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Far UVC 
A potential adjunct to current  

approaches for room air disinfection

 Natural Ventilation – inconsistent or impractical 

 Mechanical ventilation – flow limited

 Room air cleaners / HEPA filters – flow limited

 Germicidal Ultraviolet  Light
 



Philadelphia Day School 1941 Wells et al 1941

We have known for many years that UVC is 
very efficient at inactivating airborne pathogens

But conventional 254-nm germicidal UVC is a potential health hazard…



Because of its very limited penetration to the key cells on the 
skin and eye Far-UVC has the potential to be safe for human 

exposure while efficiently killing airborne pathogens

Courtesy, David Sliney

Skin                                                        Corneal epithelium



  Is it safe?

  Does it work?

Far-UVC Light



  Does it work?

Far-UVC Light Efficacy



>99% airborne MNV viral reduction by far-UVC in an occupied  room 
which contains high levels of aerosolized airborne virus

Active MNV in air sampleFar-UVC to reduce airborne virus levels in a
heavily occupied mouse cage-cleaning room



Far-UVC Biological Safety

1. It’s the biophysics!

2. There are existing national and international safety 
regulatory frameworks

3. Multiple peer-reviewed published safety studies: 
human skin models, human skin, mouse skin, 
mouse and rat eyes



ACGIH 222 nm TLVs

             (Pre 2022)
23 mJ/cm2 / 8-h day for skin & eye

             (Post 2022)

Skin: 480 mJ/cm2 / 8-h day

Eye: 160 mJ/cm2 / 8-h day

Regulatory UV limits 
as a function of UV wavelength

Old vs. New ACGIH TLVs

Old & new TLVs for 
skin and eye

New 
TLV: Eye

Old TLV:
  Skin & eye

New TLV:
  Skin 



SKIN SAFETY STUDIES



DNA damage to epidermal cells in  human 
skin model as a function of UVC wavelength

Far UVC 

Welch et al 2022

100 mJ/cm2: 
Percent  of epidermal cells 
with CPD DNA damage



Age, sex, melanin, ethnicity & Fitzpatrick scale 
do not have any effect on 222 nm skin response
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Human skin exposed in vivo
 to very high far-UVC doses



OCCULAR SAFETY STUDIES



The human eye is partially shielded from 
overhead light by the brow/forehead 

“At the manikin position with the highest dose to the eyes, 
the average eye dose was 5.8% of the maximum skin dose”

Duncan et al 2022



Far-UVC DNA damage in a human cornea model



Using human corneas 
from the New York Eye Bank



Far-UVC Ocular Safety:
Room-based studies

Simulated office (Scotland)
No short-term ocular discomfort

Kousha et al 2024

Medical exam room (Japan)
No long-term adverse ocular events

Sugihara et al 2023 



Far-UVC while watching a 90-minute movie

Subjects asked to quantitatively assess pain / 
discomfort at post exposure times from 15 min 
to 24 h, and undergo comprehensive 
longitudinal ocular anterior segment exams:

 One eye exposed, the other not exposed
 Imaging of corneal nerves

 Slit-lamp biomicroscopy 
 Visual acuity & contrast sensitivity testing
 Corneal esthesiometry
 Analyses of tear quality



Long-Term Far-UVC Exposure 

Safety studies in hairless mice
• Commercial 222 nm filtered 

excimer lamps
• 96 hairless SKH-1 mice given 

continuous daily exposures:
(0, 50, 125, 400 mJ/cm2 / day)

• 8 hours / day, 5 days / week
• 66 weeks total

Welch et al 2023







Test chambers Real-life rooms

Far-UVC related changes in air quality: 
Ozone and Ultrafine Particulates



Far-UVC related changes in air quality: 
Ozone and Ultrafine Particulates

Kalliomäki et al 2023
  

Baltimore Hotel Room Study 



Far-UVC related change in air quality: 
Ozone, Ultrafine Particulates

Grimm SMPS particle counter / sizer:
Measurement range ~10 nm - 1100 nm

Narouei et al 2025

New York City conference room: ACH = 1.3/h
  

Maximum irradiance at 1.8 m: ~1 mW/cm2 

No
Far UVC Far UVC



Columbia Far-UVC real-world test room

• Real world - Carpets, sofas, bookshelves, etc

• Range of Far-UVC exposures

• Controlled ACH (0.2 - 10)
• Controlled humidity

• Sartorius Airport Md8 airborne pathogen sampler
• Anderson multi-stage airborne pathogen sampler
• Ozone measurements
• Grimm SMPS particle counter / sizer: 10 - 1100 nm

C



Far-UVC related changes in air quality:

Ozone and Ultrafine Particulates

Overall, far-UVC related changes in indoor air quality are only 
significant for far-UVC lamps operating above current regulatory 
dose limits, and which are situated in very airtight rooms 



 Far-UVC is a promising practical option to markedly and safely 
reduce airborne viral loads in indoor locations

 Extensive evidence for skin and ocular safety when used within current TLVs

 No significant air- quality effects in real-world rooms when used within current 
TLVs

 

In Conclusion - Far UVC
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