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ABSTRACT

Upper-room ultraviolet germicidal irradiation (UVGI)
holds the promise of greatly lowering the concentration of
airborne organisms in the lower part of the room and thereby
controlling the spread of airborne infection among occupants.
The determinants of effectiveness in clearing the lower room
air of infectious organisms are the UV irradiance in the upper
air, the rate of air mixing between upper and lower zones, and
the specific susceptibility of a microbe to UVGI. The germi-
cidal dose is the product of irradiance times duration, and the
two components are mutually interchangeable within wide
limits. Control of eye exposure to UVGI, to avoid irritation,
places practical limits on irradiance levels in occupied rooms,
and room air circulation patterns govern irradiation time.
Therefore, there must be careful consideration given to the
placement of upper-room UVGI fixtures in relation to room
geometry and ventilation mode to obtain maximal microbial
destroying efficacy. Efficacy can be demonstrated and quan-
tified by calculating the number of additional air changes that
would have been required to obtain the same clearance rate of
viable microbes that was produced by the installed UVGI
alone. For normally ventilated rooms, the air exchange equiv-
alent of well-installed upper-room UVGI is in the range of 10
to 20 air changes per hour for tubercle bacilli.

INTRODUCTION

Ultraviolet radiation has a wavelength range that is
shorter than visible light but longer than x-rays; its range
extends from 100 to 400 nanometers (nm) and is divided into
three zones: UV-a, longwave (320 nm - 400 nm); UV-b, medi-
umwave (280 nm - 320 nm); and UV-c, shortwave (100 nm -
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280 nm). Ultraviolet radiation is a component of sunlight; the
longer wavelengths of UV-a are responsible for the tanning
effect, whereas UV-c contains the most effective disinfection
wavelengths. Ultraviolet radiation has high quantum energy
compared to visible light, and this property accounts for its use
as an initiator of chemical reactions and for disinfection of
microorganisms (Shechmeister 1991). Accidental, close-
range exposure to the bare lamps that emit ultraviolet germi-
cidal irradiation (UVGI) can cause superficial eye and skin
irritation that is unpleasant but transitory and has no known
long-term consequences (Sliney 1991). However, the use of
specially designed lamp fixtures for upper-room UVGI appli-
cations ensures that occupants will only be exposed indirectly
to low UV-c intensities. UVGI is generated by lamps made
specifically for this purpose and should not be confused with
lamps that produce higher UV wavelengths that are used for
tanning, medical (e.g., psoriasis therapy), industrial (e.g.,
curing plastics), or commercial (i.e., black light) purposes.
Nor should the shortwave ultraviolet wavelengths produced
by germicidal lamps be confused with the longwave UV in
sunlight that can cause skin cancers and cataracts of the eye
due to overexposure.

Low-pressure, mercury arc lamps emit about 85% of their
radiation at 254 nm, near the peak germicidal wavelength.
They have been used for more than half a century for disin-
fecting air, water, and surfaces (Luckiesh 1946). The lamps are
made of a special glass that is transparent to the germicidal
wavelengths. Low-ozone lamps are opaque to the ozone-
forming wavelength, the 185 nm line of mercury, and should
be specified. The purple glow emitted by germicidal lamps is
shortwave visible light, not part of the ultraviolet spectrum,
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and cannot be used as an indication that the lamps are emitting
UV radiation; a photometer sensitive to the 254 nm UV radi-
ation must be used for this purpose (Dumyahn and First, in
press).

Ultraviolet germicidal irradiation is used in different
ways to prevent transmission of airborne communicable
diseases.

• Lamps having sufficient UV power output may b
installed in return-air ducts to disinfect air leaving occ
pied spaces, especially when the occupants may h
unsuspected diseases transmissible by the air route
example, hospital outpatient waiting rooms). This app
cation mode may be important when it is necessary
recirculate air from these areas instead of dischargin
directly to the atmosphere. However, in-duct air disi
fection does relatively little to directly protect occupan
in the same room with an infectious source.

• Another application is the use of individual fan-cabin
units that recirculate room air over internal UVG
lamps. The protective effect of fan-cabinet room units
limited by the number of complete room air chang
they can produce because their fan capacity must
restricted to avoid noise, vibrations, and drafts. Und
experimental conditions, when these limitations can 
ignored, effective clearance can be demonstra
(Miller-Leiden et al. 1996).

• The most widely used application for UVGI is in th
form of passive upper-room fixtures containing UVG
lamps that irradiate a horizontal layer of airspace abo
the occupants and below the ceiling. They are desig
to kill or inactivate microbes that enter the upper irrad
ated zone and are highly dependent on vertical room
currents to bring susceptible organisms into the irra
ated zone. Even in rooms lacking mechanical ventilat
facilities, there will often be sufficient natural convec
tive mixing to make upper-room UVGI an effective ba
rier to disease transmission (Riley et al. 1976). In fa
the lack of modern mechanical ventilation systems w
one of the principal attractions for the very early uses
passive upper-room UVGI on hospital wards fo
patients with contagious diseases (Wells 1955). Reas
for preferring upper-room applications over the oth
modes include the following.

• They are passive devices (requiring no fan
easily installed on existing walls and ceilings
readily accessible for inspection and maint
nance, silent and inconspicuous, modest in fi
cost, and energy efficient (comparable to fluo
rescent lighting fixtures). In addition to clinica
facilities, they are applicable to all areas whe
people assemble (Nardell 1995).

• They have advantages over other applicati
modes related to effectiveness in preventing a
borne infectious disease transmission with
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rooms. Most important, infectious microbes a
likely to be killed promptly because they ar
irradiated in the upper region of the room, ve
close to the locations where they are emitted in
the air. Upper-room UVGI makes it unnecessa
to depend on airborne microbes becoming a
entrained into a fan-cabinet enclosure or a retu
air duct containing UVGI lamps, processe
dependent on the real air mixing rate (in contra
to the theoretical air change rate). Upper-roo
UVGI has the unique potential of killing dis-
ease-causing microbes almost as rapidly as th
are released to the air and conveyed ceilin
ward and providing clearance rates of airborn
infectious microorganisms well beyond the abi
ity of ventilation rates alone that are still tolera
ble to occupants (Riley and Nardell 1989). Th
type of source control is comparable to locatin
dust and fume capture hoods close to the sour
of contaminants to be captured.

 Although increasing room air mixing enhances uppe
room UVGI effectiveness, it is clear that the resultant upflo
rate is the most important characteristic because this is
flow that promptly brings airborne microbes into the killin
zone. Simple methods for evaluating or predicting the UV
exposure time are currently under study. It can be underst
that a very rapid passage of lower room air through the upp
room irradiated zone may provide insufficient irradiation tim
to kill a significant fraction of the entrained infectious orga
isms, but rapid vertical air circulation also implies a rap
return of the same air to the upper irradiated zone of the ro
for additional exposure. Ideally, one wants to have rap
upward air movement, plus enough UV irradiance to kill a
infectious microbes during their first pass through the irra
ated zone so they do not reenter the occupants’ breathing 
as viable (and infective) microorganisms. This is unattaina
in practice because UV irradiance is limited due to eye ex
sure limitations and air mixing is limited due to comfo
considerations. Therefore, only a fraction of airborne mic
organisms entering the upper irradiated zone will be ina
vated during a single pass. Even when the destruction
infectious microorganisms is incomplete during a single p
through the upper irradiated zone, the downflow of treated
provides dilution of the contagion in the lower, occupied zo
as it mixes. Theoretical modeling indicates that the grea
reduction in infectious microorganisms in the breathing zo
will take place when the greatest rate of air change between
upper and lower room occurs. For rooms that lack adequat
movement, the use of mixing fans is a satisfactory solut
(Riley et al. 1971).

This paper is concerned only with preventing disea
transmission among people by the application of upper-ro
germicidal irradiation, but there are many similar and equa
efficacious uses for this technology for experimental anim
colonies and for farm animals grown for food. 
&+��������



BACK TO PAGE ONE

e-
n-
ms

by
AIR DISINFECTION WITH ULTRAVIOLET 
IRRADIATION

Microbes are simple, single-celled forms of life of micro-
scopic size that include bacteria, molds, and viruses. Most are
harmless to humans in the numbers usually encountered.
Some are known to have caused human disease as far back as
history takes us. From time to time new pathogenic forms
appear and old ones lose their virulence. Immunization has
been highly successful in controlling or eliminating many
easily transmitted, acutely infectious respiratory diseases such
as smallpox and diphtheria but less so for less acute infections
such as tuberculosis (TB). Source control through identifica-
tion and prompt treatment of infectious cases is the main TB
control strategy worldwide, but it is incompletely effective
(Frieden et al. 1996). In the absence of immunization and
effective detection and treatment, airborne transmission can
be prevented by promptly eliminating infectious organisms by
displacement (forced ventilation), by air filtration, or by kill-
ing or inactivating them by germicidal irradiation after they
have been released into the air. 

It is believed that UVGI damages the DNA of microbial
cells, killing them outright or preventing multiplication (inac-
tivation) (Shechmeister 1991). As is the case for radiations of
all types (ionizing and nonionizing alike), the probability of
damage to microbial cells is, within limits, directly related to
the quantity of energy delivered to susceptible cell structures.
A consideration of these limits is important because insuffi-
cient energy transfer will cause no perceptible damage to a
microbial population or, perhaps, permit cellular reparative
mechanisms to overcome the effects of absorbed UV at a rate
adequate to maintain viability, whereas excessive energy
transfer is wasteful inasmuch as a microbe can be killed just
once, and unnecessary human exposure to irradiation should
be avoided.

The total amount of energy to which an airborne micro-
organism is exposed is the product of the UVGI irradiance on
the microbe (usually expressed in units of microwatts per
square centimeter [µW/cm2]) times the period of exposure in
seconds; the product has the units of µW⋅s/cm2, or microjoules
per centimeter squared (µJ/cm2). The exposure rate (per
second) is usually expressed in units of µW/cm2 or µJ/cm2⋅s.
Some microbes are more resistant to UVGI than others; for
example, the microbe responsible for causing TB (Mycobac-
terium tuberculosis) requires a greater exposure to UVGI than
most bacteria and viruses for death or inactivation (Riley and
Nardell 1989). Therefore, species susceptibility needs to be
considered when evaluating the effect of UVGI, in addition to
irradiance and particle size. A consideration of particle size
and the total surface area of the microbe (cm2) exposed to the
radiation makes it possible to estimate the total energy
absorbed by the microorganism in microjoules, a measure of
total UV dose. When respiratory system secretions surround
airborne microbes, they tend to shield them from the low-
penetration germicidal UV; when the droplets are in high rela-
&+��������
tive humidity environments, drying time of the protective
films is lengthened.

Susceptibility to UVGI has been measured for a number
of different species of bacteria and viruses, but because M.
tuberculosis is both an important human pathogen and one of
the most resistant to UVGI among nonsporulating airborne
pathogens, it is frequently used as a reference organism when
considering UVGI exposure requirements for practical appli-
cations to limit respiratory disease transmission in indoor
spaces (Riley et al. 1976; Riley and Nardell 1989). However,
it is neither practical nor realistic to consider UVGI exposure
requirements in terms of killing every single microbial cell
because individual cells, even from the same culture, show
variable resistance to unfavorable conditions. Therefore, it is
customary to measure the fraction of the exposed cell popu-
lation that survives an exposure to a carefully measured UV
dose and to make incremental measurements so as to develop
dose response curves, a spectrum of survival rates vs. expo-
sure. Figure 1 shows a smoothed resultant for M. tuberculosis.
The results plot as a straight line on semi-log graph paper, indi-
cating that the equation that describes the phenomenon has the
following form:

(1)

where

No = number of bacteria exposed

Ns = number of bacteria surviving after an exposure to 
UVGI

I = UV irradiance, µW/cm2

t = time of UV exposure, s (the product, It, is the UVGI 
dose to the organism)

K = microbe susceptibility factor, cm2/µW⋅s

This relationship can be used to estimate UVGI effectiv
ness for inactivating specific airborne infectious microorga
isms when they are exposed in mechanically ventilated roo
to UVGI for various time periods. This process begins 

Figure 1 Survival of Mycobacterium H37Ra when
exposed to graduated doses of germicidal UV.
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conducting carefully controlled laboratory experiments that
expose identified pure cultures of aerosolized, air-dried bacte-
ria to accurately measured ultraviolet irradiance levels for
predetermined exposure periods for the purpose of producing
tables that list the UVGI dose needed to inactivate a prese-
lected percentage of the treated bacteria, usually 90%. Table 1
contains an abbreviated listing of bacteria with their relative
susceptibility to UVGI.

The exposure required to kill 90% (10% survival) is often
cited as a single value on the assumption that the full spectrum
can be reconstituted readily from the equation above or by
drawing a straight line on semi-log graph paper from the coor-
dinates “100% - 0 exposure” to the “10% survival-experime
tally determined exposure value.” Because the log sc
representing survival fraction never goes to zero, total kil
theoretically impossible; although, as a practical matter, wh
survivors become few in number, it becomes difficult 
distinguish that condition from total kill. At the other end o
the exposure spectrum it is not possible to confirm with sta
tical certainty that very low doses have no lethal effect.

 The effectiveness of UVGI in preventing the spread 
airborne contagion has been expressed in a variety of w
With information such as that shown in Figure 1, the prec
relationship between UVGI exposure and survival, it becom
possible to combine the number, location, and power of UV
fixtures with room air currents into an integrated design cal
lated to kill a predetermined fraction of the released airbo
microorganisms. The vertical components of the room 
currents that determine exposure time are usually difficult
track but are an important factor for calculating UVGI dose.
a room with only mechanical ventilation, air contaminated 
a germ-laden cough or sneeze will wash out at a rate pro
tional to the amount of ventilation, usually expressed as
changes per hour (ACH; this is the room supply air volum
rate in cubic feet per minute times 60 min/h, divided by t

TABLE 1  
Relative Susceptibility to UVGI for a 

Selected List of Microorganisms*

Microorganism
Relative Susceptibility 

cm2/µW⋅s

Bacillus anthracis 0.54

Bacillus subtilis 0.34

Corynebacterium diphtheriae 0.72

Escherichia coli 0.80

Pseudomonas aeruginosa 0.44

Seratia marcescens 1.0

Staphylococcus albus 1.3

Staphylococcus aureus 0.93

Streptococcus hemolyticus 0.11
*Based on Seratia marcescens as 1.0 (Philips undated).
�

n-
ale
l is
en

to
f

tis-

of
ays.
ise
es
GI
cu-
rne
air
 to
 In
by
por-
 air

e
he

room volume in cubic feet). Inasmuch as supply air is int
duced at a fixed rate, the effect is equivalent to a ste
decrease of the contaminant over time by dilution a
removal; that is, each increment of supply air further dilu
the contaminant and pushes out an equal volume of conta
nated air through the room exhaust. Therefore, even afte
amount of supply air equal to one room volume (one 
change) has passed through the room, not all the contam
tion has been purged. In fact, after the contaminated air 
become well mixed, and assuming perfect mixing of t
incoming air with the air already there (that seldom happe
except in research settings), 37% of the contaminat
remains (ACGIH 1992). After two air changes, 37% of th
37% of the initial air contamination (14%) remains in the roo
air. The contamination level decreases an equal fraction a
each room air change. Thus, it requires about three room
changes to reduce the initial contamination concentration
95% and about five room air changes to reduce the ini
concentration by 99%. For most purposes, 6 ACH represe
good ventilation practice and may be considered equivalen
approximately a 99% clearance rate in one hour. This exer
makes it clear that purging air contamination by conventio
ventilation systems is a slow process under the best of circ
stances, but, in fact, room mixing is less than ideal and m
more than six air changes are likely to be needed to reduc
contamination levels by 99%. Furthermore, it is common 
additional contamination to be discharged into the roo
before the prior discharge has been eliminated. For hosp
isolation rooms designed to protect health care workers fr
tuberculosis, the Centers for Disease Control and Preven
recommends a minimum of 6 ACH for TB isolation rooms b
states that 12 is preferred (CDC 1994). Even with 12 AC
purging air contaminants by dilution is a slow process tha
difficult to control and unlikely to be fully protective when th
source is strong and exposure is long (Nardell et al. 1991

Upper-room UVGI holds the promise of destroyin
airborne microbes when they rise and enter the irradiated z
below the ceiling. Thus, every time room air currents bri
63% of the airborne microbes into the UVGI beam lon
enough to induce a lethal radiation dose, this is equivalen
one room air change in terms of germicidal effect. When it c
be shown that 99% of airborne bacteria are killed by UV
alone in 15 minutes, it may be said that UVGI is providing t
germicidal equivalent of 20 ACH. At the same time, th
normal room mechanical ventilation system will be purgin
contamination by dilution and displacement in the usual w
and the effects will be additive. This means that the ro
ventilation rates normally used to provide heating, coolin
and elimination of a feeling of stagnant air can be designed
yet another service, namely, to increase upflow and ther
increase the rapid destruction of contagion emitted into 
room air.

By using paired room experiments that measure the de
of identified viable airborne bacteria over time when t
UVGI fixtures are on and off, it becomes feasible to use the
&+��������



BACK TO PAGE ONE

ti-
nd
e
is
e
the
er,
nd
m
the
the
om
he
In
ti-
ith
art

onal

to
iling
be
ay
d

lly
ic-
r of
 m
ti-
ow
om
mps
last,
l,
s
lar
ent

. A
so
t to
 is
e of
it-

 as

nt

or
)

 W
e.
al
off number ratio, with K values such as those shown in Table
1, to solve Equation 1 for average UVGI dose (It) in the room.
Inasmuch as the numbers derived from the paired experiments
represent (1) the reduction in viable bacteria by the known air
exchange rate alone (UVGI off) and (2) the reduction by air
exchange plus radiation (UVGI on), it is possible to express
the reduction caused by radiation alone as an equivalent air
exchange rate, thereby highlighting in terms familiar to HVAC
specialists the savings obtainable when using UVGI to purge
room air of viable bacteria rather than using an increased
number of room air changes. To illustrate this point, Equation
1 can be restated in the following form:

(2)

Because the process of air passing steadily from the lower
contaminated zone to the upper UVGI purifying zone, where
some fraction of the entrained bacteria are killed or inacti-
vated, follows the same logarithmic decay function as occurs
by ventilation air changes alone, Equation 2 can be amplified
as follows:

(3)

where EAC = the number of air changes in a well-mixed room
that would be required to reduce the number of viable airborne
bacteria to the same degree as the UV irradiation alone. For
example, if the reduction in airborne viable bacteria due to UV
alone during any given period was found by measurement to
be 63%, the Ns/No ratio would be 0.37 and the negative loga-
rithm would be 1.0, indicating that the UVGI system
increased bacterial purging by the same amount that would
have been observed had the ventilation rate been increased by
one air change alone. Had the reduction due to UVGI alone
been 95%, the negative log of 0.05, namely three, indicates
that this effect is the same as increasing the air rate by three
changes. If the UVGI reduction of 95% occurred during 15
minutes, the air exchange rate would be equivalent to (3 ×
12 ACH. The ability to express the bacteria-destroying effe
of upper-room UVGI as equivalent air changes makes it po
ble to compare the purchase, installation, and operating c
of upper-room UVGI with an equivalent amount of heatin
ventilating, and air-conditioning (HVAC) capacity to provid
the same level of air sanitation. Illustrative figures a
included in Part II of this paper (First et al. 1999).

By extrapolating bench experiments using aerosoliz
surrogate mycobacteria with carefully controlled UVG
doses, it has been estimated that when an average UV inte
of 10 µW/cm2 is present in the upper room, 63% of airborn
tuberculosis germs that arrive there will be killed in 2
seconds (the germicidal equivalent of one room air chang
and, therefore, 99% will be killed in 2 minutes (equivalent 
five room air changes) (Riley et al. 1976; Riley and Nard
1989). This means that the upper-room is being cleared

Ns

No
------ln– KIt=

EAC
Ns

No
------ln– KIt= =
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bacteria at a rate equivalent to 150 ACH (an impractical ven
lation rate) assuming perfect mixing of residual microbes a
perfect mixing of incoming air with residual air. When th
volume of air in the upper, irradiated portion of the room 
approximately one-fifth that of the entire room, the tim
required to produce the same degree in air disinfection in 
lower, occupied space is approximately five times long
assuming perfect mixing of the air between the upper a
lower room. The real rate of air disinfection in the lower roo
is dependent on the rate of vertical air mixing between 
upper and lower room, but this is often substantial due to 
large cross-sectional area of a room. An optimal upper-ro
UV installation, therefore, has the potential of producing t
equivalent of 20 ACH or more in the occupied lower room. 
addition to the mixing produced by normal mechanical ven
lation systems, vertical air movement can be enhanced w
the aid of fans, as well as by adding warmth to the lower p
of the room or cold air to the upper part, depending on seas
requirements (Riley et al. 1971).

LAMPS AND FIXTURES FOR AIR DISINFECTION 
WITH ULTRAVIOLET IRRADIATION

 Fixtures for upper-room installation are designed 
accommodate a wide variety of room sizes, shapes, and ce
heights. As a general rule, low ceiling heights should 
approached with caution. Ceilings less than 8 ft (2.5 m) m
present sufficient fixture location difficulties that enclose
recirculating room units would be preferred. Commercia
available UVGI fixtures have been designed to be inconsp
uous, clean in appearance, and in keeping with the deco
most commercial premises. For rooms with 8 ft to 9 ft (2.5
to 2.8 m) ceilings, fixtures should be equipped with mul
bladed horizontal louvers to confine emissions to a narr
horizontal band and to shield the eyes of the occupants fr
exposure to the bare lamps. Fixtures feature one or more la
in a metal enclosure that also contains a transformer, bal
switch, and wiring. Many fixtures are equipped with interna
polished mirror-finish aluminum parabolic reflectors to focu
lamp emission and increase emission irradiance. Tubu
lamps are similar in appearance to standard ceiling fluoresc
lighting lamps and come in a variety of lengths and types
newer, folded-tube lamp of compact configuration is al
used. The luminous efficiency of these lamps, with respec
UVGI, is about 30% of the lamp electrical rating. Emission
further decreased by blockages caused by the presenc
louvers and louver support rods. The ratio of the amount em
ted from the fixtures to that emitted by the lamps is defined
“luminaire efficiency” (IES 1978). Luminaire efficiency and
total UVGI output are important when comparing differe
fixtures for disinfection efficacy.

Figure 2a is a typical collimated beam fixture used f
upper-room wall mounting. It is 18 in. (0.5 m) long, 5 in. (1.3 cm
high, extends 8 in. (20 cm) from the wall, and contains two 9
compact, single-ended UVGI lamps with a two-pin bas
Fixtures containing UVGI lamps that resemble convention
�
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fluorescent lamps appear the same as Figure 2a from the
outside. A 24 in. long wall fixture containing a nominal 24 in.
(0.6 m) long tube is shown in Figure 2d. It could be rated at
25 W electrical or some other value. Fixtures of higher watt-
age are available for larger rooms. Figure 2b is a typical
corner-mounted upper-room fixture containing two 9 W
compact lamps. Figure 2c is a ceiling-mounted (pendant)
fixture, containing four 9 W compact lamps, that produces a
horizontal collimated beam over 360°. It is suitable for inst
lation in rooms with high ceilings. Other fixture designs ten
to be minor variations of the three basic models shown
Figures 2a through 2c. Low-pressure mercury discha
lamps are used in all UVGI applications and should be ra
for low ozone generation.

DISCUSSION

The recent unexpected and sharp resurgence of tube
losis cases in the U.S., and especially the occurrence of m
drug-resistance strains among some population groups,
rekindled interest in upper-room UVGI as a useful method
reduce the risk of airborne transmission in indoor areas, s
as hospital clinics, homeless shelters, and jails, where und
nosed, but infective, cases are apt to be present. This me
of destroying airborne microbes is attractive because it is in
pensive and can be applied in old and new construction w
out much building modification or renovation. In addition, 
is silent and passive (requires no moving parts) and requ
minimal servicing. Although tuberculosis has been referred
frequently in this review, it is only one of many airborne infe
tious diseases that can have the transfer pathway interru
by the application of upper-room germicidal UV. This is a
added, and perhaps more important, reason for the cur
upsurge in interest in germicidal air treatment with U
considering the much greater prevalence of other commu
cable diseases that can be passed on through the air r
including influenza, common cold, and measles.

 Nevertheless, much more needs to be learned about 
germicidal UV affects different airborne microbes, the prec
reductions in airborne communicable disease transmiss
that can be achieved and documented, the putative nega
effect of high relative humidity on UV germicidal efficacy
how to determine from validated models the fraction 
airborne microbes that will be killed based on knowledge
how the combination of UV fixtures and HVAC arrangemen
interact, and the cost savings that the use of germicidal UV
accomplish relative to adding HVAC services (over and abo
the levels recommended by ASHRAE and mandated 
modern building codes) to achieve greater protection aga
airborne communicable diseases in areas where pe
commonly assemble for public transportation, entertainme
employment, etc. We are pleased to report that all of th
matters are currently being actively investigated and it
expected that improved application guidelines will becom
available soon in the way of validated mathematical mode
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(a) Wall-mounted fixture (compact lamps)

(b) Corner-mounted fixture (compact lamps)

(c) Ceiling-mounted fixture (compact lamps)

(d) Wall-mounted fixture (florescent style lamps)

Figure 2 Representative commercial upper-room UVGI
fixtures. (Photos 2a - 2c courtesy Lumalier,
Memphis, Tenn. Figure 2d courtesy Atlantic
Ultraviolet Corp., Hauppauge, N.Y.)
&+��������



BACK TO PAGE ONE

.
d
.

ts
r-

d.
-

,

-
.

e
.

air

-

d

n:
CONCLUSIONS

The use of germicidal irradiation for the disinfection of
airborne microbes to prevent transmission of infectious
diseases is an old technology that, strangely, is not yet mature.
Nevertheless, enough is known, through extensive research
and long experience, to make the technology useful today
while we learn more. Greater knowledge, through ongoing
research and closely monitored installations, is bound to put
this air-protective technique on an even more secure basis and
increase our confidence for predicting the magnitude of the
benefits achievable through its use.
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