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Fundamentals of Ultraviolet Germicidal

Irradiation for Air and Surface Disinfection
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UV-C-Radiation used for disinfection is most effective
at a wavelength of 264 nm.
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Indoor Micro

1 Bacteria
BTuberculosis
BAnthrax
BMRSA

1 Virus
BRhinovirus
BSARS
Blnfluenza

1 Sources
Blnfected humans

B Biological warfare/
terrorism

—
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Indoor Micr

; Cause/aggravat
BAllergies
B Asthma

= Opportunistic
Infections

1 Grow In presence
food (organic
material) and water

1 Types
BAspergillus
B Stachybotris
B Penicillium
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Indoor Microbial Control Methods

v Al
BFilter
BDilute In air
BClean from surfaces
Blnactivate - air/surface
1 Pathogens
BLimit person to person transmission with good
hygiene
1 Fungi
BControl sources of moisture
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Indoor Microbial Control-Filtration

1 All airborne biological agents are filterable

1 Ease of filtration depends on particle size N MERYV 6 not effective
against mm- sized particles

1 HEPA and near - HEPA filters have high pressure drops

1 Fungi can grow on filter media
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Indoor Microbial Control-Dilution

+ Outside air can be used to dilute any airborne
Indoor contaminant

1 Conditioning of outside air iIs a major energy
consumer

» Large amounts of outside air conditioning In
hot/humid climates may lead to moisture
control problems
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Indoor Microbial Control-UV(GI

1 UVC, UVB radiation (~200 6320 nm) damages
DNA, RNA of microorganisms

The Spectrum of Light

X-rays Ultraviolet Visible Light Infrared

100 200 280315 400 780 Wavelength (nm)

Peak Germicidal
m < ':‘.(- 2“ nm

UV-C-Radiation used for disinfection is most effective
at a wavelength of 264 nm.
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History

;  1880s Finsen uses UVB to treat skin diseases
}  1920s Studies of UV effect on microorganisms

}  1930s First air treatment applications - Wells, et al. m Multi - year PA
school study shows upper room highly effective against measles

1 1940s Studies of surface mold disinfection

} 1950s Use of UV in A/ C des applicdiienchGES 0st an
literature

1 1980s First cooling coil disinfection Philips UV lamp application
guidance

1 1990s Growth of commercial UVGI, renewed scientific interest in UVGI

y 2005 ASHRAE TG 2.UVAS formed

;2007 TG 2.UVAS becomes TC 2.9 Ultraviolet Air and Surface Treatment
;2008 ASHRAE Handbook - S&E chapter on UV

}

2009 ASHRAE Position Document on Airborne Infectious Diseases
identifies UVGI as a proven technique for airborne infection control

;2009  NIOSH guidelines for control of tuberculosis with upper room UVGI
} 2009 Formation of | SO working group on @
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Recent Evidence of

Major laboratory study
documents ability to
deactivate microorganisms
iIn moving air (RTI, 2002)
EPA ETV tests of nine
commercial products show
effectiveness against 3
standard microorganisms

Double blind office building
study shows reduction of
sick building symptoms and
sampled microbial levels
(Menzies , et al. Lancet
2003)

More evidence of impact on
outcomes is needed

UVGI ErTicacy
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ASHRAE Position Document -
Airborne Infectious Diseases

}

Airborne infectious disease transmission can
be reduced using UVGI (and other modalities)

Research that shows UVGI can inactivate
some disease transmitting organisms and
that it can affect disease transmission rates.

Additional research is needed showing
clinical efficacy specifically in occupancies
with high - risk sources

Top three research priorities are UVGI - related
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Microbial response to UVGI

+ To a first approximation:
S=exp( -kit)

BS = surviving fraction of initial population

Bl=UV fluence ( OW/ ¢ m2)

Bt = duration of exposure (s)

Bk = decay rate coeg)stant ( c m:

} Single pass efficiency of UVGI=1 - S

ASHRAE Hellenic Chapter  5/18/11 14



Microbial Response to UVGI

+ k varies widely for different microorganisms

1 Representative values (cm 2/ m\V- s)
BBacillus anthracis 0.000031
Blnfluenza A 0.0019

BMycobacterium tuberculosis 0.002132
BStreptococcus pneumoniae 0.006161

1 Accurate measurement of k is difficult and a
weakness of existing design data
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UVGI Susceptibility-Spores vs. Bacteria

1.0 |\ T T T T T T T T T
\
A —Bacillus anthracis |
\
\
0.8+ \
\\\
\
A
A
\ 2
0.6F I =300 pWicm™ -
)
0.4+
\\
\\
0.2+
‘‘‘‘‘‘‘‘‘‘ ----Streptococcus pneumoniae |
00 i L L 1 L L L T ——— ~ -—
0.0 0.4 0.8 1.2 1.6 2.0

t

-Filter may be more effective for some microorganisms
-Consider multiple modes of air treatment
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Microbial Response
1 Multi - Stage
BSuperimposed .
exponentials for § oo
susceptible and L
resistant populations  ? oo
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Microbial Response

;joShoul der 6
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UVGI Sources

} Low- pressure Hg vapor lamps with quartz tubes
produce nearly pure 253.7 nm UVC

1 UVC output ~20 - 30% of input power

} Lifetime depreciation typicallyl5 -20% over 9000
hr life, but some lose 50% in 6000 hr life with
moderate switching rate
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http://www.americanairandwater.com/lamps.htm

UVGI Sources

Variety of sizes

Output Level

& Standard outp

= High output (8C

B High output la
higher tempera

output lamps

Cathode

B Hot cathode
Coated filament, ther
Higher output than colc
Starts affect life

B Cold cathode

High voltage potential ionizes ga:
lamp

Low power/output g !

el

Long life, not affected by starts ‘ ’
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Effect of Ambient Conditions-Cold Spot
Temperature
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Ambient Conditions-Flow and T

(standard output lamp, manufacturer’s data, cross flow)
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1 m/s = 196 ft/min, 15.6AC = 604, 35AC = 95AF
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Temperature Distributions
Conditions: 32.2°C (90.0°F), 1.78 m/s (350 ft/min)

Center (flow left to right) c?:t(r:\l:)edte?nd (hot spot at
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Lamp Performance Map



