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Topics

« Ultraviolet Germicidal Irradiance (UVGI)
HINERE

«  Durability of materials exposed to UVC light
UVCERET I RIM EHIT A M

« UVC exposure test results

UVCER RN 345 R

« Standard test protocols for UVC testing
UVCIINE RO AR5l 75 28

Disclaimer: We aren't supporting use of our products for UVGI applications, just material testing.
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Ultraviolet Germicidal Irradiation (UVGI)

*  The use of ultraviolet (UV) wavelengths of light in the germicidal range
(200—-320) for the disinfection of air and surfaces.

i) ol-——IN T S oo A= A i P —
FIFH200-320nm S INRER BT ZZ S HIM AR EHITHS Ultraviolet Germicidal Irradiation Handbook

*  Method for disinfection of air, water and surfaces that uses radiation with wavelength in the range
240 to 280 nm to kill or inactivate micro-organisms.

£ FH240-280nmiREXX ZES - KM ARENIETHESE « RIAEY)
SO 29464
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How UVGI Works

2 Hydrogen
@ Oxygen
@ Mitrogen
@ Carbon

« Ultraviolet light causes crosslinking o
Phosphorus

of DNA or RNA strands
L5 S5 REDNABLRNABERV AT BX

Minor groove

:

» Inactivates a cell's ability to 5

replicate -
HNHI 40 e BB A RO BE

Pyrimidines Purines
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Action Spectra of DNA & Select Microorganisms

DNAFI 4 MRI{E R SIS

USEPA UV Disinfection
guidance manual, 2006
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Relative Spectral Irradiance and Germicidal Response
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Relative Spectral Irradiance and Germicidal Response
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Relative Spectral Irradiance and Germicidal Response
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Relative Spectral Irradiance and Germicidal Response
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Actual Spectral Irradiance and Germicidal Response
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Fluorescent UV, Xenon Arc, and Sunlight
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Emergency Vehicle

_ ‘?'

Airports Schools
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UVGI Applications

@ Soluva® Zone H - the mobile solution for surface clanlng and dlsmfectlon
' . -

Interior materials are not typically designed to withstand UV exposure, so UVC exposures
are not often considered during material development

EAMELEE TRIERENRSE, AMHFARUVCRFLREWSE S
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UVC Light for UVGI Applications

« UVClight is effective at inactivating viruses and other microorganisms
UVCEBEBA R OEREB M EMIWEY

* Asaresult, indoor materials are now being subjected to highly destructive UVC energy
HUIE - 2R EIERZEIUVCERIMNE RV A

*  The actual UVC dose experienced is unpredictable in most applications
TEAZHN S - EFRZRIMEFIEZE A TN

*  Because UVC light is very damaging, UVC exposures will often be much faster than
standard weathering tests for outdoor materials

HTUVCEBRBWKAYE - UVCEEBEILEIMRAIRESZ(ENHERSZS

Let’s ook at some UVC exposures of plastics and other materials

BB+ EIE R # R ETEUVCTHIFEY]
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Units in UVC Exposure Testing

* Energy 1Joule =1TW:s
e Irradiance (Power) 1T mW/cm? = 10 W/m?
« Radiant Dosage (Energy) (Irradiance x Time)

1mJ/cm2 =10 J/m?

« The energy of a photon is inversely proportional to its wavelength
HFRIBEE S EIR KA LS

« Short-wavelength light has more energy per photon and is more
damaging than long-wavelength light

RUR RN HBEE RN T RIRRIN
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Electromagnetic Spectrum
uvc : UV-IB uv-A
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The energy of a photon
is inversely
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Energy per Photon (Quantum)
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UVC Light and Chemical Bond Breaking
e BTN FRESE

Wavelength of photon with equivalent

Chemical Bond Energy to break bond (kJ/mol) energy (hm)
C-N 330 363
NH 339 353
C-C 348 344
o 372 321
o 393 304
O-H 426 281
Si-0 452 o
C-F (CHsF) 460 20
C-F (CFy) 222 =

Schnabel, 1981
Bonds can only be broken by photons with a wavelength shorter than the threshold value shown

UVC photons have the potential to be very damaging. Are they, though?
R AR/ T2 B E R KRS F B
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Chemical Bond Energy & Photon Wavelength
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UVC Durability Testing
UVCHTif % il iz

« Testinstrument and cycle
Ml iz & MERF

«  UVC-254 vs fluorescent UV lamps
UVC-254 vs KICRIMT B
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Laboratory UVC Testing

e Tests conducted in the QUV/uvc tester - a new model of the
QUV tester

#1285 QUV/uvclllizi Al

«  Onboard UV sensor precisely controls irradiance at 254 nm
RAETEHI254nm AR R IR E

»  Features light baffles and automatic safety shut-off features
BHAECHRMBZ 2 RIAINEE

«  Water functions (condensation, spray) removed for simplicity

BIR 72 BEANKIEH IBE
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UVC Exposure

« lrradiance: 3 mW/cm?2 (30 W/m?)
(low- to mid-range of achievable set points)

« Temperature: 30°C black panel

* Duration: 200 hours (2.16 kJ/cm?)
(evaluate color at 24, 100, 200 hours)
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UVC-254 Lamp
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UVC Test Results

* Painted Panels JRE1x

« Vinyl Flooring & %% Z i
e Fabrics 34

* Leathers lF&

» Surface Materials FREI# K}
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Painted Panels: Visual Evaluation
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Painted Panels: Color Change

Color Change in UVC Testing » General-purpose acrylic
. Painted Metal Panels modified alkyd spray paint
9 - = White —— Red 2
g [ o Bl ? i AR BT M E AR
== Green =@ Turquoise /
7 =—{— Blue =—fl— Purple / . .
6 —o—pgroun - - » Noticeable color change in
Color Change
g only

4 100-200 hours
3
2 100-200/M BB LR £ E
1 P
i Tk

0] 50 100 150 200

Test Time
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Painted Panels: Gloss Retention

Gloss Retention in UVC Testing » General-purpose acrylic
Painted Metal Panels modified alkyd spray paint

100%

00% - - (= White —f— Red

80% - Orange =i 18 B R W B O B R 5 SR

20% == Green —&— Turquoise

6o olue L « Major loss of gloss in onl
G|OSS ° g Brown J g y

Retention 50% - 100 hours
(%) 40% =
oy OONT T 00 RADE
20%
10% \\ H E
0% \ | |

Test Time
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Painted Panels: UVC and UVB Exposures
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Gloss Retention in UVB Testing
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UVC testing is very harsh even compared to UVB testing — which is also known to degrade materials quickly

UVCLEUVBIIH A ZE™ER % !
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Vinyl Flooring: Visual Evaluation

» Commercially-available vinyl flooring material
LR Z G E iR

« Major discoloration in just a day of testing!
—XHNHE B EETE
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Plastics: Visual Evaluation

« Significant degradation in clear
and yellow plastics

EHRMRAEHNEEZL

» Degradation is
yellowing/darkening, likely of
base polymer

ZIL 2L FE/ZME, TR EM Y

37

* Red plastic showed less color
change and retained more
gloss

ABEBEHERHBADMERTE

 FRETESIF
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Plastics: Color Change

20
18
16
14
12 - @
10 /
DeltaE 8 ®)
6

Qf —@— —0

(@R \CREININ

0 50 100 _ 150 200
Time (hours)

-o-White corrugated plastic O Yellow plastic -@=Red plastic

31 | UVC Materials Testing We make testing simple. ‘

QLAB



Fabrics: Visual Evaluation

» Cheap synthetic fabrics
are surprisingly UVC-

B resistant!

) | EOARTEEERALY

v L TR

 The floral print at righties
an exception

HIHIENTEZ 154

32 | UVC Materials Testing We make testing simple. ‘

QLAB



Fabrics: Color Change
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Leathers: Visual Evaluation

» Wide variety in
performance of synthetic
leathers

SRCEERES1F

* Red, blue, and gray very
little change

218, GRMKREZER/N

» Brown and red/black
degraded very quickly -
color fade observed

e/ RERAERIR-

ELE 4R &
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Leathers: Color Change
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Surface Materials: Visual Evaluation

» Surface / tiling materials
are fairly UVC resistant

R E/ERE MR8 Z 425
57
» Some yellowing observed

in lighter-colored
specimens

EEEFEMP USRS —LLE
VAR
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Laboratory and Real-Worid
UVC Exposures
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Lab and Real-World UVGI Exposures
S =M ESCIE R FRRINRENNIR

P T, T T . W

K
.

A
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e
&_.

.
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S
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A
=

» Even short UVC exposures
caused significant damage to
some materials

B4 I B UVCEES L BB ST th &
X 3 LB 48 & pl ™ iR
* What do these tests correlate to

in terms of real-world UVGI
exposure?

L 7 5 B SL M RAIUVGI RE
Bt H X ?
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Material Exposure to UVGI

o Soluva® Zone H - the mobile solution for surface.;-;ean'_ and disinfection
|
4

Many surfaces will be significantly over-exposed in an effort to ensure all areas receive
sufficient dose, possibly 10 x the target dose

NIBRITE XA R E BHTTE, 12K EFHEIERE AL R 7 ERT0E
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Disinfection Levels

Term Kill/Deactivation Ratio Comments
Lo 207 ek benchmark
2-Log 99%
3-Log 99.9%
4-Log 99.99%
5-Log 99.999% Lowest level of “sterilization”
6-Log 99.9999% Typically the lowest level measureable

Dose vs kill ratio varies by microorganism and follows a logarithmic decay rate

TNEG KB HELM LT, HEBNI R
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What are typical UVGI exposure doses?
H 4 REANRINRERIMTIE ?

e« 2 mJ/cm2to 1500 mJ/cm? have been cited for various
microorganisms and disinfection levels (1-log to 6-log)

2 mJ/cm?2 to 1500 mJ/cm2 # AR REFES ( 1-log to 6-log )

« 1J/cm? has been suggested as a standard UVGI cycle
1)/cm2 @2 WA — M InERUVGIRcycle
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UVC Radiant Dosage

Assume 1 “cycle” of UVGI is a dose of 1J/cm? (estimates for this value vary significantly!)
BE1TUVGIHFIE=Z1J/cm2

At irradiance of 3 mW/cm?, a single dose is achieved in 334 seconds
3 mW/cm2egiaiRE, MhX334F5KE[1J/cm2, higt 2 — 1 UVGI
(334 s x 3mW/cm? =334 s x 3 mJ/sscm? = 1000 mJ/cm?)

Time to achieve one year of UVC dosage at
254 nmirradiance of

UVGI Cycle 3 mW/cm? (hours) 100 hour test rer;;eae\z/rgf?how INETWAEEDS
Daily 34 3.0
Weekly 4.8 20.8
Monthly 1.2 83.3
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Potential Standard Test Parameters

Irradiance: 1-6 mW/cm? (10-60 W/m?)
Will reciprocity be valid for UVC testing? 181 5&E XUV C Iz B4 7

Temperature: 30-63 °C BPT (Black Panel Temperature)

Are room temp values more practical? Does high temp accelerate? Z,;7 &LSr ?

Cycle: Continuous or Light/Dark cycling
Will dark periods affect results? SBA&E1E X7 M1 B =200 2

Duration: 200-1000 hours

Usually not specified in standard operating practice
Short exposures acceptable, or longer tests required? JUim A7/8Z 0 5 7& 2
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UVC Dose Reciprocity

*  Will these exposures deliver the same result?

XIS A2 EFRN SRS ?

100 hours @ 1.5 mW/cm?
50 hours @ 3.0 mW/cm? )
All achieve 540 J/cr¥
25 hours @ 6.0 mW/cm?
12.5 hours @ 12.0 mW/cm?

* Inthe QUV/uvc tester you can run all of these tests to verify reciprocity
(LIGHT/DARK cycling also possible)

& FQUV/uvc R B LUa 1T DL EFR AN RN UE £ 1 R 5+
( JeiR/AEME A Ol )
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Conclusions

« Ultraviolet Germicidal Irradiation (UVGI) is growing quickly; any commercial
space is a candidate

UVGIRMIaARRIR (RZEWHROILUER )
*  Your materials may be exposed to more UVC energy than anyone can predict
TRAY ™ on O] BE = U EI EC T EA B 22 AUUVCER S

« UVC laboratory testing shows significant degradation in a short timeframe to
a variety of products

UVCIINIE R BN T RZ M= B & E1E
« Test protocols are in the process of being standardized

HRUVCNI 3 IS E
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Question?

kqu@qg-lab.com
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