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How can we 
kill airborne and surface viruses 

in occupied spaces?
We already know how to kill every kind of microbe… 



Conventional germicidal UV 
can’t be shined directly onto occupied locations



Conventional germicidal UV 
can’t be shined directly onto occupied locations



What we’d really like is a UV wavelength that will kill bacteria 
and viruses, but can be shined directly onto occupied locations
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Mean wavelength-dependent UV absorbance coefficients, 
averaged over published measurements for eight common proteins

Stratum corneum

Far-UVC Light

UV wavelength (nm)



 Is it safe?

 Does it work?

Far-UVC Light



Far-UVC Safety
1. It’s the biophysics
2. Many studies, both at Columbia and elsewhere, human 

skin models, human skin, mouse skin, mouse eyes
3. There is an existing national and international safety 

regulatory framework
23 mJ/cm2 /8h

ACGIH UV TLV



Far-UVC safety studies

60 Week Exposure Safety Study

100 SKH-1 hairless mice exposed
8 hrs / day to graded high doses 

of 222-nm far-UVC light

50 weeks into the study:
No skin lesions, no eye issuesFar-UVC light Far-UVC light



Long Term Hairless Mouse Study

• 222 nm excimer lamps with high-wavelength filter
• Daily doses of:

– 500 mJ/cm2

– 250 mJ/cm2

– 125 mJ/cm2

• 8 hours per day
• 5 days per week
• Automated on/off
• 60 weeks total
• Custom mouse cages



Experimental design• Hairless albino SKH-1 mice 

• 12 males, 12 females per fluence
(total 96 mice)

• 60 week study:
⇒ Regular exams during study
⇒ Currently in week 48

• Skin and eyes examined for 
DNA lesions and abnormal pathology
at end of study



Results so far…
(2/3 way through 60 week experiment)

– Daily for the first week
– Weekly for the next 3 weeks
– Bimonthly for the next 2 months
– Monthly thereafter:

Slit lamp biomicroscopic exams of the anterior segment 
of each eye (ocular adnexa, limbus, cornea, iris and lens). 

Assess inflammation, neovascularization, intraocular pressure,
abnormal cell growth, and corneal and lens transparency

• As of week 48: 
No UV related eye pathology vs controls

Before study,  Aug 2019

Typical screening image

Eye Exams: Details



Are mice a good model for
far-UVC light safety in humans?

• Central to the biophysical rationale for 
the safety of far-UVC light is the shielding 
effect of the stratum corneum for skin 
and of the tear layer for the eyes

• So the key determinant of the relevance 
of the mouse models to human safety is 
the relative thickness (mouse vs. human) 
of the stratum corneum and the relative 
thickness (mouse vs human) of the 
ocular tear layer 

Mouse 
(µm)

Human 
(µm)

Stratum corneum 
thickness

5.8±0.3 16.8±0.7

Ocular tear layer 
thickness

7.4±0.8 6.0±2.4



222 nm Kr-Cl Excimer Lamps:
Higher wavelength contaminants and filtration

No filters

With filters



Human Skin Safety without Filter Human Skin Safety with filter

“The back of the subject was irradiated 
with 222 nm UVC at 5-500 mJ/cm2 and 
the induced erythema was evaluated…. 
All subjects experienced no erythema at 
all doses”

“At low doses…. The source was 
capable of inducing both erythema and 
CPD formation in human skin ”



222 nm inactivation of 
aerosolized H1N1 influenza virus

Far-UVC efficacy studies

TCID50 technique Welch et al 2018



Far-UVC inactivation of aerosolized coronaviruses

HCoV-OC43 

HCoV-229E

Far-UVC efficacy studies

TCID50 technique Buonanno et al 2020



Buonanno et al 2020

“Based on the HCoV-OC43 results, continuous far-UVC 
exposure in occupied public locations at the current 
regulatory exposure limit (3 mJ/cm2/hour) would result in 
~90% viral inactivation in ~8 minutes, 95% in ~11 minutes, 
99% in ~16 minutes and 99.9% inactivation in ~25 minutes”





Ongoing developments

• Airborne transmission animal models to better 
understand the influence of environmental factors

Ferrets
Syrian  Hamsters
Humanized (ACE2) mice
Guinea pigs for influenza



Ongoing developments
• Understanding wavelength specific risks



Cornerstone 260 1/4 m UV-Vis MonochromatorNewport 1000 Xe light source, UV enhanced

Ongoing developments

• Understanding wavelength specific risks



Some future developments for far-UVC light

• Installing and testing far-UVC lights:
– Demonstration projects
– Real world projects

• A demonstration project at the New York Presbyterian Hospital 
Gamma Knife Facility



Where and how could far-UVC light be used?

• In  any indoor situation where people are coming 
close together…. Restaurants, food preparation 
facilities, hospitals, nursing homes, dental clinics, 
buses, trains, planes, train stations, offices, 
schools, shops,, theaters, gyms…. 
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