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SARS-CoV2:

®*Contact Transmission (fomites)
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Qualitative Real-Time Schlieren and Shadowgraph Imaging of Human Exhaled
/ Airflows: An Aid to Aerosol Infection Control. PLOS ONE 6(6): e21392.
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WHAT IS “GERMICIDAL RADIATION”
- OR “GERMICIDAL LIGHT?"

disinfecting air!

*UV- A and violet light — only marginal effects in some

/ microbes




WHY IS ULTRAVIOLET RADIATION USEFUL
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/} ...because the photon energy Is sufficient to

e

Interact with biologically significant molecules.
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J_.-: PHOTOBIOLOGICAL SPECTRAL BANDS

A 760

* |IR- ,
* IR-B 1400 nm to 3000 nm (1 .0 ur
* |R-C 3000 nm to 10° nm (3. 0 pm to 1 mm)

e Source: CIE Publication 134/1 — Standardization of the Terms UVA1, UVA2 & UVB




UV PHOTOBIOLOGICAL EFFECTS
ON HUMANS
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REMEMBER: PHOTON ENERGY

ngth

oh eracts with one
absorbing molecule — the chromophore

* Millions of photons inactivate a micro-organism




DOSIMETRY
- THE CONCEPT OF PHOTOBIOLOGICAL DOSE

d on a surface

* Power dvidECiEg rea is the irradiance, E, or “the
dose-rate” —however:

* In tissue or In air, photobiological exposure rate is fluence rate in
power-per-unit-area
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Current guidance — Fluence rate of ~5-15 YW /cm? in room air



Also 405 nm




ACTION SPECTRUM-
-THE IMPORTANCE OF WAVELENGTH

rent
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e Sharp cut-off dug vl

ﬁ}ghat IS the target molecule for Germicidal UV (GUV)?



1 ES Germicidal Action Spectrum

(after Gates and others)
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..for bacteria and some,
viruses, but also the
_ susceptible molecule in
“F_" eye or skin!
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OCCUPATIONAL SAFETY ISSUES

L
ra
A

* SkinCanes

® UV-B in sunlight penetrates to basal (germinative) layer of epidermis e
and is the recognized cause of most skin cancers & il - o
® UV-C heavily absorbed in superficial epidermis & stratum corneum .
/) ® Erythema (skin reddening),




Action spectrum for safety is the ACGIH/
ICNIRP/CIE/ISO/IEC action spectrum S(A)
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Limit is daily — including multiple exposures

250 300
Time-weighted average (TWA) over a day wavelength (nm)
At 254 nm this is 6 mJ/ecm? (60 J/m?) ACGIH UV S(A) spectral weighting function (action
® Or, time-averaged irradiance of 0.2 pW /cm? spectrum) is the solid line.

Large safety margin for human skin in UV-C — Should  S(A) = 1.0 at 270 nm

there be two limits¢ — For the Eye, For the Skin?
S(A) = 0.5 at 254 nm




From Dr. Nardell:
“Upper Room 254 nm GUV is Safe for Room Occupants”

The TLV is
measured
only within
an 80-degree
cone angle!

. -2
?mﬂw cm

ACGIH TLV: 6.0 mJ/cm? for 8-
hour period TWA

- exposure Is not continuous,
but time-weighted average!

E=0.4-0.6 x/W/cm2 for 8-hour

N\

TLV is a
limiting value
for the eyes

SKkin limit may
be raised in
the future

Tuberculosis UV Shelter Study (TIUSS) showed no eye or skin complaints compared to placebo lamps
Ref. Public Health Rep. 2008 Jan-Feb;123(1):52-60
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®* TYPICAL CONCERN — If UV-C has highest photon
energy why is it not more phototoxic and a more

severe skin cancer riskle?

® Bruls transmission

measurements

See/ CIE
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THE FIRST LAW OF PHOTOBIOLOGY — PHOTONS HAVE TO BE ABSORBED
TO PRODUCE AN EFFECT — AND THEY HAVE TO REACH THE TARGET MOLECULES

_Solar Irradiation Curve Outside Atmosphere
Solar Irradiation Curve at Sea Level

® UV-B photons are less energetic but they penetrate deeper
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Sunlight spectrum — only trace amounts of
UV-B reach ground level and no UV-C at

250 300 all (Sliney & Wolbarsht, 1980); Sliney DH,

wavelength (nm) Balancing the Risk of Eye Irritation

from UV-C with Infection from
187:2010 — UV-C Photocarcinogenic Risks from Germicidal Lamps Bioaerosolsizois
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1 * Applications of UV-C
germicidal radiation

* Localized irradiation can be
used with proper design of
ouvers and irradiators

* Use diminished with
development of anti-biotics and
germicidal disinfectants.

* Revised interest with multi-
drug-resistant strains




allston, Maryland
ntal Health Sciences,
oerg School of Public Health,

* UV Germicidal irradiation ca ~ Received 13 November 2012, accepted 3 May 2013, DOL:
and effectively used for upper air ~ 10.1111/php.12093
disinfection with out a significant risk for ABSTRACT

, The very aspect (phototoxicity) that makes short-l
long term delayed effects such as skin wavelength ultraviolet (UV) radiation an effective
/ancer. (CIE 187:2010) germicidal agent also is responsible for the

unwanted side effects of erythema (reddening of




BECK ET AL, 2015

This Study

+==++==++ | inden, 2001

Spectral Sensitivity

240 260
Wavelength (nm)
/; ® This research from the University of Colorado led to the hope for

applying 222 /207-nm KrCl lamp for GUV! The NEXT Presentation!

® Efficacy? Safety? Lamp technology?
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