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Background
UV-C has been shown to have strong germicidal properties against: (1) 
Pathogenic microorganisms, (2) Superbugs and (3) fungi, spores

Infectious diseases are caused by pathogenic microorganisms, such as 

bacteria, viruses, parasites or fungi. These diseases can spread from the 

environment or from one person to another resulting in illness in our 

communities. One class of infectious pathogens are Coronaviruses. 

Coronaviruses are a large family of viruses found in both animals and humans, 

and are known to cause illness ranging from the common cold to more severe 

diseases such as Middle East Respiratory Syndrome (MERS), Severe Acute 

Respiratory Syndrome (SARS), and Novel Coronavirus (COVID-19). 

Coronaviruses can cause respiratory infections and can be deadly.

Covid-19, the worst global pandemic catastrophe since the spanish flu, has 

affected every individual on the planet, either through work stoppages, supply 

shortages or more tragically through the loss of a loved one. Pathogens or 

infectious microorganisms such as fungi, bacteria and viruses are typically 

spread through the air and via contaminated surfaces. Hospitals, schools, 

restaurants, gyms, groceries and other public areas use various manual 

cleaning methods and techniques to eradicate these germs. 

Given the high transmissibility of Covid-19, potentially life-threatening 

complications of contracting the Covid-19 virus, sanitization has risen to the 

forefront of issues that operators of public and private spaces must take into 

consideration. For businesses and schools to return to normal operating 

conditions, every precaution must be taken to ensure the safety of its 

occupants. Not only do precautionary measures mitigate the spread of 

infectious diseases, but also provide peace of mind to customers, staff and 

students, ensuring that business flow, and student learning is maximized 

during times of crisis, and operations continue in a degree that is as close to 

normalcy as possible. 

For seniors healthcare and senior-care homes, healthcare associated 

infections (HAI) have grown steadily worse. Furthermore, the emergence of 

multidrug resistant bacteria, spore ?Superbugs? and their presence in the hard 

surface environment are recognized as a significant threat in the transmission 

of infectious disease and associated mortality. Annually in the USA, 

approximately 2 million patients suffer from HAIs with nearly 90,000 deaths. 

With an overall cost of $28B-$45B. Numerous scientifically peer-reviewed 

studies support the role of the environment in disease transmission. In 

recognition of this data, thorough disinfection of hard surfaces is an effective 

and evidence-based way to reduce the presence of these organisms that cause 

infections and mortality.

Superbugs

Pathogenic Microorganisms
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 The WHO estimates that 7M people per year die from air pollution. The air in 

today's buildings can contain different microbial contaminants such as 

bacteria, viruses, mold, fungi and spores. Bioaerosols are the airborne 

microbes, their fragments, toxins and waste products. Numerous studies have 

found high concentrations of such contaminants in the building air ducts and 

in the air inside the places where people live and work. 

Indoor Air Quality

Virus Transmission Pathways
 Multiple pathways for virus and infectious disease transmission are possible2. 

However, the main methods of transmission of coronaviruses such as 

SARS-CoV, and the ones that we will discuss in this white paper are aerosol, 

droplet, and fomite transmission. 

Figure 1: Transmission pathways visualized3

 A critical pathway in which pathogens are spread is through fomite, or 

surface-contact transmission4. This can occur when lingering contagions on a 

surface (e.g. table, doorknob, chair) enter a new host after they touch the 

infected surface and subsequently come into contact with their mucous 

 Droplet transmission occurs when pathogens travel on relatively large 

respiratory droplets that are produced when people sneeze, cough, or exhale. 

These droplets may be loaded with infectious particles and can infect another 

person if the bacteria/viruses come into contact with their eyes, nose or 

mouth. They may also fall on surfaces and then be transferred onto someone?s 

hand who then rubs their mucous membranes7.

In general, there exists an accepted notion of a 2-m safe exclusion zone to 
prevent possible droplet transmission from an infected person to a susceptible 
host; however , t here are no com prehensive st udies t o suppor t  such a 
phenom enon.

The 2-m/6-ft rule is only effective in the event of exhalation by an infected 

person. Sneezing and coughing releases contaminated aerosol and droplets 

that may reach much further6.

This white paper discusses advantages and efficacy of UV-C for killing 

pathogens on hard surfaces and in air, in particular:

- UV-C is highly effective in eliminating pathogens in a short period of 

time without physical contact. 

- It is easy to use, cost-efficient and generates few residues.

Indoor Air Quality



BC school and business COVID sanitization guidelines suggest frequent hand 

washing and a complete cleaning twice a day of high risk areas. Because of 

HAI?s hospitals have been working towards effective cleaning methods. Most, if 

not all schools, businesses, and restaurants are following the guidelines given 

above, which does not do an adequate job of achieving its desired goal. This is 

due to a multitude of reasons:

1. Manual cleaning twice a day combined with regular hand washing fails 

to have a substantial impact on the ability of pathogens to undergo 

fomite transmission

2. Lack of masks in class and work environments results in high potential 

of aerosol transmission that manual cleaning does not address. 

3. Manual cleaners cannot guarantee absolute surface coverage, 

resulting in pathogens that continue to linger in areas of high contact.

4. Manual cleaning leaves a chemical vapor that requires hours to 

dissipate

5. Manual cleaning leaves a residue behind    

6. Published data reviewing the effectiveness of health care cleaning 

indicate that greater than 50% of patient room surfaces are not 

effectively cleaned and/or disinfected1

4

Current  Cleaning Guidelines and Dif f icult ies

Nedieon |   Efficacy of Nedieon's Dual Modality Solution



5

This is a ci tation. Citations and 
impor tant notes can be placed on the 
same page they are r eferencing here at 
the bottom. Author, Publisher , 2014

 Common disinfection methods include heating or steaming with high 

temperature, spraying or wiping with chemical agents, and irradiating with 

ultraviolet light. Other Disinfection techniques utilize filtration, vibration, 

pressure, ozone, etc. Many of these cleaning techniques have poor efficacies 

and potential dangerous side effects, as discussed below:

Chemical Disinfection Techniques?

Disinfect ion Met hods

 Chemical methods for sterilization involve the use of harmful liquids and toxic 

gases with some degradation of the surfaces. Disinfection using gases for 

porous materials can be effective because the chemical can penetrate quickly 

into the material like steam. There are a few risks, and the chances of 

explosion and cost factors are to be considered. The commonly used gases for 

sterilization are a combination of ethylene oxide and carbon-dioxide. Here, 

Carbon dioxide is added to minimize the chances of an explosion. Hydrogen 

peroxide, Nitrogen dioxide, Glutaraldehyde and formaldehyde solutions, 

Phthalaldehyde, and Peracetic acid are other examples of chemicals used for 

sterilization. Ethanol and IPA are good at killing microbial cells, but they have 

no effect on spores.

Efficacy of Chemical Cleaning
The general supported mitigation strategies include cleaning of surfaces and 

handwashing. The efficacy of the combination of both strategies is shown in 

the figure below:

 Chemical methods for sterilization involve the use of harmful liquids and toxic 

gases with some degradation of the surfaces. Disinfection using gases for 

porous materials can be effective because the chemical can penetrate quickly 

into the material like steam. There are a few risks, and the chances of 

explosion and cost factors are to be considered. The commonly used gases for 

sterilization are a combination of ethylene oxide and carbon-dioxide. Here, 

Carbon dioxide is added to minimize the chances of an explosion. Hydrogen 

peroxide, Nitrogen dioxide, Glutaraldehyde and formaldehyde solutions, 

Phthalaldehyde, and Peracetic acid are other examples of chemicals used for 

sterilization. Ethanol and IPA are good at killing microbial cells, but they have 

no effect on spores.

The contours for cleaning strategies consisting of hand washing three times a 

day and surface decontamination at varying frequency (Solid lines). Green 

regions indicate venues where the above methods would successfully prevent 

an outbreak. The results for each pathogen (influenza, rhinovirus, and 

norovirus) are summarized by column, while different strategies are shown by 

row. Surface cleaning is performed every two days (top row), once a day 

(middle row), or two times a day (bottom row). Hand washing occurs three 

times per day for each row.

Figure 2: Surface 

cleaning and 

handwashing efficacy5



The study results indicate that higher reductions on a virus? reproductive 

number (R0 - which determines how easily said contagion can be transmitted)  

can be achieved by increasing the frequency of surface decontamination. In 

contrast, hand washing did not have a substantial effect on R0. The figure 

above shows effects for three times daily hand washing only. As a sensitivity 

analysis, the study also considered increasing the frequency of hand washing 

to hourly and found very similar results. 

The key takeaway from this study: Even w it h sur face cleaning per form ed 

t w ice per  day, com bined w it h regular  hand washing, rh inovirus and 

norovirus t ransm ission ef fect iveness is only reduced by ~5%*

Other Disadvantages:

- Chemical cleaning leaves a  residue on surfaces and fumes that take a 

few hours to  dissipate. Numerous studies have shown that chemical 

cleaning protocols with trained staff only achieved efficacies of 50% in 

hospitals. 

- Chemical spraying in the air has limited effectiveness, with the side 

effect it is harmful to inhale.
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Filtration
HEPA filters are a common approach for cleaning the air. HEPA filters work 

down to particles sizes of approx. 0.3um. While this size of filter may be too 

small for some pathogens it does not prevent pathogens smaller than 0.3um 

from entering the air stream and therefore is limited as a germicidal solution.  

Ozone
Ozone gas is another option which oxidizes most organic matter. While Ozone 

is effective at disinfecting most pathogens, Ozone is harmful for humans to 

breath. Ozone is unstable and converts back to its diatomic state in a few 

hours in the open environment. Therefore it is not useful in an open 

environment, with humans present.  .  

UV-C
UVGI, or ultraviolet germicidal irradiation is an evidence-based way to manage 

the presence of bacteria, viruses and spores-including multidrug resistant 

organisms. Disinfecting hard surfaces, such as those found in patient areas, 

desks, can be performed by exposing the hard surfaces to micro-organisms 

such as bacteria, viruses, fungi and spore. Ultraviolet germicidal irradiation 

(UVGI) is a proven sterilization method that uses ultraviolet (UV) energy at 

sufficiently short wavelengths to break-down and eradicate these organisms.  

More specifically, UV-C energy utilizes short wavelength ultraviolet light to 

inactivate bacteria and viruses by damaging their nucleic acids and DNA, 

preventing microorganisms from carrying out cellular processes to replicate, 

cause infection and stay alive.
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How Does UV-C Work?
The nucleotides within DNA (pyrimidine derivatives thymine and cytosine, and 
purine derivatives guanine and adenine) have an absorbance of ~260nm 7 
which falls directly within the ultraviolet light spectrum. UV-C photons are 
absorbed by the nucleotides, creation of pyrimidine dimers occurs, where two 
adjacent thymine or cytosine bases bond with each other instead of across the 
double helix as usual. Without these double helix bonds, the cell is unable to 
replicate itself, and in some cases causes its death. A virus that cannot 
replicate cannot transmit or cause the disease. Generally, UV-C products on 
the market emit light at 254nm, whereas the most effective wavelength is 
thought to be between 260nm to 265nm

Figure 4: Germicidal Range of UV8

How Effective is UV-C?
The susceptibility of microorganisms to UV-C light varies and has been 

summarized in previous investigations. Microorganism susceptibility to UV-C 

light is traditionally thought to follow first-order kinetics according to the 

equation 

FR = CUV/ CNo UV = e?ZD
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where FR is the fraction remaining, CUV is microorganism concentration with 

UV exposure, CNo UV is microorganism concentration without UV exposure, Z 

is the susceptibility parameter expressed in m 2/J, and D is the dose of UV-C in 

J/m 2. 

These susceptibility parameters, or Z values, do not appear to be static but 

vary with environmental conditions, such as relative humidity (RH). There is 

also evidence that the susceptibility of microorganisms to UV-C light does not 

necessarily follow first-order kinetics. Thus, it is necessary to determine Z 

values in a defined and controlled experimental system to predict UV-C 

effectiveness, determine the amount of UV-C energy required for intervention, 

and develop models of UV-C effectiveness9.

Figure 510

Figure 611

The Z values determined for influenza aerosols in the study suggest that 

influenza will be effectively inactivated during exposure to upper-room UV-C. 

The Z value reported for influenza virus is within the range of those reported 

for Mycobacterium tuberculosis. Upper-room UV-C has been shown to be highly 

effective in laboratory studies and has been proposed to control exposures to 

tuberculosis12. 
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Nedieon Product s for  Pat hogen Elim inat ion

Benefits and Drawbacks
Benefits:

UV-C requires only electricity; there is no off-gassing of chemicals frequently associated with chemical based products. 

In the event a room must be occupied immediately, the introduction of UV-C energy can be immediately terminated for 

safe occupation. Alternative disinfection modalities, on the other hand, often result in lingering chemicals or agents 

that must be cleared from the room prior to entry.

Drawbacks:

There are litt le to no drawbacks to UV-C light sanitation. However, due to its properties damaging cells and 

microorganisms, it also poses risk to humans. UV-C light penetrates the skin, and can potentially cause vision damage. 

Therefore, it cannot be used in areas where there is a risk of people being directly exposed.

Safety
Safety is the number one priority for Nedieon. By utilizing LiDAR and machine vision technology, the Nedieon UV-C 

units can predict and detect the presence of people in the room or about to enter the room, instantaneously turning 

off the emittance of UV-C and retracting the light module to prevent any possible harm. Research suggests that 3 

seconds is the minimum time required for UV-C to cause vision and DNA damage13. However, through beta testing 

trials, we have determined that the light module unit utilized by both the Genie and Aurora are capable of turning off 

their respective UV-C modules less than 100us. 
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Nedieon?s Lumen, is an air disinfectation unit only. It uses a combination of a 
Nedieon patented proprietary Germicidal filter, with Hepa Filter, Active Carbon 
and UV-C to reduce pathogens to >> 98%

Product s

Nedieon?s Genie, is a dual modality surface and air disinfectation unit. It uses a 

combination of a Nedieon patented proprietary Germicidal filter, with Hepa 

Filter, Active Carbon and UV-C to reduce pathogens in air and on surfaces to >> 

98%. This unit uses machine vision technology to maximize user safety

Nedieon?s Aurora, is a completely autonomous dual modality surface and air 
disinfectation robot. It uses a combination of a Nedieon patented proprietary 
Germicidal filter, with Hepa Filter, Active Carbon and UV-C to reduce pathogens 
in air and on surfaces to >> 98%. This unit uses Time of Flight and machine 
vision technology for navigation and maximum safety.

LUMEN

GENIE

AURORA
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