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This paper describes a novel optical design principle for an upper room germicidal

ultraviolet luminaire developed to limit the transmission of airborne diseases,

particularly tuberculosis. A prototype was built to demonstrate the principle, and

tests were conducted to determine its total ultraviolet (UV)-C output, biological

effectiveness, and safety for lower room occupants. The prototype outperformed

frequently used luminaires in total UV-C output, luminaire efficiency, and

biological effectiveness against aerosolised Mycobacterium, while remaining

safe for lower room occupants. The results presented here suggest that the

design principle is ready for real-world application to mitigate the spread of

airborne infectious diseases.

1. Introduction

Tuberculosis (TB) has recently surpassed the
human immunodeficiency virus as the leading
cause of death brought on by a single
infectious agent. In 2015, approximately
10.4 million people developed TB, and an
estimated 1.4 million people died as a result of
the disease.1 TB infection can occur when a
susceptible person inhales respiratory droplet
nuclei containing any of the Mycobacterium
species in the Mycobacterium tuberculosis
complex. These droplet nuclei, which result
from the evaporation of water from

respiratory droplets exhaled by an infected
individual, are so small that they are carried
on air currents instead of settling out.2

Environmental controls to reduce the air-
borne concentration of infectious droplet
nuclei in crowded areas are a critical part of
TB infection control.3 When combined with a
ceiling fan to facilitate air mixing, upper room
germicidal ultraviolet (GUV) irradiation is
one of the simplest and most cost-effective
method to reduce the risks of TB exposure in
resource-limited countries, in part because it
does not require structural changes to a room
or building.4 This paper describes a novel
GUV luminaire design principle and tests a
prototype luminaire for use as an environ-
mental control to mitigate the spread of
airborne infectious diseases.
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2. Background

2.1 History
It has been known since the mid-1800s that

microorganisms respond to light.5 In a revo-
lutionary breakthrough in 1877, TP Blunt and
Arthur Downes6 proclaimed that ‘light is
inimical to the development of bacteria’ after
discovering that sunlight could inactivate
bacteria in test tubes and keep the tubes
microbe-free for months at a time. About a
decade later, microbiologist Robert Koch
performed a series of experiments that
showed that sunlight could inactivate tuber-
culosis-causing bacteria.5 Then, in 1935,
Wells and Fair7 showed that 254 nm radiation
could rapidly inactivate aerosolised Bacillus
coli, which was the first time ultraviolet (UV)
radiation was used to inactivate bacteria in air
rather than liquid. These discoveries paved
the way for today’s use of GUV to reduce the
spread of TB and other airborne diseases.

Currently, GUV is produced by mercury
vapour arc lamps emitting predominantly
253.7 nm UV-C. Compared to other forms
of UV radiation, which can cause skin cancer
and permanent eye damage, GUV is minim-
ally dangerous to humans. Because UV-C
rays have shallow penetration depths, over-
exposure causes damage just to the outermost
layer of the cornea and to the outer, dead
layer of skin. GUV overexposure, therefore,
causes only transitory side effects such as
photokeratitis and erythema, which have no
long-term consequences, and are rapidly
repaired through normal cell turnover.8

2.2 Upper room GUV
Upper room GUV confines the germicidal

radiation to the space above the room’s
occupants with specially designed luminaires.
Upper room GUV is considered more effect-
ive than using GUV in ducts because micro-
organisms are inactivated in the occupied
room soon after they are emitted by travelling
upward with warm air currents.4 These

systems depend on adequate air movement
from the contaminated lower room into the
irradiated zone, which can be accomplished
with paddle fans or, less reliably, by natural
convection.9

Upper room GUV luminaires are designed
to accommodate a wide variety of room sizes,
shapes, and ceiling heights. However, low
ceilings present a challenge for the use of
upper room GUV because of UV-C reflection
into the lower room and because the smaller
volume of the irradiated zone will result in a
less effective system. A minimum ceiling
height of 2.4m (8 ft) is typically recommended
for commercially available luminaires,10 but
in rooms with lower ceilings, customised
luminaires can be installed to ensure occupant
safety.

Multiple, nearly horizontal, tightly spaced,
flat-black louvres are often used to limit
reflection emanation into the lower room,
thus protecting occupants from overexposure
to UV-C. Louvres allow only predominantly
horizontal rays to pass, which dramatically
decreases the efficiency of upper room GUV
systems by absorbing the majority of the total
UV-C rays emitted by the lamps.11 However,
for all but the tallest rooms, louvres are
considered necessary to protect occupants.

3. Design

The most common GUV luminaires available
today are either ceiling- or wall-mounted
enclosures, ideally including a parabolic
reflector to redirect the UV-C radiation
from the back of tubular germicidal lamps
into the upper room, as shown in Figure 1.

The most important factor to consider
when evaluating the performance of an
upper room GUV luminaire is the total
UV-C output, which will determine the
luminaire’s efficacy against airborne micro-
organisms.12 The UV-C output from the
luminaire is significantly less than the lamp
output due to the design of the luminaire,
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particularly the louvres, resulting in a lower
luminaire efficiency. Luminaire efficiency is
defined as the fraction of the lamp’s UV
emission emitted by the luminaire.13 With a
conventional wall-mounted design (Figure 1),
a reflector wraps partially around the UV-C
emitting tube and redirects a portion of the
UV-C radiation from the back of the lamp
through the louvres as a collimated beam.
This is called the ‘reflected component’ (RC).
The RC rays pass through the luminaire
relatively unimpeded, because the parallel
louvres are aligned to minimise their interfer-
ence to the RC beam. The remaining, non-
reflected portion of UV-C source radiation,
called the ‘direct component’ (DC), radiates
outward from the front of the lamp at
diverging angles and is mostly not captured
by the reflector; much of it is absorbed by the
louvres and never exits the fixture. We can
roughly estimate the RC and DC of the
fixture pictured in Figure 1 by measuring the
angles from the centre of the lamp to the edge
of the reflectors in a side view drawing. This
estimate is based on the assumptions that rays

are uniformly emitted from the surface of the
lamp and exit perpendicular to the surface. In
the Atlantic Ultraviolet Hygeaire wall lumin-
aire pictured in Figure 1, the reflectors catch
and redirect UV-C rays from less than half of
the lamp (1528 out of 3608). It is clear that the
majority of DC rays, which make up 58% of
the total coming out of the lamp (2088 out of
3608), will not make it through the louvres,
which are 78mm wide, spaced 6.5mm apart,
and tilted 48 upward. The louvre system
intentionally obstructs most of the oblique
DC rays to protect room occupants. The DC
is not controlled by the reflector and is mostly
wasted, diminishing the UV-C emission and
the efficiency of the GUV luminaire.

Because of these limitations, the wall-
mounted design described above is not the
most efficient way to irradiate the upper
room. However, the luminaire illustrated in
Figure 1 is a more efficient design than many
other GUV luminaires that do not use
reflectors at all. For example, some pendant
mounted models, designed to emit UV-C
uniformly in all directions in one plane,
employ multiple compact UV-C lamps
mounted vertically without reflectors.
Although the folded-over lamps keep the
luminaire’s vertical profile to a minimum,
the design means that all of the emitted UV-C
radiation is uncontrolled DC, introducing
greater UV-C absorption and reducing UV-
C output. To our knowledge, there are no
pendant luminaires that utilise reflectors,
except the pendant luminaire produced by
Atlantic, which actually consists of two wall
fixtures back to back. The configuration may
be advantageous for certain rooms, but
because the optics are identical, it does not
solve the problems inherent in the design.

A parabolic reflector on only one side of a
UV-C lamp cannot capture all of the radi-
ation emitted by the germicidal lamp, but it is
the best current design for a wall luminaire.
However, a luminaire suspended from
the ceiling and located away from a wall can

Reflector

78°

208°

74°

Louvers

Ultraviolet

germicidal

lamp

Figure 1. A side view drawing of a wall-mounted Atlantic
Ultraviolet Hygeaire luminaire, Model LIND 24-EVO
(Hauppauge, NY), with a parabolic reflector to direct UV
rays out at a slightly upward angle, and louvres to block
rays that are not parallel to the louvres. The lines indicate
the estimated reflected component (1528 out of 3608) and
the direct component (2088 out of 3608).
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be a more effective design if the DC is limited
with multiple well-positioned reflectors.
To test this principle, Howard Brandston
designed a novel fixture that wraps two half-
parabolic reflectors around a linear UV-C
source to capture approximately 1838 of
radiation, taking into consideration the part
of the reflectors blocked by the lamp itself
(Figure 2). The double-reflector redirects
UV-C rays in opposing directions across a
room or down a corridor. By increasing the
RC, the new unit decreases oblique DC rays
and, in theory, requires fewer louvres.
Reducing the number of louvres decreases
UV-C radiation obstruction and increases
luminaire efficiency, as well as lowering
manufacturing costs.

The prototype (Figures 2 and 3) is designed
to be mounted in the centre of a corridor or
rectangular room and aimed along the long
axis of the space, so that the two opposite
UV-C beams travel roughly half the room
length to wall surfaces. The average ray
length – the distance the UV-C ray travels
before hitting the wall or ceiling – is therefore
shorter than that of the single, long beam
produced by a unidirectional fixture mounted
on a wall at one side of a room. Since UV-C
rays are mostly absorbed upon impacting a
wall or ceiling (except for a small amount that
is reflected), maximising the average ray
length is ideal, but this is difficult to do
without increasing the DC. By centrally
mounting a luminaire that produces a higher
UV-C output, the lethal effect of UV-C
radiation upon airborne microorganisms
may be increased even though the average
ray length is decreased.

A prototype was built with sheet alumin-
ium, a Philips TUV 25W G25T8 tubular
lamp, and an electronic ballast. The dimen-
sions of the prototype are 46.0 cm long,
24.1 cm wide and 16.0 cm high (18.100 long,
9.500 wide and 6.300 high). A dielectric film
stack was applied to the aluminium reflec-
tors to improve their UV response; they are

spectrally selective and non-absorbing in the
UV-C band, relying on a combination of
interference and absorption effects to sup-
press longer wavelengths. The louvres,
which are 74.75mm wide, were tilted 5.58
upward towards the ceiling and spaced
13mm apart.

4. Testing

A series of tests was conducted to compare
the prototype luminaire to current designs. It
was primarily compared with an Atlantic
Ultraviolet Hygeaire luminaire, Model
LIND 24-EVO, which is detailed in the

Figure 3. Rendering of the prototype showing one of the
louvred faces, side slits, and the end view.
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Figure 2. Drawing of the novel prototype showing the
lamp, reflectors, and louvres, with lines indicating the
reflected component (1838 out of 3608).
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previous section. The Atlantic Hygeaire is one
of the most efficient commercial GUV lumin-
aires currently available for which luminaire
output and lower room safety results have
been published.14

4.1 Total output
The total UV-C luminaire output of the

prototype luminaire was measured and com-
pared to other GUV luminaires with different
designs. The protocol had been previously
developed and validated to measure upper
room louvred GUV luminaires.15 A model
P9710-1 optometer and a model UV-3718-2
UV-C detector were used to measure the
UV-C output of the new luminaire. The
prototype has two large louvred faces that
each has an area of 259 cm2. To provide a grid
for irradiance measurements, each face was
divided into 11mm2 segments (the diameter
of the sensing window) and these were
marked as the measurement locations. The
sensor was moved along the face of the
luminaire, recording irradiance at each loca-
tion. The average irradiance for each face was
multiplied by its area in order to get the
power in watts.

In addition to the two louvred faces, there
are slits on either side of each face of the
luminaire (Figure 3). The area of the slits is
relatively small compared to the openings
between louvres, and the UV-C radiation
emitted from the side slits was negligible
compared to the radiation emitted from the
louvred faces.

The UV-C emission of the two faces was
summed to obtain the total UV-C power of
the luminaire. This measurement was
repeated three times and averaged.

4.2 Photometric tests
A photometric test was performed on the

prototype using a 15W T8 linear fluorescent
lamp rated at 1000 lumens. The moving
mirror photometer method that was used is
detailed elsewhere16 and is based on the

Illuminating Engineering Society of North
America testing standards for industrial and
commercial lighting applications. The output
at various angle ranges was determined by
measuring both apertures and averaging the
results. A computer-simulated estimation of a
photometric test was also done in a program
called Photopia,17 using both a T5 and a T8
linear fluorescent lamp.

4.3 Biological testing
In order to determine the germicidal

efficacy of the prototype luminaire, bio-
logical tests were performed in an experi-
mental chamber at the Harvard School of
Public Health. In past years, this chamber
has been used for extensive testing on
common GUV luminaires.11,18,19 The new
fixture was compared to the Atlantic
Hygeaire luminaire.

4.3.1 Experimental chamber

Experimental tests were conducted in a
room-size chamber that has a 3.0m by 4.6m
floor and a 3.0m high ceiling. All aerosolisa-
tion and sampling was done in a Class II
biosafety cabinet located in an adjacent ante-
room as described elsewhere.11 The chamber
is equipped with a heating, ventilation, and
air conditioning system. The air exchange rate
was maintained at six air changes per hour
(ACH) for all tests.

The prototype luminaire was mounted
between 1D and 2D (Figure 4), with the
bottom of the luminaire at a height of 2.5m
(8.2 ft). The Atlantic luminaire was mounted
on the wall of the experimental chamber at
location 2A with the bottom of the luminaire
at a height of 2.4m (8 ft). A ceiling fan with
three 0.61m (2 ft) blades (modified Haiku fan
with shortened blades and a narrower chord,
Big Ass Fans, Lexington, KY, USA) was
mounted in the centre of the ceiling, with the
tips of the blades at a height of approximately
2.8m (9.2 ft). It was set to the highest speed of
231 r/min for all tests.
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Although it would be ideal to centre both
luminaires, it was not possible to centre the
prototype luminaire because of the location of
the fan. Both luminaires were therefore offset
slightly, as seen in Figure 4. The two lumin-
aires were tested one at a time – the prototype
was removed for testing of the Atlantic
luminaire, and the Atlantic luminaire was
covered during testing of the prototype.

4.3.2 Bioaerosol tests

A liquid suspension of Mycobacterium
parafortuitum, a M. tuberculosis surrogate,
was aerosolised for all experiments. The
suspension was diluted to a concentration of
108 colony-forming units (CFUs) per mL in
phosphate-buffered saline solution (Lonza
Group, Rockland, ME, USA), and was
stored as 1mL aliquots at ÿ808C until used.

1
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Figure 4. Tests were conducted in 3.0m by 4.6m chamber with 3.0m high ceiling and a central ceiling fan. Circles
indicate locations of lower room irradiance measurements.
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The procedure for aerosolising bacteria and
collecting samples is detailed elsewhere.19 For
each trial, triplicate UV-C ‘on’ and UV-C
‘off’ samples were collected. Seven trials of
the experiment were performed with the
prototype, and four trials with the Atlantic
Hygeaire fixture. The fraction of surviving
bacteria was calculated as follows:

f¼CUV=CnoUV ð1Þ

where CUV is the concentration of culturable
bacteria in CFUs from samples with the UV-
C lamps turned on, and CnoUV is the concen-
tration of CFUs from the matched tests with
UV-C lamps turned off.

4.4 Lower room measurements
In order to assess the safety of room

occupants, we measured the irradiance levels
in the lower room while the prototype lumin-
aire was operating. The American Conference
of Governmental Industrial Hygienists20 has
established a threshold limit value (TLV) –
the dose to which a worker can be exposed
8 hours a day, 40 hours per week for a
working lifetime without adverse health
effects – as a guideline for avoiding skin and
eye injuries. For 254 nm, the primary wave-
length that low-pressure mercury lamps emit,
the dose limit is 6.0mJ/cm2. Thus, a worker
can be exposed to an irradiance of
60mW/cm2 for 0.1 second or to 0.2 mW/cm2

for 8 hours, assuming continuous exposure.
Using spot measurements to approximate
exposure without knowing how occupants
will move within the space is not accurate, as
has been shown by a personal monitoring
study where the 8-hour dose was a small
fraction of the TLV even when areas con-
tained higher irradiances than 0.2 mW/cm2.21

However, using spot measurements is accept-
able for the purpose of comparing the proto-
type to the Atlantic fixture, which has been
safely used for years.22

Lower room irradiance measurements were
done in the same chamber where the bio-
logical experiments were performed. Vinyl
tiles cover the floor of the chamber, while a
pebbled, hard-finish white plastic wallboard
covers the four walls and the ceiling. The
wallboard’s reflectivity was measured to be
less than 10% at 254 nm.14 A grid was created
on the floor of the chamber, specified by five
columns labelled 1–5 and seven rows labelled
A–G (Figure 4).

Measurements were made using a
GigaHertz-Optik model P-9710-1 optometer
and a model UV 3718-2 flat UV-C sensor.
The sensor was attached to a tripod so that
the face of the sensor was vertical and the
centre of the sensor was at a height of 1.73m
(50800), which simulated a standing person
looking straight ahead. This height was used
in adherence to previously published studies
and corresponds to the 95th percentile for
male eye height in the USA.19,21 For each
measurement, the sensor was rotated 3608,
while always keeping the face vertical, in
order to find the maximum irradiance at each
point. Irradiance measurements were taken at
35 locations, indicated by circles in Figure 4.
In order to calculate measurement error, the
procedure was performed three times for each
fixture. Each fixture was mounted in the same
location as for the biological tests.

5. Results and discussion

5.1 Total output
The prototype GUV luminaire has a total

UV-C output of 0.765W (standard deviation
of 0.0651W). For comparison, Table 1 shows
results of three other well-known luminaires
that were measured using the same method,
as detailed elsewhere.15 The Atlantic
Hygeaire, one of the best commercial GUV
fixtures currently available,14 is the easiest to
compare because it also contains a 25W lamp
(05-1348-R Ster-L-Ray Germicidal lamp).
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The total UV-C output allows us to
calculate the efficiency of the fixture
(Table 1). The luminaire UV-C efficiency
is defined as the ratio of the fixture UV-C
output to the lamp UV-C output.13 Because
of its higher UV-C output, the prototype
has a fixture efficiency of 10.9%, almost
double the efficiency of the Atlantic unit of
5.54%. The other two luminaires, a pendant
and a corner luminaire, have even lower
efficiencies than the Atlantic luminaire, with
luminaire efficiencies of 2.38% and 1.22%
for the pendant and corner luminaires,
respectively.

Although there are many other GUV
luminaires commercially available, manufac-
turers are not required to report the
luminaire UV-C output, so it is difficult
to make comparisons to all GUV lumin-
aires. Lamp output is often reported, but
as explained in the Design section, this
does not help determine the luminaire
efficiency.

Because more UV-C radiation is captured
and reflected in the prototype luminaire than
in the other luminaires, efficiency is almost
two times higher than the second-most effi-
cient luminaire. The reflectors control more
of the radiation, which means fewer louvres
are required to absorb the stray rays.
However, with fewer louvres, the DC rays
may increase lower room UV-C levels, and
measurements must still be taken to ensure
occupant safety.

5.2 Photometric tests
The results of the photometric tests are

shown in Table 2. The number of lumens, as
well as the percent of total output that the
luminaire emits, is shown over various angle
ranges, where 08 represents the vertical plumb-
line from the bottom of the luminaire, and 908
runs parallel to the floor. The output below
the luminaire, from 0–908, should be mini-
mised to ensure occupant safety, while the
output from 90–1108, the range where the rays
are designed to emit, should be maximised.

The output in the 0–908 range is high, but
most of it occurs at higher angles (60–908).
The majority of the output (71.6%) is in the
desirable range of 90–1008. Because UV-C
rays from the prototype luminaire, which is
designed to be mounted in the centre of the
room, only need to travel half the distance,

Table 1 Luminaire efficiency of the prototype luminaire compared to other GUV luminaires.

Source type Lamp
UV-C
outputa

Luminaire
UV-C output

Luminaire UV-C efficiency
(luminaire output/lamp
UV-C output)

Prototype luminaire 7W 0.765W 10.9%
Atlantic Hygeaire 8.5W 0.471W 5.54%
Lumalier pendant 22W 0.523W 2.38%
Lumalier corner 11W 0.134W 1.22%

UV: ultraviolet.
aas reported by manufacturer.

Table 2 The photometric results show the number of
lumens as well as the percent of total output emitted over
various angle ranges, where 08 represents the vertical
plumb-line from the bottom of the luminaire, and 908 runs
parallel to the floor.

Prototype luminaire

Luminaire output normalised 1000 lumens
Luminaire efficiency 11.8%
Total light output 118 lumens
Output at 0–908 20.3 lumens (17.2%)
Output at 60–908 20.1 lumens (17.0%)
Output at 90–1008 84.5 lumens (71.6%)
Output at 100–1108 11.2 lumens (9.5%)
Output at 110–1808

(by difference)
2.0 lumens (1.7%)
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they do not have to be as tightly controlled as
those of a wall-mounted luminaire, assuming
both are in the same-sized room.

The photometric tests showed a slightly
higher luminaire efficiency than the total
output method described previously – 11.8%
instead of 10.9%. However, the difference is
small and suggests that photometric tests could
be used to evaluate GUV luminaires. Further
studies should be done to confirm this; because
gonioradiometry is expensive and limited, the
use of photometric tests to evaluate GUV
luminaires would be extremely helpful.

The computer simulation with a T5 lamp
estimated a higher efficiency of 14% for a T5
fluorescent lamp, compared to 11.9% for a
T8 fluorescent lamp. A smaller diameter lamp
would likely cause less blockage of UV-C rays
and increase the RC.

5.3 Bioaerosol tests
On average, 45% of the M. parafortuitum

bacteria were inactivated when using the
Atlantic fixture, while 56% were inactivated
when using the prototype (Table 3). An
independent t-test revealed that the difference
in the mean values of the inactivation rates
for the two luminaires was statistically sig-
nificant (p¼ 0.046).

These results can also be expressed in
equivalent air exchange rates (eqACH),
which is the additional increase in air exchange
rate needed to obtain the same concentration
of viable microorganisms as GUV alone,
assuming perfect mixing. Equivalent air
exchange rate is used to compare the provision
of additional mechanical ventilation to GUV
luminaires. This result can be calculated from
the equation:

�e ¼
1ÿ f

f
� ð2Þ

where f is the fraction surviving, � is the air
exchange rate provided by mechanical venti-
lation (maintained at 6 ACH in this study) and
�e is the equivalent air exchange rate.11 The

Atlantic fixture provided 5.2 eqACH, while
the prototype provided 8.0 eqACH (Table 3).

The prototype luminaire inactivated a
higher percentage of M. parafortuitum than
the Atlantic luminaire, which is currently
being used in many upper room GUV sys-
tems. The significantly higher germicidal effi-
cacy of the prototype suggests that the design
principle it employs may be ready for broader
use in real-world applications.

5.4 Lower room measurements
The lower room irradiance measurements

at 35 locations in the chamber are depicted in
Figure 5. The average lower room irradiance
measurement for the Atlantic was 0.065 mW/
cm2, while the average measurement for the
prototype was higher, at 0.118 mW/cm2. An
independent t-test revealed that the differ-
ences in the mean values were statistically
significant (p¼ 0.000692). The maximum
irradiance measurement for the two fixtures
was similar; the maximum for the Atlantic
was 0.293 mW/cm2 (at location G3), while the
maximum for the prototype fixture was
0.280 mW/cm2 (at locations A1 and A2).

Although no alarmingly high irradiances
were found in this small chamber for either
luminaire, further lower room irradiance
testing on the prototype should be done in a
larger room. As with any GUV system instal-
lation, the best way to ensure safety for
occupants is to use a personal monitor for

Table 3 The percent inactivation of Mycobacterium
parafortuitum and the equivalent air exchange rate of
the prototype luminaire compared to the Atlantic
Hygeaire.

Source type Percent
inactivation
(95% confidence
interval)

Equivalent air
exchange rate
(95% confidence
interval)

Prototype luminaire 56% (�5.07%) 8.0 (�1.75)
Atlantic Hygeaire 45% (�9.58%) 5.2 (�2.35)

An additional 6 ACH was provided by mechanical
ventilation.
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several days. However, this comparison dem-
onstrates that the luminaire is safe for lower
room occupants in this space, and will not
result in the negative side effects that can occur
from overexposure to UV-C radiation.

6. Conclusions

The testing of a novel design principle dis-
cussed here was conducted using a prototype,
with results surpassing those of GUV lumin-
aires already in use. However, the prototype
could be optimised before the design is
finalised. For example, adding angled side
reflectors near each electrode would help to
capture and control more lamp radiation,
further increasing efficiency. The cost–benefit
of this improvement would require radiometric
verification. In addition, the T8 lamp could be
replaced with a T5; the computer simulation
with a T5 lamp estimated a higher luminaire
efficiency of 14% for a T5, compared to 11.9%
for a T8. The increased efficiency makes sense
because parabolic reflectors become more
effective as the lamp diameter decreases; a
line source would result in the highest effect-
iveness. In addition, the body of the lamp
obstructs the light passage and absorbs some
of the light – the larger the source, the greater
is the absorption. Other refinements can be
made by the product manufacturers prior to

the device being brought to market; there is
guidance in the description and diagrams
provided, and more diagrams are available
upon request from the authors.

Even without modifications, the prototype
showed excellent performance, inactivating
airborne microbes more effectively than one
of the most commonly used luminaires. The
luminaire design is also efficient in its UV-C
output and maintains safe irradiances in the
occupied lower room, which means that fewer
luminaires will be required to produce the
same results, and installation costs kept to a
minimum. The use of simple materials and
fewer louvres made this prototype relatively
inexpensive to fabricate, although its optics
are identical.

This highly effective luminaire design can
be utilised as an environmental control to
mitigate the spread of tuberculosis and other
airborne infectious diseases. It is our hope
that this demonstration prototype will
encourage a manufacturer to produce and
bring a luminaire utilising this design prin-
ciple to market.
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Figure 5. Lower room irradiance measurements with the prototype luminaire compared to the Atlantic luminaire
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