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Abstract 

Energy Harness Corporation (EHC), in collaboration with researchers from Florida Gulf Coast 
University, sought to measure how Ultraviolet-C (UV-C) light application affects the growth of bacteria. 
This collaboration was developed as a validation method for EHC’s newest product, the Active Airflow 
UV-C Fixture. UV-C wavelengths are a subset of UV light that has been identified as an ideal method for 
disarming virus and bacterial strains after direct exposure. As the virulent or bacterial strains absorb the 
UV waves, DNA/RNA dimers which link the nucleotide chains together become damaged. This results 
in the interruption of DNA replication and cell production, a process known as inactivation [1]. Amidst 
the outbreak of SARS-CoV-2, several applications of UV-C have been explored to reduce the rate of 
infection of various pathogens.  Using UV-C light emitting diodes (LEDs) found in EHC’s Active 
Airflow structure, this research demonstrates the impact of UV-C application to colonies of Escherichia 
coli (E. coli) plated at different concentrations. The LEDs were applied to the E. coli plated dishes at 
various time points at a set distance of 2 cm to determine where the greatest rate of disinfection occurred. 
The ideal dosages, intensities, and distances of UV-C application required to optimize the effectiveness of 
this concept design were determined over three trials.  

Introduction 

The recent COVID-19 pandemic has 
elicited a call for the creation of new ways to 
prevent the spread of infectious disease. Despite 
attempts to contain the disease, it has spread 
worldwide. Viral transmission can be classified 
into two categories, air transmission and surface 
transmission [1]. Studies conducted by the 
scientific community have shown irrefutable 
evidence that many viruses including SARS-
Cov-2 are released during exhalation, talking, 
and coughing in different sized droplets [1,2]. 
Droplets as small as 10 µm are capable of being 
airborne for more than 30 minutes in a buoyant 
cloud depending on the conditions, while larger 
droplets greater than 100 µm may fall to the 
ground in a ballistic-like trajectory [1,2,3]. It has 
been accepted that being 2 meters away prevents 
possible droplet transmission, but studies have 
shown pathogen bearing droplets of different 
sizes can travel for 7-8 m horizontally during 

sneezes and more than 2-4.5 m during coughs. 
Droplets can be further propelled by air flow 
patterns which can pose additional problems 
indoors if there’s poor ventilation [3]. 

Recommended measures such as 
sanitizing hands, wearing masks, social 
distancing, and disinfecting surfaces have been 
proven effective in reducing transmission rates. 
However, within closed confinements, reduction 
through these measures loses efficiency [1]. 

A promising solution to this problem is 
the use of UV-C light, as it has been shown to 
have similar efficiencies as hydrogen peroxide 
when it comes to disinfecting surfaces [1]. UV-
C has been shown to act faster but can have 
some problems when it comes to accessing 
shadowed areas. This problem can be solved in 
part through intensive use of ventilation systems 
[1]. Historically, UV-C application in 
disinfection driven scenarios is harnessed 
through mercury lamps, which carried issues 



      
      

         
      

     
     

 
      

       
   

      
      

  
        

        
   

 
        

   
   

      
        
       

        
     

      
 

      
     

     
 

        
     

  

      
     

      
 

      
     

      
   

      
        

      

    
 

   
       

       
      

 
    

         
     

     
      

      
    

         
       

      
        
        

        
        

    
      

     

       
     

    
       

 
     

      
      

     

  
       

           
    

   

  

       
     

      
      

such as not achieving the ideal wavelengths for 
mutagenesis, disposable methods due to the 
mercury, warm up times it takes for the lamps to 
reach an appropriate disinfecting output, and 
effectively scaling the range of application. 
However, as technology has evolved, UV-C 
light emitting diodes (LEDs) have 
revolutionized this method of disinfecting and 
mitigated many of the problems existing with 
the mercury lamps. UV-C operates by attacking 
the DNA molecules of bacterial or viral cells, 
resulting in a dimerization and structural 
modification to the genome. This modification 
ultimately damages the functionality and 
reproduction of the species, leading to cell death 
[4]. The wavelength which is most effective in 
damaging the genome varies by both pathogen 
type and strain; however, cited literature has 
shown the most effective germicidal region to lie 
between 260 nm-265 nm in which DNA absorbs 
the UV-C the most [5]. 

UV-C lights can be a promising 
solution to prevent viral spread since it is fast, 
scalable, and affordable to implement [1]. One 
study found that as little as 1 second of UV 
exposure time was able to kill COVID-19 at a 
wavelength of 275 nm with 100% efficiency at 
the cellular level [6]. A study done by KR 
Biotech found similar results when testing 
Energy Harness Corporation’s Active Airflow 
UV-C Chamber which achieved a 99.998% 
inactivating efficiency using a wavelength of 
275 nm [7]. Other types of pathogens are also 
vulnerable to UV-C exposure such as bacteria 
and fungi. 

Studies have shown wavelengths in a 
similar range (266 nm-310 nm) have been 
effective at killing E-coli and other bacterium 
types [8,9].  A wavelength of 275 nm showed 
better persistence against reactivation in E-coli 
due to the higher possibility of damage to 
proteins, while wavelengths of 267 nm had the 
highest inactivation efficiency in E-coli. When 
combining wavelengths, it was found that there 
was no synergistic effect [8]. There is plenty of 
evidence pointing to UV-C light being a great 

alternative to preventing pathogenic spread, but 
it does come with some disadvantages. 

Wavelengths in the Ultraviolet-C 
spectrum have been shown to be dangerous if 
exposed to skin. It can cause sunburn, skin 
cancer, inflammation of the eye’s cornea, and 
impairment of vision [10]. To counteract these 
effects, some studies have been done using a 
wavelength of 222 nm, which has been shown to 
be harmless to human skin while still having a 
neutralizing effect on pathogens [11,12]. This 
can pose other problems though. Using lower 
wavelengths can disrupt oxygen molecules and 
break them into two separate atoms of oxygen 
resulting in ozone which is harmful to the lungs. 
Higher wavelengths have the opposite effect and 
can destroy ozone by breaking a third oxygen 
from molecules and converting it back into �! 

[10]. According to the CDC, the effectiveness 
of Far UV-C (222 nm) is not yet recognized 
when it comes to the inactivation rate against 
SARS-CoV-2. Furthermore, harmful dosages 
and exposure time to human cells is not 
currently defined [13]. These shortfalls indicate 
that the safety nor efficacy of this range of UV-
C can be confirmed. This does not mean UV-C 
cannot still be implemented in a safe manner. 
Energy Harness Corporation’s Active Airflow 
units conceal UV-C rays within the fixture so 
that no exposure to the skin can occur and use 
higher wavelengths ranging from 260 nm - 280 
nm, which means no ozone will be produced. To 
further explore UV-C light fixtures as an 
alternative to killing pathogens in a safe manner, 
the aim of this study is to test a mock-up 
prototype provided by Energy Harness 
Corporation and explore its ability to effectively 
kill E. coli at three different time points of 1, 2, 
and 3 seconds. 

Methods and Materials 

Bacterial Culture 

For culturing the E. Coli bacteria, 4% 
(w/v) agar plates containing tryptic soy broth 
were prepared according to the manufacturer’s 
directions (ATCC). The agar mixture was 



      
     

      
     

       
  

     
      

       
      

 
  

 

       
      

      
       
         

        
          

      
 

     
       

 
     

        
 
 

      
      

       
     
       

      
   

       
      

 
      

 

 

 

 

 

    
         

    
       

    
       

   

      
     

     
      

     
        

      
         

   
     

        
        
    

          
       

      
      

       
   

 

          
  

     
        

      
        

  

autoclaved and poured into petri dishes to a final 
volume of approximately 12 mL. The plates 
were cooled at room temperature then stored in a 
refrigerator for later use. After at least 24 hours 
of cooling, the initial E. coli application was 
introduced to a single agar plate.  For this 
process, Kwik Stik inoculating swabs 
(Microbiologics, Saint Cloud, MN) were used to 
apply the E. coli to agar plates following the 
manufacturer’s guidelines. Bacteria were stored 
in a dry incubator until growth occurred and 
refrigerated for later use. 

Inoculation 

Tryptic soy broth was mixed with a 
desired volume of water (per the manufacturer’s 
mixing recommendations) to create the media 
for inoculation. This media was then autoclaved 
for sterilization, sealed in a flask, and stored at 
room temperature. On the day of inoculation, 5 
mL of the soy broth media was transferred to a 
50 mL conical tube and 9.5 mL of soy broth was 
transferred to a 15 mL conical tube. A sterilized 
pipette tip was used to extract a single colony 
forming unit (CFU) from an agar plate 
containing bacteria and was ejected into the 
beaker containing 5 mL of soy broth media. 
With the cap very loosely applied, the conical 
tube was fitted into a 250 ml flask that was 
inserted into a shaking incubator device for 
inoculation at 37 ℃ and 250 RPM for 25 
minutes. Once the inoculation period was 
completed, 0.5 mL of the inoculated soy broth 
containing bacteria was put into the conical tube 
containing 9.5 mL of soy broth using a 
micropipette. Once diluted, the 15mL conical 
tube was put on a vortex shaker for 3 seconds at 
a medium intensity level. Using 36 Agar plates, 
150 µL of the vortexed bacteria solution was 
transferred onto each plate. To spread out the 
solution on each plate, disposable inoculation 
loops were used. 

UV-C Application 

The 36 agar plates containing bacteria 
were put into four groups of nine. The four 
groups consisted of the control which would 
receive no UV-C exposure, as well as groups 
that would receive 1, 2, and 3 seconds of UV-C 
exposure. Bacterial colonies were administered 
doses of UV-C radiation through the test rig 
provided by Energy Harness Corporation. The 
test fixture included an Alternating Current / 
Direct Current (AC/DC) 150W power supply 
that output a constant 48VDC to the UV-C LED 
board. Inline between the power supply and the 
UV-C LED board was a DC-DC constant 
current step-down LED driver. The ranges 
selected in this case was a DC-DC with an input 
voltage of 9-56 VDC, an output voltage of 2-46 
VDC, and a constant current output range of 300 
mA-1500 mA. The UV-C LED board used in 
each Active Airflow device produced at Energy 
Harness Corporation, as well as within this test 
rig, includes 60 LEDs per board. In this case, 
one board was used during experimentation. The 
LED board required an input power of 36 W and 
provided a radiant flux of 720 mW. Fig. 1 
depicts a simplified process flow of the wiring 
connections within the circuit’s setup. All plates 
were put into a dry incubator after UV-C 
exposure was done. 

Figure 1. Circuit diagram of the UV-C test rig used in 
the experiment. 

Due to the damaging nature UV-C 
radiation has on living cells and DNA, the 
components of the test rig were contained in a 
watertight box that was sealed during each trial 
of experimentation to prevent any unintended 



      
      

   
 

         
      

  
       

     
    

 
         

          
     

 
    

     
 

      
 

     

 

        
        

        
        

 

  

    
         

   
      

       
      

   
        

    
      

        
 

      
       

    

                                                                                                 

 
       

      
      

      
      

  
 

 
 

 

      
       

      
       

 

                                                            

   

   

   

 

 

      
       

      
        

       
        

UV-C exposure to the experimenters. Each trial 
conducted involved placing an inoculated petri 
dish into the 3D printed staged platform within 
the test fixture. This platform allowed the 
researchers to place the top of the petri dish 
20mm away from the UV-C light source for 
each trial. When fully inserted into the stage, the 
petri dish was in line to receive a dose of UV-C 
radiation once the structure door was sealed, and 
the power was turned on. Fig. 2 shows a closer 
look at the process involved when placing a 
cultured dish into the test rig. Trials of 1 second 
(s), 2s, and 3s were carried out and controlled by 
using a power strip as an on/off switch to control 
the activation of the test rig. A timer was then 
used to keep track of each petri dish’s exposure 
during each trial. After each trial was completed, 
the control and dosed cultures were 
appropriately labeled and placed into a dry 
incubator at 37° C for 24 hours before the 
experimenters returned to record results. 

Figure 2. Experimenter placing an inoculated dish of 
E. coli into the UV-C test rig. The inoculated dish 
slides into a 3D printed component that acts like an 
oven for the petri dish and a platform for the LED 
array. 

Calculations 

A UV-C dosage delivered across the 
surface area of the entire petri dish can be 
calculated given the following parameters: 
radiant power of the UV-C LED board in 
milliwatts (mW), time of UV-C exposure on the 
bacterial culture in seconds (s), surface area 

being exposed to UV-C in centimeters squared 
(cm2), as well as over-all distance away from the 
UV-C source in centimeters (cm). UV-C 
radiation intensity dramatically drops off the 
further away from the UV-C source an object of 
interest gets. 

The drop of intensity (�!,!) due to 
distance (�!,!) follows the inverse square law 
and can be referenced in equation (1). 

!! (!!)! 

= (1) 
!! (!!)! 

The theoretical intensity of the UV-C 
radiation over the given area can be determined 
by dividing the radiant power of the UV-C LED 
board and dividing it by the surface area of the 
petri dish. Using the known radiant power of 
720 mW and the 100 mm dish surface area of 
56.7 ��!, the intensity was determined to be 

!"12.7 
!"!. 

720 �� �� 
= 12.7

56.7 ��! ��! 

The total theoretical dose per unit area 
(D) can be referenced in equation (2) and is 
achieved by multiplying the intensity (I) by the 
overall time (t) of UV-C exposure the colonies 
underwent. 

� = � ∗ � (2) 

�� 
12.7 

��! ∗ 1 ������ = 12.7 
�� 
��! 

�� 
12.7 

��! ∗ 2 ������ = 25.4 
�� 
��! 

�� 
12.7 

��! ∗ 3 ������ = 38.1 
�� 
��! 

Results 

Following the 24-hour period, the plates 
were evaluated to determine the effectiveness of 
the UV-C at the different time exposure points 
with respect to the control groups. The 
reduction percentage from all three time points 
(1, 2, and 3 seconds) all experienced a roughly 



100 % CFU reduction as compared to the 
control groups. Fig. 3 displays the drastic results 
between a 1 second UV-C exposure and the 
control group. 
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Figure 3. At t=1 second (A), the UV-C application 
was effective enough to mitigate the survival of all 
but 2 CFUs. The control group (B) indicates the 
expected growth of the E. coli after 24 hours of 
incubation. 

Figure 4. The monochrome depiction of the UV-C 
exposed plate of bacteria compared to the control 
plate. Using Image J, the monochrome filter of each 
photo (from Fig. 3) was used to determine the percent 
reduction between the experimental and control 
plates. 

For n=9, the reduction of surface area 
containing E. Coli was determined to be 100% 
for all the experimental plates at 2 and 3 seconds 
of UV exposure. Eight of nine experimental 
plates for the 1 second experimental group 
achieved 100% CFU reduction as well, with one 
plate achieving a 99.5 % (Fig. 3). This 
calculation was determined through image 
analysis using ImageJ (National Institutes of 
Health, Bethesda, MD). As shown in Fig. 4, 
images such as those shown in Fig.3 were 
filtered to establish a monochrome image, where 

bacterial colonies are represented in white, and 
the unoccupied surface is black. By determining 
the total number of pixels within the petri dish, 
and how many pixels within the dish are black 
or white, calculations of area coverage for 
treated and control dishes were completed.  
During this process of identifying which spots 
on the monochromatic image would be counted 
as bacterial CFUs, the Image J software prompts 
the user to determine the allowable area size 
(������2) to be counted as a CFU. By 
referencing the number of pixels of the image 
and from testing several different ranges, 30 -
100 ������2 was determined as a fair 
representation of the image. Sources of error in 
this determination of what was counted as a 
CFU would be a result of glares from the images 
being mischaracterized as bacteria. This is an 
inherent flaw associated with this method of 
quantification and would ultimately depend on 
how the image was cropped before the 
monochromatic filter was applied. 

When using the LS125 UV-C meter 
(Shenzhen Linshang Technology Co., Shenzhen, 
China) to record the intensity of the UV-C LED 
boards used in the test rig, a value of 10.3 
!" was obtained at 2.55 cm. The distance of a 
!"!

2 cm testing distance was chosen to best 
represent aspects of the Active Airflow fixture 
as requested by Energy Harness. Using the 
inverse square law in equation (1), this resulted

!"in a measured intensity of 16.745 .
!"!

10.3 
��
��! (2��)!

= 
�! (2.55��)!

�� 
�! = 16.745 

��!

The increased difference in this intensity 
compared to the theoretical values calculated 
from the given specification sheets on the 
components contained in the test rig is most 
likely caused by the LED array having a normal 
distribution of light verses the assumed even 
distribution in the calculations, which would 
result in lower intensities when moving radially 



        
    

      
  

    

 

      
       

      
       
     

      
  

         
   
        
  

     
    

   
    

        
 

 
      

     
 

        
       

      
   

     
      
        

  
       

  
       

     
         

     
       
      

      
      

      
  

     
  

     
 

     
 

     
     

        
 

   

 

       
     

      
       

   
      

       
      

       
      

      
    
       

    
        

     
       
       

  
    

 

 
      
      

 
 

       
      

farther from the LEDs. In addition, it may 
possibly be related to cross-over, a synergistic 
effect LEDs exhibit when closely packaged 
together such that they are placed within each 
other’s beam angle. 

Discussion 

Based on the qualitative data, coupled 
with the log reduction determined by comparing 
control CFU counts to the experimental CFU 
counts, we concluded that with as little as 1 
second of UV-C exposure, a significant 
proportion of E. coli bacterial colonies are 
neutralized and prevented from developing. 
Though this study also includes analysis at 2 and 
3 seconds, the researchers concluded through 
qualitative means that there was not a significant 
difference between the 2 and 3 second 
experimental plates when comparing them to the 
1 second plates. This conclusion was driven by 
the fact that only two colonies (Fig. 3) were 
remaining on a single 1 second plate, and the 2 
and 3 second plates had zero colonies on all of 
their experimental plates (n=9). The peak 
wavelengths emitted from the LEDs on the EHC 
Active Airflow Fixture range from 260 nm -280 
nm. This grouping of wavelengths falls within 
the range of accepted wavelengths to cause 
damage to the genome of E. coli bacteria [8]. 
This helps confirm the initial expectations of the 
experiment that the E. coli would be neutralized 
in large quantities after the UV-C exposure. 

Not only are these confirmations 
expected based on related studies which 
reference E. coli and UV-C, they were also 
necessary to benchmark the Active Airflow 
Fixture against its performance on Vero-E6 cell 
lines exposed to the Sars-CoV-2 virus. In this 
study, the EHC Active Airflow Fixture was 
exposed to these infected cell lines via UV-C 
LEDs for treatment periods of 1, 3 and 6 
seconds. When exposed to these conditions at 2 
cm, virus reduction percentages of 99.998 % 
were experienced at all three time points. This 
was an indicator that the wavelengths produced 
by the LEDs used in the Active Airflow Fixture 

were capable of de-arming a variety of bacterial 
strains and virus-infected cell lines [7].   

The Active Airflow UV-C fixture also 
underwent aerosolized testing at Intertek 
Laboratories. This 3rd party test better conveyed 
the effectiveness of the fixture in an application 
it was intended to be used in. The fixture was 
tested in a 10’x10’x10’ (1,000 cubic ft) testing 
chamber where E. coli and bacteriophages were 
aspirated into the chamber. Air samples were 
taken every 15 minutes over a period of 2 hours. 
The E. coli experienced a 99.9% reduction while 
the bacteriophage experienced a 99.2% 
reduction [14]. 

Conclusion 

In preparation of this research, it was 
anticipated that the UV-C application from 2 cm 
for 1 second would provide substantial bacterial 
reduction. The extent of reduction, however, was 
not quite certain, especially when compared to 
the 2 and 3 second iterations. Upon completion 
of the experimentation, it is determined that the 
1 second application is very similar in efficacy 
when compared to the longer exposure trials. 
The cross-over effect may have played a role in 
this, so future experimentation with LEDs which 
have been controlled to mitigate this cross-over 
effect may be helpful to better understand how 
individual beams impact their targeted colonies. 
This technology has been applied to bacterial 
and viral strains alike; however, it has been 
noted that different bacterial and viral strains can 
behave under different exposure levels of UV-C. 
Further research to study this phenomenon may 
include a matrix with numerous viral and 
bacterial strains and tracking how these 
individual strains react to the exposure provided 
in this experiment. This would help certify that 
the specifications of this instrumentation can 
provide a one size fits all solution to neutralizing 
bacterial and viral strains and variants. 
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