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Agenda

Part One: Review
Humidification

UV Light Technology
lonization
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Part One: Review
ASHRAE Epidemic Task Force: (www.ashrae.org)

Resource for latest information:

ASHRAE ) « ASHRAE Position Document on
/ .
Infectious Aerosols
A e .20 * Guidance for:
* Reopening
* Buildings

* Filtration/Disinfection
« Transportation
e Resources
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Part One: Review

Article by Professor Jose-Luis Jimenez

COVID-19 Is Transmitted Through Aerosols. We Have Enough Evidence,
Now It Is Time to Act

To challenge the WHO and CDC,
Dr. Jimenez wrote: “|...believe that a
substantial share of COVID-19
cases are the result of transmission
through aerosols.”
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Part One: Review

Article by Professor Jose-Luis Jimenez

COVID-19 Is Transmitted Through Aerosols. We Have Enough Evidence,
Now It Is Time to Act

* Regarding the WHO & CDC'’s not adequately addressing the
transmission of SARS-CoV-2 as an aerosol:

“I believe this is a significant mistake
...WHO updated their position in
response, but the agency’s language
continues to express skepticism of

A the importance of this pathway.”
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Part One: Review
ASHRAE Epidemic Task Force:

ASHRAE Issues Statements on Relationship
Between COVID-19 and HVAC in Buildings

act:

“Ventilation and filtration provided by heating, ventilating, and air-
conditioning systems can reduce the airborne concentration of
SARS-CoV-2 and thus the risk of transmission through the air.”
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Part One: Review

Updated October 5, 2020 '(I /]

s

CENTERS FOR DISEASE'
CONTROL AND PREVENTION

COVID-19 can sometimes be spread by airborne transmissio

Some infections can be spread by exposure s in small droplets and particles that can linger in the air for mi
to hours. These viruses may be able to infect people who are further than 6 feet away from the n who is infecte
or after that person ha

ho were more
than 6 feet away. Th r rred withi that i e ventilation. Sometimes the
infected person was \)le%thm hea\/\l,,tor

opetondprt: CDC acknowledges

produced by the people with COVID-19 became (Dn(entrated enough to spread the virus to [)thF‘l people. The

E:z ‘Eﬂ\.fvho were infected were in the same space during the same time or shortly after the person with COVID-19 ai rbo rn e tran S m iSS i O n

Available data indicate that it is much more common for the virus that ¢ OVID-19 to spread through c|

contact with a person who has COVID-19 than through airborne ti on.[1] fo r S p re ad i n g th e Vi ru S

COVID-19 spreads less commonly through contact with
contaminated surfaces

Respiratory droplets can also land on surfaces and obje: i e that a person could get COVID-19 by touchi
a surface or object that has the virus on it and then touching their own mouth, nose, or eyes.

Spread from touching surfac
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Part One: Review

ASHRAE Epidemic Task Force: Dilution

« Building Readiness: Outdoor Air
« ASHRAE’s Position Document on Infectious
Aerosols

door air ventilati circulation 'dl
and S wi Lltis

hﬁl.lTﬂﬂ-ﬂ! AlR )
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Part One: Review
ASHRAE Epidemic Task Force: Dilution

* Increased OSA air changes per hour:

* The Building Guidance clearly encourages
building operators to increase their systems
outdoor air ventilation to reduce the
recirculation air back to the space

« The guidance indicates that this must be
\ done as much as the system and or
space conditions will allow.

OUTDOOR AI!:I
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Part One: Review

ASHRAE Epidemic Task Force: Filtration
 Air Filtration:

« Efficiency Standards . MERV Ratings:

« MERV Ratings - MERYV ranges from 1 to 16: Higher
MERV = higher efficiency

« MERV 13 or greater: Efficient @
capturing airborne viruses

« MERYV 14: Preferred

« High Efficiency particulate air (HEPA)

filters
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Part One: Review

ASHRAE Epidemic Task Force: Filtration
 Air Filtration:

« Efficiency Standards - MERV Ratings:

« MERV Ratings MERYV ranges from 1 to 16: Higher
MERYV = higher efficiency

MERV 13 or greater: Efficient @
capturing airborne viruses

MERYV 14: Preferred

High Efficiency particulate air (HEPA)
filters

=
FILTRATIOHN
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Part One: Review

ASHRAE Epidemic Task Force: Filtration

« Design Consideration:
* “Increased filter efficiency generally results in increased pressure
drop through the filter. Ensure HVAC systems can handle filter
upgrades without negative impacts to pressure differentials and/or air
flow rates prior to changing filters”.

Increase in fan motor HP will require
higher electrical demand. Is
additional electrical service
available?




Questions?
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Humidification




Humidification

* Proper Space Humidification
« ASHRAE and Related Humidification Studies
« The role of humidity in airborne transmission
of viruses
« The impact of humidity on human health
Employing humidification to help reduce the
spread of viral and bacterial pathogens
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Humidification

Section 3.3: Temperature & Humidity

ASHRAE References:

\_/ « (Taylor & Tasi 2018): “...the weight of evidence...suggests that
controlling RH reduces transmission of certain airborne infectious
ASHRAE Position Document on organlsms..._thls position document encourages designers to give

Infectious Aerosols careful consideration to temperature and RH.

* Mousavi et al. (2019): “...scientific literature reflects the most
unfavorable survival for microorganisms when the RH is between
40% and 60%.

* (Taylor & Tasi 2018): “These studies showed that RH below 40% is associated with three
factors that increase infection:

* Infectious aerosols emitted from a primary host shrink rapidly to become droplet nuclei.

* Many viruses and bacteria are anhydrous resistant (survive in dry environments) &
have increased viability in low-RH conditions

* RH below 40% impairs mucus membrane barriers in immune system protection
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Humidification

The notion that humidification levels reduce the transmission of viruses, bacteria, and allergens is not new.
Studies have proven this over and over again:

1986 — Arundel et al.- Indirect health effects of relative_ humidity in indoor environments Y ale

2007- Lowen et al.- Influenza Virus Transmission Is Dependent on Relative Humidity and Temperature

2012 — Noti et al- Detection of Infectious Influenza Virus in Cough Aerosols Generated in a Simulated Patient Examination Room

2012 - Yang, Marr- Mechanisms by Which Ambient Humidity May Affect Viruses in Aerosols MAYO

2013 — Welty- Airborne Influenza in Dry Wintertime Indoor Air: Is 50% RH Indoor Humidity One Cure for “Flu Season”? CLINIC
2018 - Reiman et al.- Humidity as a non-pharmaceutical intervention for influenza A W

2019 — Ilwasaki et al.- Low ambient humidity impairs barrier function and innate resistance against influenza infection
2020 — Van Dormelen- How Long Will Coronavirus Live on Surfaces or in the Air Around You?

AN
2020 - Gough- Humidity helps in the fight against COVID-19, virologists report "l’/ J
2020 - Wei Luo- The role of absolute humidity on transmission rates of the COVID-19 outbreak , M

VY VARITEC"
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1474709/
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.0030151
https://academic.oup.com/cid/article/54/11/1569/321689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3457514/
https://tc0906.ashraetcs.org/documents/programs/Steve_Welty_CIAQ_Flu_2_13_2013_Revised_1_24_2015.pdf
https://www.biorxiv.org/content/10.1101/273870v2
https://www.pnas.org/content/116/22/10905
https://www.nytimes.com/2020/03/17/health/coronavirus-surfaces-aerosols.html
https://www.globenewswire.com/news-release/2020/03/13/2000488/0/en/Humidity-helps-in-the-fight-against-COVID-19-virologists-report.html
https://www.medrxiv.org/content/10.1101/2020.02.12.20022467v1.full.pdf

Humidification

Aerosolization:
» The process or act of converting some physical substance into the form of
particles small and light enough to be carried on the air, i.e. into an aerosol

(Wikipedia)

Researchers have captured pathogen
bearing aerosols travelling up to 25
feet from a simple sneeze.

Factors influencing travel and
evaporation include temperature and
relative humidity.
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Humidification

Aerosolization & Precipitation:
Droplet Size, Buoyancy & Float Time

Mechanics of Infections: Droplets in Air

Droplet diameter in microns (um) Float time

L. o ° 05 41 hours
 Droplets: by definition larger on
than 20 microns O o 1.5 hours

o/

« Small droplets and aerosols:
range from 10-20 microns

6 seconds

* Droplet nuclei: Below

VY VARITEC"



Humidification

Aerosolization & Precipitation:
Droplet Size, Buoyancy & Float Time

» Low Humidity desiccates the
virus; i.e. H20 molecules are
decoupled from pathogen

* Less mass the more buoyant
a particle becomes

Tum

10pm
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Humidification

Aerosolization & Precipitation:
Droplet Size, Buoyancy & Float Time

Airborne viruses are expelled as aerosols (tiny droplets)
by breathing, speaking, singing, coughing and sneezing.

« COVID-19 behaves similarly to SARS (SARS Cov-1), MERS and H1IN1
(Influenza) as an aerosol

« Length of time virus is airborne and distance traveled affects spread
and severity of infection.

* Respiratory viruses are most harmful when inhaled deep into the lungs.

« Low ambient humidity causes aerosols to desiccate into virus nuclei
that can travel long distances (beyond our 6 ft. social distancing
guidelines).

- VY VARITEC"
-



Humidification

AGfOSOl |Zat|0n &_ Inges“on Aerosol Behavior: Impact on Infectivity

» Aerosolized pathogen more readily == — 9-304m
bypass the body’s natural defense A 55-9um
systems and travel deep into the lungs P 5N :'5""“
reducing the immune system’s chances - :

0.3um

of fighting the virus

ASHRAE Position Document on
Infectious Aerosols

* (Kudo 35 al. 2019) “...immunobiologists have now clarified the mechanisms
through which ambient RH below 40% impairs mucus membrane barriers and
other steps in immune system protection.”

A um is a micron or 1/1,000,000 of a meter.

The smallest particle the eye can see is 30 microns, the
diameter of human hair.

dniSeem @
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Humidification

Aerosolization & Ingestion: Self-Clearance Mechanism of the Lung

T VR O S » Nature developed a powerful mechanism to self-
clean the airways: their cellular linings operate
as conveyor belts.

Transport
out of the Lung

Trachea/Bronchi Mucus

* Inhaled particles collide with the airway walls
where they get stuck on slimy surfaces.

Air flow
Size-dependent location of

Particles < 10 um :
A
Particles —— =

particle deposition

Alveoli - >
Particles < 0.1 ur ! ; el Cilia []

« The prevalent location where inhaled patrticles
get deposited along the airways depends on the
particle size.

312q 10A8AUOD UBALIP-||8D)

* The particle-enriched slime, including virus particles, is
transported towards the mouth through synchronized
circular movements of cilia.

(Cilia)
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Humidification

The Sterling Study (1986): 013 ASHRAE Paper

Optimum range for health, wellness and comfort:
40 - 60% RH

. Lower humidity increases survival for viruses
that cause respiratory infections

. Lower humidity increases allergens that cause
seasonal allergies and asthma

. Indoor environments are usually 20 - 30% RH,
which is inadequate for protection

Optimum relative humidity range
for a healthy environment

[VEI'E I Optimum
Range Range

Bacteria
Viruses
Fungi

Mites

Respiratory
infections'
Allergic rhinitis
and asthma

Chemical
interactions

Ozone

protection
0 0 20 30 40 5 60 70 80

Percent Relative Humidity (RH)

A decrease in the bar width indicates a decrease in
negative indoor air quality factors and complaints.

Source: E.M. Sterling study

1. Insufficient data above 50% RH
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Humidification

Steven Welty: 2013 ASHRAE Paper

2013 (2009) -

Airborne Influenza in

Dry Wintertime Indoor Air
N WMUCATNRAA\ W VW
Is 50%rh Indoor Humidity

One Cure for “Flu Season”?

S Wl E W W .
Environmental Protection Agency

Federal Interagency Committee for Indoor Air Quality

Washington, DC

February 13, 2013
Updated and revised version 1.24.2015

Steven Welty CIE, CAFS, LEED®, AP
President Green Clean Air

703.904.0200 Steve@GreenCleanAir.com
_ g%

* In 2013, Steven Welty presented a
paper to ASHRAE based on his earlier
research for the EPA/CDC in 2009
following the HIN1 Flu Pandemic.

* Yes, HIN1 was classified as a
Pandemic back then by the CDC

» The report referenced airborne spread
influenced by RH levels.

Y VARITEC"


https://tc0906.ashraetcs.org/documents/programs/Steve_Welty_CIAQ_Flu_2_13_2013_Revised_1_24_2015.pdf

Humidification

ASHRAE 170-2017 Guidelines

All Room Air . ) i D:sl‘ﬂ:}
Increased awareness of critical affect RH has on virus Rk Msimen Msimun Divch nlewol

k i Function of Space Adjacent Areas(n) Outdoor ach Totalach  to Outdoors ()  Room Units (a))
transmission, Demand by Healthcare Industry SCRGERY AYD CRITICAL CARE
Cntical and intensive care NR
Current allowance for 20% RH min is insufficient, and S
ineffective against virus spread, and reducing infectivity Enepacy dpumes e o )
Emergency department public waiting area Negative
« Table 7.1 allows for many spaces well below 40% RH e o
«  Some occupied spaces NR (Not Required) ot e

Operating room (m). (o) Positive

Operating/surgical cystoscopic rooms (m), (o) Positive

Procedure room (o), (d) Positive

Radiology waiting rooms Negative p] 2 Yes (g). (w)
Recovery room NR 2 NR
Substenile service area NR 2 NR

Trauma room (crisis or shock) (c) Positive 3 5 NR

Treatment room (p) NR 2 NR

Triage Negative

Wound intensive care (bum unit) NR 2 NR
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Humidification

Advantages:
« Excellent retrofit solution
 Reduced aerosolization of pathogens
« Conducive to more effective immune system
behavior.
» Reduces life span of contagion
* Recognized by ASHRAE

Disadvantages:
» Cost of installation and piping
* Maintenance
« RO water

Y VARITEC"




Questions?
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Ultraviolet Germicidal Irradiation (UVGI)

Ultraviolet Light
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Ultraviolet Germicidal Irradiation (UVGI)

* UV Technology:
« ASHRAE position documents
« UV Light Basics
* Infectious Diseases:

* Inactivating Airborne Pathogens
« Applications:
« Airstream Disinfection/In-Duct “On-the-Fly”
« Upper-Air/Room Disinfection
« HVAC Coil/Surface Cleaning

Y VARITEC"




Ultraviolet Germicidal Irradiation (UVGI)

« Air Disinfection: Ultraviolet Energy (UV-C)
* Ultraviolet energy inactivates viral, bacterial and fungal organisms so

° U |traV| O | et E n e rgy (U V_ C) they are unable to replicate and potentially cause disease.

* The entire UV spectrum is capable of inactivating microorganisms, but

UV-C energy (wavelengths of 100 — 280 nm) provides the most

° 13 U Itrav i O I et e n e rg y i n a CtivateS germicidal effect with 265 nm being the optimum wavelength.

+ The majerity of modern UVGI lamps create UV-C energy with an

electrical discharge through a low-pressure gas (including mercury

VI ral : baCte ri al an d fu n g al vapor) enclosed in a quartz tube, similar to fluorescent lamps.

* Roughly 95% of the energy produced by these lamps is radiated at a

organisms so they are unable to | EGE—_—G_G>GEE—

replicate and potentially cause [ -

In-duct surface disinfection /—\

" 'L} Portable room decontamination ASHRAE
disease. o

VY VARITEC"

&
™

el
YT i



Ultraviolet Germicidal Irradiation (UVGI)

« UV Technology: Basics

 Electromagnetic Spectrum Cg;;yc v.

« Energy (heat) transfer via
electromagnetic waves.

« UV Bandwidth: 100 to 400 nm LongWavew
uv (UV-C) (Lv-B) -

100 185 300 315
280
f A= Waveleng

Greatest source for UV
light on earth: The Sun

UV protection by
~ 1 the ozone layer
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Ultraviolet Germicidal Irradiation (UVGI)

Levels of Ultraviolet Light:

long-wave medium-wave,

Responsible for skin tanning & Primarily responsible for skin
wrinkles reddening and skin cancer

400-315 nm 315- 280 nm

e Can produce ozone (O3) in air

<200 nm

short-wave;

Most effective Germicidal control

H VY VARITEC"
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Ultraviolet Germicidal Irradiation (UVGI)
UV-C: 253.7 NM WAVELENGTH

* Inactivates virtually all microbes

* Breaks molecular bonds of nucleic acids and \
proteins Incoming

* Deactivates replication of pathogen

* Pathogens absorb UV-C at different rates (called
rate constant “K")

@
LS00 o
(o) 253.7 nm Breaks Through Permanently Cells Can
Electromagnetlc Cell Wall Damages DNA No Longer
Energy @ Reproduce

VY VARITEC"
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Ultraviolet Germicidal Irradiation (UVGI)
PATHOGEN SUSCEPTIBILITY TO UV-C

Viruses like influenza, measles, -mm,spw ' -

SARS, coronavirus and smallpox eometena &
tend to be more susceptible to UV-C = O e
Inactlvatlon |n an aIrStream Penicillium Bacillus cereus Mycobacterium Streptococcus Measles

chrysogenum | gagiliys subtilis bovis pyogenes SARS

Stachybotrys Mycobacterium Escherichia coli

chartarum leprae SerdhraTes Corona.
aeruginosa

. virus
A Serratia
S v marcescens

LEAST SUSCEPTIBLE

i
1
1y
i
o i
¥
3 J"I

Smallpox

bt
= F Y vAaRITEC"
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https://www.google.com/url?sa=i&url=https://www.supplyht.com/articles/102779-uv-resources-uvc-lamp-system-kit&psig=AOvVaw0FBItJHWO8K_SqGOdl2d2o&ust=1594261229606000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCLjE1YjMvOoCFQAAAAAdAAAAABAP

Ultraviolet Germicidal Irradiation (UVGI)

* Microwatts per seconds per cm?

PATHOGEN e seow
SUSCEPTIBILITY TO
o

UV-C ® Aspergillus Niger \
At 2,000 mW/cm”2 99.9% of N
coronavirus will be ® Bacillus Subtilis
deactivated. ® Mycobacterium Tuberculosis

® Staphylococcus Aureus

® |Influenza
® Coronavirus (Walker 2007)
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Ultraviolet Germicidal Irradiation (UVGI)
AIRSTREAM DISINFECTION:

e Adirect line of sight to surfaces
is required for transfer of heat

LOS

energy.
* Locate UV emitter on discharge _ Dirction of Propagatien
Slde Of AHU COII oron the Inlet' Variables that Impact Airstream
° Upstream UV can degrade Disinfection Efficiency
) °° .
. g o e | :
insulation over time. OV-C Rate Constant Ny -G Residence
> \ \ \ \ for Specific Patl:)gen - Airflow (fom) DISINFECTION
\ \ \ \ ° 0 + AirTemp & RH DOSE
. » Exposure time
m\ « UV can also deactivate Susembibilty - Dimensions (H,W,D)
* Duct Reflectivit
pathogen “On-the-Fly” - Lamp Ouput ~ * End of Life

in duct installations

l‘ b . ”IH \,VAHITEE“‘
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Ultraviolet Germicidal Irradiation (UVGI)

Air Disinfection: ASHRAE - Filtration & Disinfection

« UV-C In-Duct Air Disinfection
« Banks of UV-Lamps installed inside
AHU and HVAC or associated
ductwork
* Requires high UV to inactivate
microorganisms “on-the-fly”...due to
limited exposure time
« Systems designed for 500 FPM
moving airstream
L * Should always be coupled with
\ mechanical filtration

Y VARITEC"



Ultraviolet Germicidal Irradiation (UVGI)

UPPER AIR/ROOM DISINFECTION:

* Wall-mounted >7ft; neutralizes
airborne microbes in seconds

®* Non-reflective baffles create
columnated UV-C beam

®* Natural air currents lift
contaminated air into UV-C
disinfection zone and inactivates
pathogen

* Safe for occupied spaces

=

11§

(¢c) 2020 LA 1 . i1 'C ptivi| B confi
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Ultraviolet Germicidal Irradiation (UVGI)

Air Disinfection: ASHRAE - Filtration & Disinfection

* Consider when:

* No mechanical ventilation or limited
mechanical ventilation available

* High occupant density (ER waiting
rooms or conference rooms) and
other high-risk areas

* Economics (first cost)/other factors

* Requires low UV-reflectivity of walls and ceilings
« Ventilation should maximize air mixing
« Use supplemental fans where ventilation is insufficient

Y VARITEC"



Ultraviolet Germicidal Irradiation (UVGI)

UPPER AIR/ROOM DISINFECTION:

Air Distribution The Mixed Air System Challenge
« To minimize pathogen concentration
maximum air mixing must occur for

B UT WHAT ”:7 distribution and dilution of contaminant
: ’

Rooftop package units cycle (On/Off)

'U‘ \ VAV boxes reduce air flow to satisfy part load conditions
ﬂ“u Will concentrations of contaminate not vary due to reduced
_ mixing at low flow? by
Y VARITEC"
=R
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Ultraviolet Germicidal Irradiation (UVGI)

UPPER AIR/ROOM DISINFECTION:

Air Distribution The Mixed Air System Challenge
To optimize mixing consider using low pressure REE
VAV diffusers . .
VAV diffusers maintain discharge velocity even at 25% of Elow
design flow
Room air is continuously induced into the supply jet even
\ , at 25% of flow
- \\\ 25%
[\n Flow

= Y VARITEC"
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Ultraviolet Germicidal Irradiation (UVGI)

CoOIL SURFACE CLEANING:

* Restoration and preservation of heat
transfer efficiency and airflow capacity
(1990s)

®* Reduce coil fouling and system
maintenance

® Slash HVAC energy consumption by up to
25%

®* Improves indoor air quality (IAQ) and
reduces airborne pathogens

Y VARITEC"



Ultraviolet Germicidal Irradiation (UVGI)

ASHRAE - Filtration & Disinfection
AHU Coll Surface Cleaning

Banks of UV-Lamps installed inside
HVAC systems, generally focused on:
®* Cooling coils
®* Drain pans
* Other wetted surfaces

(AHU) UV irradiance can be lower than in-duct air
disinfection systems due to long exposure times

®* Goals are:
* Even distribution of UV energy across the coil face
®* Generally, 12 to 36 inches from the coil face
®* Operated 24 hours a day, 7 days a week

Y VARITEC"




Ultraviolet Germicidal Irradiation (UVGI)

Advantages:

Excellent retrofit solution

Reduced pathogen deactivation time
No increase in system static pressure
Recognized by ASHRAE

Utility Rebates:

Disadvantages:
» Requires direct line of sight for
effectiveness
UV lamps to be replaced once a year
« Occupant UV exposure a consideration
* Not tested for SARS-CoV-2

Y VARITEC"



Questions?
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lonization

Indoor Air Quality (IAQ)
Is the only solution for pollution dilution?

Y VARITEC"




lonization

« Anionis an atom or molecule with a net
electric charge due to the loss or gain of
one or more electrons

, ral oy
Loss of " gain of Positive ion
electron(y electron(s)
q]

What are lons?

0 Negative ion

Flgure 1

VY vAaRITEC"



lonization

Molecular Cloud:
lonized Hydrogen & Oxygen

M42 (The Orion Nebula)




lonization
ONS ARE NATURALLY OCCURRING

lons are present naturally in the air and
are found in the highest concentrations
where the ocean meets the shore and
high elevation in the mountains.

The GPS plasma process will artificially
create ions found in these locations and
supply them into the building,
enhancing the indoor air quality.

Units of Measure = lons/cc/sec - N
Waterfalls/Elevation = 5,000 ~ <+—— Naturally occurring ion densities

City = 200
Inside Buildings <100

Y VARITEC"
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lonization

Hydrogen ion, strictly, the nucleus
of a hydrogen atom separated from
its accompanying electron. The
hydrogen nucleus is made up of a
particle carrying a unit positive
electric charge, called a proton.

Hydrogen atom Hydrogen ion

A

‘electron

\\ \ \ \ \ H20 molecule

oxygen atom, oxide ion,
0 26 02" [2,8]2"

VY VARITEC"




lonization

Needlepoint Bi-polar lonization
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lonization

Steady-State lonization

An ion is an atom or a group of atoms that has acquired a net
electric charge by gaining or losing one or more electrons.

* When high voltage of both polarities is continuously
applied to a pair of and negative (-) emitter
points.

* Oppositely charged Hydrogen and Oxygen lons are
produced from water vapor in the air creating plasma

* This process is known as Bi-Polar lonization.

= F Y VARITEC"
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lonization

Agglomeration

lons adhere to larger particles in the
space giving them a positive or
negative electrical charge.

Agglomeration by Attraction

Particles electrostatically bond

3 and become larger and more
|
\\ massive

MERV-8 filtration can approach the
efficiency of MERV-13 filters.

VY VARITEC"




lonization

CHEMICAL FORMULA Electron Volt
ma Effectiveness Xylene C.H 7.89
VOC Chemical Compounds 810
Styrene CgHg 8.46
Methyl Ethyl Ketone C,H;O 9.52
lon plasma l:_)reaks down molc_acular T NH 10.07
structures with electron bonding 3
potentials of 12.0 electron volts or Acetaldehyde CH,CHO 10.23
less Ethyl Alcohol C,H-OH 10.48
Formaldehyde CH,O 10.88

Methane CH, 12.61

VY VARITEC"
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lonization

Plasma Field

H+

H+

H+
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lonization

Nitrogen

Objectionable Gases
Regroup To Form Safe &
Desirable Gases Already

Prevalent in Our

‘ Atmosphere!

Water Vapor \, VA H | T E Em



lonization

Deactivates Mold, Viruses and Bacteria

« Positive and negative ions react to form
Hydroxyls (Nature's Friendly Detergent)

1422p‘\\\ /
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- Hydroxyl Radicals, due to their negative
charge, surround the infectious particle

Hydroxyl Radical
(Valence Charge — 1)

Hydroxyl Radicals rob
hydrogen from nucleic

acids;: RNA/DNA
molecules
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Independent Testing by World Renowned EMSL & ATS Labs

Pathogen  Time Exposed Kill Rate

E.coli 15 minutes 99.68%

\IRETA 30 minutes 96.24%

B 60 minutes 69.01% |

Noro Virus 30 minutes 93.50% OUTSIDE : OUTSIDE

AIR AIR

Feline Calicivirus 30 minutes 93.50%

OCCUPIED SPACE Supply
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ABSTRACT
April 2020 Laboratory Testing of Human Coronavirus 229E
GPS Needlepoint Bipolar lo| n (NPBI)

Global Plasma Solutions (GPS) Disclaimer:
GPS does not make performance validation claims using a single data point resource. GPS technology
n a wide range of applications across diverse environmental conditions. It is the responsibi
nt to evaluate their application and environmental conditions in making an assessmer
regarding the technology's potential benefits in their use.

Organic Soil Load: 1% fetal Bovine serum
Test Medium: Minimum Essential Medurm (MEM) supplemented with 2%

(viv) heat-inactivated. 100 untsimL peniciin, 10 s
ucin, and 2.5 yg/ml_ amphotericin 8

Coronavirus

229E (alpha coronavirus)
NL63 (alpha coronavirus)

Indicator Cell Cultures:  WI-38 (human lung) calls

OC43 (beta coronavirus)
HKU1 (beta coronavirus)
MERS-CoV
SARS-CoV

Exposure Temperature:  Room temperature (22.0°C)
Exposure Humidity: for the tests and eytotoxicity control
for the dried vinus controls

Chamber lon Concentrations x 1000:

Gytotoxiity control: -0.36
1 Minute Exposure: 034
5 Minute Exposure 8
15 Minute Exposure: 1.07
30 Minute Exposure: 0.86
60 Minute Exposure: 148

Test Result: 90% Reduction versus control after 60-minute exp

60 Minute Exposure
4100 logs reduction in viral titer was demonstrated, per volume Inoculated per
well and per carrier, compared 1o the titer of the 60 minute dried virus control.

I the opinion of the Author, thers wers no circumstances that may have affected the qualty
o integrity of the data

Corona Virus 229E
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SARS-CoV-2: Aviation Industry Testing Results

Global Plasma Solutions lon Effectiveness:

* Innovative BioAnalysis Test Lab tested ion plasma
effectiveness for inactivating SARS-CoV-2, known as "BICANALTSIS
COVID-19

SARS-CoV-2 sample residing on medium in
petri dish

« Based on an ion density of approximately

27,000 ions/cc to simulate densities found in

the upper atmosphere:

 10-minutes: 84.2% inactivated

* 15-minutes: 92.6% inactivated

30-minutes: 99.4% inactivated
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SARS-CoV-2: Aerosolized Testing Results

lon densities of 26,000 ions/cc & above for aircraft at altitude

INNOVATIVE

BIZANALYSIS

creating solutions | getting results

Experimental Summary:

Purpose: Direct Aerosol Testing

Test Chamber: Simulate Working
Environment with Air Flow Obstacles
Dimensions: 20ft x 8ft x 8ft deep

VY VARITEC"
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SARS-CoV-2: Aerosolized Testing Results

Test pieces inoculated with aerosolized virus
solution from 6 inches away

Experimental Summary:

 Three Room Test Sites: #1,2 & 3

* lon Counters at Each Site

* (1) Piece of Kydex-6565 @ 0.125” thick

* (1) Piece of Aluminum @ 0.030” thick

* (1) Piece of Leather: Aristo (P/N King

Volaero 1388Q)

* (1) Sample swab taken from each test piece at
5-minutes, 15-minutes and 30-minutes
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SARS-CoV-2: Aerosolized Testing Results

Conclusions:
¢ Aluminum-2024 TE.030:
« “...After 30-minutes, the overall average

decrease in active virus was 99.89%.
« Kydex-6565.125:
« “...After 30 minutes, the overall average
decrease in active virus was 99.99%.
* Leather:
« “... After 30 minutes, the overall average
decrease in active virus was 99.99%.

“...it is safe to say that bipolar ionization system
used in this experiment has the ability to deactivate
A\ SARS-CoV-2 with the given ion counts

Leather Log10 Reduction from 0 min to 30

30 min: Site 1: 3.72, Site 2: 3.75, Site 3: .75 Control: 0.39
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ASHRAE Epidemic Task Force

CDC Position on Bipolar lonization

ASHRAE does not currently have a Society position on bipolar ionization. However, the
ASHRAE ETF did reach out to CDC for their position on the technology. The following is the
response from CDC in its entirely:

“...While bi-polar ionization has been around for decades, the technology has matured and many of
the earlier potential safety concerns are reportedly now resolved. If you are considering the
acquisition of bi-polar ionization equipment, you will want to be sure that the equipment meets UL
2998 standard certification... which is intended to validate that no harmful levels of ozone are

ced. Relative to many other air cleaning or disinfection technologies, needlepoint bi-polar

on has a less-documented track record in regards to cleaning/disinfecting large and fast
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Global Plasma Solutions

UL 867 vs UL 2998

* UL 867 — All EACs tested to this standard for electric safety
— Requires an ozone test, if the EACis a portable room air cleaner
— If product is duct mounted, no ozone test required! LOOP HOLE!
— Ozone limit is 50.0 PPB when testing required

UL compliance for

* UL 2998 — Certification Standard “Certifies Ozone Free Technology” )
ozone generation

— Uses same ozone chamber test as UL 867

— Maximum ozone output is 5.0 PPB!

— Now required per ASHRAE 62.1-2019 Section 5.7.1

— Applies to all devices requiring power to purify the air

— Includes UV Lights, Polarized Filters, lonizers, etc.
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Riptide: Cloud Based Controls
« Dynamic Display of IAQ
calculation
 VOC Concentration Display
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lonization Advantages:

lonization

Excellent cost effective retrofit solution

No increase in system static pressure
Maintains effectiveness in the occupied space
and beyond

Effectively tested for SARS-CoV-2 (COVID-19)
Scalable solution (VRV Application)

Disadvantages:
« ASHRAE has not formally
acknowledged the technology
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Questions?
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ASHRAE: Dilution

Session Three:
Minimizing & Neutralizing Pathogen Transfer

Wednesday November 4, 2020
Time: (12:00 Noon)

» Airflow Patterns

* Indoor Air Quality

« System Integration
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Thank you.

v

VARITELC™

SOLUTIONS

VaritecSolutions.com
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Filtration

ASHRAE: Epidemic Task Force
« ASHRAE Standard 52.2-2017 Minimum Efficiency )
. Identifie_s “Dust HoIdin_g Capgcity”, i.e. “the
total weight of synthetic loading dust
captured by the air cleaning device over all | 6 | 130to1e0 |

i . ” | 7 | 160t0220
of the incremental dust loading steps. T8 | 22010300
| 5 |

TABLE 2: ANSI/ASHRAE 52.2 PARTICLE SIZE RANGES

| 0.40to 0.55

» Expresses efficiency as a function of 3.00t0 400
specific particle size (PSE). E3
_ 2 7,00 to 10.00
i\l |
n\\\ Group E1: Size: 0.30 to 1.00

Group E2: Size :1.00 to 3.00
Group E3: Size: 3.00 to 10.00
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Filtration

ASHRAE: Epidemic Task Force
« ASHRAE Standard 52.2-2017 Minimum Efficiency Reporting Value (MERV)

MERVS8: (microns/%)

Composite Average Particle Size Efficiency. % in Size Range, pm

o Range 1 ange 7 U 030 tO 10 N/A

0.30 to 1.0

S T e e  1.0to0 3.0: 20% or less
: A ; < « 3.0to0 10.0: 70% or less

N/A
N/A

MERV13: (microns/%)

N/A N/# 35<Ey N/A

NA s0<, NA e 0.30to 1.0: 50% or less
N 0t 0 N « 1.0to 3.0: 85% or less

. - «  3.0t0 10.0: 90% or less
20« E, 6 N/A

N/A

MERV14: (microns/%)
s - « 0.30to 1.0: 75% or less

NA . 1.0 to 3.0: 90% or less
3.0t0 10.0: 95% or less

Y VARITEC"
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Filtration

ASHRAE: Epidemic Task Force
« Mechanical Air Filters:
* (MINIMUM EFFICIENCY REPORTING VALUE (MERV):
The fraction of particles removed from air passing through a
filter is termed filter efficiency”.

« MERV Ratings:

« MERV ranges from 1 to 16: Higher MERV = higher efficiency
« MERV 13 or greater: Efficient @ capturing airborne viruses

« MERV 14: Preferred

High Efficiency particulate air (HEPA) filters
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