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History of UV Air Disinfection

@ 1925 @ 1937 Q 1942 ’ 1957 ’ 1999 . 2022

First use of UV for First Upper Room UV applied in . UV proven WHO sanctions use EPA recommends
air disinfection Systems applied in military barracks . effective for TB of UV for TB UV air cleaning in
(Regard 1925, schools (Wells (Wells 1942) . control(Riley 1957) control (WHO wake of
Dionne 1993) 1938) : 1999) Coronavirus
i pandemic
o o o o o o o o) o o o

First UV Overhead UV applied to air CDC acknowledges IN-duct UV reduces

Systems used in conditioning First air conditioner effectivenes of UV respiratory

hospitals (Wells systems (Rentschler application (Harstad for TB control (CDC symptoms (Menzies

1936) 1940) 1954) 2005) 2003)
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Ultraviolet Science

e 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 Purines
T = Thymine A = Adenine
G = Guanine

C = Cytosine




Ultraviolet Light

ULTRAVIOLET ELECTROMAGNETIC WAVE

« Ultraviolet light is electromagnetic Propagation
radiation composed of two Electric __ Direction
mutually perpendicular waves Field (E)
travelling along an axis in the

direction of propagation
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« UV Rays have directionality

* Energy is absorbed in discrete
quanta

« Absorption of UV energy depends
on the orientation of the bases T Magnetic '
& C relative to the incident angle Field (8]
of the UV rays
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Ultraviolet Light Delivery Modes

Collimated Beam Point Source Multivector Light
(parallel rays) (expanding rays) (diffuse light)




Comparing Air, Water & Surface UV Disinfection

e Airborne Microbes

* More susceptible in air than on surfaces

* Subject to diffusion & turbulence

* Exposed on all sides
e Surface-borne microbes

* No motion

* Exposure limited by direction of light
* Waterborne Microbes

* In dynamic motion

* Water attenuates UV

e Similar susceptibility to surface-borne
e Bacteria UV resistance varies with RH
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Figure 4.4: Comparison of overall averages for virus Dg values in various media.



Ultraviolet Genomics
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* 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 HOTSPOTS Ultraviolet

PURINES OtSpOtS
getermine
UV Sensitivity

o Very common in genomes

o Can occupy the majority
of bases

o Can be pyrimidine or
purine hotspots

NC_018887 B. afzeli 4000 bp




@~ HUMAN PATHOGENIC VIRUSES
ULTRAVIOLET D90 DOSES AND RELATIVE SIZE

NOTES: This chart includes all major human viral pathogens and zoonotic pathogens. The areas of the circles represent the ratios of the Log
Mean Diameters relative to the smallest virus, which is Parvovirus with a diameter of 0.0222 microns. The D90 dose (in mJ/cm2) of each virus
represents either the average of multiple studies or a prediction based on genomic modeling (Ref. Kowalski 2009, UVGI Handbook, Springer, NY).

Adenovirus Type 5
Adenovirus Type 6

HTLV (Human T-cell Lymphotrophic Virus)

. Adenovirus
Type 15

Adenovirus - Norwalk virus (Norovirus)

Type 1&2

Reovirus

Epstein-Barr virus (EBV)

Rotavirus : Cytomegalovirus

Mengovirus .
g Echovirus

Poliovirus h Borna virus
Eastern Equine Encephalitis (EEE)
Rotavirus SA11 - Chikungunya virus Dengue Fever virus
Coxsackievirus . Venezuelan Equine Encephalitis (VEE)
Western Equine Encephalitis (WEE) Lassa Fever virus

Hepatitis A virus
Junin virus Herpes Simplex virus

Rhinovirus B Encephalomyocarditis
Machupo virus Papillomavirus
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Yellow Fever virus Rhinovirus C

Avian Influenza virus Ebola vi Parainfl i
Lymphocytic Choriomeningitis virus (LCMV) s Ll e

; Influenza A virus Marburg virus Monkeypox virus
Hantaan virus

Parvovirus B19 Respiratory Syncytial virus : Coronavirus
Morbillivirus

SARS
Coronavirus

Semliki Forest virus
Measles virus Mumps virus

Vaccinia virus Varicella Zoster virus Smallpox (Variola virus)
For more information on these microbes and their associated health threats, visit the
Sanuvox Technologies, Inc. website at www.sanuvox.com. Vesicular Stomatitus virus Ebola virus Rabies virus




Ultraviolet D90 Dose, mJ/cm?2
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Bacillus anthracis spores

Clostridioides difficile spores

HUMAN PATHOGENIC BACTERIA
ULTRAVIOLET D90 DOSES AND RELATIVE SIZE

NOTES: This chart includes all major human bacterial pathogens and zoonotic pathogens. The areas of the circles represent the ratios of the Log
Mean Diameters relative to the smallest bacteria, Francisella tularensis with a diameter of 0.22 microns. The D90 dose (in mJ/cm?) of each bacteria
represents the average of multiple studies or a prediction based on genomic modeling (Ref. Kowalski 2009, UVGI Handbook, Springer, NY).

Nocardia asteroides
Bacillus cereus spores

Bacillus subtilis spores

Corynebacterium bovis

Micrococcus luteus
Mycobacterium intracellulare

Brevimundas diminuta

Enterobacter
cloacae
Mycobacterium kansasii

Nocardia brasiliensis

Thermoactinomyces vulgaris spores Citrobacter freundii

Mycobacterium avium Enterococcus faecalis

Neisseria meningitidis Staphylococcus aureus
Burkholderia pseudomallei

Citrobacter koseri Morganella morgan

For more information on these microbes and their associated health threats, visit the
Sanuvox Technologies, Inc. website at www.sanuvox.com.

Klebsiella pneumoniae

Raoultella terrigena

Chlamydophila caviae Mycobacterium tuberculosis

Burkholderia cenocepacia Burkholderia cepacia Chlamydia pneumoniae Staphylococcus epidermis
Clostridiium tetani spores Streptococcus pneumoniae

Pseudomonas fluorescens
Corynebacterium diphtheriae Bacteroides fragilis

Enterococcus faecium Haemophilus parainfluenzae Serratia marcescens Aeromonas hydrophila

elia p ISSIS

P SSI Salmonella typhi
Branhamella catarrhalis

Yersinia pestis
Streptococcus pyogenes Proteus mirabilis
Helicobacter pylori Campylobacter jejuni Rickettsia prowazeki
Coxiella burnetii Haemophilus influenzae
Proteus vulgaris Francisella tularensis

Mycoplasma pneumoniae Vibrio
Brucella melitensis cholera
Escherichia coli ) Burkholderia
Actinomyces israeli Brucella suis mallei

ii Listeria monocytogenes Shigella dysenteriae

Legionella pneumophila
Acinetobacter baumannii

Salmonella typhimurium

Pseudomonas aeruginosa




Types of UV Alr Disinfection Systems

IN-DUCT UV PORTABLE UV UPPER ROOM UV WHOLE ROOM UV
- —
- - |3 T T
Airflow Q Airflow Q Airflow Q Airflow Q
Efficiency E Efficiency E Efficiency E Efficiency E
Volume V Volume V Volume V Volume V
ACH=Q/V ACH=Q/V ACH=Q/V ACH=Q/V
EAC = EQV EAC = EQV EAC =EQV EAC =EQV

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



Tne Standard Qutside Alr Model
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 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



Table 1: Outside Air Performance Param eters Under $S Conditions in a 50 m*® Room

ACH |Room Rem|Log Removal |Room 8 Hour [Minutes for | Minutes for
T h e Sta m C a ’/C min”’ min”’ Reduction | 99% Rem |99.9% Rem
0 0 0 0 - -
: ! 035 | 0.005816 | 0.0025 0.992857 789 1184
O u J[S | d @ A r ’\/ O d @ L 1 0.016529 | 0.0072 0.997500 276 414
2 0.032784 | 0.0145 0.998750 138 207
:) f 4 0.064493 |  0.0290 0.999375 69 104
@ r O ’/ m a n C e 6 0.095163 | 0.0434 0.999583 46 69
10 0.153518 | 0.0724 0.999750 28 41
D 20 0.283469 | 0.1448 0.999875 14 21
a ra m @J[ e I/S 30 0.393469 | 0.2171 0.999917 9.2 13.8
40 0.486583 |  0.2895 0.999938 6.9 10.4
50 0.565402 | 0.3619 0.999950 5.5 8.3
60 0.632121 0.4343 0.999958 46 6.9
100 | 0811124 | 07238 0.999975 28 4.1
150 | 0.917915 1.0857 0.999983 1.8 2.8
 Removal rates are constant for any given ACH 200 | 0.964326 | 14476 0.999988 1.4 2.1
* Can be measured/calculated per performance T e e -
testing standards 500 | 0.999760 | 36191 0.999995 0.55 0.83
* For corroboration any EAC must match these ?gg ggggg:f ggg;g ggggggg g;‘g ggg
performance parameters 800 | 0999998 | 57906 0.999997 0.35 052
« Room Removal Rate (CFU/hr, PFU/hr, etc.) 900 |09999997 | 65144 0.999997 0.31 0.46
1000 | 0.9999999 | 7.2382 0.999998 0.28 0.41

e 8 Hour reduction %
e  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
= |SO 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 UPPER ROOM UV
Room or Whole room

= UV Air Disinfection System testing is performed in T l

a model room, typically 50 m3
= Airflow is measured (CFM or ACH) Q Q
= When the source is releasing microbes with the UV S
system OFF, a steady state is reached Sample

= When the UV is ON major reductions will occur A Point C

= The ratio of airborne concentrations when the UV Source S ¢

is ON to when the UV is OFF defines the system
efficiency

3
= Theoretically the reduction in the room will match 50 m¥ ROOM
the reduction across the UV system




Steady State Airborne Concentrations

e 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

0 50 100 150 200 250 300 350 400 450 500
* In-duct UV 99.9% RE + 15% OA Time, min

Concentration, CFU/m3




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

= In-duct UV systems 1000
outperform typical Upper
Room systems

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

e 4
o
o

— 2 ACH 15% OA

— Upper Room UV

—— |n-Duct UV

Time, hours



Moan Aerodyna

Epicoccum
Ulocladium  Curvularia
Rhodoturula Helminthosporium
Blastomyces  Fusarium
Alternaria  Mucor
Trichosporon Botrytis Ustilago
Cladosporium Sporothrix  Eurotium
Rhizopus Stachybotrys  Arthrinium  Crypto
Scopulariopsis  Chaetomium Candida Verticillium  Trichoderma
Aureobasidium Trichophyton Rhizomucor Coccidioides
Paracoccidioides Absidia Emericella
Cryplostroma Pemcnlhum
Aspergillus Phoma

COCCUS

Wallemia

Clostridium
N. brasiliensis Bacillus anthracis
Bacteroides : ’ Nocarc_ji‘a

Aeromonas

Enterobacter
Enterococcus
M. intracellulare

Moraxella M. avium
Actinomyces

Micromonospora
Alcaligenes
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Listeria
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S. pneumoniae
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Paecilomyces

Acremonium
Exophiala

Saccharopolyspora
Pneumocystis

B. pseudomallei

P. aeruginosa
Chlamydophila
Bordetella
Francisella

Mycoplasma

Coxiella

Coxsackievirus

Rhinovirus




Combined Filtration & UV

UV LAMPS
« Combining filters with UV is N — g
an ideal solution for '* ST
addressing the complete J |
array of human pathogens — ]
 Filters remove large spores, o
UV removes small bacteria
and viruses FILTER UV LAMPS
* MERV 13 is recommended by N, . "
AS H RAE —1’¢ 0.25 i 0.025 ]
i "REMOVAL
Rg=0.75 Ryy= 0.90 R¢=0.975



COVID-19 Epidemic Model for the USA

1000000

OMICRON BA-4 [

700000

Mew Cases
I

OMICRON BA-1 OMICRON BA-2.12.1 OMICRON BA-5

R OMICRON BA-2

e

Day of Pandemic



COVID-19 Variant 6 Epidemic Model for the USA

1400000
o
1200000
o Data
1000000 o
o]
——New Cases

New Cases

Day of Epidemic



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

uv Type Number Fraction of |Susceptibles Baseline New Cases quanta ACH ACM ft2 per New Cases %
Type Population WR Model Data Contamw |per person person | Baseline | Contamw |Reduction
Office 1 0.26 86164000 502.12207 1.1 0.018333 176 8961035 | 10791.47| 99.88
Large 210 . 27985 2910 2908 2910.44 0.8 1.1 0.018333 160 2911 2.84 99.90
UV Ventilation| Med 2210 - 16791 1746 1745 1746.26 0.8 1.11 0.0185 159 1746 1.87 99.89
Small 10027.6 . 4306 448 447 447.82 0.8 1.12 |0.018667 160 446 0.60 99.86
SUM 86163805.6 49082
School 1 0.23 76222000 517.97071 2 0.033333 115 7927087 | 50402.21| 99.36
Large 200 . 30000 3120 3117 3120 0.1135 1.24 |0.020667( 114.4 |3106.103| 0.191 99.99
Upper Room Med 6400 . 8000 832 831 832 0.1067 1.26 0.021 110 828.7868 1.13 99.86
Small 47555 . 400 42 42 42 0.0813 1.32 0.022 100 41.54545 0.91 97.82
SUM 76222000 38400
Home 1 0.42 139188000 0.4 0.2 0.003333 23987250 835020.4| 96.52
Large 100000 . 20.0000 2.0800 2.0780 2.0800 0.019 0.1 0.001667| 1800 |2.079202| 0.0142 99.32
Recirculation Med 8400000 . 7.0000 1.2133 1.2122 1.2133 0.0244 0.38 |0.006333 800 1.212441( 0.0500 95.88
Small 26129330 . 3.0000 0.5200 0.5195 0.5200 0.00825 0.35 |0.005833 424 0.520075| 0.0158 96.96
SUM 139187990 30
331400000 40875372| 896214 97.81




Medium Office Building CONTAMW Results

Effect of UV Recirculation on Baseline Concentrations

e Airborne 0.00008
Concentrations
(quanta/m3) .

BEFORE vs. | — baseline-No LY
AFTER UV o

0.00007

——— UV Recirculation
0.00004

quanta/ms3 of air

0.00003

0.00002

0.00001




Medium Residential Building CONTAMW
Results

e In these Naturally Effect of UV Recirculation on Baseline Concentrations

0.0006

Ventilated Buildings -
Concentration rises 0.0005
continuously for 8 hrs

0.0004

e Steady State is not
achieved

Baseline UV RECIRC

0.0003

quanta per m3 of air

* Unventilated buildings
may be a major
contributor of New 0.0001
Infections

0.0002

Time, hours



Model Predictions

CONTAMW Model

100.00
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% Reduction of New Case

UV Ventilation Upper Room UV UV Recirculation Units
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Model Predictions — ALL Buildings Combined

1000000
——Baseline Epidemic
» All building types 800000 —— After UV - Wells-Riley Model
and sizes combined
> We”s_RiIey Model- —After UV - CONTAMW M0d6|
) ) 600000
92% Reduction of 4
New Cases E
» CONTAMW Model: = 400000
98% Reduction of
New Cases
200000
0
640 660 680 700 720 740 760 780 800

Day of Epidemic



Per Capita Cost of Implementation

Implementation Cost, S

1200

1000

Per Capita Cost of UV System, $
= [2)] Co
8 8 S

3

UV Ventilation Upper Room Redirculation Units




Questions ?
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