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AIA/CES Registered Provider

} ASHRAE is a Registered Provider with The American Institute
of Architects Continuing Education Systems. Credit earned on
completion of this program will be reported to CES Records
for AIA members. Certificates of Attendance for non - AlA
members are available on request.

1 This program is registered with the AIA/CES for continuing
professional education. As such, it does not include content
that may be deemed or construed to be an approval or
endorsement by the AIA of any material of construction or
any method or manner of handling, using, distributing, or
dealing in any material or product. Questions related to
specific materials, methods, and services will be addressed at
the conclusion of this presentation.
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Learning Objectives

1 Describe how germicidal ultraviolet light
Inactivates microorganisms

1 Compare the ultraviolet susceptibility of different
pathogens in terms of the UV rate constant

1 Use dose - response relationships in the design of
UVGI systems

1 Understand germicidal light source options and
their most important application characteristics.

1 Distinguish between and the main types
ultraviolet air and surface treatment equipment
and their applications
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Most Deadly Diseases - Airborne
and Fomite transmission

(World Health Report, WHO 2013)

Acute lower respiratory infections 4.4 million
Diarrheal diseases 3.1 million
Tuberculosis 3.1 million
Measles >1 million
Pertussis 355,000

Transmission commonly occurs indoors due to
proximity and favorable environment for pathogens
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Factors Affecting Airborne Disease
Transmission - Wells-Riley Equation

C=Sgl -exp( Hkpt/Q

B C = new infections

B S = number of susceptibles

B | = number of infectors

B q = number of infectious doses

B p = pulmonary ventilation rate per susceptible
B t = exposure time

B Q = flow rate of uncontaminated air

1 Ventilation reduces risk by reducing exposure
}

Filters and air disinfection device performance can be
expressed as equivalent ventilation rate

ASHRAE UVGI Short Course



Disinfection using UV light has a
long history

1 1892 Germicidal effect of UV on B. anthracis shown
1 1909 First UV water treatment plant

1 1936 Overhead systems applied in hospitals

1 1937 Upper air systems applied in schools

1 1940 Application to HVAC systems

1 1999 WHO recommends UV for TB control

1 2003 CDC sanctions use of UV for TB control
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Reported Effectiveness
ir Disinfection

Wells, Wells, and
Wilder (1942)

Interventions In two

THElENVIRONMENTAL CONTROL OF EPIDEMIC CONTAGION

I. AN EPIDEMIOLOGIC STUDY OF RADIANT DISINFECTION OF AIR
IN DAY SCHOOLS

By
W. F. WELLS,: M. W. WELLS: axp T. 8. WILDER 2

(Received for publication July 14th, 1941)

ExperiventT 1. THE GERMANTOWN FRIENDS
ScrooL

1. Plan of Experiments.

1. Design of installations.

2, Epidemiolagical techniques.

8. Contagious diseases prior to the use of ultra-
violet lights

II. Results.

A. The first experimental year: 1937-1938.
Busceptibility.
Contagious diseases.

schools in 1937
Upper air UVGI

Tracking of
Infectious disease
outbreaks

1 Lahoratories for the Study of Air-borne
Infeetion, supported by a grant from the Com-
monwealth Fund to the University of Penn-
sylvania School of Medicine.

Am. J. Hygiene (1942)
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B. The second experimehtal year: 1938-1939,
Susceptibility
Contagious diseases

C. The third experimental year: 1939-1940.
Susceptibility.
Contagious diseascs.

D. The fourth experimental year: 1940-1941.
Susceptibility.
Conlagious discases.

E. The frequency of colds before and after the
use of lights.

Exppriment II. THE SWARTHMORE PUBLIC
ScHooLs

1. Plan of Experimenta.
1. Design of installations.




Reported Effectiveness
Air Disinfection
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FigURE 1. Classroom, Germantown Friends School, central radiant sources. UPPGI‘ Classes, UNIRRADIATED ROOMS
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Reported Effectiveness
Room Disint

Compare normal ¢
UVC room deco
HAI pathogens
2016)

Conventional ¢

Contents lists available at ScienceDirect

American Journal of Infection Control

journal homepage: www.ajicjournal.org

Major article
and detergent Postdischarge decontamination of MRSA, VRE, and Clostridium difficile @Cmmm
. isolation rooms using 2 commercially available automated
Clean I ng - NC ultraviolet-C-emitting devices
C h an ge I n n U Titus Wong MD, MHSc, FRCPC “*!, Tracey Woznow BSc, BEd(Sec) ?, Mike Petrie ,
Elena Murzello BScN, MBA ¢, Allison Muniak MASc ¢, Amin Kadora MBA ¢,
Wh ere contami Elizabeth Bryce MD, FRCPC *>*!

etecte : i S——
s In wer Mai s

UV 4 large reduc
contaminated roc
counts
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Reported Effectiveness
Room Disinfection

Table 1
Percentages of rooms contaminated with MRSA, VRE, or CD before and after manual cleaning and UVC disinfection

Organism Before manual cleaning  After manual cleaning  Pvalue® OR (95% CI) After UVC disinfection  Pvalue® OR (95% CI)

MRSA 21/61(34.4) 17/61(27.9) 502 0.67 (0.236-1.774) 2/61(3.3) 0003  0.00(0.000-0.279)
VRE 18/61(29.5) 18/61(29.5) 773 1.00 (0.267-3.741) 3/61(4.9) 0003  0.00(0.000-0.279)

cD 7/22(31.8) 5/22(22.7) 617 0.33(0.006-4.151) 0/22(0) 0736 0.00(0.000-1.091)
MRSA, VRE, or CD 39/61(63.9) 32/61(52.5) 211 0.53(0.196-1.34) 5/61(8.2) .0001 0.00(0.000-0.146)

NOTE. Values are n/N (%) or as otherwise indicated.

Abbreviations: CD, Clostridium difficile; Cl, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus; OR, odds ratio; UVC, ultraviolet-C; VRE, vancomycin-
resistant enterococci.

*McNemar test for paired samples, 2-tailed P value.
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Outline

}
}
}
}
}
}
}

UVGI Disinfection

Inactivation Rate Constants
Germicidal Sources

UVGI Systems and Applications
Photodegradation of Materials
Maintenance

Health and Safety Considerations
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Optical Radiation (1 nm - Tmm)

THE ELECTROMAGNETIC SPECTRUM

X-RAYS ULTRAVIOLET VISIBLE LIGHT INFRARED

100 200 280 315 400 780
WAVELENGTH (nm)

State of the art is based on 254 nm UVC
AUl travi ol et Ger mi ci dal |l rradi

ASHRAE UVGI Short Course 15



Germicidal Action of UVC

UVC damag
DNA/RN A\ Before UV Photon 0
microorg
bacteria

Microorc
/nactiva
become
replicate
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Germicidal Action Spectrum

Mainly UVC, some UVB effect, max ~265 nm UVC
1.0

0.8

0.6

0.4

0.2

RELATIVE GERMICIDAL EFFICIENCY

UID L L L L 1 4
220 240 260 280 300 320

WAVELENGTH, nm

2019 ASHRAE Handbookd HVAC Applications, Ch. 60, Fig. 3
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Microbial Dose

To a first approximation:

S=exp( KIt)
=exp( kD)

S= surviving fraction of
initial population

k = deactivation rate
constant (cm 2/uW - s)

/= UV fluence (UW/cm 2)
t = duration of exposure (S)

It= D= 0dose6? (0O0J/Cm

\

Response to UVGI
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Microbial Response to UVGI - &

k varies by orders T —
Of magnitUde VIRUSES

VEGETATIVE BACTERIA

Smaller k4 mor e
resi stant MYCOBACTERIA

BACTERIAL SPORES

Repeatable &
measurement IS FUNGAL SPORES
difficult

LEAST SUSCEPTIBLE
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Representative Values (cm?/uW-s)

B Bacillus anthracis (bacterial spore)
1 Water: 0.000056
1 Surface: 0.0002702

B Mycobacterium tuberculosis (vegetative bacteria)
1 Water: 0.0004773
1 Air: 0.0047210

B Influenza A (RNA virus)
1 0.0010103 (water)
1 0.0011900 (air)
B Measles: 0.0010510 (RNA virus, water)
B MHV coronavirus: 0.00377 (RNA virus, air)

Sources: Kowalski, Wladyslaw. 2009. Ultraviolet Germicidal Irradiation Handbook. Berlin: Springer-Verlag Berlin Heidelberg.

Walker, C. and G. Ko. 2007. Environ. Sci. Technol. 41:5460-5465. (Coronavirus)
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Effect of & on Survival

0.9+
0.8+
0.7}
0.6

0.4}
0.3}
0.2}
0.1}

| = 500 WW/cm?
——Anthrax, k = 0.000056 ;,W-s/cm?
—o—Legionella, k = 0.0016178 HW-s/cm2

0.0

0.5 1.0 15 2.0
t[s]
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Lamps

;  Current generation uses same technology as fluorescent lamps

y  Typical lamp
B Low pressure Hg vapor or amalgam lamp
B Electric field excites vapor, which emits UVC mainly at 253.7 nm
B UVC nominally ~20% &30% of input power
B Quartz or soft glass tube with high UVC transmittance

—
o
o

Germicidal Effectiveness

o
o

Medium Pressure

/ UV Lamp

(o))
o

Low Pressure
UV Lamp h

o A

200 250 300 350
Wavelength, nm

Relative Intensity
>

(Effectiveness), %
N
o

o
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Lamps

} Lamp shapes
BSingle tube
BBiaxial (twin tube)
BU- tube

p—

=
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http://www.americanairandwater.com/lamps.htm

Lamps

} Output Level
B Standard output (425 ma)
B High output (800 -1200 ma)

B High output lamps may operate at higher temperature than
standard output lamps, with benelfit for some applications

Note: 1 m/s @198 fpm

= =Standard Output Lamp
=High Output Lamp

Lamp Output [%]

0 1 2 3 4 5
Airflow Velocity [m/s]
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Ballasts
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Impact of Ballast Selection on
Lamp Performance

rBal |l ast selecti on affect

BOutput
BlLife

{ Hot cathode ~5000 & 10,000 h (affected by cycling)
{ Cold cathode ~20,000 h

BEfficiency (e.g., high frequency electronic vs.
electromagnetic)

} Ballast may also create audible noise
(electromagnetic), EMI/RFI (electronic), and
affect power quality
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Lamp Depreciation and Life

Depreciation minimally ~15% but may be up to 50%
Typical life ~8000 h for hot cathode, but affected by application

100 ‘1\ 200
_95 QL 150 I~
+ 90 2100
> 85 °
» >
80 T I I 0 T T T
0 2000 4000 6000 8000 0.1 0.3 1 3 10
Hour Switching rate (#/3hr)
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Wind Chill

1 Lamp output depends on vapor pressure inside lamp

1 Vapor pressure controlled by the coldest temperature
onthelamptube A"ocol d spot temperat

1 Cold spot temperature depends on:
B Lamp shape
B Lamp orientation
B Air velocity and temperature
B Power input to lamp

} Standard rating conditions 1N room temperature, still
airn often do not represent application conditions

1 Sleeved lamps reduce wind chill but at significant cost
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Typical Wind Chill Curve

UV Output [%] .
N D O O O
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80

Lamp Surface Temperature [°C]

Maximum output when cold spot T = 40AC (1094F)

[Note - 0AC = 324F, 80AC = 176/F]
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Effect of Air Temperature and Speed

(Standard output lamp, cross flow)

— ° LampZSOurface #gmperat??re [°c] %
§ 100
et
-
Q.
-
-
@) Air Temp.
o 60 | ~=35°C
> —==26.7°C
- 50 + =211C
3] ) 9
— ==156C
& 40 T .
0 2 4 6
Air Velocity [m/s]

1 m/s = 196 ft/min, 15.6AC = 60AF, 35/AC = 954F
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Temperature of Lamp in Cross Flow
Conditions: 32 2°C (90.0°F), 1.78 m/s (350 ft/min)

Socket end
Center (flow left to right) (hot spot at cathode)
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Lamp Wind Chill Map
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Overall Lamp Output

Factors
Deprecie

Air Velocity [m/s]

1 0 20 25
55 /0 Mc Air Temperature [C]
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Upper Room infection

UV-C DISINFECTION ZONE

contamina
zone | o oo |

ASHRAE Handbook i 2019 HVAC Applications, Ch. 62, Fig. 5
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Upper Room Di

AlIr distrib
system r
but goc

ventile

Safet 2
becau
occupl

Test for
occupied
exposure

200—" 100

UVGI UV MEASUREMENTS

FIXTURE IN uWiem?
(GERMICIDAL ZONE:
UV = 10 uWicm?)

DISTANCE FROM FLOOR, ft

O = N W a0 N

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
DISTANCE FROM BACK OF FIXTURE, ft

2019 ASHRAE Handbookd HVAC Applications, Ch. 62, Fig. 6
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Upper Room Air Disinfection

B s o
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Upper Room Disinfection

1 Oldest type of air disinfection system
1 Good application for standard lamps

1+ Approved by U.S. Centers for Disease Control and
Prevention/ National Institute for Occupational
Safety and Health for control of tuberculosis

1 NIOSH (2009): Environmental Control for
Tuberculosis: Basic Upper - Room Ultraviolet
Germicidal Irradiation Guidelines for Healthcare
Seitings
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http://www.cdc.gov/niosh/docs/2009-105/pdfs/2009-105.pdf

NIOSH (2009) Upper Room
Design Guid

Irradiance

Environmental Control for Tuberculosis:

. Basic Upper-Room Ultraviolet
Arrange Germicidal Irradiation Guidelines
un Iform for Healthcare Settings

EEEE N EEEE EEEEEEEEEN

L \
= >
H E E B EE NN EEEEEEEEENm

simplific
1.87 W
of lamps
6 W/m 3 (0.

Department of Health and Human Services "y "",7','(9
Centers for Disease Control and Prevention : MAS ] /ﬁ
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|am pS for l Ipp 'a National Institute for Occupational Safety and Health « Qéé/‘é N OSH

volume
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Air-Hand lI''e-Dwuo tngallhtinis

Downstream coil surface/air installation
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Air-Hanld I''eDwo tngallhtinis

} System designed for
99.98% single - pass
Inactivation
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In-Duct Air Disinfection

1 Depending on application (flow conditions,
disinfection goal), required fluence may be 100s
of uW/cm 2

1 In- duct system likely to require less lamp power
than upper room system, however,

B Cannot have an effective ventilation air change rate
higher than supply air flow rate

B May not be as effective at providing protection in a high -
density occupancy

1 Installation upstream of cooling coils should
minimize power requirements/cost but may not
be best if coll maintenance is also desired
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In—-Duct Surtace Disinfection
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Yi, et al.—APReduction up to 15%

Singapore Laboratory

80 + Before UV |

= » After UV
&60— —Before UV (R*=0.88) i
3 --- After UV (R%=0.95)
.S
ol - _
% 40
5
£ 20+ :

O |‘- | | | | | |

0 0.5 1 1.5 2 2.5 3 3.5 4

Face velocity (m/s)

ASHRAE UVGI Short Course



In-Duct Surface Disinfection

Multiple chol

lamp config
360° COVERAGE — DOWNSTREAM UPSTREAM OR DOWMNSTREAM
D Own Stre . COOLING COIL/UPSTREAM OF FILTERS OF COIL

Upstrea vy
Both | A

AIRFLOW

Consider:
Irradiate C :
Treat coil a o

Impact of ai

ELEVATION VIEW ELEVATION VIEW
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In—-Room Surtace Disintection
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In-Room Surfa
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