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PURPOSE 

The SARS-CoV-2 pandemic necessitates immediate, global, and lasting solutions to control 

pathogenic contagions.  As the world struggles through this crisis, it is unclear how and when 

individuals and entire countries will feel secure in public spaces. 

Current approaches are critically deficient as they rely on disinfection chemicals for public spaces 

and surfaces, housekeeping/hygiene, therapeutics, and potential vaccines.  Chemicals have substantial 

environmental impacts.  Effective hygiene is difficult to enforce, qualitative, and participant-dependent.  

Vaccines and medical research continue to be reactive, are limited to individual pathogens, and do not 

deliver universal cures. 

Coronaviruses are infectious and persist in ambient environments and on surfaces.  For SARS-

CoV-2, van Doremalen et al.1 reports:  0.8-log reduction in aerosols at 3 hours; none remaining on 

copper at 4 hours and cardboard at 24 hours; and, 3.1-log reduction on stainless steel at 48 hours and 

plastic at 72 hours.  The report concludes these results are consistent with SARS-CoV-1, stating, “…the 

stability of SARS-CoV-2 was similar to that of SARS-CoV-1 under the experimental circumstances tested.” 

Recent research considers SARS-CoV-2 inactivation in lab plastic ware using 200-280 nm 

ultraviolet (UVC) light.2,3 Before contemplating widespread public use of this standard germicidal use, 

we must understand pathology of UVC exposure, and effectiveness of UVC against SARS-CoV-2 at 

practical doses on common public surfaces and ambient air. 

Inactivation in aerosols is currently being studied:  Columbia University is quoted4 that they 

expect to “kill 99% of the [SARS-CoV-2] virus with a very low dose…” with 207-222 nm UVC at below 5 

mJ/cm2.  With respect to surfaces, while previous studies have evaluated UVC inactivation of SARS-CoV-

2 in plastic Petri dishes, to our knowledge, no one has experimentally quantified UVC inactivation of SARS-

CoV-2, at any wavelength, on surface materials commonly found in public places. 

PROTOCOL 

This protocol considers 200-254 nm UVC (“Low UVC©”) to specifically inactivate SARS-CoV-2 

virions on nonporous surfaces including stainless steel and granite to represent counter tops, and 

plastic-coated upholstery fabric as used in public transit.  We hope to determine a quantitative 

relationship between low-dose UVC exposure and SARS-CoV-2 inactivation on such common surfaces. 

If substantial 3-log infectivity reduction is achieved at ~5 mJ/cm2, and with additional subsequent 

research to establish application-specific health protective standards, we envision broad opportunities 

for the safe use of UVC disinfection in society.  Ubiquitous UVC based disinfection has the potential to 

eliminate contagious disease epidemics by suppressing R0. 
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Any public or commercial use of UVC products must rely on peer-reviewed human and animal 

exposure studies with clinical results, industry and regulatory safety standards for the wavelengths in 

use, training for operators, and dose monitoring - even when human or animal exposures are strictly 

casual, incidental, occasional, and peripheral, at or below established NOAEL values. 

REVIEW 

Short-wavelength ultraviolet (UV) germicidal irradiation has been used against pathogens since 

the late 1800s.  In 1903, Faroese Niels Ryberg Finsen received the Nobel Prize for Medicine for his use of 

UV for treatment of tuberculosis luposa5, and in 1910 UV disinfection was first used for water treatment 

in France6.  Since then, over the past century, UV drinking water treatment has become widespread and 

dozens of beneficial applications have emerged, such as: 

 Industrial curing; 

 Hospitals and labs for sterilization and medical treatments; 

 Food and drug production; 

 Indoor air purification and ozone systems; and, 

 Hand-held, battery-operated personal disinfection “wands” (for example, CureUV.com, 

Delray Beach, Florida). 

Furthermore, as the COVID-19 pandemic has lingered, a multitude of new UV disinfection products have 

emerged including robotic systems, room disinfection lamps, and whole body disinfection chambers. 

In recent decades, attention has turned to studying the effect of UVC exposure on newly-

discovered infectious pathogens, including coronaviruses: 

 In 2007, Tseng and Lee7 (National Taiwan University) evaluated UVC inactivation of specific 

viruses such as MS2 (positive-sense, ssRNA like SARS-CoV-2) and found a near-linear 

correlation between 254 nm UVC dose and log of the surviving viral fraction. 

 In 2013, 2016 and 2017, Buonanno et al.8-10 (Columbia University) published in vivo and in-

vitro results of 207 nm UVC experiments with bacteria and skin cells, finding the bacteria 

destruction efficacy comparable to 254 nm, with no measurable effect on mammalian cells. 

 Specifically with coronaviruses, in 2004 Darnell et al.11 reported that UVC light at 254 nm was 

effective for inactivation of SARS-CoV-1; others have reported the same for MERS-CoV12. 

 Recently, UVC and SARS-CoV-2 research has considered aerosols (previously mentioned, not 

yet published)4, and PPE:  UVC is being used for face mask  disinfection, including University 

of Nebraska Medical Center13 and United Health Center (Bridgeport, West Virginia)14. 

https://www.cureuv.com/products/handheld-uvc-sterilizer-wand
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 A few months previous, Boston University2 and Hiroshima University3 published results for 

SARS-CoV-2 inactivation with UVC at 254 nm and 222 nm, respectively.  This work was 

conducted on plastic lab surfaces such as Petri dishes.  

This proposed research is motivated because there is no published study establishing the causal 

relationship between UVC exposure, at any wavelength, and SARS-CoV-2 inactivation on common public 

surfaces. 

METHODS 

We propose a series of UVC exposure runs of SARS-CoV-2 on various common surfaces for 

multiple durations.  To determine the appropriate UVC dose, we reviewed previous studies for 

comparable conditions and established a target dose range is 1.0-10 mJ/cm2 for our study: 

 Tseng (2007) reached 3-log infectivity reduction at 7-10 mJ/cm2 for ssRNA/ssDNA viruses, 

using 254 nm light for thin-film surface samples on a gel-agar matrix; 

 With SARS-CoV-2, Griffiths (2020) achieved over 2.3-log reduction (non-detected) with 3.4-7.6 

mJ/cm2 using 254 nm light for wet or dried thin-film surface samples in plastic Petri dishes; and, 

 Kitagawa (2020) achieved 2.7-log reduction of SARS-CoV-2 with 3.0 mJ/cm2 using 222 nm light 

for dry thin-film surface samples on plastic plates. 

Fifteen runs will be conducted with 3 durations and 5 UVC wavelengths – Table 1 below depicts 4 

experimental parameters which will be varied – note that specific durations and distance from light 

source to samples are determined by spectroscopy/power intensity results for each light source, which 

are tested with a mockup of the laboratory test equipment and lamp support structure: 

TABLE 1.  EXPERIMENTAL PARAMETERS 

Wavelength, nm 207, 222, 235, 245, 254 (spectral peaks) 

Duration, sec 1 – 3,600 

Substrate Sealed granite, Passivated stainless steel, PVC-coated upholstery fabric 

Sample Type Primary, Duplicate, Triplicate, Unexposed, Blank 

This represents 225 samples in 15 runs (5 UVC wavelengths x 3 exposure durations).  Each run will 

include unexposed positive control, blank negative controls, duplicates, and triplicates for each 

substrate.  Hence each run will have 15 individual samples for analyze (5 samples x 3 substrates).  The 

experimental protocol for each run is as follows: 
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1. Virus isolates obtained from BEI Resources/CDC and other sources should be diluted with a target 

109–1010 PFU/ml, or at least sufficient to provide detection of at least 3-log viral inactivation. 

2. Prepared aliquots should be quantified via plaque assaya. 

3. Sample preparation/loading (see Diagram 1 for loaded sample schematics): 

 0.01 ml of the respective aliquot should be pipetted onto substrates and spread in a thin layer 

to minimize liquid thickness - the layer should appear to be a thin film entirely and evenly 

covering a demarcated 2.0 cm diameter circleb. 

 The edge of a sterile Teflon tool (or other nonpolar; approximately 20 mm x 6 mm x 1.4 mm; 

one tool per Petri dish) can be used to facilitate spreading the liquid, and the tool with any 

nominal residue should remain on the substrate (flat with residue side facing the UVC light), to 

the side of the aforementioned target circle, and should accompany the sample throughout the 

runs and subsequent dilution/extraction process.  

 Moderate, quiescent evaporation of the loaded samples should achieve 90% moisture removal, 

with care taken to prevent patch-drying, and to ensure consistency within and across runs. 

 If the laboratory implements a different approach to the above sample handling, the variations 

should be clearly documented.  Our recommendation is for relatively dry viral samples for 

exposure trials, as that would more closely mimic real-world conditions, such as on public 

surfaces. 

4. Loaded substrates should be placed in 60 mm x 15 mm diameter Petri dishes with no individual 

covers but a non-transparent plate cover, to help maintain humidity consistency before and after 

runs, and also to uniformly control exposure time for the sample surfaces in a run.  Humidity and 

surface temperature should be monitored and recorded throughout the runs, with targets at 50-

60% RH and ~20oC.  In addition, vent hood airflow and pressure drop should be recorded 

continuously.  

5. The Petri dish arrangement should provide maximum consistency of sample exposures to the UVC 

light source at a height of 10-30 cm, depending on the specific lamp power.  Specific measurements 

and calculations of distance from the lamp surface to each sample stain should be documented.  

Diagram 2 provides a suggested arrangement for runs, with UVC light sources centered directly 

above the sample array. 

                                                           
a
 Conventional plaque assay cells and methods should be used for virus quantification.  For SARS-CoV-2, Harcourt

15
 suggests 

VeroE6: “Together, these results suggest that VeroE6 cells might be the best choice for amplification and quantification, but both 
Vero cell types support amplification and replication of SARS-CoV-2.” 

b
 Approximate film thickness at 32,000 nm in the absence of evaporation. 
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6. It is preferred to conduct each run as above, with 3x5 samples representing the 3 substrates – the 

samples oriented off-center will have a slight difference in delivered UVC dose, and an angular 

correction factor will be applied to determine the actual dose. 

7. Light exposure will be determined prior to the runs, both total energy dose and emitted wavelength 

spectrum.  These data will reflect a point in the center of the Petri dish array for each run, and 

specific centerline distance from lamp surface to the substrate surface.  Chart 1 provides exposure 

times and spectrometry data compiled by EP Consultants for the fixture/lamp configurations tested 

to date. 

8. Unexposed sample dishes should not be covered during runs, as any lid or covering may affect UVC 

intensity upon sample surfaces. 

9. [See note below]  Upon completion of each run, 20 ml aqueous solution (less if there is a risk of 

overflow) should be added to each Petri dish to submerge substrate stain surfaces and provide 

dilution to harvest remaining viral populations.  This process should not inactivate the active 

virions, and should be conducted at 4oC in a freezer or in ice bath.  The liquid supernatants should 

be slightly agitated to promote uniform mixing and virus concentration, and should not be allowed 

to freeze.  It is possible that virions may adhere to the substrate surface, so agitation should 

encourage sufficient turbulence so as to dislodge “sticky” virions to the extent reasonably possiblec.  

The specific volume of diluent added to each sample should be recorded.  It is critical to submerge 

all virion residue in the liquid phase so that later analytical samples will be representative. 

 

NOTE:  The above harvesting write-up is retained based on the original research proposal.  It is our 

understanding that the lab may not resubmerge samples for harvesting in this manner.  An 

alternative of just submerging the samples on substrate surfaces and then micropipetting the 

supernatant may be acceptable, please provide details if this alternate method is employed. 

10. Plaque assay methodology, in triplicate, should be used to quantify remaining viral concentrations. 

11. EnviroProcess Consultants, Inc.  will furnish: 

o Substrate discs; 

o UVC lamps with needed bandpass filters; 

o Associated fixtures for the lamps including operating procedures; 

o Lab structure on which to mount lamp fixtures and in which to place samples for exposure 
trials, including shielding for lab researchers; 

                                                           
c
 While virions that adhere to substrate surfaces may introduce experimental error in the absolute quantification of each diluted 

sample, it is assumed that this effect will be consistent for a given virus and substrate, and that the number of adhered, non-
suspended virions will be linearly proportional to the concentration in the bulk diluent.  Hence this phenomenon is not expected to 
skew experimental results, which will be studied based on the relative change in viral counts due to UVC exposure. 
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o Instructions for switching filters; 

o Spectrometry results from our duplicate lab apparatus; and, 

o Continuing updates to Chart 1 and other amendments related to new spectrometry and 

lamp information. 

The laboratory will furnish all other materials and resources to complete the lab work, including: 

o Virus isolates; 

o Other required instruments and analytical equipment; and, 

o Standard 110V power for the UVC lamps. 

12. A YouTube video16 is provided here with guidance on constructing the lamp support structure, 

placement of Petri dishes and substrates, and placement of lamp fixtures upon the structure.  

Further, the following images and tables are attached herein: 

o Images – Lamp Support Structure/254 nm Lamp/222 nm Lamp 

o Table 2 – Spectroscopy for 254 nm Lamp 

o Table 3 – Spectroscopy for 222 nm Lamp 

13. As reasonably available, the lab is requested to share data with EnviroProcess Consultants, Inc., 

such as (a) photographs of lab activities and experimental setup, loaded Petri dishes, plaque assay 

dishes before and after plaque formation, and orientation of UVC lamps etc.; (b) videos of the 

experimental process, including sample preparation, the individual runs, and post-run sample 

handling; (c) data files for all logged measurements, including analyzer outputs; and, (d) digital or 

hand-written lab notebook pages. 
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CHART 1.  UVC LAMP/FIXTURE SPECTROSCOPY RESULTS WITH EXPOSURE DURATIONS 

Fixture 

Lamp/Gas/ 

Total Power Filter 

Peak 

Wavelength 

Irradiance 

@ 28.8 cm 

Centerline 

5 mJ/cm2 

Dose 

Achieved 

Exposure Duration + Dose (mJ/cm2) 

Notes Low Mid High 

LUV Systems 

AIR-cX Model 5R 

Osram/ 

Hg/95W 

EuroPlex 

125 um 
254 nm 

0.77 

mW/cm2 
6.5 sec 

4 sec 

3.1 

8 sec 

6.1 

12 sec 

9.2 
Filter OF304. 

Osram 

AirZing 5030 

Osram/ 

Hg/30W 
None 254 nm 

0.22 

mW/cm2 
22 sec 

14 sec 

3.1 

28 sec 

6.2 

41 sec 

9.1 

Spectroscopy pending 

verification. 

LUV Systems 

Modified HV box 

Eden Park/ 

Phosphor/ 

Pending 

Omega 245 nm Pending Pending Pending Pending Pending 

Phosphor bulb power 

and spectroscopy 

pending verification. 

LUV Systems 

Modified HV box 

Eden Park/ 

Phosphor/ 

Pending 

Omega 235 nm Pending Pending Pending Pending Pending 

Phosphor bulb power 

and spectroscopy 

pending verification. 

LUV Systems 

Modified HV box 

Eden Park/ 

KrCl2/10W 
Omega 222 nm 

0.011 

mW/cm2 
440 sec 

140 sec 

1.6  

470 sec 

5.3 

700 sec 

7.9 

Actual measurement at 

29.6 cm, r2 correction. 

IHCE 

Model BD-P 

IHCE/ 

KrBr/55W 
 207 nm Pending Pending Pending Pending Pending 

Spectroscopy and need 

for filter pending 

verification. 
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DIAGRAM 1.  LOADED SAMPLE SCHEMATICS (NO SCALE) 

a.  Loaded sample for UVC exposure runs: 

 

b.  Diluted sample for plaque assay (or alternate micropipette harvesting method to be proposed by lab): 

SUPERNATANT 

 

~20 ml diluent, 

gently stirred 

PETRI DISH 

 

60 mm x 15 mm, 

UV-transparent lid 

SPREADING TOOL 

 

Teflon/nonpolar, 

~20x6x1.4 mm 

 

VIRUS SAMPLE 

 

2 cm disk thin film 

approx 32,000 nm 

 

SUBSTRATE 

 

Steel, granite, or 

plastic 
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DIAGRAM 2.  PROPOSED SAMPLE ARRANGEMENT 

 

 

Key: 

 BLK – blank 

 COV2 – SARS-CoV-2 

 DUP – duplicate 

 GR – granite 

 PL - plastic 

 PRI – primary 

 SS – stainless steel 

 TRI – triplicate 

 UNX – unexposed 

  

SS 
COV2 
PRI 

SS 
COV2 
DUP 

SS 
COV2 
TRI 

SS 
COV2 
BLK 

SS 
COV2 
UNX 

GR 
COV2 
PRI 

GR 
COV2 
DUP 

GR 
COV2 
TRI 

GR 
COV2 
BLK 

GR 
COV2 
UNX 

PL 
COV2 
PRI 

PL 
COV2 
DUP 

PL 
COV2 
TRI 

PL 
COV2 
BLK 

PL 
COV2 
UNX 

Run #: 

     

Fixture/Lamp: 

     

    

Wavelength: 

    nm 

Exposure: 

     sec 
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IMAGES - LAMP SUPPORT STRUCTURE 

Image 1A – Lamp Support Structure, top view with adjacent cover plate. 

Image 1B – Lamp Support Structure, depicting spectrometry instruments and shielding.  
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IMAGES - LUV SYSTEMS AIR-cX© FIXTURE 
WITH OSRAM 254 nm 95W BULB 

Image 2A – Lamp Support Structure with LUV 
Systems AIR-cX© Model 5R/M fixture illuminating 

substrates in Petri dishes.  Ballast shown in 
foreground.  Shielding not depicted. 

Image 2B – LUV Systems AIR-cX© 
Model 5R/M fixture with Osram 

254 nm 95W bulb, with shielding. 
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IMAGES - LUV SYSTEMS HV FIXTURE 
WITH EDEN PARK 222 nm 10W BULB 

Image 3A – LUV Systems HV with 
Eden Park 222 nm bulb and Omega 
bandpass filter.  Lid to the side is for 

transportation purposes. 

Image 3B – Eden Park 222 nm bulb and Omega 
bandpass filter, with shielding. 
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TABLE 2.  SPECTROSCOPY FOR LUV SYSTEMS AIR-cX© FIXTURE 
WITH OSRAM 254 nm 95W BULB 

Image 1A – Lamp Support Structure, top view with adjacent cover plate. 
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TABLE 3.  SPECTROSCOPY FOR LUV SYSTEMS HV FIXTURE 
WITH EDEN PARK 222 nm 10W BULB 

Irradiance measurements by EP Consultants.  At 30 cm, in the configuration to be used in lab, the 222 nm 
lamp with provided filter and back reflector delivers 10.7 uW/cm2 centerline power intensity at 29.6 cm. 


