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Why Upper-
Room UVGI 

Systems Now?

Works well with natural and/or mechanical ventilation combined 
with diffusers and or fans for air-mixing

73-80% effective in reducing transmission of  airborne pathogens  
(Escombe et al 2009, Mphaphlele et al2015)

Works against a wide range of  airborne pathogens (regardless of  
the drug-resistance of  the strain) (virus, bacterium, spores, fungi)

Maintenance of  systems is relatively simple

Human safety can be achieved with proper design, installation, 
commissioning, operation and maintenance.



Infection control: 
Observed practices due to design constraints

Administrative pressures 
drive Triage procedures 

No departmental 
waiting areas. 
Health and safety 
compromised

No physical separation 
among patients until 
sputum smear results 
available



How Effective is Upper 
Room UVGI?
Riley, Johns Hopkins 1976

◦ Inactivation of  aerosolized 
surrogate TB bacilli from room air 
with and without upper-air UV 
irradiation using one 17-watt 
fixture

◦AC/hr = air changes per hour

Riley, R. L.; Knight, M.; Middlebrook, G. Ultraviolet susceptibility of BCG and virulent tubercle 
bacilli. Am. Rev. Respir. Dis. 1976, 113 (4), 413-8. 

Brickner PW, Vincent RL, First M, Nardell E, Murray M, Kaufman W. The application of  
ultraviolet germicidal irradiation to control transmission of  airborne disease: bioterrorism 
countermeasure. Public Health Rep. 2003;118(2):99-114. doi:10.1093/phr/118.2.99



Riley, R. L.; Knight, M.; Middlebrook, G. Ultraviolet susceptibility of BCG and virulent tubercle 
bacilli. Am. Rev. Respir. Dis. 1976, 113 (4), 413-8. 

Walker CM, Ko G. Effect of ultraviolet germicidal irradiation 
on viral aerosols. Environ Sci Technol. 2007;41(15):5460-5465. 
doi:10.1021/es070056u



◦ TUSS (1997-2004) was a double-
blind, placebo controlled field trial in 
6 USA cities, with 14 shelters 
◦ Nearly 1200 UVGI luminaires were 

installed covering 200,000 sq. ft in a 
diverse set of  buildings
◦ Upper air systems were monitored at 

set intervals, and measured before 
and after cleaning
◦ UVC lamps were replaced when 

output fell below a set criteria

Richard L. Vincent

TB/UV Shelter Study (TUSS)
St. Vincent’s Hospital and Harvard School of Public Health

Philip W. Brickner, MD, P.I., Ed Nardell, MD, Co-PI



Upper-Room Disinfection With UV-C
(Section View in Hospital Room)

R L Vincent Mount Sinai Hospital 2019

Source: South Africa 
Medical Research Council



UV-C LAMPS and Radiometers
◦ Upper air UVGI is generated by a low-pressure Hg vapor discharge lamp

◦ 35% electrical input wattage is converted to UVC energy  for which 253.7 nm is the strongest wavelength
◦ UV-C irradiance is measured in µW/cm2

◦ Electrical input to the UV-C lamp is regulated by a ballast (magnetic and electronic)
◦ LEDs and Krypton Chloride Lamps require different detectors for selected wavelengths

Low Hg UV-C Lamps

Future LED Germicidal Lamps 
(265-280nm)

Krypton Chloride (excimer 
lamp 222nm)

Low Pressure Hg lamps
253.7 nm



#2 Refine Fluence and Safety 
in upper room using CAD 
Tool  Target 6𝝁𝝁W/cm2 average 
in room volume

Safe Levels in Occupied 
Space and Confirm Fluence

#3 Verify Safe levels in Occupied 
Space and Performance Output

#1 Start

Volumetric Dosing

0.012W/m3

Area Dosing

0.038/m2

Air-Mixing for Effectiveness 
Adjusting Diffusers or adding 

fans

W
L

H



Computer Aided Design (CAD) Dosing 
Method

◦ Visual-3D Lighting Software – modified to calculate UVGI from 
multiple UVGI luminaires
◦ Using the volumetric dosing strategy #1 as a first approximation, 

the Visual™-UV can be used to verify the number, design, and 
optimal location of  luminaires 
◦Model and calculate eye level readings.
◦ Calculate the average UV fluence rate for the entire room
◦ Rapidly interchange different models of  upper-room UVGI 

luminaires that have a gonioradiometric data saved in .IES file
◦ Can calculate (NIOSH (2009) dose for the upper-room

#2 Refine Fluence and 
Safety in upper room



Simulation
#Fixtures Open for10’ Ceiling Place in 32’ Ceiling Room
Total UV Watts Needed (E) = 1646.34m3 x 0.012 UVC W/m3 = 19.76 UVC W
Total Open Fixtures Needed = 19.76 UVC W ÷ 3.7 UVC W/fixture = 5.34 or 5 Fixtures 



SCHOOLS-THEN AND NOW



Karachi Hospital Corridor Natural 
Ventilation UVGI + Fan    courtesy: IRD

Kings County Hospital Waiting Room:
Mechanical Ventilation: UVGI + Diffusers courtesy: 

Aeromed



Where to apply?
◦ Healthcare facilities
◦ Waiting Rooms
◦ Emergency Departments
◦ Special aerosol procedures
◦ Operating rooms
◦ Autopsy
◦ X-Ray
◦ Dental
◦ Nursing Homes

◦ Transportation Hubs
◦ Retail
◦ Schools
◦ Houses of  worship
◦ Pet Boarding/Care Centers
◦ Refuge Centers
◦ Homeless Shelters
◦ Military Barracks

Source: Aeromed



GERMICIDAL UV AIR-MIXING SYSTEM 
NATIONAL INSTITUTE OF TUBERCULOSIS RESPIRATORY DISEASES (NITRD),

ROHIT SARIN, MD, DIRECTOR, NEW DELHI, INDIA 
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Installed Tested for Performance and 
Safety Occupied



ASHRAE GPC-37 

Guidelines for the Application of  Upper-Air (Upper Room) Ultraviolet Germicidal (UV-C) Devices to 
Control the Transmission of  Airborne Pathogens

To provide minimum requirements for safe and effective 
implementation of  upper room UVGI air-mixing systems for air 
disinfection in congregate settings, by 
• best practices for assessing need in context of  other airborne 

infection control measures
• understanding what is necessary for : design, installation, 

commissioning, maintenance & operation.
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Resources in following slides

Richard.Vincent@mountsinai.org
https://labs.icahn.mssm.edu/vincentlab/
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UV Safety Review
◦ UV Germicidal irradiation can be safely and effectively

used for upper air disinfection with out a significant
risk for long term delayed effects such as skin cancer.
(CIE 187:2010)



◦ ETTi Guidance on Measurement and Maintenance of  GUV Systems
www.StopTB.org/wg/ett

21

http://www.stoptbpartnership.org/wg/ett


STOPTB.ORG/wg/ett

Count the Cost!
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Guidance Documents
Groups working on UVGI 

Guidelines and Standards
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