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Airborne transmission of SARS-CoV-2 is significant and should
be controlled. Changes to building operations, including the
. operation of heating, ventilating, and air-conditioning systems,

can reduce airborne exposures. ;iii
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Ashrae organization stated that airborne transmission should be controlled 



Can we use UV against
alrborne viruses?
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And most importantly, they have limited in disinfecting viruses, which are the main factor of mortality and illnesses, especially in the Covid era.




Options for integrating UV systems

“we advocate for one measure that is particularly efficient, easily
deployable, and economically affordable: virus inactivation by ultraviolet
light.”
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Here we can see UV integrated into In-duct air disinfection, Upper-air disinfection, In-duct surface disinfection and further Portable room decontamination




Types of disinfection systems using UV-C

* In-duct air disinfection
e Upper-air disinfection
* In-duct surface disinfection — coil disinfection not air
* Portable room decontamination
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And UV can be integrated into various systems as…

The majority of modern UV lamps are low-pressure mercury lamps emitting at wavelength of 253.7 nm.
UV-C light-emitting diodes (LEDs) are emerging for use.
Also the sated that LEDs are starting to be produced in the 265 nm range 




Most applications coil disinfection

Coils with Mold

This Is surface disinfection not air



Our goal: UV In air ducts

Desiocned to disinfect air as it circulates through a buildine
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These are images of ventilation systems at tel aviv university where UV can be integrated
Commercial buildings may need multiple in-duct ultraviolet systems to provide enough germicidal irradiance for large buildings. The number of lamps, length of the bulbs, and output of the fixtures need to be determined so optimum germicidal power is supplied from the commercial HVAC UVC system. Installing one or more of these in a building's ventilation system can provide cleaner air than using HEPA filters alone.


UV disinfection
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UV disinfection based on mercury is a known technology 
With UV, the lamps emit photons that are absorbed by the DNA to disinfect the organisms



The common UV technology —Mercury vapor UV lamps
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But lets go back a bit to basics: Ultraviolet (UV) light occupies the portion of the electromagnetic spectrum between X-rays and visible light. UV light with wavelengths, between 200 and 300 nanometers are categorized as germicidal – as they are capable of inactivating microorganisms, such as bacteria, viruses and protozoa. 

MP lamps have been shown to exert higher inactivation with less subsequent photorecovery for many microorganisms
UV irradiation results in direct DNA damage and cyclobutane pyrimidine dimers are the principal DNA lesions. 
However there are multiple mechnsims - UV irradiation is also involved in UVB damage for example to to the skin by production of reactive oxygen species, and very high doses of UVA were shown to effect electron transport chains.


The SARS-CoV-2 and the model viruses
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UV LEDs
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In what applications can we integrate LEDs? 


SEPA

Guidelines

HRAE

AS

United States
Emvironmental Protection
Agency

Biological Inactivation Efficiency by HVAC
In-Duct Ultraviolet Light Systems

American Ultraviolet Corporation

ACP-24/HO-4

Office of Research and Development
National Homeland Security
Research Center

INTERNATIONAL ISO
STANDARD 15714

Method of evaluating the UV dose to
airborne microorganisms transiting
in-duct ultraviolet germicidal
irradiation devices

Methode d'évaluation de la dose d"UV pour les microorganismes
en suspension dans ['air transitant par des dispositifs d irrad iation
germicide aux ultraviolets raccordes



Air disinfection

High UV doses to inactivate microorganisms:

* Minimum target UV dose of 1,500 pJ/cm?
500 fpm moving airstream (680 m=3hr)

e Minimum irradiance zone of two feet

e Minimum UV exposure time of 0.25 second

Should always be coupled with mechanical filtration.
e MERV 8 filter for dust control
 Highest practical MERV filter recommended
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Probably not the best application for LEDs


Design of UV systems

Optical Design Biological
I Testing

=

No photon left behind !

Mechanical

Thermal Design

T

Natural or forced
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Traditional lamps are in tube shape however LEDs can be mounted in different shapes and configurations for example the LEDs can be mounted on the end cap of the reactor, positioned one one wall of the reactor or in other configurations however the design is not trivial and it must consider optics, thermal mamnagement, bio testing effcinecy and flow dynamics



Parameters needed to design UV inactivation experiments

, P
UV dose = Pxt/A = — [
A| I ﬂOW rate P = UV output in Watt ¢
He|ght, W|dth, and Length Of dUCt Q = Air flow in m”/sec
% reflectivity of inner surfaces L = UV exposure length

duct cross section A in m?

Irradiance (single lamp): for example - pyW/cm? @ 1 meter

Lam

0 UV output power (W), UV output, lamp length and diameter, lifetime,

ozone-free, voltage, Amps

Lamp fixtures mounting, easy installation, replacement, check lamp output

In-line operation and lamp status indicator for operators

Position coordinates of each lamp (xi, vi, zi)

Target microorganism rate constant k in m?/J
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Lamp fixtures

120v/230v 2-Lamp Units 120v/230v 4-Lamp Units
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Options
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LP mercury lamps are integrated into air duct systems at various configurations
UV LEDs are produced in the 265-400 nm range
Efficiency is less than current low-pressure mercury vapor lamps
Minimal UV output compared to a low-pressure mercury vapor lamp
For equal output, UV-C LEDs are more expensive than current low-pressure mercury vapor lamps
Limited availability; not yet practical for commercial HVAC applications



Standard 52.2
Minimum Efficiency

Composite Average Particle Size Efficiency, % in Size Range, nm

Reporting Value Range 1 Range 2 Range 3 Average Arrestance,
(MERYV) 0.30 to 1.0 1.0 to 3.0 3.0 to 10.0 %o

1 N/A N/A E; <20 Agyg < 65
2 N/A N/A Ey<20 65 < Ay
3 N/A N/A E;<20 T0< g
4 N/A N/A Ey<20 75 = Ame
5 N/A N/A 20 < E; N/A

] MN/A N/A 35 <E; N/A

7 N/A N/A 50<E, N/A

5 MN/A 20 < E5 T0 = E; N/A

9 N/A 35<E, 75 <Ey N/A

10 N/A S0 <E; 80 < Eq N/A

11 20= E| 65 = E, 83 = E; N/A

12 35<E, 80 = E, 90 < E; N/A

13 50 <E, 85 < E, 90 < E; N/A

14 15 E, 90 < E; 95 < E; N/A

15 83<E, 90 = E, 95 =E, N/A

16 95 < E, 95 < E, 05 < E; N/A
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Similar to water where best results are filtration coupled with disinfection


Complexities - saliva interference

i "V‘" ) < 5 min
—_ 16 T n.' _;“'._ _
E 14 " o, — 20 min
w12 — + =40 min
= 10 _
E 3 ok ek g ﬁ[} I]Jm
-]

Z 6
< 4
2
0

220 250 280 310 340 370 400
Wavelength (nm)

Fateme Barancheshme, Julie Philibert, Natali Noam-Amar, Yoram Gerchman, Benoit
Barbeau, Assessment of saliva interference with UV-based disinfection technologies,
Journal of Photochemistry and Photobiology B: Biology, Volume 217, 2021,
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It is not as simple as with water disinfection due to the background fluid absorbance 


Aerosols

 Small aerosols (<10 um), are airborne and infectious for
extended periods (minutes, hours, or days) and travel longer
distances

e Large droplets (100 um diameter) may shrink by evaporation
before they settle, and become an aerosol (<10 pum)

* Role of indoor air management is critical in providing a line of
defense
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How basic it is for us to want to live in a microbe free environment
Our fear of microbes has been increased due to the corona crisis and it seems that we wan to disinfect everything with UV
However there are challenges and we need to understand when and where is it necessary to disinfect



MS2 recovery from air sampler (Bobcat) filter




UV reflectivity
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Despite its reflective features visual appearance for visible light, polished stainless steel has a low UVC
reflectivity of only 20% as can be seen in fig.8 where the average UV dose field has fallen by more than half
when compared to the example of 85% for aluminum.


Another UV source - UV LEDs

LED produces selected wavelengths with low electrical output power
On/off cycles, does not contain mercury, compact

Lower performance and high price are the main barrier to wider adoption of
UV-C LEDs by the UV-C disinfection market today

single, chip-on-board, strip, to complete light source module
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Here we can see various market products usually in low volumes of water or air flow rates and small surfaces and systems


Integrated with DNA absorbance and MP/LP
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Results UV Dose response of hCoV-43 viruses
at different wavelength

Dose needed for 3-log
reduction (mJ/cm?2)
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quantification

——267nm
== 279nm
—a=286NM

297nm

30

Dose (mJ/cm?)



Presenter
Presentation Notes
The Corona virus used hCoV-OC43, a common cold virus
Two UV-LED Irradiation systems from AquiSense with peak wavelength at 267, 279, 286 and 297 nm
Viruses were suspended in DI and 50 µL (thin film) placed in black 24-well plate, for simultaneous irradiation of multiple samples.
The viruses were loaded on host cells, allowed to multiply and quantified by RT-qPCR. 
Known number of viruses was used as reference
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