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}Bacteria
ƁTuberculosis
ƁAnthrax
ƁMRSA

}Virus
ƁRhinovirus
ƁSARS
ƁInfluenza

}Sources
ƁInfected humans
ƁBiological warfare/ 

terrorism

}Characteristics
Ɓmm and sub -mm
ƁCarrier particles
¶Droplet residue

¶Dust

}Transmission
ƁAirborne
ƁFomite
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}Cause/aggravate
ƁAllergies
ƁAsthma
ƁOpportunistic 

infections

}Grow in presence of 
food (organic 
material) and water

}Types
ƁAspergillus
ƁStachybotris
ƁPenicillium

}Characteristics
ƁSurface growth ñ

mycelium

ƁSpores, O(1 - 10 mm)
ƁVOCs
ƁMycotoxins

} In HVAC systems
ƁCooling coils
ƁDamp filter media
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}All
ƁFilter

ƁDilute in air

ƁClean from surfaces

ƁInactivate - air/surface

}Pathogens
ƁLimit person to person transmission with good 

hygiene

}Fungi
ƁControl sources of moisture

6ASHRAE Hellenic Chapter 5/18/11



} All airborne biological agents are filterable
} Ease of filtration depends on particle size ñMERV 6 not effective 

against mm- sized particles
} HEPA and near - HEPA filters have high pressure drops
} Fungi can grow on filter media

7ASHRAE Hellenic Chapter 5/18/11



}Outside air can be used to dilute any airborne 
indoor contaminant

}Conditioning of outside air is a major energy 
consumer

}Large amounts of outside air conditioning in 
hot/humid climates may lead to moisture 
control problems
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}UVC, UVB radiation (~200 ð320 nm) damages 
DNA, RNA of microorganisms
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} 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
} 1940s Studies of surface mold disinfection
} 1950s Use of UV in A/C described as òstandardóapplication in GE 

literature
} 1980s First cooling coil disinfection Philips UV lamp application 

guidance
} 1990s Growth of commercial UVGI, renewed scientific interest in UVGI
} 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 ISO working group on òUV devicesó
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} Major laboratory study 
documents ability to 
deactivate microorganisms 
in 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
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}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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ÅMicrobial response

ÅUV sources
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}To a first approximation:

ƁS = surviving fraction of initial population

ƁI = UV fluence (ÕW/cm2)

Ɓt = duration of exposure (s)

Ɓk = decay rate constant (cm2/ÕW- s)

}Single pass efficiency of UVGI = 1 - S

14

( )expS kIt= -
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}k varies widely for different microorganisms

}Representative values (cm 2/mW- s)
ƁBacillus anthracis 0.000031

ƁInfluenza A 0.0019

ƁMycobacterium tuberculosis 0.002132

ƁStreptococcus pneumoniae 0.006161

}Accurate measurement of k is difficult and a 
weakness of existing design data
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-Filter may be more effective for some microorganisms

-Consider multiple modes of air treatment
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}Multi - Stage
ƁSuperimposed 

exponentials for 
susceptible and 
resistant populations

ItkItk
feefS 21)1(
--

+-=

0.00001

0.0001

0.001

0.01

0.1

1

0 20 40 60 80 100 120

Time, min

S
u

rv
iv

a
l 

F
ra

c
ti

o
n

ItkItk
feefS 21)1(
--

+-=

5/18/11 ASHRAE Hellenic Chapter



18

}òShoulderó
ƁSlow no response 

until threshold dose 
is reached
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}Low- pressure Hg vapor lamps with quartz tubes 
produce nearly pure 253.7 nm UVC

}UVC output ~20 - 30% of input power

}Lifetime depreciation typically15 - 20% over 9000 
hr life, but some lose 50% in 6000 hr life with 
moderate switching rate
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} Variety of sizes and shapes
} Output Level
ƁStandard output (425 ma)
ƁHigh output (800 - 1200 ma)
ƁHigh output lamps operate at 

higher temperature than standard 
output lamps

} Cathode
ƁHot cathode
¶Coated filament, thermo - ionic effect
¶Higher output than cold cathode
¶Starts affect life

ƁCold cathode
¶High voltage potential ionizes gas in 

lamp
¶Low power/output
¶Long life, not affected by starts
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1 m/s = 196 ft/min, 15.6ÁC = 60ÁF, 35ÁC = 95ÁF

ASHRAE Hellenic Chapter 5/18/11

0

20

40

60

80

100

0 20 40 60 80

Lamp Surface Temperature [
o
C]

U
V

 O
u

tp
u

t 
[%

]



Center (flow left to right)
Socket End (hot spot at 
cathode)
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