during hospitalization.
These infections can worsen patients' health conditions, in some cases even cause their
death and increase healthcare costs.

The following key aspects are distinguished:

Igiene e Sanita Pubblica XCVIL4.2025 167



USE OF OZONATED WATER IN HOSPITAL FOOD SERVICES

Igiene e Sanita Pubblica 2025; 97 (4)

1. Infection prevention: proper disinfection of surfaces, instruments, and hands of health
care personnel significantly reduces the risk of transmission of pathogenic
microorganisms.

2. Patient safety: maintaining a clean and disinfected environment is essential to ensure
the safety of patients, especially those with compromised immune systems.

3. Reducing antibiotic resistance: appropriate use of disinfectants can help prevent the
spread of antibiotic-resistant bacterial strains.

4. Operational efficiency: a clean and well disinfected hospital environment contributes
to more efficient operation of health care facilities, reducing the risk of infection
outbreaks.

5..Reduction in the use of chemicals: the use of stabilized ozonated water as a means of
disinfection allows a significant reduction of chemical disinfectants , residual ozone or
other compounds are avoided making the operation more sustainable and contributing to
the possible reduction of skin and other adverse reactions .

This article sets out how stabilized ozonated water was introduced in the Terni Hospital
Company , the technologies that were used, the results obtained, the operating costs and
the prospects for expansion of the system.

Materials and Methods

Ozone is a powerful natural disinfectant with oxidizing properties; ozonated water
involving the presence of ozone in water by electrolytic reaction employing specific
generators, is effective against bacteria, viruses and fungi ,spores and can be used for
surface disinfection cleansing. It can replace traditional chemical detergents and
disinfectants, reducing the use of harmful substances.

Stabilized ozonated water generators can be easily integrated into existing water systems.
The following advantages are highlighted in the cooking centers of hospital wards.

- Reduction in water consumption, both hot and cold.

- Disinfection of vegetables and protein-based commodities.

- Increasing the shelf life of food and improving the quality of fruits and vegetables.

- Reduction of contamination and human error in sanitation.

- Reducing costs by streamlining activities.

- Elimination of risks associated with the use of chemicals hazardous to health and the
environment.

- Elimination of rinsing after use, saving water time and resources.
- Elimination of toxic residues, as only water and oxygen are found thereafter.
- Odor reduction.
- Respect for fibers and fabrics.
Reduction in disposal of plastic packaging.
Specific uses in cooking centers
- Washing of food raw materials.

- Cleaning and disinfection of surfaces and equipment.
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- Sanitization of dishes and accessories.

- Water treatment for fruit and vegetable washing.

- Washing textiles such as mops and cleaning cloths.

- Hand disinfection.

- Use in dishwashing machines.

- Sanitization of cold rooms.

- Cleaning of floors and various surfaces.

- Disinfection of toilets.

- Removal of pesticides from fruits and vegetables. (2) (3)
Effectiveness of ozonated water

Experimental verifications have shown that ozonated water produced by the devices in use
at our hospital is effective against all the biological pathogens included in Annex XLVI of
Legislative Decree 81,/08.(4) (8)(9)

In the literature, listed below are some of the specific microorganisms that are inactivated

by ozonated water: (5)(6)(7)

Bacteria:

- Clostridium botulinum

- Clostridium difficile

- Clostridium perfringens

- Clostridium tetani

- Clostridium spp.

- Corynebacterium diphtheriae

- Corynebacterium minutissimum

- Mycobacterium abscessus subsp. abscessus

* Mycobacterium africanum

 Mycobacterium avium subsp. avium (Mycobacterium avium)
- Mycobacterium avium subsp. paratuberculosis (Mycobacterium paratuberculosis)
- Mycobacterium avium subsp. silvaticum

- Mycobacterium bovis

- Mycobacterium caprae (Mycobacterium tuberculosis subsp. caprae).
- Pseudomonas aeruginosa

- Escherichia coli

- Staphylococcus aureus

- Enterococcus hirae

- Enterococcus faecium

- Salmonella enterica (choleraesuis) subsp. arizonae
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- Salmonella (other serotypes)
- Rickettsia typhi

- Rickettsia prowazekii

- Rickettsia rickettsii

- Rickettsia sibirica

- Rickettsia spp.
Mushrooms/yeasts:

- Blastomyces dermatitidis (Ajellomyces dermatitidis)
- Blastomyces gilchristii

- Candida albicans

- Candida dubliniensis

- Candida glabrata

- Candida parapsilosis

- Candida tropicalis

- Cladophialophora bantiana (Xylohypha bantiana, Cladosporium bantianum, trichoides)
- Cladophialophora modesta
Virus:

- Poliovirus type 1

- Adenovirus type 5

- Murine norovirus

Spores:

- Bacillus subtilis

Experimental verifications of the disinfection efficacy of stabilized ozonated water (1)
were carried out in accordance with the following European technical standards, which
are used to demonstrate efficacy against all the biological pathogens indicated in these
European technical standards such as bacteria, viruses, fungi, and spores in various
contexts, including medical and food (8) ( 9):

- UNI EN 14476:2019 + A2:2019 - Chemical disinfectants and antiseptics - Quantitative
suspension test for evaluation of virucidal activity in medical area Test method and
requirements (Phase 2/Stage 1). This standard evaluates the effectiveness of disinfectants
against viruses in suspension.

- UNI EN 13727:2012 + A2:2015 - Chemical disinfectants and antiseptics - Quantitative
suspension test for evaluation of bactericidal activity in medical area Test method and
requirements (stage 2, step 1). This standard evaluates the bactericidal activity of
disinfectants in suspension.

- UNI EN 17126:2018 - Chemical disinfectants and antiseptics - Quantitative suspension
test for evaluation of sporicidal activity of chemical disinfectants in medical area - Test
method and requirements (phase2/step2). This standard evaluates the effectiveness of
disinfectants against spores in suspension and applies to products used for disinfection of
immersion instruments and surfaces.
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- UNI EN 16777:2019 - Chemical disinfectants and antiseptics - Quantitative testing for
nonporous surfaces to evaluate, without mechanical action, the antiviral activity of
chemical disinfectants used in the medical field - Test methods and requirements (phase
2/step 2). This standard evaluates the antiviral activity of disinfectants on nonporous
surfaces without mechanical action.

- UNI EN 13624:2013 - Chemical disinfectants and antiseptics - Quantitative suspension
test for the evaluation of fungicidal or mildcidal activity in the medical field - Test method
and requirements (stage 2, step 1). This standard evaluates the fungicidal and mildicidal
activity of disinfectants in suspension.

- UNI EN 13697:2015 + A1:2019 - Chemical disinfectants and antiseptics - Quantitative
test for nonporous surfaces for the evaluation of bactericidal and/or fungicidal activity of
chemical disinfectants used in food, industrial, domestic and institutional settings - Test
method and requirements without mechanical action (stage 2, step 2). This standard
evaluates the bactericidal and fungicidal activity of disinfectants on nonporous surfaces
without mechanical action in various contexts.

In addition, stabilized ozonated water has been shown to be effective against Salmonella
and Listeria monocytogenes, which are of particular interest in the food industry.

Experimental verifications showed that the stabilized ozonated water, produced by the
tested devices, maintained microbicidal characteristics in accordance with European
technical standards on disinfection for a period of at least 120 minutes after its
production (8).

Always in scientific literature ozonated water has been shown to be more effective than
70% alcohol in disinfection, particularly on metal surfaces in hospital settings. (1)

This activity was demonstrated through the following :

ATP bioluminescence test: A quantitative study was conducted using a bioluminescence
instrument to measure the degree of disinfection on metal surfaces. Results showed that
ozonated water produced RLU (Relative Light Units) values of less than 100, indicating a
surface suitable for surgical procedures. In contrast, with 70 percent alcohol, four of the

20 tests exceeded the RLU value of 100.

Comparative statistical analysis: Statistical analysis of the data showed a significant
difference (p = 0.0002) between the two disinfectant agents, with ozonated water
demonstrating greater disinfectant efficacy.

Percent Efficacy: Ozonated water showed an average efficacy of 98.1% in reducing RLU
values, while 70% alcohol achieved an efficacy of 86.5%. This difference was statistically
significant (p < 0.0001).

Initial contamination: interestingly, surfaces subsequently disinfected with ozonated water
initially showed a higher level of contamination (p = 0.0005) than those disinfected with
70% alcohol. Despite this, ozonated water still achieved better results.
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Technologies and modes of use

Ozonated water generators are devices that produce ozone-enriched (O3) water. These
generators use different technologies to convert tap water into a safe and effective
microbicide solution.

Ozone generation by electrical discharge: Ozone is generated by an electrical discharge
that splits oxygen molecules (O;) in the air or water into elemental oxygen (O) atoms.
These atoms rapidly bind to other oxygen molecules to form ozone (O3). This process can
take place through a generator that converts oxygen into ozone.

Electrolysis: Some generators use electrolysis to produce ozone. This process involves the
electrolytic decomposition of water at the anode of a cell, producing ozone that is then
mixed with water. Electrolysis of water breaks oxygen molecules (O;) into oxygen (O)
atoms, which combine with other oxygen molecules to form Os.

This method is more compact than ozone gas injection because it does not require
separate equipment for ozone generation and mixing.

Ozone gas injection: Ozone gas is injected into water at a controlled pressure, followed by
mechanical mixing/atomization to ensure homogeneity. This method is particularly
important because of the low solubility of ozone in water.

Components and characteristics:

The generators are connected downstream of the water supply without invasive
intervention; tap water is transformed into a powerful, safe and natural microbicide
through electrolytic action.

The system is designed for easy integration into the existing water system. Generators add
one or more outlets that allow production of ozonated water specific to the required
activity.

The concentration of dissolved ozone in the water can be adjusted through the device's
control panel or through flow regulation.

Some models are designed to be compact and easy to install, such as on the wall, and are
positioned at human height for better accessibility and management. ( See Fig.1)

The generators are designed not to disperse ozone in gaseous form into the air and do not
require the use of personal protective equipment or room ventilation, which is why
ozonated water is called "stabilized."

The generators have a cartridge that can produce more than 2 million liters of ozonated
water. An indicator light shows the status of the cartridge.
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Fig.1 Operating diagram of the generator employed at AO Terni

Fig.1 Installation diagram

Additional considerations:

The choice of the most suitable generator depends on several factors, including intended
use, characteristics of the installation site, and specific operational needs.

The generators are sized to deliver the amount of ozone dissolved in water needed
according to the specific application, such as vegetable washing, hand disinfection or
dishwashing.

Ozone concentration depends on physical parameters such as flow rate and water quality.

The generators are designed to avoid underdosing or overdosing of ozone to ensure the
effectiveness and safety of the process.

Ozonated water generators are therefore a versatile, effective and sustainable solution for
disinfection in a variety of settings, including hospital, food and industrial settings.

Normally, ozonated water production takes place with low energy consumption.

Discussion
An ozonated water system has been installed at the Terni Hospital Company. (Fig.2)

To carry out an experience at the hospital kitchen.

NON Rinyo, _—\
VERE
1 DISPOSITY; £
LE PROTEZ 10

Bigsure

Fig. 2 Ozonator installed on the water route

The instrument used has the following characteristics: (Fig. 4)
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Specifiche
Produzione di ozono
Attacco (Input/output)
Dimensioni

Peso (netto)

IP Class

Qualita dell’acqua
Flusso dell’acqua

Pressione dell’acqua
Temp. ottimale dell'acqua
Energia (Input/output)
Potenza

Temperatura dell'ambiente

Umidita relativa dell'ambiente
Concentrazione

WDS6000X

600 mg/hr (+10%) at 60 ppm, 20°C
Ingresso e uscita acqua da 1" NPT
168 x 141.5x 273.2mm

3.0Kg

Dispositivo principale: IPS5 /
Adattatore di alimentazione: IP65
Acqua pulita o filtrata*

Min. 60 LPH (0.26 GPM)

Max. 2300 LPH (10.0 GPM)

Min. 0.5 kg/cm2 (8 psi)

Max. 7.0 kg/cm2 (100 psi)

5°C-40°C / 41°F - 104°F
Max.Temp.: 50°C (122°F)

AC 100-120V or 220-240V, 50/60Hz
DC 5-16V, 10.5A

170w

>0°C - 40°C (> 32°F - 104°F)

0 - 90% umidita senza condensa
Fino a 2.5 ppm

* Qualita dell'acqua consigliata: filtrata s1um, TDS >60 ppm, durezza < 250 ppm (come CaCO,).

Fig. 4 Technical features and external appearance of the ozonator

The above instrument was' used at our Terni Hospital Company's cooking center in the
following ways:

Preliminary microbiological sampling was carried out at the cooking center, focusing on
critical surfaces and high-risk areas.

Environmental microbiological sampling was performed by an accredited laboratory.

These samplings made it possible to determine the level of microbiological contamination
before and after the use of ozonated water generators; this provided an objective and
comparative assessment of the effectiveness of this technology.

The disinfecting abilities of ozonated water demonstrated in the laboratory have been confirmed in
routine food preparation practice.

Specific protocols have been developed and implemented for the cleansing and
disinfection of:

- Toilet facilities adjacent to the cooking center.
- Kitchen premises.
- Cleaning and sanitation of walking surfaces

- Washing and disinfection of textiles used for cleaning activities in the kitchen

These protocols, which comply with current regulations (D.Lgs. 81/2008 - Safety at Work,
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(4) Directive 2000/54/EC - Biohazard at Work,(10) , HACCP - Hazard Analysis and
Critical Control Points, (11),AUA - Single Environmental Authorization, (12) ESG -
Environment Social Governance, (13) Directive 2000/60/EC - Water Efficiency, (14)
Directive (EU) 2019/904 - Single Use Plastic ,(15), ISO 31000:2018 - Risk Management,
(16), ISO 22000:2005 (Food Safety Management Systems),(17) Guidelines for Hospital
Catering,(18) are designed to optimize cleaning procedures and minimize risks of cross-
contamination.

Result
The following operating procedures were developed:

Cleaning and disinfection of furniture, kitchen machinery, utensils, cutting boards, and
countertops

Remove organic food residues first with disposable paper suitable for food contact.

Fill the foaming bottle with ozonated water by means of the nozzle provided and add one
tablespoon of dish soap. Put the bottle under pressure by means of the pumping
attachment and spray onto the surface to be cleaned. Allow it to act as long as necessary.
After cleansing with special sponges and brushes, dry with green microfiber cloth. By
means of ozonated water disinfection/cleaning/rinsing take place in one step. After the
activity store the soiled cloths in the appropriate containers.

It is essential to separate clean and dirty cloths, which will be sent for washing.

Cleaning and disinfection of handwashing stations

Prepare a solution of water and specific anti-scale cleaner for industrial kitchens in a
basin; scrub all steel parts soiled with scale with an abrasive non-scratching sponge.
Remove the foam generated with a green microfiber cloth. Rinse thoroughly several times
with ozonated water, dry with green microfiber cloth.

At the same time as the final rinsing stage using ozonated water, the disinfection stage
also takes place. After the activity store the soiled cloths in the appropriate hermetically
sealed containers.

Cleaning fryer hoods and vertical walls

HOOD: Soak hood filters and other tools to be cleaned in sink filled with ozonated water
using the special hand shower, and add the appropriate detergent for soaking. Degrease
components with abrasive sponge and brushes provided

VERTICAL WALLS: Fill the foaming bottle with ozonated water by means of special
hand shower and add a tablespoon of dish soap. Spray with foaming bottle.

directly on the parts and wipe with abrasive sponge. Dry with green microfiber cloth.

In case of stubborn dirt help with an alkaline degreasing detergent.

Cleaning and disinfection of cold rooms

Remove food residues first with disposable paper. Fill the spray bottle with ozonated water
added with dishwashing detergent using the hand shower and spray directly onto the

Igiene e Sanita Pubblica XCVIL4.2025 ® 175



USE OF OZONATED WATER IN HOSPITAL FOOD SERVICES

Igiene e Sanita Pubblica 2025; 97 (4)

surfaces to be cleaned. After degreasing with a green microfiber cloth, wipe dry using the
same cloth using a clean face. At the same time as the final rinsing stage using ozonated
water, the disinfection stage also takes place. After the activity store the soiled cloths in
the appropriate tightly closed containers

Procedure for disinfection of vegetables.
- Preparation of areas and materials

Preliminary sanitization: clean and disinfect classical and stirring tanks, scales,
gastronorms,

PPE, drains, brushes, and work surfaces by spraying copiously with ozonated water
by using the hand shower installed on the sink.
Checking the ozonation system: make sure the ozone generator is working properly

making sure that, at the time of water delivery, the green LED light is on. In this case, the
production of ozonated water and its concentration will be guaranteed suitable for the
task at hand.

- Preliminary cleaning

Remove soil, dust and surface residues with the help of the appropriate brushes. If
necessary, stand inside the sink and help yourself by placing the vegetable under running
ozonated water and scrub gently. When finished, drain the soil residue down the sink
drain.

- Rinsing and disinfection

Once the last remnants of soil have been precipitated to the bottom of the sink, collect
the floating vegetables from the water by means of special sieves or perforated containers
to drain and drain the vegetables, taking care to leave the last inedible residues at the
bottom of the sink or in the water. At this point, only if necessary after visual inspection,
quickly rinse directly under the ozonated water stream and store in food-grade containers.

- Draining and processing

Prepare the vegetables for the next steps. Remove vegetables from the tank and place them
on grids

Sanitized for draining. The vegetables, although still wet, are ready to be processed
According to the predetermined menu.

- Draining and storage

Prepare the vegetables for the next steps. Remove vegetables from the tank and place them
on grids

disinfected for dripping. Dry vegetables using a clean cotton cloth (taken and never used

from a closed container, or use paper suitable for food contact) and store in appropriate
gastronorm containers, taking care to label with date and type of food for proper tracking

under HACCP.
- Final cleaning of work areas

Disinfect tanks, utensils and surfaces with ozonated water.

The above procedure is equally applicable to fruit and vegetables.
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Textile Management Protocol

A dedicated system for the safe handling of textiles has been implemented, aiming to
reduce cross-contamination, optimize processes through the use of ozonated water and
sustainable procedures, and extend the life of textiles through the elimination of chlorine-
active products and washing temperatures above 40°.

Conclusions

The experience of using ozonated water in the cooking center of the Santa Maria Hospital
in Terni offers several final considerations.

The ozonated water produced by the validated machines proves effective against a broad
spectrum of pathogens, including bacteria, fungi, viruses and spores.

It is presented as a viable alternative to traditional chemical cleaners and disinfectants,
drastically reducing their use. This substitution has several advantages:

- Reducing risks to operators by eliminating or limiting exposure to harmful substances

- Lower environmental impact by reducing wastewater pollution and plastic packaging
disposal

Simplification of cleaning operations by eliminating the need for rinsing after
disinfection with ozonated water

- Effective in removing dirt and degreasing surfaces.
- Savings in water consumption due to the special methodology adopted

- Reduction in textile consumption because ozonated water does not degrade fibers and
can be used for low-temperature disinfection of soiled textiles.

- Ozonated water has remarkable versatility of use for a variety of applications within the
cooking center, including washing vegetables, fruits, and other foods, cleansing and
disinfecting surfaces, equipment, dishes, countertops, and even hand hygiene.

- Installation of ozonated water generators is simple and non invasive, adapting to existing
water systems.

- In terms of cost, the expense related to the equipment and its maintenance was almost
offset by savings from the ceasing cost of traditional disinfectants.

In summary, the adoption of stabilized ozonated water in the cooking center of the Santa
Maria Hospital of Terni is presented as an effective, efficient, safe and sustainable
solution for cleaning, disinfection and sanitization, which reduces the use of chemicals
and related risks.

In perspective , given the flexibility of use , ozonated water could also be experimented
with in health care environments with a high risk of contamination, particularly in
intensive care dedicated to immunocompromised patients , especially for disinfection of
objects that come into contact with mucous membranes and as an alternative to other
more complex or more expensive disinfection methods or those with higher chemical
residues.

Ultimately, therefore, it is believed that sanitary uses of ozonated water are likely to grow
in the near future.
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