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Abstract:  

Hospital-associated infections have led to a significant increment of morbidity and 

mortality among patients. Ultraviolet irradiation C (UVC) has emerged as an effective 

strategy for microbial control in hospitals and  indoor public spaces. This review article 

highlights the current information regarding UV-C and Far-UV Technology 

disinfection capabilities and applications. UVC is commonly applied for air, surface, 

and water disinfection. UV irradiation (100 to 400 nm) is fractionated into four main 

regions by their wavelength and energy: Far-UV from 200 to 235 nm, short wave 

ultraviolet (UV-C) from 200 to 280 nm, UV-medium wave (UV-B) from 280 to 

315 nm, and UV long wave (UV-A) from 315 to 400 nm. UV-C devices such as, 

Robots, Mercury-vapor lamps and diodes(UVC-LEDs) has the ability to disinfect 

airports and transport stations. However, overexposure to UV-C radiation can cause 

erythema, or sunburn like lesions on the skin, and photo keratitis in the eyes. Hence, 

for the application of UV-C light, safety is one of the primary considerations. Published 

studies on the effectiveness of UV-C radiation on surfaces and the surrounding 

environment showed that for bacterial inactivation it was more than 99.9% within 15 

minutes, and the reduction in C. difficile spores was 99.8% within 50 minutes. A recent 

study showed 87.4 %, 99.9 % and a total inactivation of SARS-CoV-2 after 1, 10 and 

20 s of treatment by UVC-LED (280 nm; 37.5 mJ/cm2), respectively. In rooms 

occupied by patients with MRSA, UV-C irradiation of approximately 15 minutes 

duration resulted in a decrease in total CFUs per plate (mean, 384 CFUs vs 19 CFUs; 

P < .001), in the number of samples positive for MRSA (81 [20.3%] of 400 plates vs 2 

[0.5%] of 400 plates; P < .001), and in MRSA counts per MRSA-positive plate (mean, 

37 CFUs vs 2 CFUs; P < .001). Far-UV-C(222nm) can eliminate pathogens including 

COVID-19 and other viral diseases without causing any health risks in spaces with  

simultaneous human presence. The Far-UV-based devices/lights can be administered  

to be used as an adjunctive procedure to the standard chemical methods in public indoor 

spaces such as hospitals, health clinics, schools, sport centers  and public transport to 

minimize the risk of pathogens contamination and propagation, saving costs by 

reducing manual cleaning and equipment maintenance provided by manpower. 
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Introduction 

Ultraviolet irradiation C (UVC) is a well-known and well-understood technology that 

could successfully inactivate pathogens, including viruses and bacteria. Therefore, an 

increased use of UVC-based devices has the potential to reduce the risks of airborne 

diseases and the dissemination of pathogens on surfaces of public spaces. Ultraviolet 

irradiation C (UVC) has emerged as an effective strategy for microbial control in indoor 

public spaces. UVC is commonly applied for air, surface, and water disinfection. The 

SARS-CoV-2 pandemic led to an exponential interest in developing UVC-based 

devices for indoor space disinfection in addition to conventional preventive measures 

and the use of traditional disinfectants.  

UV irradiation (100 to 400 nm) is fractionated into four main regions by their 

wavelength and energy: UV from 100 to 200 nm, short wave ultraviolet (UVC) from 

200 to 280 nm and 222nm(Far-UV) , UV-medium wave (UVB) from 280 to 315 nm, 

and UV long wave (UVA) from 315 to 400 nm [7]. These systems could not only be a 

powerful strategy to mitigate disinfection issues on hospital surfaces but are also 

promising for the food and water industry [1]. Hospital-associated infections have led 

to a significant increment of morbidity and mortality among patients. As a result, the 

public health had concentrated on preventing the transmission of infection using 

environmental controls [2]. Due to the increase in hospital-associated infections, 

multidrug- and extensive drug-resistant microorganisms, and the pandemic of new viral 

strains, specifically, the severe acute respiratory syndrome coronavirus (SARS-CoV) 

in 2003, the swine influenza virus H1N1 in 2009, and the recent SARS-CoV-2 

pandemic since December 2019, studies on environmental cleaning and disinfection 

techniques had been conducted in order to prevent transmission of the infections and to 

control the pandemic. Both air purification techniques and surface cleaning techniques 

had been reported as effective disinfection methods, including the non-thermal plasma 

(NTP), thermal treatment, antimicrobial material-embedded filters, ultraviolet lights, 

and photo catalysis.   [3-6].  

Microbial disinfection 

 The microbial inactivation process by UVC irradiation is mainly based on the 

occurrence of photochemical reactions caused by UV light on the genetic material 

(DNA or RNA) of microorganisms [8]. The adenine-thymine bond is broken resulting 

in the formation of a covalent linkage between two adenines named pyrimidine dimer. 

These dimers (e.g. cyclobutane pyrimidine dimers – CPDs) disrupt the normal 

assembly of nucleic acids, which consequently affect the correct transcription and 

replication of RNA and DNA, respectively [9]. For that reason, the mode of action of 

UVC light on microorganisms is called “inactivation” and not “killing” [8]. 

Environmental surfaces may play an important role in transmission of healthcare-

associated pathogens such as Clostridium difficile, methicillin-resistant Staphylococcus 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-disinfection
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aureus (MRSA), and vancomycin-resistant Enterococcus (VRE) Patients may acquire 

these pathogens through direct contact with contaminated surfaces or healthcare 

workers' hands may transmit pathogens from contaminated surfaces to susceptible 

patients [10-15]. Ultraviolet germicidal irradiation (UVGI) is commonly used to 

disinfect air, water, and various kinds of surfaces due to its high efficiency and 

relatively low cost. In addition, the use of ultraviolet light for inactivating bacteria and 

viruses is well established. A shortwave ultraviolet C (UV-C) radiation, 100-280 

nanometer (nm), is commonly used in UVGI as their wavelengths are strongly absorbed 

by bio aerosols. The radiation can damage microorganisms’ deoxyribonucleic acid 

(DNA) and ribonucleic acid, leading to the inactivation of bacteria or virus.  In the last 

decades, an increasing number of studies have demonstrated the UV-C light germicidal 

ability and its application in healthcare-related settings, e.g., on the ambulance, in 

operative rooms, and in hospital rooms. However, overexposure to UV-C radiation can 

cause erythema, or sunburn like lesions on the skin, and photo keratitis in the eyes. 

Hence, for the application of UV-C light, safety is one of the primary 

considerations[16,17,18,19]. The effectiveness of UV-C radiation in reducing the 

counts of vegetative bacteria on surfaces was more than 99.9% within 15 minutes, and 

the reduction in C. difficile spores was 99.8% within 50 minutes. In rooms occupied by 

patients with MRSA, UV-C irradiation of approximately 15 minutes duration resulted 

in a decrease in total CFUs per plate (mean, 384 CFUs vs 19 CFUs; P < .001), in the 

number of samples positive for MRSA (81 [20.3%] of 400 plates vs 2 [0.5%] of 400 

plates; P < .001), and in MRSA counts per MRSA-positive plate (mean, 37 CFUs vs 2 

CFUs; P < .001). This UV-C device was effective in eliminating vegetative bacteria on 

contaminated surfaces both in the line of sight and behind objects within approximately 

15 minutes and in eliminating C. difficile spores within 50 minutes.[20] . Tru-D device 

was effective in killing C. difficile spores, MRSA, and VRE inoculated onto surfaces 

in the laboratory and in hospital rooms. Disinfection of hospital rooms with Tru-D 

reduced the frequency of positive MRSA and VRE cultures by 93% and of C. 

difficile cultures by 80% on frequently touched surfaces. These findings are consistent 

with unpublished data from another research group that are available online [21]. The 

device was effective in reducing contamination in sites not easily amenable to manual 

application of disinfectant (e.g., the undersurface of bedside tables) and on portable 

equipment. The housekeeping staff considered the device to be easy to use and to 

integrate into their routine cleaning practices. These results suggest that the Tru-D 

device is a promising new environmental disinfection technology that could be a useful 

adjunct to routine cleaning measures in healthcare facilities. The biological effects of 

UV radiation of different wavelengths (UVA, UVB and UVC) were assessed by [23} 

in nine bacterial isolates displaying different UV sensitivities. Biological effects 

(survival and activity) and molecular markers of oxidative stress [DNA strand breakage 

(DSB), generation of reactive oxygen species (ROS), oxidative damage to proteins and 

lipids, and the activity of antioxidant enzymes catalase and superoxide dismutase] were 
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quantified and statistically analyzed in order to identify the major determinants of cell 

inactivation under the different spectral regions. Survival and activity followed a clear 

wavelength dependence, being highest under UVA and lowest under UVC. The 

generation of ROS, as well as protein and lipid oxidation, followed the same pattern. 

DNA damage (DSB) showed the inverse trend. Multiple stepwise regression analysis 

revealed that survival under UVA, UVB and UVC wavelengths was best explained by 

DSB, oxidative damage to lipids, and intracellular ROS levels, respectively.[22]. 

Fig.(1) and (2).  

 

 

                           

                                Figure(1).Ultraviolet light sources UVC and  its efficacy 

             Source: Google images of wavelength dependence by UV-radiation on bacteria 

.  

 

 

 

 

Medical and health applications of UV  lights         
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Figure(2). Microbial UV-light disinfection and efficacy. 

The aim of this study was to collect and analyze the results published to date on the 

impact of far-UVC in the spectral region between 200 and 235 nm on microbial 

disinfection efficacy in indoor spaces and its effect on animal and human cells, skin 

and eyes  

Methods 

This study  was  based on the   descriptive  research to  investigate the background of  

UVC and Far-UVC application and future prospects to improve the disinfection 

strategies in hospitals and public occupied places and to ascertain the underlying 

patterns of the some current research data  to validate  the existing  disinfection 

procedures for healthy environment..  

Data analysis: 

UV-Devices and light sources 

UV-C emerges as an alternative to harmful and (eco)toxic chemical disinfectants. 

Far-UV-C (222nm) can eliminate pathogens in spaces with simultaneous human 

presence. Autonomous UV-C-based devices/robots reduce manual work and process 

costs. No consensus exists on UV-C safety and human exposure. figure(3) A,B,C  

 UV-C (200-280 nm) is most traditionally referred to as germicidal UV with ability to 

kill bacteria, viruses, mold, and fungi. While UV-C is most traditionally referred to as 

germicidal UV, UV-B wavelengths have also demonstrated effectiveness against 

certain bacteria.  UV-A (320-400 nm) and UV-B (280-320nm) light causes oxidation 

of proteins and lipids causing cell death. Broad band UV lamps have also been shown 

to inhibit photo-reactivation, the process that can result in self-repair of damaged 

microbes.(UV-C  irradiation  different UVC doses from distinct UVC sources  cause 

different antimicrobial effects, depending on the target microorganisms. Thus, UVC 

tolerance may be species-dependent. In general, Gram-negative bacteria seem to be 

more susceptible to UVC radiation than vegetative Gram-positive bacteria, yeast, 

bacterial spores, molds, and viruses [23]. A wide range of light sources have been 
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used under UVC wavelengths: mercury-vapor UVC lamps; UVC light-emitting 

diodes (UVC-LEDs); continuous and pulsed xenon arc  

lamps; excimer lamps: krypton chloride excimer (KrCl) lamps and krypton-bromide 

excimer (KrBr) lamps and micro plasma lamps [24], [25]. 

Mercury-vapor UVC lamps. 

Mercury-vapor lamps can be divided into three classes, namely low-pressure (254 nm), 

medium-pressure (220-580 nm), and high-pressure lamps (220-1000 nm) [26] The 

conventional UVC light at 254 nm with 30–40 % power efficiencies generated by low-

pressure mercury-vapor lamps remains the most common disinfection unit source due 

to the electrical efficiency and low cost[27]. 

 

 UVC light-emitting diodes (UVC-LEDs). 

To overcome the potential environmental and health warns of mercury, UVC-LEDs 

(emitting between 255 and 280 nm) have emerged as an alternative solution with 

efficiencies more than nine times higher than the conventional mercury-vapour UVC 

lamps (254 nm) when used for water disinfection. A recent study showed 87.4 %, 

99.9 % and a total inactivation of SARS-CoV-2 after 1, 10 and 20 s of treatment by 

UVC-LED (280 nm; 37.5 mJ/cm2), respectively [28]. UVC LED ranging between 

16 J/s and 18 J/s were found to reduce P. aeruginosa, S. aureus and E. coli colonies on 

the stethoscope membrane after >240 h and 2900 cycles of use [29]. 

Pulsed UVC light  

Pulsed UVC light has a broad spectrum (200-1000 nm with a peak at 254 nm) emitted 

from a xenon flash lamp that is delivered in a series of pulses (100 ns to 2 ms). Pulsed 

UVC light represents a fast and residue-free technology with higher light energy and 

intensity and deeper penetration than the alternative UVC light sources[30]. 

Excimer lamps: far-UVC light 

Excimer lamps, namely xenon-bromide - XeBr (285 nm), krypton-bromide - KrBr 

(207 nm) and krypton-chlorine - KrCl (222 nm), could inactivate a wide range of 

pathogens. For example, xenon lamps inactivated E. coli, hepatitis A virus, Murine 

NoV-1 and SARS-CoV-2 in suspension and on food-contact surfaces [31]. The most 

commonly used excimer lamps for UVC disinfection are these of KrCl that emit light 

at 222 nm, being recognized as far-UVC technology. 

UVC technological devices: robots. 

The adoption of automatic UVC technological devices (robots) during the Covid-19 

pandemic gave support to fight the spread of pathogens in enclosed areas where contact 

between people was frequent, particularly in hospitals work offices, schools, shopping 

centers, and airports[32], [33]. These devices already played a significant role in 

avoiding manual supervision and maneuvering of the disinfection treatment, helping to 

mitigate the potential spread of pathogens. Among different purposes for UVC robots, 

most of them are used to fight microbial spread in hospital environments and even in 

ambulances fig(A, B, C, and D). Xenex Disinfection Services recently developed a 

pulsed-xenon disinfection system  to reduce the load of SARS-CoV-2 on hard surfaces 

and N95 respirators [34]. The use  of this system resulted in log reductions up to 4.12 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/xenon
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/excimer
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/krypton
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/microplasmas
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-disinfection
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/flash-lamps
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/xenon-lamp
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/shopping-center
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/shopping-center
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and 4.79 of SARS-CoV-2 after 5 min in hard surfaces and N95 respirators, respectively. 

Other applications for UVC robots include the sterilization of liquids and packaging 

using pulsed UVC light. An example is Pure Bright, which uses flash lamps filled with 

inert gases (xenon, krypton) causing 4.8-7.2 log reductions of different viruses with a 

dose of 1.0 J/cm2  [35]. Figure(3) 

 

 

 
          Figure(3).UV-C technological devices : robots 

 

Data concerned with SWOT analysis comparing strengths, weakness, opportunities and 

threats between Far-UVC and UVC lights indicated that: Far-UVC is  Stronger at 

inactivation of bacteria and viruses compared to 254nm light source, and safer to use in 

public occupied spaces Table(1).  

Table (1). A SWOT analysis comparing strengths, weaknesses, opportunities, and threats 

between Far-UVC and UVC lights . 

Strengths Weakness 

- Multiple target inactivation  mechanism of 

DNA and cell membrane damage 

- Without mercury environmental and health 

concerns. 

 - Stronger at inactivation of bacteria and 

viruses compared to 254nm light source. 

- Safe for use in the presence of humans and 

animals. 

- This does not apply to Far-UVC LEDs. 

 

-Longer lifespan of lamps compared to 

mercury vapor lamps at 254nm. 

 

- Controversial information about its 

pathogen disinfection compared to 254nm 

lights were it only inactivates DNA. 

- Limited available data on its long-term 

health effects.  

-  Ozone production. 

- On longer human presence it has the 

potential to cause skin, eye and cell damage. 

- Mercury vapor lamps are readily available 

worldwide in all wattages 

- Limited availability of lamps and fixtures 

due to its relatively new technology , higher 

energy consumption and costs. 

Opportunities Threats 
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Table(2). Comparison between UVC/ Far-UVC light sources and chemical disinfection 

Source:(Elgujja,et.al.2020/ available at:www.jnsmonline.org). 

 
  
FAR-UV APPLICATION 

Ultraviolet irradiation C (UVC) has emerged as an effective strategy for microbial 

control in indoor public spaces. UVC is commonly applied for air, surface, and water 

disinfection. Unlike common 254 nm UVC, far-UVC at 222 nm is considered non-

harmful to human health, being safe for occupied spaces, and still effective for 

disinfection purposes. Therefore, and allied to the urgency to mitigate the current 

pandemic of SARS-CoV-2, an increase in UVC-based technology devices appeared in 

the market with levels of pathogens reduction higher than 99.9 %. This 

- Potential for future technology and 

effectiveness development of 222nm light 

sources.  

- Increased demand for effective and safe 

disinfection techniques in public spaces. 

- Opportunity for market business to provide 

safer environment  for  customers and 

employees in public spaces.  

- Safety concerns due to limited  research and 

data on long-term health effects.  

 

- Competition from established 254nm 

mercury vapor lamps. 

- Economic downturns that may decrease 

demand for disinfection products and 

services.  

UVC/FAR-UVC light sources           Traditional disinfection (H2O2)  

 

- Rapid contact time, for example, 15 

min for vegetative bacteria Has a 

sporicidal activity after longer exposure 

of up to 50 min.  

- Plug and play: Does not require 

closing the HVAC system, nor sealing 

the room. 

  

- Eco-friendly, with no residue, irritants. 

  

-Low recurrent running costs. 

 

- Microbial cells cannot develop 

resistance to this technology, and it can 

be used in public spaces while there is a 

heavy movement of people in all 

directions . 

 

- can be used in general  public  

occupied spaces such as hospitals. 

airports, railway stations ,universities, 

clubs sport  centers etc.…… without 

any health risks. 

  

 

- Cannot be used in an occupied room.  

- It is labor-intensive as it requires closing 

the HVAC system and sealing the doors to 

prevent its escape. 

- Has a sporicidal activity It cannot be 

routinely used, but only as part of the 

terminal cleaning after the patient has 

vacated the room. 

 

- Expensive. 

 

- Time-consuming: requires about 2.5 to 5 

h 

Its effectiveness dependents on specific use 

parameters (e.g,. concentration, contact 

time, etc.). 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-disinfection
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-disinfection
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/science-and-technology
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pathogen
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environmentally friendly technology has the potential to overcome many of the 

limitations of traditional chemical-based disinfection approaches. The novel UVC-

based devices were thought to be used in public indoor spaces such as hospitals, 

schools, and public transport to minimize the risk of pathogens contamination and 

propagation, saving costs by reducing manual cleaning and equipment maintenance 

provided by manpower. However, a lack of information about UVC-based parameters 

and protocols for disinfection, and controversies regarding health and environmental 

risks still exist. In this review, fundamentals on UVC disinfection are presented. 

Furthermore, a deep analysis of UVC-based technologies available in the market for 

the disinfection of public spaces is addressed, as well as their advantages and 

limitations. This comprehensive analysis provides valuable inputs and strategies for the 

development of effective, reliable, and safe UVC disinfection systems. Figure (4) 

 

 

 
 
 
 
 
 
 

 

 

 

 

 

 
 

Figure (4).: future Far-UVC disinfection technology safety application in public 

occupied spaces and services. 
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Safety Aspects of Human Exposure to Far UV-C Radiation. 

 Multiple recent studies of health effects from Far UV-C exposures of the eye and skin 

indicate that the wavelengths below about 230 nm are substantially safer than longer 

UV-C wavelengths. These experimental observations are consistent with biophysical 

considerations regarding the much shorter penetration depth of Far UV-C radiation as 

compared with longer wavelength UV-C radiation. The biophysical background here is 

that UV-C radiation at wavelengths less than about 230 nm is strongly absorbed by all 

proteins (particularly through the peptide bond) and by other biomolecules,  and so its 

ability to penetrate living tissue is quite limited. This phenomenon is quantified by 

wavelength dependent measurements. These considerations and experimental results 

have led to proposals to modify safety guidelines for human exposure in the Far UVC 

spectral region, including for whole-room exposure in occupied settings (see below). 

The promising reports on the effects of far-UVC on cells, tissue and pathogens – 

including coronaviruses – give reason to hope that this radiation might become a very 

important tool in the fight against airborne pathogens and especially SARS-CoV-2 in 

the current pandemic.  

 
Discussion and Conclusions 

Based on the evidence in the published literature and the collation of expert knowledge 

by the authors, the following conclusions can be drawn: Far UV-C technology is 

currently dominated by one source type, the KrCl* lamp. Although alternate devices 

exist, they are not yet practically viable for disinfection applications.  Though 

commonly referred to as 222 nm lamps, a KrCl* lamp will emit polychromatic radiation 

across a wide segment of the UV-C range; optical filters may be needed to limit 

substantial emissions to the Far UV-C range. Far UV-C is an effective viral disinfectant, 

with particular suitability as a technology response to transmission of SARS-CoV-2 via 

air and surfaces, The efficacy of Far UV-C against viral pathogens is at least as high as 

that of conventional UVGI, and benefits from the long history of this technology as a 

disinfectant in a wide range of settings. The rate of ozone generation by these sources 

is orders of magnitude lower than for conventional “ozone generating” UV lamps. 

Reasonable application of these sources for continuous, room-scale disinfection could 

be achieved while maintaining ozone concentrations below regulated values; however, 

it is also reasonable to consider applications where ambient ozone concentrations would 

exceed these values.  

It is the responsibility of lamp manufacturers and those installing such systems to 

properly communicate and assess the potential ozone hazard of these systems. 

The majority of the presented studies conclude that human and animal cells can tolerate 

far-UVC doses of 150 mJ/cm2 for 207 nm irradiation – and probably even much higher 

ones for 222 nm – without damage such as dimer formation, erythema or increased cell 

death. This irradiation dose is much higher than 1.7 mJ/cm2, the only 222 nm dose 

published to date for a 3 log-reduction of coronaviruses in aerosols, and still many times 
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above the previously mentioned 10 mJ/cm2 for a one log-reduction of 2/3 of the 

pathogens in Table 2.  

 Conclusion: 

-The material in this Report suggests that there is sufficient evidence for immediate 

consideration of this technology during this world-wide health crisis.  

-Far UV-C offers a promising technology to reduce surface and airborne disease 

transmission in occupied spaces, including COVID-19 ,other viral diseases and 

bacterial pathogens, when it is properly designed, engineered, and applied.  

-The Far-UV-based devices/lights can be administered  to be used as an adjunctive 

procedure to the standard chemical methods to minimize the risk of pathogens 

contamination saving costs by reducing manual cleaning and equipment maintenance 

provided by manpower.  

Other important advantages  are:- - The prevention of surgical site infections by far-

UVC irradiation – as suggested by Buonanno, M et al (35)– seems to be very attractive 

for future  application Microbial cells cannot develop resistance to this technology. - 

can be used in general  public  occupied spaces such as hospitals. airports, railway 

stations ,universities, clubs and sport  centers etc.…… and other public places  with 

heavy people movements in all directions without any health issues or risks. 

 Recommendation 

- There should be future studies on the feasibility acceptability and efficacy of Far-UVC 

in long –term care settings. 

- further studies are also required  on  the information regarding the safety of this kind 

of radiation to determine the necessary doses for pathogen decontamination compared 

with exposure time (seconds, minutes and hours)  or fixing a timer system  to ascertain  

safety on longer exposure in public occupied places.  
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