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REPORT ABOUT SANITIZATION METHOD
THROUGH UV-C AND OZONE
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UV DEFINITION
The ultraviolet radiation (UV or ultraviolet rays or ultraviolet light) is a form of electromagnetic
radiation, which belongs to the electromagnetic spectrum, with wavelength immediately below the
visible light by the human eye, and immediately superior to that of X-rays.
The name means "beyond violet", because violet is the latest high frequency color perceived by man
in the visible spectrum, that is, the one with the shorter wavelength. Ultraviolet light is produced by a
wide range of artificial sources (UV lamps) and natural including the main source in the earth, the sun.
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The ultraviolet band is divided into four sub-bands:
•

UVA, sometimes also called '' black light '', it extends from 400 to 320 nm and it has important
biological effects. Such radiation can reach in large part (about 55-60%) the Earth's surface.

•

UVB, it extends from 320 to 280 nm and it is directly absorbed by proteins and the nucleic
acids of the cells. This radiation is largely absorbed, but a not negligible percentage is able
to reach the earth's surface (about 15-20%).

•

UVC, it ranges from 280 to 100 nm. All cellular elements absorb UVC, but these rays are
hardly present on the Earth's surface because they are absorbed by the ozone layer and
oxygen in the upper atmosphere.

•

VUV, ultraviolet pushed or vacuum, characterized by a wavelength ranging from 100 to 10
nm; it is so named because, being absorbed from the air gases elements (oxygen and nitrogen),
it requires an under vacuum equipment in order to detect it.

8

UVC and VUV are ionizing radiations:

To ionize an atom, it means take away one or more electrons making it an ion.
In this way, it destroys the chemical structure of the material.
To remove (= turn away) electrons it needs to make work, that is, to provide energy. The minimum
ionization energy is E = 13.6 eV (ionization potential of the hydrogen atom).
With increasing energy, the extracts electrons receive kinetic energy and they can ionize "chain" other
atoms.
Ionizing radiation are: ultraviolet (only UVC), X-rays, gamma rays.
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UV LAMPS AGAINST BACTERIA AND VIRUSES
Ultraviolet lamps are already used to make water potable and to sterilize tools and environments in
hospitals and biological laboratories, because they kill most viruses and bacteria. The use of these
lamps in environmental sterilization is, however, only a complement to other sterilization techniques,
because various microorganisms can be repaired in small cracks or other parts in the rooms shade,
where the UV rays can’t reach.

UVC light
The Ultraviolet germicidal irradiation (UVGI) is a sterilization method that uses ultraviolet (UV) light
to UV-C wavelengths (UV category with a shorter wavelength), altering the DNA or RNA of
microorganisms and therefore prevents them from reproducing or be harmful. It is used in a variety of
applications, for example the disinfection of food, water and air. UV light has been considered a
cellular mutagen for more than a century.
The wavelength of the UV radiation that causes this effect is rare on Earth because its upper
atmosphere blocks it. The use of UVC rays is more effective because of their absence on Earth; UVA
or UVB, to have some effects on microorganisms, should be employed for prolonged exposure times,
this is due to the adaptation of bacteria and molds to those radiations already existing on Earth.
As mentioned, in the UVC wavelength, the UV is harmful to bacteria, viruses and other microorganisms.
At this wavelength, indeed, the UV destroys the molecular bonds of the microorganisms’ DNA, making
them harmless or preventing their growth and reproduction. It is a process similar to the UVB radiations
effect on humans, for example the solar burns or the blinding effect of the light. The microorganisms
have a poor protection from UV and they can’t survive prolonged exposure.
The exposure comes from germicidal lamps, that emit the UV germicidal electromagnetic radiation, to
the correct wavelength, and irradiate the setting.
The scientific article in the medical journal “Infection Control & Hospital Epidedmiology”, Vol. 37, no.
5 entitled “Efficacy of an Automated Multiple Emitter Whole-Room Ultraviolet-C Disinfection System
10

Against Coronaviruses MHV and Mers-Cov” published in May 2016, reports in his study the virus
reduction graph over time with the use of UV-C:
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OZONE DEFINITION
Ozone (chemical formula 03) is an allotropic form of oxygen, which is also gaseous. This is a gas with
a distinctive smell and a little intense blue color, unstable and in the liquid state it is explosive.
Ozone then dissolves in the environment naturally, and in a short time, returning oxygen and therefore
without leaving any residual.

OZONE AGAINST BACTERIA AND VIRUSES
Ozone is an energetic oxidant and thanks to this power it is used to whiten and disinfect. In fact, the
very oxidizing power makes it a really powerful disinfectant, with sanitizing characteristics far superior
to those of chemical detergents normally used. It is able to eliminate, after a very short contact,
bacteria, viruses, fungi and molds.
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It is therefore used as a disinfectant, deodorant, bactericide and sterilant; industrial uses include the
following:
•

disinfection of water in aqueducts;

•

disinfection of swimming pool water;

•

disinfection of water destined for bottling;

•

disinfection of surfaces intended for contact with food;

•

disinfection of the air from mold and yeast spores;

•

disinfection of fruit and vegetables from mold and yeast spores;

•

increase in the redox potential of water in aquariums;

•

oxidation of chemical pollutants in water (iron, arsenic, hydrogen sulphide, nitrites and organic
complexes);

•

aid to the flocculation of activated sludge in water purification;

•

cleaning and bleaching of fabrics;

•

surface abrasion of plastics and other materials to allow the contact of other substances or to
increase their biocompatibility;

•

accelerated ageing of rubbers and plastics to check their resistance over time;

•

disinfestation of food and wood.

•

ozonation of the maturing chambers and/or storage areas, provided that there is no food.

It is therefore generally used for the disinfection of water for drinking, food and pharmaceutical use.
For sanitizing the air in rooms and in air conditioning and ventilation systems.
Due to its antibacterial power, it is also used in human medicine (ozone therapy) and veterinary
medicine, for example in various therapies for the treatment of infections of bacterial and fungal
origin or to induce rapid scarring of surgical wounds.
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The Occupational Safety and Health Administration (OSHA) has set health standards for air at 0,1
ppm for 8 hours or 0,3 ppm for 15 minutes as a limit to the amount of ozone that people can be
displayed safely. Ozone-based air purifier must not generate ozone levels above public health
standards, which are far below any antimicrobial activity…
Low ozone concentrations, below the established limits, are used as air purifier but their virucidal
efficacy has been questioned by many studies (Dyas et al., 1983; Foard et al., 1997). At a high
concentration, ozone can be used to decontaminate unoccupied spaces from biological contaminants
and odors such as smoke.
The Italian Ministry of Health with protocol of 31/07/1996 n°24482, recognized the use of ozone in the
treatment of air and water, as a natural aid for sterilization of environments contaminated by bacteria,
viruses, spores, molds and mites.
The CNSA opinion 27/10/2010 of the Italian Ministry of Health indicates the necessary concentrations.
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UV + OZONE ACTION
The combination of ultraviolet rays (UVC) and ozone allows high disinfection of viruses and bacteria,
reaching even innermost parts and small cracks, which, as mentioned, are not affected by UV rays.

Ozone allows to reach the
innermost parts and small cracks of
objects with complex shapes or
porous materials

The UVC waves guasrantee a total
antiviral acion by acting on the
surfaces
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SCIENTIFIC PUBLICATIONS AND ARTICLES
R EPORT I TALIAN H IGHER I NSTITUTE OF H EALTH C OVID -19 - N . 25/2020
May 15, 2020
“Procedure per la sanificazione
[…] Nelle linee guida per la disinfezione e sterilizzazione
delle strutture sanitarie, il CDC inserisce l’ozono tra i metodi
per la sterilizzazione dei dispositivi medici (19).
Altro sistema è rappresentato dal trattamento con raggi UV
a bassa lunghezza d’onda (220 nm) e la
vaporizzazione/aerosolizzazione del perossido di idrogeno.
“

L A R EPUBBLICA - C OSÌ TI SANIFICO LO STUDIO DEL MEDICO
Un progetto per cento strutture, soprattutto nelle
regioni più colpite dal Coronavirus. Con l’ozono, efficace e non tossico. Ecco come si fa.
April 14, 2020
“[…] Claudio Cricelli, presidente Simg, società italiana di
medicina generale, racconta il senso e lo scopo di Safe Zone, il
progetto di sanificazione che coinvolgerà 100 ambulatori in tutta
Italia, soprattutto nelle regioni più colpite dal Sars-Cov-2 […]

Sanificando potremo ricominciare a lavorare serenamente e produrremo un impatto psicologico positivo
sulla popolazione, che ha timore nell’accedere agli studi medici, abitualmente luoghi familiari. […]
La sanificazione dei 100 ambulatori verrà realizzata con l’ozono, un gas naturale costituito da 3 atomi
di ossigeno che ha un forte potere ossidante e disinfettante e che, essendo un gas, riesce a raggiungere
facilmente tutte le superfici, anche le più recondite. ‘L’ozono è la sostanza che più di ogni altra può
garantire una sanificazione completa e ridurre i rischi di un contagio’, dice Marco Borderi, dirigente
medico dell’Unità di Malattie infettive del Policlinico Sant’Orsola Malpighi di Bologna. ‘Gli studi pubblicati
in queste settimane - aggiunge - confermano che il Coronavirus può resistere sulle superfici per diverse
ore. Gli effetti della sanificazione con ozono durano circa 20 giorni, un lasso di tempo utile a fornire
buone garanzie di protezione verso chi dovesse entrare nello studio […]’
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[…] Sanificare invece ha un potere disinfettante sebbene non azzeri del tutto gli agenti patogeni come
batteri o virus eventualmente presenti in un ambiente. Si può sanificare con agenti chimici (ossidanti o
alcolici) o fisici (radiazioni Uv, calore). Si sanificano scuole, palestre, luoghi di lavoro, condomini […]”
BBC FUTURE - C AN YOU KILL C ORONAVIRUS WITH UV LIGHT ?
April 24, 2020
“[…] Or that was the case, at least, until
scientists discovered that they could harness
UVC to kill microorganisms. Since the
finding in 1878, artificially produced UVC
has become a staple method of sterilisation
– one used in hospitals, airplanes, offices,
and factories every day. Crucially, it’s also
fundamental to the process of sanitising
drinking water; some parasites are resistant
to chemical disinfectants such as chlorine, so
it provides a failsafe.
Though there hasn’t been any research looking at how UVC affects Covid-19 specifically, studies have
shown that it can be used against other coronaviruses, such as Sars. The radiation warps the structure of
their genetic material and prevents the viral particles from making more copies of themselves.
[…] a concentrated form of UVC is now on the front line in the fight against Covid-19. In China, whole
buses are being lit up by the ghostly blue light each night, while squat, UVC-emitting robots have
been cleaning floors in hospitals. Banks have even been using the light to disinfect their money.[…]”.
I NSTITUTE OF M EDICINE OF THE N ATIONAL A CADEMIES - L EARNING FROM SARS
Preparing for the Next Disease Outbreak. Workshop Summary
Editors: Stacey Knobler, Adel Mahmoud, Stanley Lemon, Alison Mack, Laura Sivitz, and Katherine
Oberholtzer.

SARS: Clearing the Air
Jerome J. Schentag, Pharm. D., Charles Akers,
Ph.D., Pamela Campagna, and Paul Chirayath
“Ultraviolet
[…] Ultraviolet radiation, in the wavelength range of 2,250 to 3,020
angstroms as used for air/surface disinfection and sterilization, is referred to as ultraviolet germicidal
irradiation or UVGI. Ultraviolet germicidal radiation was first applied to disinfect water systems in 1909.
Its use in air purification was first evaluated in the laboratory in the 1920s, in an operating room in the
1930s to sterilize the air in an operating room (Sharp, 1939), and in a school ventilation system to reduce
measles infection (Riley, 1972). It is also common practice to use to disinfect medical equipment.
UVGI is currently being employed to control bacteria, fungus, and algae growth on surfaces. European
breweries have been using UVGI to control microbial growth on cooling coils since 1975. The use of UVGI
can control microbial growth on filter surfaces that are subject to moisture or high humidity that will allow
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for natural fungal growth. […] This surface disinfection protects the air stream from being recontaminated
due to bacterial, fungus, or viruses that are collected by the filter media.
Microbial Response to Ultraviolet Radiation
[…] The primary target of UV radiation is the microorganism DNA molecule with the predominant injury
of strand breakage and the formation of photo-induced byproducts such as thymine diamers. This
damaged DNA cannot be used for cell reproduction or for proper mRNA templates that is required for
the formation of all cellular toxic products. Viruses are especially susceptible to UVGI, more so than
bacteria, and are also difficult to filter because of their size. However, viruses are more susceptible to
ultraviolet radiation at wavelengths slightly above the normal UVGI broadband wavelength of 253.7 nm.
[…]
Ozone
[…] Ozone (O 3), a powerful oxidant reacting with organic molecules containing double or triple bonds,
yields many complex byproducts. It is this property of ozone that has been applied as a disinfectant and
sterilant against bacteria, viruses, and fungi.
[…] The most often cited explanation for ozone’s bactericidal effects centers on disruption of envelope
integrity through peroxidation of phospholipids. There is also evidence for interaction with proteins (Mudd
et al., 1969). […]
Viruses have been studied during their interaction with ozone (Roy et al., 1981). After 30 seconds of
exposure to ozone, 99 percent of the viruses were inactivated and demonstrated damage to their envelope
proteins, which could result in failure of attachment to normal cells and breakage of the single-stranded
RNA.
The Occupational Safety and Health Administration (OSHA) has set Public Health Air Standards of 0.1
ppm for 8 hours or 0.3 ppm for 15 minutes as the limit of the amount of ozone to which people can be
safely exposed. Air cleaners based on ozone must not generate ozone levels above the Public Health
Standards, which are far below any antimicrobial activity or effective odor control. Low ozone
concentrations, below the EPA-acceptable indoor limit, have been used as air cleaners, but their
effectiveness has been questioned by many studies (Dyas et al., 1983; Foard et al., 1997). At high ozone
concentration, ozone has been used to decontaminate unoccupied spaces of some chemical and biological
contaminants and odors such as smoke.”
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S CIENCE OF T HE T OTAL E NVIRONMENT (V OLUME 725)
Challenges and solutions for addressing critical shortage of supply chain for personal
and protective equipment (PPE) arising from Coronavirus disease (COVID 19) pandemic
- Case study from the Republic of Ireland.
Neil J. Rowan, John G. Laffey
July 10, 2020
“ Highlights
•
•
•
•

There is pressing need to find solutions for
reprocessing of PPE for COVID19
Reprocessing of PPE is challenging as made for onetime-use
Most sterilization technologies are not suitable for PPE reprocessing
Use of vaporised hydrogen peroxide and UV irradiation may prove effective for PPE

[…] UV-C technology is a very effective technology for disinfection andused extensively by adjacent food

and water industries. Given that coronavirus (COV) and other respiratory viruses are significantly less
resistant to that of BIs used in sterilization modalities, the use of high to moderate-level disinfection is
conceivable sufficient to meet needs for reprocessing of PPE (Fig. 3). These are also turnkey commercial
technologies for ease of operation and integration within hospitals that also considers usage by existing
decontamination staff and by the manager of HSSD. […] Nanoclave chamber has 32 × 30Wand 16 ×
25W Sylvania UVGI lamps that delivers a UV-C dose of 52W/m2 for 60s. Nanoclave cabinet was shown
to disinfect 3-log viral unit of Adenovirus in 3 min at fixed wavelength of 254 nn that targets vital genetic
material, such as RNA (Moore et al., 2012). […]”
P UB M ED . GOV - J OURNAL OF B IOLOGICAL R EGULATORS & H OMEOSTATIC A GENTS
How to Reduce the Likelihood of Coronavirus-19 (CoV-19 or SARS-CoV-2) Infection and
Lung Inflammation Mediated by IL-1.
P. Conti, C. E. Gallenga, G. Tetè, Al. Caraffa, G. Ronconi, A. Younes, E. Toniato, R. Ross, S. K. Kritas
March 31, 2020
“[…] In addition, germicidal UV radiation "breaks down" the oxygen O2 which then aggregate into O3
(ozone) molecules creating the ozone layer, capable of inhibiting viral replication and improving lung
respiration. All these precautions should be taken into consideration to lower the risk of infection by CoV19.[…] “
E UROPE PMC - B IOMEDICAL AND E NVIRONMENTAL S CIENCES (16/3: 246-255)
Stability of SARS coronavirus in human specimens and environment and its sensitivity to
heating and UV irradiation.
Duan S.M., Zhao X.S., Wen R.F., Huang J.J., Pi G.H., Zhang S.X., Han J., Bi S.L., Ruan L., Dong X.P.,
SARS Research Team
September 01, 2003
“Abstract
A total of 10(6) TCID50 viruses were placed in each tested condition, and changes of the viral infectivity
in samples after treatments were measured by evaluating cytopathic effect (CPE) in cell line Vero-E6 at
48 h after infection. […] Viruses stayed stable at 4 degrees C, at room temperature (20 degrees C) and
at 37 degrees C for at least 2 h without remarkable change in the infectious ability in cells, but were
converted to be non-infectious after 90-, 60- and 30-min exposure at 56 degrees C, at 67 degrees C
and at 75 degrees C, respectively. Irradiation of UV for 60 min on the virus in culture medium resulted in
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the destruction of viral infectivity at an undetectable level. The survival ability of SARS coronavirus in
human specimens and in environments seems to be relatively strong. Heating and UV irradiation can
efficiently eliminate the viral infectivity.”
I NFECTION C ONTROL & H OSPITAL E PIDEMIOLOGY (V OLUME 37, I SSUE 5, PP . 598-599)
Efficacy of an Automated Multiple Emitter Whole-Room Ultraviolet-C Disinfection System
Against Coronaviruses MHV and MERS-CoV
Kurt Bedell, Adam H. Buchaklian e Stanley Perlman
May 2016
“Abstract
Efficient and automated methods of disinfecting surfaces contaminated with the Middle Eastern respiratory
syndrome coronavirus (MERS-CoV) may prevent the spread of the virus. Here we report the efficacy and
use of an automated triple-emitter whole room UV-C disinfection system to inactivate mouse hepatitis
virus, strain A59 (MHV-A59) and MERS-CoV viruses on surfaces with a >5 log10 reduction.
[…] Discussion
The multiple-emitter continuous UV-C disinfection system was >99.999% effective against MHV-A59, a
mouse analog of MERS-CoV, and SARS-CoV in 10 minutes. Applying those same studies to droplets of
MERS-CoV resulted in undetectable levels of MERS-CoV virus after only 5 minutes of exposure to the UVC emitter or a percent reduction of >99.999%. Notably, UV-C disinfection is most effective when used
as an adjunct to standard terminal cleaning of hard surfaces and should not be used to replace good
cleaning practices. 8 This study is the first to document the effectiveness of a multiple-emitter, automated,
whole-room UV-C system or any whole-room disinfection system against RNA viruses like MHV-A59,
MERS-CoV, and SARS-CoV. The use of the Surfacide whole-room UV-C disinfection system during MERS
outbreaks may prevent the nosocomial spread of the virus and protect staff in the process.”
J OURNAL OF THE A MERICAN A CADEMY OF D ERMATOLOGY (V OLUME 82, I SSUE 6, P AGES 1511-1512)
Ultraviolet germicidal irradiation: Possible method for respirator disinfection to facilitate
reuse during the COVID-19 pandemic
Iltefat H., Hamzavi, Alexis B. Lyons, Indermeet Kohli, Shanthi Narla, Angela Parks-Miller, Joel
M.Gelfand, Henry W.Lim, David M.Ozog
June 2000
“[…] Previous studies have shown that UVC can inactivate coronaviruses, including severe acute
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERSCoV). One study of respirators contaminated with H1N1 influenza A found significant reductions (≥3log reduction) in viable influenza virus under substantial artificial soiling conditions after being treated
for 60 to 70 seconds at an irradiance of 17 mW/cm2, resulting in a UVGI dose of ∼1 J/cm2 measured
at 254 nm. The efficacy of this dose has been verified in additional studies, and higher doses (up to
2 J/cm2) have been shown to provide diminished benefit after 1 J/cm2. […]”
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V OX S ANGUINIS (V OLUME 115, I SSUE 3)
Inactivation of three emerging viruses – severe acute respiratory syndrome coronavirus,
Crimean–Congo haemorrhagic fever virus and Nipah virus – in platelet concentrates by
ultraviolet C light and in plasma by methylene blue plus visible light
Markus Eickmann, Ute Gravemann, Wiebke Handke, Frank Tolksdorf, Stefan Reichenberg, Thomas H.
Müller, Axel Seltsam
January 12, 2020
“[…] Materiala and methods
Blood products were spiked with SARS-CoV, CCHFV or NiV, and then treated with increasing doses of
UVC light (THERAFLEX UV-Plate-lets) or with methylene blue (MB) plus increasing doses of visible light
(MB/light; THERAFLEX MB-Plasma). Samples were taken before and after treatment with each illumination
dose and tested for residual infectivity
Blood products were spiked with SARS-CoV, CCHFV or NiV, and then treated with increasing doses of
UVC light (THERAFLEX UV-Platelets) or with methylene blue (MB) plus increasing doses of visible light
(MB / light; THERAFLEX MB-Plasma). Samples were taken before and after treatment with each
illumination dose and tested for residual infectivity.
Results
Treatment with half to three-fourths of the full UVC dose (0 · 2 J / cm 2 ) reduced the infectivity of SARS
‐ CoV (≥3· 4 log), CCHFV (≥2· 2 log) and NiV (≥4· 3 log) to the limit of detection (LOD) in platelet
concentrates, and treatment with MB and a fourth of the full light dose (120 J / cm 2 ) decreased that of
SARS ‐ CoV (≥3· 1 log), CCHFV ( ≥3· 2 log) and NiV (≥2· 7 log) to the LOD in plasma.
Conclusion
Our study demonstrates that both THERAFLEX UV-Platelets (UVC) and THERAFLEX MB-Plasma (MB /
light) effectively reduce the infectivity of SARS-CoV, CCHFV and NiV in platelet concentrates and plasma,
respectively.”
J OURNAL OF THE S CIENCE OF F OOD AND A GRICULTURE (V OLUME 80, I SSUE 6)
Existing and potential applications of ultraviolet light in the food industry - a critical
review
Thomas Bintsis, Evanthia Litopoulou‐Tzanetaki, Richard K. Robinson
April 27, 2000
“Abstract
Short-wave ultraviolet light (UVC, 254 nm) can reduce dramatically the microbial load in air or on hard
surfaces free from food residues, and can eliminate pathogens from potable water filtered to remove
organic residues and ‘clumps’ of bacteria. More recently, approval of the Food and Drug Administration
(USA) has been sought for a system for the destruction of pathogenic bacteria in fruit juices using UVC,
and the same approach could perhaps be applied to remove spoilage organisms from cider or wines. In
contrast, long-wave UV light (UVA, >320 nm) has limited microbiocidal properties […]”.
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E NVIRO L ABS
Ozone Disinfection of SARS-Contaminated Areas
Kenneth K. K. LAM
“[…] The most common air disinfection method is using ultraviolet (UV) radiation. UV radiation (UV-C)
kills bacteria and viruses by damaging the DNA/RNA of the cells of microorganisms. However, UV
radiation could only disinfect air close to the lamps as UV light has limited penetration capacity. In case
of SARS contaminated room, UV disinfection alone is not adequate to provide virus-free environment for
us.
[…] Experimental data shows that ozone is effective in reducing airborne bacteria of unoccupied room.
Over 90% of airborne bacteria could be reduced after ozonation. As viruses are generally more
susceptible to ozone than bacteria, it could assume that all viruses are killed if large percentage of
airborne bacteria are removed. Ozone is a gas that has good penetration capacity and powerful oxidizing
power, thus its disinfection efficiency is superior to UV radiation and HEPA filter. […]”
A MERICAN

SOCIETY FOR

M ICROBIOLOGY - A PPLIED

AND

E NVIRONMENTAL M ICROBIOLOGY

(78/6:1666-

9)

Aerosol Susceptibility of Influenza Virus to UV-C Light
James J. Mcdevitt, Stephen N. Rudnick, Lewis Radonovich
March 2012
“Abstract
[…] Air disinfection via upper-room 254-nm germicidal UV (UV-C) light in public buildings may be able
to reduce influenza transmission via the airborne route. We characterized the susceptibility of influenza A
virus (H1N1, PR-8) aerosols to UV-C light using a benchtop chamber equipped with a UVC exposure
window. We evaluated virus susceptibility to UV-C doses ranging from 4 to 12 J/m2 at three relative
humidity levels (25, 50, and 75%). Our data show that the Z values (susceptibility factors) were higher
(more susceptible) to UV-C than what has been reported previously. Furthermore, dose-response plots
showed that influenza virus susceptibility increases with decreasing relative humidity. […]”
O ZONE : S CIENCE & E NGINEERING (31:216-223)
Development of a Practical Method for Using Ozone Gas as a Virus Decontaminating
Agent
James B. Hudson, Manju Sharma, and Selvarani Vimalanathan
May-June 2009
“[…] The anti-viral and anti-microbial properties of ozone have been well documented, although the
mechanisms of action are not well understood, and several macromolecular targets could be involved
(Carpendale and Freeberg, 1991; Wells et al., 1991; Khadre and Yousef, 2002; Shin and Sobsey,
2003; Cataldo, 2006; Lin and Wu, 2006; Lin et al., 2007). Aqueous solutions of ozone are in use as
disinfectants in many commercial situations, including waste water treatment, laundries, and food
processing (Kim et al., 1999; Shin and Sobsey, 2003; Naitou and Takahara, 2006, 2008; Cardis et al.,
2007), but the use of the gas on a commercial scale as a decontamination device has not been exploited.
Ozone gas however has a number of potential advantages over other decontaminating gases and liquid
chemical applications (McDonnell and Russell, 1999; Barker et al., 2004).
[…] As a gas it can penetrate all areas within a room, including crevices, fixtures, fabrics, and the
undersurfaces of furniture, much more efficiently than manually applied liquid sprays and aerosols (Barker
et al., 2004; Malik et al., 2006; Hudson et al., 2007).
[…] We evaluated the feasibility of using ozone gas as an effective means of decontaminating various
hard and porous surfaces containing dry or wet films of different viruses, in the presence and absence of
cell debris and biological fluids. […]”
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A PPLIED AND E NVIRONMENTAL M ICROBIOLOGY (V OLUME 84, I SSUE 17, PP . 598-599)
UVC LED Irradiation Effectively Inactivates Aerosolized Viruses, Bacteri a, and Fungi in a
Chamber-Type Air Disinfection System
Do-Kyun Kim, Dong-Hyun Kang
September 2018
“Abstract
In this study, the possibility of inactivating viral, bacterial, and fungal aerosols in a chamber-type air
disinfection system by using an UVC-LED array was investigated and inactivation rate constants of each
microorganism were calculated in fitting curves of surviving populations. UVC-LED array treatment
effectively inactivated viral infectivity achieving 5 log reductions within 45 mJ/cm2 for MS2, Qβ, and
ΦX 174 viruses. UVC-LED array effectiveness in inactivating Escherichia coli O157:H7, Salmonella
enterica serovar Typhimurium, Listeria monocytogenes, and Staphylococcus aureus aerosols achieved 2.5
to 4 log reductions within 1.5 to 4.6 mJ/cm2. Also, 4 log reductions of Aspergillus flavus and Alternaria
japonica were achieved at a dosage of 23 mJ/cm2 using UVC-LED array irradiation. The highest UV
susceptibility, represented by the inactivation rate constant, was calculated for bacteria followed by fungi
and viruses. […]”
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OTHER SCIENTIFIC PUBLICATIONS
A MERICAN SOCIETY FOR M ICROBIOLOGY - A PPLIED AND E NVIRONMENTAL M ICROBIOLOGY
UV Disinfection of Adenoviruses: Molecular Indications of DNA Damage Efficiency
Anne C. Eischeid, Joel N. Meyer, Karl G. Linden
2009
W ATER R ESEARCH (V OLUME 40, I SSUE 1, P AGES 3-22)
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INTEGRATION OF TECHNOLOGY IN MIT - BIO INERTIZER
The current regulatory landscape, which provides for the obligation to use specific PPE for Covid health
management (face masks, gloves, protective goggles, disposable overalls), has implied the responsible
and precautionary management of PPE used especially within companies, but also in highly frequented
places and private environments.
Waste from PPE used in compliance with health requirements to combat the health emergency caused
by the COVID-19 infection implies special management, since the correct classification of the waste
must be guaranteed, which is responsibility of the Manufacturer and at the same time present
Administrators/Legal Representatives/Safety Managers and Environmental Managers with disputes
regarding the management of waste or of possible accidents at work caused by infection due to
COVID-19.
The Bio Inertizer produced by MIT SRL are devices for the disposal of potentially contaminated, not
or differentiable waste, including specific PPE for Covid-19 healthcare management. The BIO
INERTIZER use UVC and Ozone technology to disinfect the waste that is deposited to them.
As shown by the extensive scientific documentation previously analyzed, with exposure to UVC rays
and ozone for a certain time and concentration, we obtain:
1. an obstructing environment to viruses and bacteria proliferation;
2. an inertization of smell;
3. a disinfection of viruses and bacteria with a level of 99.999%.
In BIO INERTIZER there is an exposure to UVC and a confined concentration of ozone that exceed
those identified on a scientific level. For this reason, the use of BIO INERTIZER in the disposal of
potentially contaminated waste ensures:
1. to adopt a traceable and safe waste management practice;
2. that the waste they contain is inertizer, or rather, there is no proliferation of viruses and
bacteria;
3. that there is no cross contamination;
4. that therefore the waste they contain is no longer dangerous or contaminating.
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BACTERIAL CROSSCONTAMINATION: AN
OVERVIEW
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A S W ORLD H EALTH O RGANIZATION REPORTS ,
EACH YEAR ,
AN ESTIMATED

600 MILLION PEOPLE WORLDWIDE

EXPERIENCE A FOODBORNE ILLNESS .

WHILE THERE ARE MANY CAUSES , A MAJOR AND PREVENTABLE ONE IS
CROSS-CONTAMINATION.
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CROSS-CONTAMINATION
WHAT IS IT ?
Bacterial cross-contamination is defined as the transfer of bacteria or another microorganism from one
substance to other.
“Abstract
The presence of Salmonella in foodstuffs
represents an internationally accepted
human
health
concern.
Although Salmonella causes
many
foodborne disease outbreaks, there is
little evidence to support crosscontamination as a major contributing
factor. However, the paramount importance of preventing cross-contamination and recontamination in
assuring the safety of foodstuffs is well known. Sources and factors linked to cross-contamination and
recontamination of Salmonella in foods are reviewed in detail. Those foods which are not submitted to
lethal treatment at the end of processing or which do not receive further treatment in the home deserves
special attention. Salmonella cross-contamination and recontamination episodes have been connected to
the following factors: poor sanitation practices, poor equipment design, and deficient control of
ingredients. We also examine potential cross-contamination in the home. Cross-contamination and
recontamination events at factory level evidence the difficulty encountered for eradicating this pathogen
from the environment and facilities, highlighting the need to reinforce industry preventive control measures
such as appropriate and standardized sanitation. Also, at consumer level, Public Health Authorities should
install hygiene education programs in order to raise consumer awareness of the risks of crosscontamination in the home and their role in its prevention. Finally, a review on cross-contamination models
of Salmonella spp. is presented.”
Other types of cross-contamination include the transfer of food allergens, chemicals, or toxins.
Many people assume that foodborne illness is mostly caused by eating at restaurants, but there are
many ways in which cross-contamination can occur including:
➢ primary food production » from plants and animals on farms;
➢ during harvest or slaughter;
➢ secondary food production » including food processing and manufacturing;
➢ transportation of food;
➢ storage of food;
➢ distribution of food » including food processing and manufacturing;
➢ food preparation and serving » at home, restaurants, and other foodservice operations;
➢ disposal of compostable.
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CROSS CONTAMINATION IS DEFINED AS THE TRANSFER OF BACTERIA OR ANOTHER
MICROORGANISM FROM ONE SUBSTANCE TO ANOTHER .
IT CAN HAPPEN DURING ANY STAGE OF FOOD PRODUCTION .

“Abstract
Food contamination is a matter of serious
concern, as the high concentration of
chemicals present in the edibles poses
serious health risks. Protecting the public
from the degrees of the harmfulness of
contaminated foods has become a
daunting task. This article highlights the causes, types, and health implications of chemical contamination
in food. The food contamination could be due to naturally occurring contaminants in the environment or
artificially introduced by the human. The phases of food processing, packaging, transportation, and
storage are also significant contributors to food contamination. The implications of these chemical
contaminants on human health are grave, ranging from mild gastroenteritis to fatal cases of hepatic,
renal, and neurological syndromes. Although, the government regulates such chemicals in the eatables by
prescribing minimum limits that are safe for human consumption yet measures still need to be taken to curb
food contamination entirely. Therefore, a variety of food needs to be inspected and measured for the
presence of chemical contaminants. The preventative measures pertaining about the food contaminants
problems are pointed out and discussed.”
“Abstract
Microbial pollution is a serious food
safety issue because it can lead to a wide
range of foodborne diseases. A great
number of foodborne diseases and
outbreaks are reported in which
contamination of fresh produce and animal products occurs from polluted sources with pathogenic
bacteria, viruses and protozoa and such outbreaks are reviewed and the sources are revealed.
Investigations of foodborne outbreaks involved meat production and fresh produce, namely, that occurred
at the early stages of the food chain have shown certain sources of contamination. Domesticated food
animals, as well as wild animals, flies and rodents can serve as a source of contamination of nearby
produce-growing fields and can lead to human infection through direct contact at farms and, mostly, mail
order hatcheries. The most of the fresh produce associated outbreaks have followed wildlife intrusion into
growing fields or fecal contamination from nearly animal production facilities that likely led to produce
contamination, polluted water used for irrigation and improper manure. Preventive measures, as part of
implemented good agricultural practice systems are described. Controlling and minimizing pre-harvest
contamination may be one of the key aspects of food safety.”
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T YPES OF CROSS - CONTAMINATION
Given that there are many points at which cross-contamination can occur, it is important to understand
the different types of it.
There are three main types of cross-contamination:

FOOD - TO - FOOD , EQUIPMENT - TO - FOOD ,

and

PEOPLE -

TO - FOOD .

F OOD - TO - FOOD
Adding contaminated foods to non-contaminated foods results in food-to-food cross-contamination.
This allows harmful bacteria to spread and populate.
Raw, undercooked, or improperly washed food can harbor large amounts of bacteria, such as
Salmonella, Clostridium perfringens, Campylobacter, Staphylococcus aureus, E. coli, and Listeria
monocytogenes - all of which can harm health if consumed.
“Abstract
Some Enterobacteriaceae possess the
ability to survive in low-moisture
environments for extended periods of
time. Many of the reported food-borne
outbreaks associated with low-moisture
foods involve Salmonella contamination.
The control of Salmonella in low-moisture foods and their production environments represents a significant
challenge for all food manufacturers. This review summarizes the current state of knowledge with respect
to Salmonella survival in intermediate- and low-moisture food matrices and their production environments.
The mechanisms utilized by this bacterium to ensure their survival in these dry conditions remain to be fully
elucidated, however, in depth transcriptomic data is now beginning to emerge regarding this observation.
Earlier research work described the effect(s) that low-moisture can exert on the long-term persistence and
heat tolerance of Salmonella, however, data are also now available highlighting the potential crosstolerance to other stressors including commonly used microbicidal agents. Sources and potential control
measures to reduce the risk of contamination will be explored. By extending our understanding of these
geno- and phenotypes, we may be able to exploit them to improve food safety and protect public health.”
E QUIPMENT - TO - FOOD
Equipment-to-food is one of the most common yet unrecognized types of cross-contamination.
Bacteria can survive for long periods on surfaces like countertops, utensils, cutting boards, storage
containers, waste bins, and food manufacturing equipment.
When equipment is not washed properly or unknowingly contaminated with bacteria, it can transfer
large volumes of harmful bacteria to food. This can happen at any point during food production - both
at home and in food manufacturing.
For example, a 2008 incident at a Canadian-based sliced meat company resulted in the death of 22
customers due to listeria-contaminated meat slicers.

32

“News Release
This report represents the
culmination of the work
undertaken
by
the
Independent
Listeriosis
Investigative
Review,
which was set up to
examine the factors that
contributed to the 2008 listeriosis outbreak. This tragic event resulted in serious illness for 57 vulnerable
individuals and eventually cost the lives of 221 Canadians.
The Independent Investigator was appointed in January 2009 to explore how and why the outbreak
happened, and to make recommendations about what can be done to prevent a similar incident in the
future. This work has been driven by a determination to find answers to these questions for surviving family
and friends, and others directly affected by the event. To understand the process that led to this report,
please see the introduction which describes the steps taken in this review and how best to read the full
report. The work of this Investigation has been complemented by the important work of the House of
Commons Agriculture Subcommittee on Food Safety which has also examined many aspects of this critical
matter.
"In all likelihood, none of the individual elements that contributed to the outbreak was sufficient to have
caused it alone, so each part of the food safety system must work together as perfectly as possible."
Dr. John Carsley: Medical Health Officer for the Vancouver Coastal Health Authority in British Columbia Member of the Listeriosis Investigation Expert Advisory Group
This report describes the chain of events which led to the recall of 191 meat products produced by Maple
Leaf Foods Bartor Road plant. The report assesses how well federal organizations and their food safety
partners responded to the event. It notes best practices from other jurisdictions which have been
incorporated into the recommendations.
Most importantly, the report focuses on areas which require urgent attention, providing recommendations
for concrete action. The Investigation calls on governments and industry to take swift and appropriate
steps to make sure a tragedy such as this does not happen again.
Since these main points, like the complete report, must answer the questions of a wide variety of audiences
- from scientists and health professionals, to journalists and Parliamentarians (and government officials),
to food industry workers and family members - they highlight our key findings and refer to key
recommendations of interest to all Canadians. To guide readers, bracketed numbers correspond to the
recommendations found in the section entitled 'List of all recommendations' as well as embedded
throughout the full report.
Why it matters
Foodborne illness outbreaks like that of 2008 do not happen often in Canada. There has, however, been
a steady increase in listeriosis cases in recent years. Since 2005, the number of cases of listeriosis reported
annually in Canada has doubled. Among those at greatest risk of contracting the illness are older people
- one of the fastest growing segments of Canada's population. Some 40% of those who became ill during
the 2008 listeriosis outbreak died of the disease. The average age of people who had listeriosis listed as
the underlying or contributing cause of death was 76.
Equally noteworthy, almost 80% of those who developed listeriosis lived in a long-term care home or
were admitted to a hospital that had served contaminated deli-meats from large packages produced
specifically for institutions.
The risks of foodborne illness are also greater than ever before. Large scale farming and food processing,
along with the impacts of globalization which provide consumers with access to foods from around the
world, all contribute to increased opportunities for contamination. These same trends make it harder to
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trace the source of a foodborne illness than in the past, when outbreaks were usually linked to local food
sources. […]”
A common example of this occurring at home is using the same cutting board and knife to cut raw meat
and vegetables, which can be harmful if the vegetables are then consumed raw.
One study found that older participants were less likely to use soap and water to clean their cutting
boards after working with raw meat, while younger people were not aware of the risk of crosscontamination.
“Abstract
Understanding consumers' high-risk food
consumption patterns and food handling
in the home is critical in reducing
foodborne illness.
This study was conducted to determine the
prevalence of unsafe food practices of
individuals in a Canadian-based
population, specifically, high-risk food
consumption and home food safety practices. During November 2005 to March 2006, a sample of 2,332
randomly selected residents of the Waterloo Region (Ontario, Canada) participated in a telephone survey
of food consumption and food safety. Questions covered consumption of high-risk foods, hand washing
practices, safe food handling knowledge, source of food safety education, meat thawing and cooking
practices, cross-contamination after raw food preparation, and refrigeration temperatures. Certain highrisk food behaviors were common among respondents and were associated with demographic
characteristics. In general, unsafe practices increased with increasing total annual household income level.
Males were more likely to report engaging in risky practices than were females. Specific high-risk
behaviors of public health concern were reported by elderly individuals (e.g., consuming undercooked
eggs), children (e.g., consuming chicken nuggets), and rural residents (e.g., drinking unpasteurized milk).
Respondents appeared to know proper food safety practices but did not put them into practice. Thus,
educational programs emphasizing specific practices to improve food safety should be directed to
targeted audiences, and they should stress the importance of consumer behavior in the safety of foods
prepared at home. Further investigation of consumer perceptions is needed to design such programs to
effectively increase the implementation of safe food practices by consumers.”
Finally, improper food preservation techniques can lead to cross-contamination. In 2015, home-canned
potatoes used in a potato salad made 22 potluck attendees sick with botulism due to improper canning
practices.
P EOPLE - TO - FOOD
Humans can easily transfer bacteria from their bodies or clothes to food during many steps of food
preparation.
For example, a person may cough into their hand or touch raw poultry and continue to prepare a meal
without washing their hands in between.
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“Abstract
Hand washing and glove use are the main
methods for reducing bacterial crosscontamination from hands to ready-to-eat
food in a food service setting. However,
bacterial transfer from hands to gloves is
poorly understood, as is the effect of
different
durations of soap rubbing on bacterial reduction. To assess bacterial transfer from hands to gloves and
to compare bacterial transfer rates to food after different soap washing times and glove use, participants'
hands were artificially contaminated with Enterobacter aerogenes B199A at ∼9 log CFU. Different soap
rubbing times (0, 3, and 20 s), glove use, and tomato dicing activities followed. The bacterial counts in
diced tomatoes and on participants' hands and gloves were then analyzed. Different soap rubbing times
did not significantly change the amount of bacteria recovered from participants' hands. Dicing tomatoes
with bare hands after 20 s of soap rubbing transferred significantly less bacteria (P < 0.01) to tomatoes
than did dicing with bare hands after 0 s of soap rubbing. Wearing gloves while dicing greatly reduced
the incidence of contaminated tomato samples compared with dicing with bare hands. Increasing soap
washing time decreased the incidence of bacteria recovered from outside glove surfaces (P < 0.05). These
results highlight that both glove use and adequate hand washing are necessary to reduce bacterial crosscontamination in food service environments.”
In a 2019 study in 190 adults, only 58% of participants reported washing their hands before cooking
or preparing food, while only 48% said they wash their hands after sneezing or coughing.
“Abstract
The outbreak of severe acute respiratory
syndrome (SARS) claimed the lives of
286 Hong Kong people in 2003. Since
then, the Hong Kong government has
been promoting the benefits of proper
hand hygiene. There are few studies that
explore the general quality of handwashing and the hand-hygiene practices of the public of Hong Kong;
given this, the aim of this study is to explore this neglected topic. This study is a quantitative study that
was conducted in January 2018. The results show that the majority of participants only wash their hands
after using the toilet (87%) or handling vomitus or faecal matter (91%). The mean duration of
handwashing was 36.54 seconds (SD = 18.57). The areas of the hand most neglected during handwashing
were the fingertips (48.1%), medial area (30.5%), and back of the hand (28%). A multiple logistic
regression shows that participants who have reached third-level education or higher often tend to be more
hand hygienic than those who have not reached third-level education (p ≤ 0.001, B = 1.003). Thus,
participants aged 30 and above tend to neglect 5 more areas of the hand than those aged below 30
(p=0.001, B = 4.933).”
Other common examples include using a cellphone that’s loaded with bacteria while cooking or wiping
your hands with a dirty apron or towel. These practices may contaminate your hands and spread
bacteria to food or equipment.
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“Abstract
The main aim of our study was to verify
the effectiveness of simple disinfection
using wet wipes for reduction of microbial
contamination of mobile phones and
computer keyboards. Bacteriological
swabs were taken before and after
disinfection with disinfectant wipes with
active ingredients chlorhexidine digluconate and triclosan. The incidence and type of microorganisms
isolated before and after disinfection was evaluated; the difference was expressed as percentage of
contamination reduction. Our results confirmed the high degree of surface contamination with bacteria,
some of which are opportunistic pathogens for humans. Before the process of disinfection, on both
surfaces, mobile phones, and computer keyboards, the common skin commensal bacteria like coagulasenegative staphylococci were diagnosed most frequently. On the keyboards, species of the
genus Bacillus and representatives of the family Enterobacteriaceae were abundant. The potentially
pathogenic species were represented by Staphylococcus aureus. Cultivation of swabs performed 5 min
after disinfection and subsequent calculation of the reduction of contamination have shown that simple
wiping with antibacterial wet wipe led to a significant reduction of microbial contamination of surfaces,
with effect ranging from 36.8 to 100%.”
“Abstract
Global burden of hospital-associated
infection (HAI) is on the rise and
contributes significantly to morbidity and
mortality of the patients. Mobile phones
are indispensible part of communication
among doctors and other health care
workers (HCWs) in hospitals. Hands of HCWs play an important role in transmission of HAI and mobile
phones which are seldom cleaned and often touched during or after the examination of patients without
hand washing can act as a reservoir for transmission of potent pathogens. This study aimed to investigate
the rate of bacterial contamination of mobile phones among HCWs in our tertiary care hospital and to
compare it with personal mobile phones of non-HCWs (control group).”
Think, consequently, what the level of contamination can be if the waste bins are touched and garbage
is not stored and sealed correctly.
“The domestic kitchen is a dangerous
place. Deficiencies in kitchen hygiene
conspire with potential pathogens on raw
foodstuffs to contaminate working
surfaces, utensils and prepared foods,
increasing the risk of foodborne
infection. Hand hygiene is largely ineffective in many households; the hands of food preparers are
incriminated in ∼40% of domestic food poisoning incidents. Many studies have tracked the spread of
intestinal pathogens from raw foods to work surfaces, utensils and hands, with subsequent contamination
of fresh and previously cooked items.
UK domestic waste production is ∼20.8 kg per household per week. The putrescible fraction, ∼15% of
this total, is a current government target for composting to reduce reliance on landfill disposal. This is a
European economic and environmental priority supported by several European Community (EC) Directives,
and driven by demanding recycling targets, many UK local authorities now promote domestic food waste
recycling. In an informal survey of 102 UK households that recycle food wastes, 62 (61%) respondents
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kept kitchen waste bins within the kitchen
environment, in a cupboard or by the door,
whereas the remainder stored bins at a distant
location (Table 1). Fourteen households shared
waste bins with other households. Bins were rarely,
if ever, sanitized. Only 11 households reported
cleansing of food waste bins, which was at best
irregular and probably inadequate. Bins were
emptied weekly (n = 57) or fortnightly (n = 22).

Food waste bins become heavily soiled on their internal and external surfaces. Contamination may be
particularly heavy on the handle and around the lid area, and hands are contaminated when the container
is used, predisposing to cross-contamination of foods for consumption. Only 24 of 89 respondents
reported handwashing after every contact with a food waste bin, and 53 admitted handwashing on an
irregular and infrequent basis only. Twelve respondents never washed their hands after contact with the
food waste bin. Although no substitute for hand hygiene, bin liners may reduce the soiling of primary
containers but are prohibited by many local authorities because these compromise composting processes.
Although predicated on sound environmental reasoning, the expansion in kitchen waste recycling schemes
for UK householders exacerbates kitchen hygiene problems, with dedicated food waste bins becoming
potent reservoirs of contamination that perpetuate a cycle of contamination, multiplication and
dissemination.
There is some anecdotal evidence of a rise in foodborne infection associated with food waste recycling.
Although epidemiological relationships are difficult to demonstrate, 10% of respondents report sporadic
cases of foodborne infection, with an apparent increase in frequency following the introduction of food
waste recycling. Public health professionals must be aware of the potential impact of domestic food waste
recycling, and deficiencies in kitchen hygiene, that may be associated with increases in foodborne intestinal
infection. Education is a key step in prevention. High standards in kitchen hygiene are essential, and local
authorities wishing to promote the recovery and composting of kitchen wastes should include simple
hygiene instructions in their accompanying literature.”
Although this poses a concern, a 2015 meta-analysis found that food safety education both in the
home and at work can significantly lower the risk of cross-contamination and unsafe food practice.
“Abstract
Background: Foodborne illness has a
large public health and economic burden
worldwide, and many cases are
associated with food handled and
prepared at home.
Educational interventions are necessary to
improve consumer food safety practices
and reduce the associated burden of
foodborne illness.”
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WHO IS AT RISK?
Everyone is at risk of becoming sick from cross-contamination.
“Abstract
Foodborne pathogens are more likely to
cause infection and to result in serious
consequences in vulnerable people than
in healthy adults. People with some
increase in susceptibility may form nearly
20% of the population in the UK and the
USA. Conditions leading to increased susceptibility are listed. The main factors leading to foodborne
disease caused by major pathogens are outlined and examples are given of outbreaks resulting from these
factors. Measures to prevent foodborne disease include procedures based on Hazard Analysis Critical
Control Point principles and prerequisite programmes and, especially for vulnerable people, the use of
lower-risk foods in place of higher-risk products. […]
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OTHER

SCIENTIFIC PUBLICATION ABOUT CAUSES AND

EFFECTS OF CROSS-CONTAMINATION
C ROSS - CONTAMINATION IN DENTISTRY : A COMPREHENSIVE OVERVIEW .
Source: Chronicles of Young Scientists . Jan-Jun2013, Vol. 4 Issue 1, p51-58. 8p.
Author(s): Abichandani, Sagar J.; Nadiger, Ramesh
“Abstract: Introduction: Cross-contamination and cross-infection can occur by direct contact with microorganisms, indirect contact with contaminated objects, droplet transmission, and inhalation of airborne
pathogens. In dentistry, operatory surfaces can routinely become contaminated with patient saliva, blood,
and other fluids during treatment. Aims and Objectives: This review is aimed to identify crosscontamination and spread of infection by various means and the appropriate preventive measures to be
implemented. This review will also highlight the various aspects that are neglected in various dental
schools/dental practice or any dental set up that potentiate cross-contamination ultimately affecting the
dentist, dental team and the patients. Materials and Methods: A review of the dental literature concerning
cross-contamination was performed. Material appearing in the literature before 1996 was reviewed as
exhaustively as possible and materials after 1996 were reviewed electronically. In Medline, key words
like cross-contamination, sterilization, asepsis, infection, infection control, prevention were used in various
combinations to obtain a potential reference for review. A total of 2245 English Language titles were
found, many were repeated due to recurring searches. The headings were shortlisted and reviewed for
detailed examination. Results: A comprehensive review to evaluate the methods of preventing crosscontamination in dentistry involving various aspects and challenges encountered in a dental set up was
constructed which was missing in the references of the review. Conclusions: Awareness and the necessary
precautions play a pivotal role in preventing the occurrence of cross-contamination. It is the responsibility
of the entire dental team to work in unison to prevent the menace of cross-contamination and spread of
infection.”
“Abstract
A study was made of the extent to which
frozen broilers, contaminated with
indicator organisms, can cause crosscontamination in the kitchen.
In 60 kitchens a number of relevant
objects were sampled during the
preparation of contaminated frozen
broilers. The results show that cross-contamination occurred in a high proportion of the kitchens examined.
In many instances the indicator organism was still present on various objects even after rinsing, 'clearing'
or washing up. In view of the possible risk of a cross-contamination with Salmonella spp. the importance
of instructing food preparers is emphasized. No salmonellas could be found in the sinks of the 60 kitchens
examined.”
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“Abstract
Salmonella enteritidis PT4 was recovered
from fingers following the breaking of
intact shell eggs artificially contaminated
in the contents with the bacterium. Kitchen
utensils used to mix egg dishes were
salmonella-positive, sometimes after
washing. Following the preparation of
batter or the mixing of eggs, S. enteritidis was recovered from work surfaces over 40 cm from the mixing
bowl. The bacterium survived well in thin, dry films of either batter or egg and, from an initial level of
one cell per cm2, could be recovered from formica work surfaces 24 h after contamination.”
“Abstract
To date, there have been no published
information and empirical data available
on the role played by the food preparer
in the domestic kitchen in the Republic of
Ireland.
In this study, we have looked at the
incidence of potential food pathogens
and their cross-infection in the domestic
kitchen during the preparation of a Sunday roast chicken lunch. Key contact sites in the domestic kitchen
were sampled, including the chicken carcass before and after the preparation of a roast chicken meal.
Twelve contact sites in twenty-five domestic kitchens were analysed and tested for aerobic plate count,
Salmonella, Campylobacter, Escherichia coli and Staphylococcus aureus. Our findings identified the ability
of food-borne disease microorganisms to become disseminated from infected foods, such as fresh chickens,
to hand and food contact surfaces in the domestic kitchen, reiterating the need for consumer awareness
and knowledge of effective hygiene procedures in the domestic kitchen. ”
“Abstract
Artificial contamination of chicken pieces
with bioluminescent E. coli DH5a (pLITE
27) was used to examine the relationship
between food hygiene interventions and
the extent of contamination in a model kitchen. Analysis showed that, during the preparation of chicken
casserole, bacteria were widely disseminated throughout the kitchen and equipment used. Food hygiene
interventions were shown to reduce the extent of contamination. Demonstrates that effective cleaning and
hand washing are important in preventing cross‐contamination in the domestic kitchen.”

“Abstract
Trying to widen the discussion on the risks
associated with dental waste, this study
proposed to investigate and genetically
compare yeast isolates recovered from
dental solid waste and waste workers.
Three samples were collected from
workers' hands, nasal mucosa, and
professional clothing (days 0, 30, and
180), and two from dental waste (days 0
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and 180). Slide culture, microscopy, antifungal drug susceptibility, intersimple sequence repeat analysis,
and amplification and sequencing of internal transcribed spacer regions were performed. Yeast strains
were recovered from all waste workers' sites, including professional clothes, and from waste. Antifungal
susceptibility testing demonstrated that some yeast recovered from employees and waste exhibited
nonsusceptible profiles. The dendrogram demonstrated the presence of three major clusters based on
similarity matrix and UPGMA grouping method. Two branches displayed 100% similarity: three strains
of Candida guilliermondii isolated from different employees, working in opposite work shifts, and from
diverse sites grouped in one part of branch 1 and cluster 3 that included two samples of Candida albicans
recovered from waste and the hand of one waste worker. The results suggested the possibility of crosscontamination from dental waste to waste workers and reinforce the need of training programs focused
on better waste management routines.”
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NEWS ARTICLES AND RULES OF SOME GOVERNMENTS
N EWS A RTICLES

“From midnight tomorrow, it will become mandatory for anyone in Melbourne and Mitchell Shire leaving
their homes to wear a mask. Many people have already been wearing masks for some time in a bid to
protect themselves and others from COVID-19.
Evidence has shown masks likely do reduce the spread of COVID-19, so wearing them is a good thing –
particularly as Victoria continues to grapple with a second wave.
But one conversation we’re not having enough is around how to safely dispose of single-use masks.
Disposing of used masks or gloves incorrectly could risk spreading the infection they’re designed to protect
against.
A CONVENIENT CHOICE
While reusable cloth masks are an option if you’ve been able to buy one or even make one yourself,
disposable, single-use surgical masks appear to be a popular choice. They provide protection and they’re
cheap and convenient.
It’s estimated the global use and disposal of masks and gloves will amount to 129 billion face masks and
65 billion plastic gloves for every month of the COVID-19 pandemic.
The effect on the environment is an important but separate issue to the health risks we’re discussing here.
Alarmingly, from what we’ve observed, people are discarding masks in communal rubbish bins and even
leaving them in empty shopping trolleys.
People should know better than to leave used masks lying around. But they can’t be expected not to
discard them in public bins when there’s no other option, and when they’re not given any advice on how
to dispose of them properly.
Importantly, while there are clear guidelines on the disposal and separation of medical waste within healthcare settings, guidelines for disposal of surgical masks in public settings are unclear.
The Victorian government simply advises they be disposed of “responsibly in the rubbish bin”, meaning
they will be mixed with ordinary waste. This is in contrast to personal protective equipment (PPE) used in
health-care settings, which is disposed of separately to regular waste, transported to sealed landfill, and
in some cases incinerated.
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WHY COULD THIS BE A DANGER?
We don’t yet know a whole lot about the survival of SARS-CoV-2, the coronavirus that causes COVID19, on textile materials.
One study published in the medical journal The Lancet found no infectious SARS-CoV-2 could be detected
on textile materials after 48 hours.
A review study which looked at the survival of a range of pathogens on textiles found viruses could survive
longer than 48 hours, though not as long as bacteria.
Although we need more research on this topic, it seems there is potential for cross-contamination, and
therefore possibly COVID-19 infection, from disposed masks.
In all likelihood, other people, such as supermarket staff collecting trolleys, or waste handlers, will come
into contact with discarded masks well within that 48 hour window.
In addition, if the discarded mask is carrying infectious particles, it may be possible for these to crosscontaminate the surfaces they come into contact with, such as shopping trolleys. And we know SARS-CoV2 survives more readily on hard surfaces than porous ones, so this is a worry.
WHO NEEDS TO ACT?
This issue is a potential biosecurity concern, and we need segregation of used masks from ordinary waste
immediately. We urge attention from the Victorian government and local councils to act on this issue,
including in the following ways:
• create general awareness of this problem, potentially by including messaging around how to
properly dispose of masks in directives on their use
• install pop-up secured bins in public places such as shopping centres for used masks and gloves
• workers collecting the waste should follow biohazard protocols similar to those used to manage
waste collected from health-care settings.
[…]”

For all the years I’ve worked in the recycling business for Waste Management, I can tell you that the
global challenges our industry is facing these days are without precedent.
Simply put, many of the items we all want to recycle are getting hard to market economically. This impacts
our business, the environment and the recycling industry as a whole.
The problem
To explain what’s happening, you really need to go back to the habits we’ve all formed over the years
inside our households. Many of us grew up with a different kind of recycling program than we have today.
Back in the day, we separated items at the curb each week, making it easier to process paper, aluminum
and plastics into different material streams. All the right things were being recycled.
Then in the early 2000s, recycling changed with the arrival of single-stream. Through this process,
residents and businesses could put all of their recyclables into a single bin or cart, and those items would
then be separated at a sorting facility. Over a short period of time, thanks to the convenience of singlestream, more people began to participate and recycling rates soared to their highest levels. Households
were recycling more, and as a result, we were processing millions of tons more for the betterment of our
communities and environment. Recycling had entered its boom years.
44

At the same time, products and packaging were becoming more complex. For example, think about the
difference in weight of a plastic bottle today versus 15 years ago. Maybe you haven’t noticed, but today’s
bottles are a lot thinner and lighter than they used to be. We’ve also seen that a wider variety of plastics
are also being used to package the everyday items we purchase.
This complexity has in many ways altered consumers’ understanding of what they think is recyclable. More
and more, non-recyclables are finding their way into single-stream containers – things like plastic bags,
organic matter (food, liquid and yard waste), rubber hoses, wires and low-grade plastics. Contamination
rates – or the percentage of trash mixed with recyclables – has steadily climbed over the years.
Today, the average contamination rate among communities and businesses sits at around 25%. That
means that roughly 1 in 4 items placed in a recycling container is actually not recyclable through curbside
programs, and this creates enormous problems for the recycling economy.
Problem one: contamination significantly increases the cost to process recyclables. Add this to the fact that
commodity prices for recyclables has fallen significantly and the financial sustainability of recycling is at
risk. To put another way, not only are plastics lighter, and packaging more complex, recyclables derived
from those items are being sold for less and at a higher cost to process. Those are some big economic
hurdles.
Problem two: Recycling contamination has a direct impact in the quality of recyclables entering the
commodity markets. For example, when foods or liquids are placed in a recycling container they will
ultimately saturate tons and tons of otherwise good paper and cardboard that they come into contact
with. When paper and cardboard loses its quality, it also loses its ability to be recycled. It becomes trash.
Now, imagine that all taking place at an enormous scale, and not just with food and liquids but with all
contaminants. Trash entering the recycling stream impacts the quality of recyclables entering the commodity
markets. The higher the recycling contamination, the less we can recycle – that is the challenge we are all
facing, and it is a global problem.
In response to these quality issues, China – a major importer of recyclables – recently issued new rules on
the types of materials it will accept, including a 0.5% max on recycling contamination. That means that
the 25% contamination rate we see today at the curb must reach virtually zero for those items to be
recycled. Anything above that 0.5% contamination will be trash.

It’s true to say that the outbreak of the COVID-19 pandemic has thrown the world’s population into
uncharted territory, with new guidelines on how to live our day-to-day lives to limit further spread of the
virus.
The public have had strict advice from government to stay at home as much as possible, while those who
have caught the infection and do not need medical attention must completely self-isolate.
People will produce more domestic waste than normal while confined to their homes, and it is possible that
those carrying COVID-19, even unknowingly, can transfer it through any waste they might have handled.
Since our bins still continue to be collected, it’s crucial to minimize any risk to personnel who could be
coming into contact with contaminated waste and recycling. There are a few measures you can take and
let others know about, which will only help to further the fight against this global threat.
Firstly, double bagging the waste will limit the bag leaking or being handled by another person within the
household as well as keeping it safely away from anyone who may be handling waste upon collection.
Placing within the black bin is an extra safeguard to ensure that our waste collectors are kept as safe as
possible from any contaminated waste.
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When placing items in the black bin, please be sure to adhere to all Public Health Agency advice and
wash down all bin lids and handles before washing your hands with soap and water for a minimum of
twenty seconds, and remember to not touch your face or other surfaces before you are able to properly
clean your hands.
It has also been strongly advised that waste handled by an infected person within your household be kept
separate so as to reduce the risk of cross-contamination.
Any waste which is likely to be contaminated, including tissues, masks or cleaning clothes should be double
bagged, tied securely and stored safely out of reach of any persons or pets for 72 hours before placing
in the black (general waste) bin regardless of content. It is important to note that this applies to all waste
that has been handled by any persons displaying symptoms or confirmed to be infected with COVID-19.
Re-Gen Waste is continuing to monitor the impact of coronavirus on a day-by-day basis in regard to
ensuring the safety and wellbeing of our employees, their families and the wider community, while
preventing disruption to our business operations or client service.

Food hygiene
Make sure that the process you decide on for food waste separation is consistent with your food safety
management system (Hazard Analysis Critical Control Point HACCP); if your HACCP says all bins have
foot operated pedals then make sure that this is the case.
The Safer Food Better Business (SFBB) system in England and Wales states that bins should have close
fitting lids to deter pests. If you do anything different to this make sure that you state this in the safe
method "How do you do this?" column. Check with your local environmental health team for requirements
in Scotland or Northern Ireland.
If you produce raw meat and egg waste, make sure this is done away from any ready to eat food
preparation areas to prevent inadvertent splashes that could cause cross contamination.
Waste food should not be allowed to build up in the kitchen so should be removed as often as possible;
always make sure that hands are thoroughly washed in the wash hand basin after handling waste food or
waste bins.
Handling food waste should not be any different to handling your rubbish so should not adversely affect
your food hygiene rating. Any queries in relation to food safety should be directed either to the
Environmental Health team at your Local Authority or to the Food Standards Agency. […]
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Cross contamination occurs when bacteria are transferred from a contaminated food or surface such as a
chopping board and utensils to other food. Follow these tips to avoid cross contamination in the home
kitchen:
•
•

•
•
•
•

Wash your hands before preparing food and between preparing raw meats and ready to eat
foods such as salads, vegetables, rice, past and fruit.
Chopping boards, plates, knives, blenders, mixers, bowls, benchtops that has been in contact with
raw meats, poultry and seafood should be washed with warm water and detergent, then rinsed
and dried before being used for ready to eat foods.
Prepare raw meats, poultry and seafood separately from other foods such as salads and
vegetables.
Use paper towel to clean up raw meat and poultry juices or egg. Don’t contaminate the dish cloth
that you use to clean other surfaces.
Use different chopping boards for raw meat, poultry and seafood and ready to eat foods.
Make sure your chopping boards are kept in good condition – replace if they are becoming worn,
damaged and too hard to keep clean.

Food contamination happens when something gets into food that shouldn’t be there. There are three types
of food contamination: physical, biological and chemical contamination.
Contaminated food can have dire consequences for the person who eats it, and for the business who sold
it.
Food Handlers must be trained to handle food safely, practice good personal hygiene and prevent crosscontamination to protect customers — and their employers — from the consequences of food-borne illness,
allergic reactions to food or injuries from contaminated food.
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Biological contamination
Biological contamination is when bacteria or other harmful microorganisms contaminate food; it is a
common cause of food poisoning and food spoilage.
Food poisoning can happen when disease-causing bacteria or other germs, also called 'pathogens', spread
to food and are consumed. Bacteria are small microorganisms that split and multiply very quickly. In
conditions ideal for bacterial growth, one single-cell bacteria can become two million in just seven hours.
Certain types of bacteria also produce bacterial toxins in the process of multiplying and producing waste.
Bacterial toxins can be very dangerous — in fact, botulinum, the bacterial toxin that causes botulism, is
the most potent natural poison known.
Certain foods are more vulnerable to biological contamination than others because they provide
everything bacteria need to survive and multiply — food, water and neutral acidity (pH). These are called
high-risk foods.
When high-risk foods are left in the Temperature Danger Zone (5ºC – 60ºC) for too long, Food Handlers
provide the other conditions bacteria need to grow — time and the right temperature.
It's important to remember that all foods can harbour dangerous pathogens. Norovirus, for
example, doesn't grow or multiply on food, but it can survive for days or even weeks on any type of
food and is a leading cause of food-borne illness in Australia.
Chemical contamination
Chemical contamination occurs when chemicals get into food. Common sources of chemical contamination
in a commercial kitchen include:
▪

Kitchen cleaning agents: Never keep food stored in the same place as your cleaning
chemicals, and always use cleaning products designed especially for kitchen use.

▪

Unwashed fruits and vegetables: Pesticides and fungicides on fruits and vegetables can
be harmful if ingested, so it’s important to properly wash all fruits and vegetables before
preparing them.

▪

Food containers made from non-safe plastics: Single-use items like plastic containers are not
designed to be reused again and again. Always store food in containers that are specially
designed for reuse.

▪

Pest control products: Pest control products are extremely hazardous. Always store these
products away from food items and never use these products in areas where food is being
prepared.

▪

Kitchen equipment: Equipment with moving parts, such as slicers and mixers, may need
regular oiling. Always use food-safe oil to prevent chemical residues from contaminating
food.

Physical contamination
Physical contamination happens when physical objects enter food. Common sources of physical
contamination include:
▪

Hair: Always wear hair neatly tied back and wear a hairnet if possible.

▪

Glass or metal: Cracked or broken crockery and utensils should be thrown away, as well as
any food that might have come into contact with it.

▪

Pests: Pests — such as mice, rats and cockroaches — leave droppings (urine, saliva, fur,
faeces) that can contaminate food. Pests themselves can also make their way into food.
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▪

Jewellery: It is not recommended to wear jewellery when handling food. In some regions,
it may be restricted by local laws or regulations.

▪

Dirt: Because dirt is so small, it’s easy not to notice it. Dirt often gets into food via unwashed
food and vegetables.

▪

Fingernails: Always keep nails short and clean to prevent contamination. Avoid wearing fake
nails as these can easily fall off and contaminate food.

Cross-contamination
In a food setting, cross-contamination refers to the transfer of contaminants from a surface, object or
person to food. This can happen in many different ways. Common causes of cross-contamination include:
▪

Clothing: Dirty clothes can transport bacteria from one place to another. If possible, clothing
should be replaced when moving from one work area to another. You should also thoroughly
wash your face and hands. This is especially important when working with high-risk foods or
when preparing allergen-free meals.

▪

Utensils: Different utensils should be used to prepare different types of foods. For example,
you should never use the same chopping board or knife to prepare raw meat and ready-toeat foods.

▪

Food Handlers: Coughing, sneezing or even touching your face or hair before handling food
can cause cross-contamination. Washing hands regularly when handling food is essential.

▪

Pests: Flies, cockroaches, mice and rats carry harmful bacteria, which they can transport
from one place to another. Pest control is vitally important in the workplace when it comes
to preventing cross-contamination.

▪

Raw food storage: Cross-contamination frequently occurs when raw food comes into contact
with cooked or ready-to-eat food. If this happens, it's fair to assume the cooked or readyto-eat food has become contaminated. Raw food should always be covered and stored
below ready-to-eat food in the refrigerator to prevent this type of contamination.

▪

Waste control: Garbage should be stored and sealed correctly to prevent crosscontamination. It should always be stored away from other items in the kitchen to ensure it
never comes into contact with food during preparation. Regular cleaning and sanitizing of
waste bins should also be carried out to minimize the risk of pest infestation.

Preventing food contamination
The best way to prevent food contamination from happening in a food business is through food safety
training and education. Food Handlers must be trained in fundamental food safety concepts and practical
skills, such as:
▪

safe cooking temperatures

▪

proper storage and preparation of high-risk foods (also called 'potentially hazardous
foods')

▪

effective cleaning and sanitising techniques

▪

the importance of personal hygiene and their legal responsibilities with regards to food
safety

AIFS provides online food safety training for all levels of responsibility in a food business or organisation,
including the nationally recognised online Food Handler course and Food Safety Supervisor course.
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Waste attracts pests and can cause cross-contamination of food that is being served to customers.
Food businesses must have the proper equipment in place to manage both liquid and solid waste, and have
strict procedures for waste management, including regular garbage collection.
TOP 10 RULES FOR EFFECTIVE WASTE DISPOSAL
1. Remove food scraps from the kitchen daily – or more frequently if required.
2. Arrange regular garbage collection. Most food businesses require garbage collection at least
twice a week.
3. Do not allow garbage containers to overflow. Move overflowing waste to other containers.
4. Regularly hose down and clean garbage containers.
5. Always use a garbage liner for garbage containers. This is a good way to ensure that the garbage
container is kept as clean as possible and that harmful bacteria do not have time to grow on the
inside of the unit itself.
6. Keep lids tightly closed on all garbage containers when in use.
7. Use special containers to dispose of dangerous items like broken glass. Talk to your supervisor or
manager if you are unsure of how to dispose of dangerous items.
8. Never use garbage containers to transfer food or ice.
9. In warm climates – refrigerate food scraps to prevent bacteria growing to harmful levels quickly
– but always use a separate refrigerator to one that contains food intended for human
consumption.
10. Finally, always wash your hands after handling garbage and garbage containers – no exceptions!
WASTE DISPOSAL AND YOUR FOOD SAFETY PLAN
Rules for proper waste disposal is only one part of a robust Food Safety Plan. Food safety best practices
and monitoring techniques are critical at every stage of the food production process, from delivery to
service.
Your Food Safety Plan should document the specific rules for disposal of food waste and the safe handling
of food, as well as the details of your employee training programs. Everyone who handles food
— including food waste — in your business must be properly trained to do so safely.
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declaration of conformity
Attachment II A - 2006/42/CE

The undersigned firm:

M.I.T. S.r.l.
Via degli Etruschi, 10 – 33080 San Quirino (PN)  +39 0434 91148

Declares
under
sole
responsibility that the new
MACHINE:
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KOSMOS

Type:

BIO Inertizer

Serial number:

All

Year of manufacture:

2020

Described near:

The BIO Inertizer KOSMOS is a device designed to collect and treat (sanitize) waste such
as: disposable protective devices (facial filtering devices, overshoes, caps and gloves) and
any other waste that may have been contaminated (e.g. containers or packaging of drinks
or foods, etc.)
The device allows to appropriately treat waste, differentiating it through a double
collection container and subjecting it to a sanitization process with UV-C and ozone.

It is in compliance with the
following
Community
Directives:

Machinery directive
2006/42/CE

(ex 98/37/CEE - 89/392/CEE - 91/368/CEE - 93/44/CEE - 93/68/CEE)

Electromagnetic Compatibility Directive
2014/30/UE

(ex 89/336/CEE)

RoHS Directive
2011/65/UE
Artificial Optical Radiation Directive
2006/25/UE
It meets the safety objectives
indicated by the Low Voltage
Directive (2014/35/UE).

However, as required by paragraph §63 of the Guidelines for the application of the
« machinery » directive 2006/42/CE, drawn up by the European Commission of companies
and industry, this Declaration of Conformity CE DOES NOT refer to the Low Voltage
Directive.

Where relevant, it meets the
requirements of the following
Harmonized Standards:

EN 12100 – EN 13849-1 – EN 14118 – EN 14119 – EN ISO 20607 –
EN 60204-1 – IEC 82079

Establishment of technical file:

Responsible: ALESSANDRO SONEGO
Preservation place:

Name:

Alessandro Sonego

Position:

Legal representative

Place and date:

San Quirino, 24/06/2020
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Via degli Etruschi, 10 – 33080 San Quirino (PN)
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1.

Introduction

The MICROGLASS S.R.L. located in Via degli Etruschi 10 - 33080 San Quirino (PN), is specializes in
the design and production of complex systems for industry that implement heating processes such as
microwaves, infrared and ultraviolet.
The company has created a bio inertizer device that is used in the disposal of potentially contaminated
waste. It generates ozone through UV lamps installed inside it to sanitize waste from molds, viruses
and bacteria (Figure 1).
The purpose of this survey is to verify that the amount of ozone present inside the device can ensure a
good sanitization and that the concentration of ozone outside it complies with the legal limits.
The environmental survey was conducted on 18/08/2020 and involved the following detection points:
• P1 Internal waste drawer: the measurement was carried out during continuous operation of
the device.
• P2 Outside waste drawer: the measurement was carried out during continuous operation of
the device.
• P3 Active white: the measurement was carried out outside the factory.
• P4 Outside waste drawer - Kitchen area: the measurement was carried out during normal
operation of the device, which is opened every 7 minutes.
Figure 1
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2.

Materials and methods

The samples and analysis data and the environmental conditions detected during the sampling are
briefly listed below.
Table 1

Samples and analysis data
Parameter sought:
Type of sample:
Sampling method:
Used support:
Sampling time (min):
Aspiration flow (l/min):
Sampled volume (l):
Analysis method:

Ozone
Fixed station
OSHA ID-214
Glass fiber filter with binder
180
0,5
90
OSHA ID-214
Table 2

Environmental conditions detected during sampling
Air temperature at sampling moment (°C)
Minimum daily air temperature (°C)
Maximum daily air temperature (°C)
Weather situation:
Average daily atmospheric humidity (%):
Average daily atmospheric pressure (hPa):
Average daily wind speed (m/s):
Wind vector:
Precipitation (mm):

3.

23
18
28
Cloudy
70
1011
1,4
N-E
Absent

Results

Following a further check of the analysis method, it was necessary to recalculate the obtained values
and prepare this Review, which cancels and replaces the Technical Report no. 2 009671-002 issued
on 27/08/2020.
In the following Table 3, for each point aim of the analysis, are reported the detected Ozone
concentration, the limits of the law and the reference to the corresponding Test Report (available in
Annex).
To assess the detected size, it was considered appropriate to compare the concentrations of ozone
with the limit expressed as a weighted average over 8 working hours (TLV-TWA) obtained from the
publication "ACGIH 2020" (applicable revision). It is highlighted that this limit is applied in case the
"workload" is heavy, moderate or light (≤ 2 hours).
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The “Active white” value detected in the outdoor environment (Point P3) is shown as quality confirmation
of the results obtained.
Table 3

Detection
point
P1
P2
P3
P4

4.

Description

Ozone
Concentration
(mg/m3)

Limit TLVTWA
(mg/m3)

N° Test
Report

0,41

0,393

2009671007

0,016

0,393

2009671008

0,076

0,393

2009671009

0,002

0,393

2009671010

INTERNAL WASTE DRAWER
DURING CONTINUOUS
OPERATION
OUTSIDE WASTE DRAWER
DURING CONTINUOUS
OPERATION
ACTIVE WHITE (OUTDOOR
AREA)
OUTSIDE WASTE DRAWER KITCHEN AREA DURING
NORMAL OPERATION (OPEN
EVERY 7 MIN)

Conclusions

From the analysis of the obtained results it is clear that in all monitored points the detected Ozone
concentrations are below the considered occupational exposure limit, with the exception, as one might
expect, of the value found inside the device in operation (Point P1). In this case, the limit set for
continuous exposure to the substance is slightly exceeded.

5.

Annexes
1. Test Report n° 2009671 -007, -008, -009, -010.
2. Plan with indication of the detected points.
The Supervisor
Ing. Luca Sabino

Association of Engineers of Pordenone Province
Registration N. 861 – Section A
Document digitally signed with qualified certificate compliant with European Directive 1999/93/CE

For M.I.T. s.r.l.
ALESSANDRO SONEGO
Project manager
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KOSMOS OZONE TREATMENT:
CONSIDERATIONS
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Following the receiving of data and technical report from the ALS laboratory, after the surveys carried
out on August 18, 2020 on the external and internal area of Kosmos, this document is drawn up to
evaluate the sanitization effectiveness given by the concentration inside the device.
On the other hand, no considerations are given on the external area indeed, in this case, the detected
data of Ozone’s concentrations is below the limit of the law, both with Kosmos closed and with the
opening of the door at the end of each treatment cycle (a worse situation compared to normal use).
This result ensures the safe use of the Kosmos device in any environment (note that the test area with
simulation of normal operation of the device was small, 18.15 square meters).

SANITIZATION EFFECTIVENESS
Inside Kosmos device was detected a produced Ozone’s concentration of 0,41 mg/m3.
From the scientific literature, the tests carried out for the inactivation of viruses and bacteria with Ozone
are always carried out in aqueous solutions (where, since the density is very close to 1,00 g/ml, 1 mg/l
corresponds to 1 ppm).
𝑚𝑔
⁄𝑚3 ] = 0,0409 × 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [𝑝𝑝𝑚] × 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡
considering that Ozone molecular weight is M = 48,00 g/mol, we obtain
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛[𝑝𝑝𝑚] =

0,41
= 0,21 𝑝𝑝𝑚
0,0409 × 48,00

Furthermore, to make a more precise comparison, it is necessary to make a further consideration
regarding the difference in the decay of ozone in water and in air.
Temperature has an important influence on the half-life of ozone. Table 1 shows the half-life of ozone
in air and in water. In water the half-life of ozone is much shorter than in air, in other words ozone
decomposes faster in water. The solubility of ozone decreases at higher temperatures and is less
stable.
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Table 1: Half-life of Ozone in air and in water at different temperatures

Air
Temp (°C)
-50
-35
-25
20
120
250

Water (pH 7)
Half-life
3 months
18 days
8 days
3 days
1,5 hours
1,5 seconds

Temp (°C)
15
20
25
30
35

Half-life
30 minutes
20 minutes
15 minutes
12 minutes
8 minutes

This means that the concentration of ozone inside Kosmos device remains mostly constant over time (at
0.21 ppm), since even if not used, an automatic cycle of 7 minutes is performed every 30 minutes, from
the last cycle performed.
The following pages show a summary research table on the inactivation of viruses, bacteria, spores,
fungi and protozoa through the use of ozone.
As mentioned, scientific activities are performed with tests on water where the halving of the ozone
concentration is faster than air, from what has been seen.
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As previously mentioned, remember that for water is to be considered 1 ppm = 1 mg/l:

OZONE ON VIRUSES, BACTERIA,
SPORES, FUNGI AND PROTOZOA
Inactivation of viruses and bacteria with Ozone
Organism

reduction
%

time concentration
(min.)
(mg/l)

substance
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reaction
type

notes

references

Organism

reduction
%

time
(min.)

Inactivation of fungi and spores and enzymes
concentration
(mg/l)

substance

reaction
type

notes

references

Brewer’s yeast
Bread yeast
Organism

reduction time
%
(min.)

Inactivation of protozoa with Ozone

concentration
(mg/l)

substance
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reaction
type

references

It is concluded that, inside Kosmos device, there is a good inactivation, since the internal concentration
is suitable for a very quickly inactivation of many viruses and bacteria.
Furthermore, it must be considered that, for the higher concentrations compared to the internal ones of
Kosmos, studied for some inactivation, the treatment times are different and it must be considered that
the very fast decay in water will have led to a decrease in concentration over time (which does not
happen so quickly inside the device, as previously explained). Indeed, the maximum treatment times
in scientifically studied cases are 20 minutes, while the products inside the Kosmos are treated
continuously until the internal bag is changed (which is supposed to fill up in crowded places within at
least 12 hours) . It is known that the studied abatement can also be carried out with concentrations
lower than those reported but with longer times, this means that the device can sanitize the products
stored inside at a wide range.
In addition, the bactericidal effect of UV lamps on the surfaces of the products is added to the effect
of ozone.

For M.I.T. s.r.l.
ALESSANDRO SONEGO
Project manager
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