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The fight against COVID -19 

0202, אוגוסט   

 קול קורא
 למאבק בנגיף הקורונה תהגנה אקטיבי 

בטכנולוגיה ( אולטרא סגול רחוק) UV-Cתאורת המייצרת מובילה  החברת מיליטרם בשיתוף חבר
כי אינו פוגע * אורך גל אשר הוכח על פי מחקרים  nm UV 222 ,C Excimer-Far UVמתקדמת בתחום 

SARS-בעיניים ובגוף האדם והינו בטוח לשימוש ויעיל ביותר בנטרול והשמדת חיידקים ונגיפים כולל
) 19-2 (COVID-CoV יוצאות בקול קורא לשיתוף פעולה. 

השימוש , במיוחד בחודשים האחרוניםבנוסף למחקרים העדכניים ביותר שנערכו בשנים האחרונות ו
מותרת לשימוש במקומות בהם אנשים חשופים לאור בהתאם   222nmבאורך גל של   UVCבתאורת 

בכפוף  Photobiological safety of lamps and lamp systems, EN 62471, 2008לתקן אירופאי  
 .לעוצמות וזמני חשיפה המותרים בתקן

 רקע
ורונה צפויים שינויים רבים באורחות חיינו ובהתאמת שגרת החיים בכל בעקבות משבר הק, כידוע

 .התחומים לחיים לצד הקורונה
ידוע כי חזרה בטוחה לשגרה הינה תנאי הכרחי להמשך הפעילות הכלכלית ולהתאוששות מהמשבר 

היציאה מהגל , כפי שכבר הוכח. הכלכלי שהושת עלינו בעקבות תקופת הסגר על כל המשתמע מכך
שון וחזרה מהירה ללא נקיטת מירב האמצעים למניעת הגל השני הוכיחה לנו כי יש למצוא דרכים הרא

בנוסף לכל הפעולות המתבקשות ניתן . לצמצום התפרצות נוספת תוך פגיעה מינימאלית בכלכלה ובמשק
לצמצם בצורה משמעותית את אפשרות ההדבקה בווירוס הקורונה במקומות ציבוריים על ידי נטרול 

 .     השמדת הווירוס על ידי שימוש בתאורת אולטרא סגול באורך גל בטוחו
הן בחיינו האישיים והן בהיבט הכלכלי והמשקי דורשת כי החזרה לשגרה , חזרה בטוחה לשגרת החיים

 .תהיה בטוחה ככל האפשר
. ההמשך פעילות המשק תלויה בכך שינקטו מירב האמצעים שימנעו את המשך ההדבקה בנגיף הקורונ

, לבד מאמצים כגון הקפדה על קיום התקנות כגון לבישת מסכות והקפדה על התו הסגול וריחוק חברתי
 .נדרשים פתרונות טכנולוגיים חדשניים להתמודדות עם התפשטות המגיפה

למאבק בהתפשטות הנגיף נדרשת גישה כוללנית ויצירת הגנה רב שכבתית כאשר השימוש בתאורת 
 .יעילה וקטלנית  בטבעה ךא הבאופיי תפאסיבי, לשמש כשכבה העליונה האולטרא סגול רחוק יכול

 קהל היעד  
 .הכל הגופים המעוניינים לקדם את המשך המחקר והפיתוח ובחינת הטכנולוגיהפנייה מיועדת  ומופנית 

י מוצרים מבוסס או ייצור להמשך מחקר ופיתוח, או לקבל מיידע נוסף המעוניינים  להציע הצעות ורעיונות
 :הטכנולוגיה למגוון יישומים כגון
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Dear reader, 

In recent months, mankind has faced a new global challenge - the SARS-CoV-2 virus. The 

outbreak of this novel virus and the ensuing disease (COVID-19) has presented multiple 

logistical and epidemiological challenges. 

When considering the situation, it seems nearly certain that SARS-CoV-2 shall 

accompany us for some years even after the development of a vaccine. Due to the 

nature of the disease, immunity might prove to be short lived [1] and achieving herd 

immunity  remains   a distant dream.
 
[2]

 
[3]

 
[4]

It is important to emphasis that there is no silver bullet method to fight against the 

spread of the disease and many measures are taken such as social distancing, personal 

hygiene, epidemiological studies and other measures of regulations and limitations 

imposed by governments

Alongside with medical pandemic we see that the world economy is affected and the 

pandemic has caused an economic crisis. One of the biggest challenges in fighting the 

COVID-19 pandemic is finding the balance between the desired medical and 

epidemiological based methods of controlling the spread of the disease together with 

having as much as possible minimal impact on the economy. 

The technology we present in the paper is one of many technologies that might have a 

great potential in the fight against the pandemic and in a perspective of a Multi-layer 

approach the FAR UV-C  can be considered as the upper dimensional layer.

Enclosed herein, please find a document that summarizes applicative knowledge on the 

precautions that may be taken against COVID-19. 

More specifically, as Israel's largest and most senior laser-optics group, we wish to 

contribute our experience and proficiency on the practicable applications of optical 

devices in the current state of affairs.  

One such technology has been recently developed in Japan. 

Far UV-C (222 nm) has been proven to inactivate airborne coronaviruses and to 

disinfect surfaces, while being completely hazard free for humans and the 

environment. [5] 

Using this new and advanced technology, we can drastically decrease the risk of 

infection in high traffic settings that cannot be otherwise effectively sanitized without 

human risk. [6]

It is very important to emphasis that the far UV-C technology is also proven in 

disinfecting other pathogens such as Influenza A, B, C including the H1N1 and 
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therefore by using the UV-C technology one can reduce drastically the infection in Flu 

and by that reduce the strain on the medical and health care facilities.   

Please accept the enclosed data package with our compliments, and should you have 

any questions, please contact us at your convenience: 

Militram Corporation 

Mr. Motti Jacobson: 

Tel: 054-770-9601 

Email: mottij@militram.com 

Our offices:    

Tel: 09-958-1860 

Email: militram@militram.com 

We would like to thank Mr. Ido Paz for the research and editing 

Mr. Ido Paz, Tel: 058-555-9094 

mailto:mottij@militram.com
mailto:militram@militram.com
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Summary 
In the following pages a review of all the current means for sanitization of our 

environment from SARS-CoV-2. 

The effectiveness, safety and limitations of those means shall be assessed, and then 

presented and compared in the Conclusions. 

From this comparison, a need for UV-based technology arises, in order to deal with 

airborne transmission of COVID-19. 

In the paragraphs on Optical Methods we attempt to display possibilities, and highlight 

the safest method available- Far UV-C at a wavelength of 222nm.  

We sum up all the research published on this topic, from efficacy to safety, and deliver 

our recommendations on the best systems in the market: the "Care222" from the 

Japanese company USHIO in collaboration with the Columbia University the Center for 

Radiological Research, N Y.  

Antiseptic, Disinfection & Sterilization 
Disinfection is defined as a process that destroys and/or inactivates most of the 

pathogens on an inert surface. 
 
[7] 

Antiseptic is defined as a substance that can be applied to "disinfect" a living tissue, 

mostly skin.
 
[8] 

Sterilization is a more extreme process which aims to eliminate or deactivate all forms 

of life (including bacterial spores) upon a surface through physical or chemical methods 

[9]. 

Those processes are mainly used to deal with two of the most common transmission 

methods of COVID-19: Fomite and Airborne Transmissions.
 
[10] 

Fomite transmission occurs when a healthy individual comes into contact with a surface 

that has been contaminated by droplets or respiratory secretions of an infected 

individual. 

The virus is estimated to survive on surfaces for a considerable time [11], and Fomite 

transmission is considered the third most likely transmission method for SARS-CoV-2, 

right after Contact transmission and Airborne transmission.
 
 

Airborne transmission was largely ignored by WHO and the CDC, until pressure from the 

scientific community compelled them to recognize it as a major issue for medical staff 
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safety. As such, most countries including Israel didn't deploy airborne precautions for 

sanitizing public places.  

Since contaminated surfaces and airborne transmission are deemed as critical points in 

the chain of infections, the following document shall introduce the most promising 

methods available for the disinfection/sterilization of public places and private 

habitation against SARS-CoV-2. 

There are three main categories for sterilization and disinfection methods: 

1. Heat  

2. Chemical  

3. Radiation  

 

Each category shall be examined and explained independently. 
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1. Heat methods 
Heat is extremely efficient at neutralizing pathogens. 

Heat sterilization is used today in most if not all hospitals, clinics and biological 

laboratories for medical equipment. 

The extreme temperatures (usually 120-140°C for steam or 160-180°C for dry heat) 

cause the proteins to denature irreversibly, and the other components of the organism 

to oxidize.
 
[13] 

It has been proved beyond reasonable scientific doubt that SARS-CoV-2 reacts to heat 

sterilization and disinfection in much the same ways that other coronaviruses react, and 

is therefore not resistant to heat.
 
[14] 

It was also demonstrated in some research that even a mildly hot environment (60+°C) 

can be effective in reducing the population of coronaviruses on surfaces, including SARS-

CoV-2 as shown here: 
 
[14]

 
[15] [16] 

Table I: Heat inactivation of coronaviruses in test tube 

suspensions 

Temperature Virus Strain/isolate Exposure time Reduction of viral 

infectivity (log10) 

4°C SARS-CoV Strain FFM-1 30 min 0.0 

4°C PEDV Strain CV777 2 h 0.0 

25°C MERS-CoV Strain Hu/France–
FRA2_130569/2013 (FRA2) 

2 h 0.0 

31°C TGEV Strain D52 80 min 0.7 

35°C TGEV Strain D52 80 min 1.2 

39°C TGEV Strain D52 80 min 3.0 

40°C MHV Strains MHV-2 and MHV-N 30 min 0.3 

56°C SARS-CoV Strain Urbani 20 min ≥ 4.3 

60°C SARS-CoV Strain FFM-1 30 min ≥ 5.0 

65°C SARS-CoV Strain Urbani 10 min ≥ 4.3 

80°C MHV Strains MHV-2 and MHV-N 1 min > 3.9 

 

These findings can be applied in order to sanitize PPE that are mildly heat resistant.   

Even so, heat sterilization requires the surfaces which are being sterilized to be heat 

resistant themselves and cannot be used against airborne transmission.  

This, combined with other logistics issues (such as toxic fumes and personnel training 

requirements), is the main reason why heat sterilization isn't widely used in order to 

sterilize public places, and isn't a feasible solution for continuous sterilization outside 

of healthcare facilities.
 
[17] 
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Heat and Climate 

While many experts hypothesized about the effects of warmer climate and seasonal 

changes on the COVID-19 spreading and severity, the most robust findings to date 

suggest that such effects are slim to none.
 
[18]

 
[19] 

Considering that there are known mechanisms in which climate affects disease spread, 

so such claims should not be dismissed lightly.  

For now, given the lack of extensive data, no definitive conclusion can be drawn.
 
[20] 

2. Chemical methods 

The elimination\deactivation of viruses is also achieved with specific active chemical 

components. The chemical components can be dispersed either as a liquid or as gas, so 

long as the chemicals themselves aren't reacting with the environment prior to coming 

in contact with the virus. 

Many researches have been published during the last few months on the varying 

effeteness of various types of chemicals at eliminating different types of coronaviruses 

that are used as surrogates for SARS-CoV-2. The most prevalent chemicals are 

summarized in table II as presented below: 

Table II: Inactivation of coronaviruses by different types of 

biocidal agents in suspension tests  [21] 

The viral load reductions are presented in Log10 units; which means a 90% reduction, 

also called tenfold reduction, and is presented as 1 Log10. [23] 

Biocidal agent Concentration Virus Exposure 
time 

Reduction of viral 
infectivity (log 10) 

Ethanol 95% SARS-CoV 30 s ≥ 5.5 

85% SARS-CoV 30 s ≥ 5.5 

80% SARS-CoV 30 s ≥ 4.3 

78% SARS-CoV 30 s ≥ 5.0 

2-Propanol 100% SARS-CoV 30 s ≥ 3.3 

75% SARS-CoV 30 s ≥ 4.0 

70% SARS-CoV 30 s ≥ 3.3 

2-Propanol 
and 1-

propanol 

45% and 30% SARS-CoV 30 s ≥ 4.3 

SARS-CoV 30 s ≥ 2.8 

Sodium 
hypochlorite 

0.001% CCV 10 min 0.9 

0.01% CCV 10 min 1.1 

0.21% [22] MHV 30 s ≥4.4 

Hydrogen 
peroxide 

0.5% HCoV 1 min > 4.0 

Povidone 
iodine 

7.5% MERS-CoV 15 s 4.6 

4% MERS-CoV 15 s 5.0 

1% SARS-CoV 1 min > 4.0 

0.47% SARS-CoV 1 min 3.8 

0.25% SARS-CoV 1 min > 4.0 
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The European standards 
for

 viral load removal or inactivation determine a 4 Log10 

removal of viral load (RNA copies/ ml) as the minimum for a process to be defined as an 

"effective disinfectant", which translates to 99.99%+ removal of viral load.
 
[24] 

 
From the figures in the presented table, we can conclude that most of the commonly 

used chemical disinfectants [25] are effective ( ≥4 Log10), though more definitive proof 

for the effectiveness of diluted Sodium Hypochlorite (NaOCl/bleach) against SARS-CoV-2 

is needed. [16] [26] [27] 

The most effective and obtainable chemical substances are variants of alcohol, which 

are already in use when aiming to disinfect surfaces or as antiseptics. [28] 

 

 

Nanomaterials and nanotechnologies 

At approximately 80 to 120 nanometers diametrically, coronaviruses fit well into 

nanoscale (1-100nm) research (see Figure 1). [29] 

 

As could be expected, scientists specializing in nanoscale possibilities were able to 

provide a lot of information on methods 

and techniques that proved beneficial for 

the ongoing groundwork. 

That being said, it is improbable that we 

shall see the implementation of 

nanomaterials as anti-viral agents 

anytime soon. 

Not because such materials have not 

been developed, but for two other 

unrelated reasons: 

 

1) Nanotechnology tends to have unpredictable biological and environmental 

ramifications, since the interactions of materials on the nanoscale are different 

than macro interactions of similar materials. 

Considering this, nanotechnologies (especially for health-related applications) 

are subjected to a lengthy and strict regulatory affairs. [30]  

 

2) It is common for the results of nanomaterials development to take years and 

sometimes even decades to enter the field of Nano-industry. 

Because nanoscience requires a very precise and exact methodology, taking lab 

Figure 1- Structure of SARS-CoV-2 [29] 
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Figure 2- Nanomaterials can be used to promote surface oxidation by releasing toxic ions and therefore preventing 
viral dissemination by inhibiting binding/penetration of viral particles, either by generation of reactive oxygen 
species and/or photothermal-based reactions such as heat that destroy viral membranes. NPs, nanoparticles; 
ROS, reactive oxygen species; UV, ultraviolet. [66] 

made developments and replicating them on an industrial scale is difficult and 

many times unprofitable. [31] 

 

Nonetheless, here are some applications of nanotechnology that are plausible in the 

foreseeable future:       
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3. Radiation methods 

UVGI (Ultraviolet Germicidal Irradiation) 

UVGI is a disinfection method that uses short wavelength ultraviolet light (UV-C) 

radiation to inactivate or kill microorganisms and pathogens by causing DNA damage 

and preventing replication.  

Many studies have shown that UVC (100-280 nm) can inactivate coronaviruses, 

including severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East 

respiratory syndrome coronavirus (MERS-CoV) as presented in the following figure: [32] 

 

 

Figure 3- Log10 reduction of MERS-CoV during exposure to UV-C at 4 feet (1.22 m).  
Virus was reduced to 5.91 Log10 in 5 minutes to undetectable levels. [32] 

 

UV wavelengths inactivate microorganisms by causing cross-links between constituent 

nucleic acids (Figure 4A). The absorption of UV can result in the formation of intrastrand 

cyclobutyl -pyrimidine dimers in DNA/RNA, which can lead to self-destructive mutations 

or inability to reproduce. [33] 

This absorption is dependent on the wavelength of the photons (Figure 4B), while also 

being affected by other absorbing materials in the vicinity.  

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=7108642_S0899823X15003487_fig2.jpg
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UVGI has long been used in medical and biological settings as a sterilization method, for 

contaminated areas as well as PPE purification. [7] [34] 

The efficacy of UV against viral strains has been proven beyond any doubt, and current 

findings indicate that SARS-CoV-2 is highly susceptible to UV-C like many known 

coronaviruses, even in biological mediums which are considered to be more 

advantageous for the virus (see table III). [35] [36] [37] [38] 

 

Table III: Inactivation of SARS-CoV in platelet concentrates by 

specific brand of UV-Platelets [37] 

 

 

 

 

 

 

 

 

 

Even more importantly, UV-C works well on viral aerosols. [6] [38] [39] 

Therefore, smart applications can be employed in order to cope with the airborne 

transmission of COVID-19. [5] 

Figure 4- A The effects of UV photons on nucleic acids in RNA, B in black- RNA absorption of UV light 
frequencies; in blue- the emission of 254nm mercury lamp; in red- the transmission of DMEM as a 
baseline for biological mediums optical density [38] [64] 
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Air Purification 

As of today, the only continuous method in deployment against viral aerosols is air 

disinfection. 

This method aims to decrease the number of active aerosols inside a closed 

compartment by circulating the air through air purification machines, most of which 

work with a combination of HEPA (High-Efficiency Particulate Air) filtration and UVGI or 

electrostatic ionizer. 

But according to estimations, air purification isn't a real possibility for large volumes of 

air. [40] 

Since air purification depends upon the circulation of air inside the perimeter, it is 

doubtful that air purification could disinfect air in vast public places. [41] 

 

 

 

 

 

 

 

 

 

 

250-270nm UV-C light  

There are two main types of UV-C light sources within the typical germicidal UV 

spectrum: [42] 

1. Pressure mercury lamps 

Low pressure mercury lamps, the most common, are widely used as germicidal light 

sources for food and beverage disinfection, waste purification and medical 

sterilization. 

They emit UV-C light at approximately 254nm almost monochromatically, and that 

wavelength is deadly for most microorganisms, as seen in Figure 4B 

Those lamps are gas-discharge lamps, not much different then fluorescent lamp, 

which are themselves mercury vapor based in most cases.  

While usually fluorescent lamp uses the UV radiation created by the excitation of the 

mercury vapor to create a fluorescence effect in the phosphorescent coating to 

Figure 5- Air Purifier schematic [65] 
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Figure 6- Spectral emissions of generic Low Pressure Mercury lamps and Medium Pressure Mercury lamps 

produce visible light, mercury-vapor lamp do not have such coating. 

Instead, they are made from quartz glass that allows the radiation to pass without 

modification and at maximum transmissibility. 

High and medium pressure mercury lamps are very much like low pressure mercury 

lamps, except that the pressure inside of the lamp is a lot higher. 

That pressure changes the range of electromagnetic emissions produced by the 

lamps, as shown in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

2. UVC LEDs 

UVC light emitting diodes (LEDs) use a physical process called electroluminescence to 

create light that does not result from heat. 

Because of that, LEDs have longer lifetime than that of lamps and usually better heat 

consumption as well. 

They can be used in order to create very specific and narrow wavelengths, but still 

require filtration in order to get closer to monochromatic wavelength. 

 

Safety and Hazards 

LEDs and Pressure Lamps alike, light sources that create broad UV-C radiation are 

considered hazardous to human life. Ultraviolet radiation is carcinogenic, and UV-C in 

particular is considered to be more so than UV-A and UV-B, since shorter wavelengths 

carry more energy per photon. [43] 
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The phototoxicity of UV-C is useful against pathogens, but poses health-related problem 

as well. That is the reason why almost no application exists in populated areas today, 

and the few that do exist require tight regulations and precautions. [42] [44] [45] 

Besides being a known carcinogen, broad UV-C radiation also causes erythema, 

cataracts and DNA lesions even after short exposure. [43] [46] [47] 

While those risks are minimal when used correctly, those UV-C sources cannot be used 

in residential or public settings.  

 

Far UV-C radiation 

To avoid the aforementioned risks and utilize the ability of UV-C irradiation to neutralize 

viruses inside aerosols, new frontiers in ultraviolet research has been expanded. 

Recent advances in Excimer lamps technology have opened the door to a great many 

new possibilities, the most promising of them for viricidal purposes is KrCl exciplex. 

Excimer lamps are gas-discharge lamps as well, i.e., they charge a gas (mostly noble 

gases) to create plasma in specific conditions, to control the glow discharge parameters 

of excited species (atoms or molecules). [48] 

The uniqueness of excimer lamps is the properties of their emissions that differ from 

other gas-discharge lamps because of the characteristics of the heterodimeric or 

dimeric molecule, which can be made from noble gases completely (e.g. Ar2) or from a 

combination of a noble gas and another excited monomer (e.g. ArBr) that is called a 

complex excimer (exciplex).   

When properly excited, they emit quasimonochromatic UV radiation, with specific 

wavelength resulting from different excimers as presented in table IV and Figure 7. 

 

Table IV: Halogen and rare gas halide excimers with 

corresponding peak wavelengths in nm [48] 
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Figure 7- Characteristic emission spectra of excimer lamps [48] 

 

 

 

 

 

 

 

 

 

 

 

 

As seen in Figure 7, the radiation bandwidth of excimer lamps is very narrow- in fact, 

KrCl exciplex emissions were measured as 88% within the main waveband without 

filtration. [49] 

 

222nm UV-C irradiation  
UV-C at 200-230nm wavelengths has been known for decades to be much less 

dangerous to human tissues than wavelengths of 250-270nm. [50] 

Although shorter wavelengths carry more energy per 

photon, and are therefore considered more 

destructive to organisms; shorter wavelengths also 

have shorter penetration depths. 

As a result, UV-C at around 222nm cannot penetrate 

beyond the stratum corneum- the outermost layer of 

the epidermis, and therefore of the skin (see Figure 

8). [51] 

This layer, while being slightly affected itself, is 

regarded as the protective barrier of the skin and the 

most durable layer of the epidermis.  

During the 1960's the technology to create such 

wavelengths at a reasonable price has not been 

successful, at that time. 

With the renewed rise of excimer lamps, vigorous 

Figure 8- penetration of 254nm and 222nm 
UV-C into the epidermis 
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strides have been made in the viricidal realm of UV-C. 

Researchers agree that 222nm UV-C is at least as efficient as 254nm UV-C at inactivating 

viruses and other pathogens, if not more so. [52] [53] [54] 

It is not surprising that many experts believe this technology may present the best 

course of action in order to mitigate the implications of the pandemic on  our             

day-to- day functioning. [5] [6] [55] 

 

 

 

 

 

 

 

 

 

 

 

Figure 9- UV-C light in everyday life scenarios. [55] 

The specific radiant exposure needed for significant inactivation of viruses varies from 

virus to virus, and even between strains of the same virus. Environmental parameters 

also contribute or hinder to the effects of irradiation. 

Considering research on the effectiveness of UV-C light against SARS-CoV inside a 

biological solution (see table III), we can surmise the effects of broad UV-C under the 

most impeding conditions. When exposed to 0.1 J/cm
2
, the viral load as shown 3 Log10 

reduction (99.9%), and the infectivity dropped below the limits of detection. [37] 

More research suggests that the necessary irradiation doses are substantially lower for 

viruses on surfaces, aerosols and pure salt solutions. 

In said research by GMS Hygiene and Infection Control, they concluded that Log10 

reduction of coronaviruses is achieved after a median dose of 10.6 mJ/cm
2
 UV-C254, and 

in most cases even after a dose of only 3.7 mJ/cm
2
 UV-C254. [38] 

While the research presented above was done with UV-C254 and not UV-C222, it is safe to 

assume based on the close RNA absorption rates of 254nm and 222nm wavelengths and 

the comparisons made in the past, that UV-C222 should require about the same doses. 
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Figure 10- DNA photodamage in mice skin infected with MRSA 

and exposed to UVC light [56] 

More recently, an article by Buonanno et al. (2020) reported on the 3 Log10 reduction of 

infectivity from radiation doses on two previously studied human coronaviruses (HCoV 

229E & HCoV-OC43). 

In this study, the doses for the coronaviruses were calculated from experimental data to 

be merely 1.7 mJ/cm
2
 and 1.2 mJ/cm

2
 of UV-C222, respectively. [5] 

 

 Safety and Health 

While a growing number of earnest voices call for the rapid deployment of such 

technologies to deal with COVID-19, some still doubt the safety of such systems. 

As we explore the currently available papers on the subject, it is important to remember 

that positive results are not final, and extensive clinical trials are still underway. 

UV-C radiation at 207-222nm was tested as a possible way to prevent SSIs (Surgical Site 

Infections) from drug-resistant bacteria (MRSA). This test was done on mice in vivo, and 

showed Far UV-C222 as less potentially carcinogenic than UV-C254, to a point where DNA 

damage to the skin (cyclobutyl-pyrimidine dimmers) was found to be statistically 

insignificant (as seen in Figure 10). [56] 

 

 

 

 

 

 

 

 

 

 

Findings of this research also suggest that doses of UV-C222 up to 300 mJ/cm
2
 are 

harmless to mouse skin, a frequent animal model for mammalian skin. 

 

A seemingly contradicting research on four volunteers, has found that exposure to 

doses of up to 50 mJ/cm
2
 causes erythema (skin redness) and creates CPDs (as 

presented in table V). [49] 
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Figure 11- Spectral emissions of KrCl UV-C source. [49] 
(a) Linear scale 
(b) Logarithmic scale showing peaks at 234nm and 257nm. 

Table V: Evaluation of skin biopsies of irradiated volunteers [49] 

Subject 
Origin of 

biopsy 

Control 

biopsy 

UV-B biopsy 

results 

UV-C222 biopsy 

results 

 

1 
Suprabasal --- +++ +++ 

Basal --- +++ --- 

2 
Suprabasal --- +++ +/++ 

Basal --- +++ --- 

3 
Suprabasal --- +++ ++ 

Basal --- +++ + 

4 
Suprabasal --- +++ ++ 

Basal --- +++ + 

 

Those contradictions are troubling, but there are some explanations to the 

inconsistency: 

 In their conclusions, the research team theorized that a low-level tail 

extended the spectrum of wavelengths that were contributing to the effect 

(see Figure 11). 

 The first research team used a waveband filter, which negates the influence 

of longer wavelengths (see Figure 12 for illustration). 
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Figure 12- KrCl 222nm UV source, with and without filter [57] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given the extensive researches on mammalian skin under UV-C222 [56] [57], it is unlikely 

that the extreme reactions to UV light shown in the contradictory research were created 

due to those specific wavelengths, although it is worth considering the possibility that 

small doses of UV-C254 might enable UV-C222 to inflict more damage to the epidermis. 

[58] 

This is unlikely, as expressed in an article that surveyed this contradiction by the very 

researchers of that experiment: [59] 

"Careful filtering of UVC spectral emissions, to remove unwanted longer wavelengths, 

has been shown not to induce tissue inflammation or increase pre-mutagenic DNA 

lesions in both mammalian skin and an in vitro human skin model.  

Whilst initially this would appear to contradict our results, CPD formation in the upper 

and mid-layers of the epidermis, from wavelengths below 230 nm, is of minimal 

contribution to overall simulated CPD (6.4% and 0.3% for each layer, respectively).  

This may explain why, at clinically relevant radiant exposures, filtered far-UVC has not 

resulted in CPD formation but does not rule out tissue inflammation as a result of severe 

overexposure."  
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Figure 13- CPDs formation after 222‐nm UVC irradiation. Dorsal skin from Xpa‐knockout mice 

and wild‐type mice was taken 3 h after 222‐nm UVC exposure with 100 or 500 mJ/cm
2
 and 

subjected to immunohistochemistry with monoclonal antibody against CPDs.  
Inset photographs were magnified at the epidermis; faintly stained cells are indicated with 
arrowheads. Scale bar: 50 µm. Strong positive cells for CPDs are shown in each genotype 3 h 

after either 254‐nm UVC with 100 mJ/cm
2
 or broad‐band UVB with 100 mJ/cm2. [60] 

Figure 14-  

Chronic 222‐nm UVC does not cause skin 

tumors. Skin tumor production by 222‐nm 

UVC for both genotype mice. The average 

number of skin tumors/mouse was 

plotted. Xpa‐knockout mice were irradiated 

with 0.5 or 1.0 kJ m−2 222‐nm UVC twice a 

week and 0.25 kJ m−2 broad‐band UVB once 

a week and wild‐type mice were with 

5.0 kJ m−2 222 nm three times a week for 

10 weeks followed by observation of skin 

tumor development for 15 weeks. All groups 

were composed of nine mice. Our previous 

study of Xpa‐knockout mice with 

0.25 kJ m−2 broad‐band UVB once a week 

was referred as a positive control group for 

tumor yield (dotted line) [60] 

All the effects mentioned thus far are short-term reactions, with potential long-term 

consequences. 

As of the writing of this document, we do not know of any research that was or is being 

done on the repercussions of long-term exposure to UV-C222 in humans. 

Nevertheless, the available research on long-term exposure to UV-C222 in model animals 

as shown positive results. 

Research on mice that are susceptible to UV radiation, found no effect on the skin and 

eyes of the mice, even after higher exposures to the radiation (500 mJ/cm
2
 two times a 

week, for 10 weeks). [60] 

No inflammation or carcinogenic activity was detected in the mice, even in the 

Xpa‐knockout genotype that are hairless albino mice from the Balb/cA Kud‐hr inbred 
strain. 
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Figure 15- Dorsal skins of mice subjected to daily irradiation with 254-nm or 222-nm UVC at 450 
mJ/cm2/day for a total of 10 days. The gross appearance of the irradiated skin specimens was 
immediately evaluated after irradiation. [61] 

Those results are supported by a previous research of the same phenomena. 

A group of researchers investigated the damages of chronic irradiation with highly 

filtered UV-C222 light, in mice as well. [61] 

They searched for epidermically evident harm, and found that daily irradiation of 450 

mJ/cm
2
 for 10 days in a row had not incurred any lesions or DNA damage (see Figure 15)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Altogether, the findings indicate that Far UV-C light at a wavelength of 222nm, when 

properly filtered, is safe to the skin and eyes.  

We therefore advocate for the continuation of research into the suitability of such light 

sources for longer exposures to humans. 

In the meantime, such systems are regulated by the appropriate agencies and a 

responsible use of such technologies should begin under the aforementioned standards. 

[45] 
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Conclusions and Recommendations 
After acknowledging the sanitization methods available today, we can sort them based 

on a few criteria: Implementation and Scalability; Sanitation efficiency; Cost; Safety;  

and COVID-19 airborne transmission relevance. 

In the table below, we compared all the previously reviewed methods based on that 

criteria.  

Table VI: Comparison of sanitation methods against SARS-CoV-2 

 

 

As is evidently clear, Far UVC has the most potential to mitigate the spread of COVID-19. 

It must be emphasized that the procurement, installation and testing of such systems 

requires a great deal of expertise and knowledge. 

Procuring an unlicensed or unregulated system can lead to major health issues, and 

Method 

Implementation 

& 

Scalability 

Sanitation 

efficacy 
Safety 

Airborne transmission 

relevance 

Heat 

Sanitization 

Can be 

implemented only 

in medical settings 

and for PPE 

sterilization 

Very High 

Up to 99.9999% 

Medium. 

Depending on the temperature, 

may cause toxic fumes when 

used on certain surfaces 

Not applicable 

Chemical 

Disinfectants 

Can be 

implemented in 

private and low 

traffic areas. 

Based on ongoing 

supply 

Very High 

Up to 99.9999% 

Low to Medium. 

Alcohol based disinfectants are 

relatively safe. 

Other chemicals are safe when 

used correctly, but pose a high 

potential hazard   

H2O2 vapor has been 

shown to destroy 

aerosols. [62] 

Other chemicals are 

ineffective 

UV-C  

254nm 

Can be 

implemented as 

part of UVGI 

systems in vacant 

areas 

High 

Up to 99.999% 

Low to Medium. 

254nm UV is extremely 

hazardous to human skin and 

eyes even for short times.  

Known carcinogenic 

 

Effective at neutralizing 

aerosols, but can only be 

used as part of air 

purification systems at 

low efficacy 

Far UV-C 

222nm 

Can be 

implemented in 

high traffic public 

areas, private 

settings, 

work places 

High 

Up to 99.999% 

High. 

Regulated in accordance to EN 

62471. 

Current research suggests no 

effects after exposure to doses a 

lot higher than regulated. [45] 

[63] 

Effective at neutralizing 

aerosols, and can be 

deployed at public places 

to prevent infections  
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unprofessional installation can lead to deviation from the accepted standards in the 

field.  

Some of the articles and information sources cited in this document are very extensive, 

that reading the entire bibliography is a time consuming task. 

For the convenience of those who are interested in learning more on the scientific 

background, we attached to this review the most important articles concerning UV-C222. 

Furthermore, we choose to enclose with this document the specifications products 

from one the leading companies in the field:  

The "Care222" from the Japanese company USHIO. 

If the presented overview   in this document is of interest, and you recognize the high 

potential of the technologies discussed upon in this document, please contact us for 

more information- we stand at your service. 

 

Militram Corporation 
Mr. Motti Jacobson: 

Tel: 054-770-9601 

Email: mottij@militram.com 

Our offices:    

Tel: 09-958-1860 

Email: militram@militram.com 

 

Disclaimer 

Since the most recent articles and experiments on this topic are published before being 

peer reviewed or reproduced, it is possible some of the information might prove to be 

inexact or incorrect. 

That being said, all of the information presented throughout this document has been 

gathered from the most respected and professional sources and any information that 

requires more research or review were marked as such. 

 

 

mailto:mottij@militram.com
mailto:militram@militram.com
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