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History of UV Air Disinfection

First use of UV for 
air disinfection 
(Regard 1925, 
Dionne 1993)

1925

First UV Overhead 
Systems used in 
hospitals (Wells 
1936)

1936

First Upper Room 
Systems applied in 
schools (Wells 
1938)

1937

UV applied to air 
conditioning 
systems (Rentschler 
1940)

1940

UV applied in 
military barracks 
(Wells 1942)

1942

First air conditioner 
application (Harstad 
1954)

1954

UV proven 
effective for TB 
control(Riley 1957)

1957

CDC acknowledges 
effectivenes of UV 
for TB control (CDC 
2005)

1994

WHO sanctions use 
of UV for TB 
control (WHO 
1999)

1999

IN-duct UV reduces 
respiratory 
symptoms (Menzies 
2003)

2003

EPA recommends 
UV air cleaning in 
wake of 
Coronavirus 
pandemic

2022



Ultraviolet Science

• Ultraviolet Light at 254 nm is germicidal
• Photons are absorbed by the base pairs of the DNA double helix
• Disruption of the DNA inhibits DNA replication and function
• Photodimers are induced at pyrimidine bases T & C

Pyrimidines

T = Thymine

C = Cytosine

Purines

A = Adenine

G = Guanine



Ultraviolet Light

• Ultraviolet light is electromagnetic 
radiation composed of two 
mutually perpendicular waves 
travelling along an axis in the 
direction of propagation

• UV Rays have directionality 

• Energy is absorbed in discrete 
quanta

• Absorption of UV energy depends 
on the orientation of the bases T 
& C relative to the incident angle 
of the UV rays



UV Electromagnetic 
Interaction with DNA 
Bases
 Thymine and Cytosine molecules have an 

orientation that is defined by their 
electromagnetic dipole moment

 Purines are much less reactive

 Absorption of a quanta of energy will occur 
when the dipole moments of the bases are 
suitably oriented with respect to the 
incoming UV rays (Schreier 2007)

 Energy will jump from UV waves to the 
molecule creating an excited state

 The excited bases will break their hydrogen 
bonds and fuse with adjacent pyrimidines

 This directionality accounts for higher 
inactivation rates in air versus surfaces.

UV Ray

UV Ray



Ultraviolet Light Delivery Modes



Comparing Air, Water & Surface UV Disinfection

• Airborne Microbes
• More susceptible in air than on surfaces
• Subject to diffusion & turbulence
• Exposed on all sides

• Surface-borne microbes
• No motion
• Exposure limited by direction of light

• Waterborne Microbes
• In dynamic motion
• Water attenuates UV
• Similar susceptibility to surface-borne

• Bacteria UV resistance varies with RH



• Ultraviolet photodimerization is a sequence dependent process
• Consecutive sequences of Pyrimidines (Ts & Cs) form UV absorption hotspots
• These hotspots amplify the rate of photodimerization, with a peak occurring beyond 10-12 bases
• Sequence analyzed by Becker & Wang (1989), sea urchin DNA

Ultraviolet Genomics



Ultraviolet 
Hotspots 

determine 
UV Sensitivity

o Very common in genomes
o Can occupy the majority 

of bases
o Can be pyrimidine or 

purine hotspots







Types of UV Air Disinfection Systems

• All air disinfection systems function according to the same principles
• All systems can be tested using a completely mixed steady-state model room
• EAC is a function of Airflow, Removal Efficiency & Room Volume



The Standard Outside Air Model

• Completely Mixed Model Performance Parameters are constant for any Volume V
• Typical test model room volume V = 50 m3
• Model provides a good approximation of any small to medium sized room, on the average



The Standard 
Outside Air Model
Performance 
Parameters

• Removal rates are constant for any given ACH
• Can be measured/calculated per performance 

testing standards
• For corroboration any EAC must match these 

performance parameters
• Room Removal Rate (CFU/hr, PFU/hr, etc.)
• 8 Hour reduction %
• Minutes for 99% Removal



Performance of In-Duct UV Systems

▪Performance Parameters
▪ Airflow

▪ Removal Efficiency

▪ Room Volume (model room)

▪Performance Testing Standards
▪ Test Type 1: Measure Airflow & Removal Efficiency

▪ Test Type 2: Measure Airflow & Removal Efficiency in a Model Room of 
Volume V (typically 50 m3)



UV In-Duct Air Disinfection Unit 
Performance Testing Standards

▪ Reference Subject Test Setup Measured Parameters

▪ EPA 2006, 600/R-06/053 In-duct UV In-Duct Disinfection efficiency & airflow

▪ ANSI/ASHRAE 2015, 185.1 In-duct UV In-Duct Disinfection efficiency & airflow

▪ VanOsdell 2002 In-duct UV In-Duct Disinfection efficiency & airflow

▪ Nakamura 1987 In-duct UV In-Duct Disinfection efficiency & airflow

▪ Miller 1955 In-duct UV In-Duct Disinfection efficiency & airflow

▪ Griffiths 2005 UV Air Cleaners In-Duct Disinfection efficiency & airflow

▪ ISO 2019, 15714:2019 In-duct UV In-Duct UV Dose & airflow



UV Model Room Air Disinfection 
Performance Testing Standards

▪ Reference Subject Test Setup Measured Parameters

▪ AHAM 2022 AC-5 UV Air Cleaners Model Room Disinfection efficiency & airflow

▪ ASTM 2021 E3273-1 UV Air Cleaners Model Room Disinfection efficiency & airflow

▪ ASHRAE 2023 185.3P UV Air Cleaners Model Room Disinfection efficiency & airflow

▪ ASHRAE 2022 185.5 Air cleaners Model Room Disinfection efficiency & airflow

▪ GLA 2022 - UV Air Cleaners Model Room Disinfection efficiency & airflow

▪ Foarde 1999 - UV air cleaners Model Room Disinfection efficiency & airflow

▪ Xu 2003 - Upper Room UV Model Room Disinfection efficiency & airflow



Steady State UV System Testing

▪ Steady State system testing works for all UV air 
disinfection systems; In-duct, Portable, Upper 
Room or Whole room

▪ UV Air Disinfection System testing is performed in 
a model room, typically 50 m3

▪ Airflow is measured (CFM or ACH)

▪ When the source is releasing microbes with the UV 
system OFF, a steady state is reached

▪ When the UV is ON major reductions will occur

▪ The ratio of airborne concentrations when the UV 
is ON to when the UV is OFF defines the system 
efficiency

▪ Theoretically the reduction in the room will match 
the reduction across the UV system



Steady State Airborne Concentrations

• A constant source of contaminants will 
cause room levels to increase until 
some steady state condition is reached

• Die-away tests demonstrate the rate at 
which microbes die off while airborne

• Completely Mixed Model results

• 2 ACH with 15% OA

• 15% Outside Air (OA) 15% Removal 
Efficiency (RE)

• Upper Room (UR) 87% RE + 15% OA 

• MERV 13 Filter 98% RE + 15% OA

• In-duct UV 99.9% RE + 15% OA



Comparison of Outside Air, In-duct and 
Upper Room System Performance
▪ In-duct UV systems 

outperform typical Upper 
Room systems

▪ If power and airflow were 
boosted, Upper Room 
system performance could 
approach, but never 
exceed, the performance 
of an In-duct system 





Combined Filtration & UV

• Combining filters with UV is 
an ideal solution for 
addressing the complete 
array of human pathogens

• Filters remove large spores, 
UV removes small bacteria 
and viruses

• MERV 13 is recommended by 
ASHRAE



COVID-19 Epidemic Model for the USA

• 7 epidemic waves correspond to major variants

• Variant 6 is used as basis for modeling a single epidemic

• Statistical bell curves used to define variant epidemics for initial modeling



COVID-19 Variant 6 Epidemic Model for the USA

Wells-Riley Model applied to Epidemic Wave 6 in USA



Wells-Riley/CONTAMW Model
• Model of COVID-19 Pandemic Wave 6 fit to the Wells-Riley epidemiological model
• CONTAMW provides a more detailed multizone model of epidemic wave 



Medium Office Building CONTAMW Results

• Airborne 
Concentrations 
(quanta/m3) 
BEFORE vs. 
AFTER UV



Medium Residential Building CONTAMW 
Results
• In these Naturally 

Ventilated Buildings -
Concentration rises 
continuously for 8 hrs

• Steady State is not 
achieved

• Unventilated buildings 
may be a major 
contributor of New 
Infections



Model Predictions



Model Predictions – ALL Buildings Combined

➢ All building types 
and sizes combined

➢ Wells-Riley Model: 
92% Reduction of 
New Cases

➢ CONTAMW Model: 
98% Reduction of 
New Cases



Per Capita Cost of Implementation



Questions ?
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