
FLY SAFE: The UV Cabin 
System from Dimer UVC 

and Honeywell is designed 
to disinfect an entire 

airplane in a few minutes.
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THE ULTRA-
VIOLET 
OFFENSE

T H E  N E X T  PA N D E M I C � UV LIGHT

Walk into the Cambridge, Ont., office of health-care equipment company PrescientX and 
you probably wouldn’t suspect you’re entering one of the most sanitary places in North America. 
• In this otherwise-ordinary Toronto-area office suite, you can disinfect your keys, phone, and
other portables at the reception area’s ultraviolet-sterilization stand. In cooler months, the air you
breathe is cleansed of mold and bacteria in UV-sterilized heating units as well as blasted by UV fix-
tures in the office air ducts to eliminate viruses. In-room UV fixtures pointing at the ceiling disinfect
the air, while other UV lights that turn on only when no one’s in the room zap pathogens on desks,
keyboards, and high-touch surfaces in bathrooms and work spaces. • The office, says PrescientX
founder and CEO Barry Hunt, represents a possible future in which pandemics like COVID-19 are 
more commonplace—but in which germicidal ultraviolet light is one of the most potent weapons 
we have to face them down. 

GERMICIDAL UV LAMPS 
DESTROY VICIOUS VIRUSES. 

NEW TECH MIGHT PUT 
THEM MANY MORE PLACES 

WITHOUT HARMING HUMANS 
BY MARK ANDERSON
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For nearly a century and a half, scien-
tists have been investigating ultraviolet 
light’s deadly effect on germs. In recent 
times, UV was deployed as a disinfec-
tant against deadly coronavirus particles 
during the SARS outbreak in 2003. And 
as soon as the new coronavirus began 
spreading in earnest in China late last 
year, UV returned as a potentially pow-
erful weapon to fight this new scourge. 
While antiviral drugs and vaccines con-
centrate on minimizing and repelling 
infections in the body, the ultraviolet 
systems being deployed focus on killing 
the virus in the environment, before it 
has a chance to infect anyone. 

Germicidal UV technology is now being 
used to sterilize air, surfaces, and per-
sonal protective equipment like N95 
masks. Meanwhile, experts in the field 
are devoting much of their time to edu-
cating the public about the technology’s 
effectiveness against the coronavirus—
and outbreaks and pandemics yet to 
come. The main hurdle for germicidal 
UV, says Dean Saputa, vice president 
and cofounder of UV Resources, a Santa 
Clarita, Calif.–based UV technology com-
pany, “is overcoming the lack of...under-
standing about this technology.”

For starters, experts point out, not all 
ultraviolet rays are created equal. Ultravio-
let light lies in a region of the electromag-
netic spectrum beyond indigo and violet. 
Anyone who’s read the label on a bottle of 
sunscreen knows the UV wavelengths that 
give you a suntan or a sunburn are called 
UV-A (with wavelengths between 400 and 
315 nanometers) and UV-B (315 to 280 nm). 

Germicidal UV tech focuses on shorter, 
more energetic UV wavelengths, known as 
UV-C, which lie between 280 and 100 nm. 
The Earth’s ozone layer prevents virtu-
ally all UV-C light from reaching us. So 
microbes and viruses (and everything 
else, really) evolved for millions and bil-
lions of years without ever being exposed 
to these wavelengths. 

That changed in 1901, with the inven-
tion of the mercury-vapor lamp. It pro-
duces a potent wavelength of UV-C 
light—254 nm—that has proved devas-
tating for nearly any genetic material 
in its path, including that of a corona-
virus or a human.

Much of the trick to wielding germicidal 
UV light against the spread of disease lies 
in finding a way to keep people safe from 
that light. Those involved have already 
built up a lot of expertise in that area, but 
new technology could make the job of 
using UV-C in occupied spaces easier. 

W
WHILE UV-C LIGHT has 
been used successfully
against germs for more
than a century, it’s only 
recently that researchers 

have understood why it’s so successful. 
In DNA’s four-letter alphabet of nucleo-
tides, thymine (T) and cytosine (C) are 
particularly susceptible to UV. The UV 
knocks an electron loose and causes two 
T molecules or two C molecules to bond 
together, introducing an error into a 
string of DNA. Humans have genetic self-
repair mechanisms, including a molecule 
called p53. This protein (sometimes re-

ferred to as the “guardian of the genome”) 
patrols DNA strands and looks for just 
this kind of nucleotide damage. But p53 
can do only so much. Too much damage 
overwhelms it and can lead to cancer.

SARS-CoV-2, the virus that causes 
COVID-19, lacks such sophisticated self-
repair mechanisms, and its genetic mate-
rial is made up of RNA rather than DNA. 
RNA contains uracil instead of thymine, 
but the effect of UV-C is essentially the 
same: Genetic damage accumulates and 
the virus is destroyed. 

The main hitch with UV-C light in the 
254-nm range is that it penetrates human 
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DEATH RAYS: UV-C is at the 
far end of the ultraviolet 
portion of the spectrum. Most 
UV-C products use mercury-
vapor lamps, which shine at 
254 nanometers. Scientists are 
exploring another wavelength, 
222 nm, because it may be safer 
for use around humans.
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T H E  N E X T  PA N D E M I C UV LIGHT

skin and eyes, leading to skin cancer and 
cataracts. So UV-C’s DNA-smashing effect 
means that any disinfecting device that 
uses it has to be designed to operate either 
when no one is in the room or in a self-
contained space where humans can’t go.

Researchers have been trying to bal-
ance the benefits and dangers of UV-C for 
decades. In the late 1930s and early 1940s, 
the U.S. epidemiologist William F. Wells 
installed UV-C–emitting mercury-vapor 
lamps in Philadelphia schools to combat 
an outbreak of measles, as a follow-up 
to his groundbreaking work that showed 
airborne bacteria and viruses could cause 
infection. The fixtures were designed to 
irradiate the air only in the upper por-
tion of the room, to protect students 
and staff from exposure to the rays. 
And they worked. Schools that had the 
air-sanitizing equipment experienced a 
13.3 percent infection rate compared with 
53.6 percent for the population at large. 

Germicidal UV in most commercial and 
industrial settings today still comes from 
mercury-vapor lamps, says PrescientX’s 
Hunt. These devices have a spectral peak 

at 254 nm. That emission is the result of 
an arc of electricity that ionizes (typically) 
argon gas and vaporizes liquid mercury. 
Glass would block the radiation, so these 
lamps are made of quartz instead.

UV-C–emitting LEDs, made from alloys 
of aluminum nitride, are much newer and 
have a number of potential advantages 
over mercury lamps—no toxic mercury, 
greater durability, faster startup, and 
emission at a diversity of wavelengths, 
which may aid in their germicidal role. 
Most important, though, is UV-C LEDs’ 
theoretical potential for higher efficiency. 
That potential is as yet unrealized, how-
ever. Jae-hak Jeong, technical research 
fellow and vice president at Seoul Semi-
conductor, told IEEE Spectrum that 
today’s mercury lamps have a higher 
wall-plug efficiency—electrical power 
in versus optical power out—than the 
UV-C LEDs on the market now. But mer-
cury lamps’ advantage is not expected 
to last, because researchers predict UV-C 
LEDs to improve in much the same way 
that blue LEDs did to reach their domi-
nant position in lighting. For now though, 

UV-C LEDs aren’t powerful enough to 
sterilize more than small volumes of air 
or nearby surfaces.

Recent experience with UV-C light con-
firms what Wells found in the 1930s: Air 
disinfection with 254-nm UV light is “very 
effective,” Hunt says. Direct illumination 
of the air in the upper part of a room pro-
duces better throughput than irradiat-
ing the air inside HVAC units, he adds. 
According to the Illuminating Engineer-
ing Society, 17 milliwatts of 254-nm-lamp 
radiation per cubic meter of upper-air 
space is the evidence-based dose devel-
oped to control tuberculosis. However, 
some bacteria, viruses, and other micro-
organisms are more resistant to UV-C 
light than others.

 At that dose, upper-air fixtures can 
destroy germs in the lamps’ direct line of 
sight “in a matter of seconds,” says Saputa A
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THE AIR UP THERE: AeroMed Infinity 
germicidal UV-C fixtures installed near the 
ceilings at Kings County Hospital Center, 
in New York City, help keep aerosolized 
coronavirus particles from spreading where 
patients wait. 
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of UV Resources. To keep humans safe, the 
fixtures, which typically cost a few thou-
sand dollars each, are placed at heights 
above 2 meters, and nonreflective baf-
fles direct the ultraviolet energy upward 
and outward. (UV-C reflects poorly off of 
most surfaces, so there’s little danger of 
exposure from rays bouncing off ceilings 
and other fixtures; nonetheless, installers 
must make sure by using UV-C meters.) 
Such installations can be used in a vari-
ety of settings, including patient rooms, 
waiting rooms, lobbies, stairwells, and 
emergency-room entrances and corridors.

A
AIR ISN’T THE ONLY 
thing that needs disinfect-
ing. During the pandemic,
UV-wielding robots in 
hospitals and UV germ 

zappers in airplanes and subway cars 
have joined a host of technologies being 
rolled out to disinfect surfaces. 

 The main difference between these 
systems and UV air sterilizers is that the 
former can’t operate when people are 
present, so they’re not continuously 
keeping areas virus-free. “Design engi-
neers must keep in mind disinfection 
only lasts until people are placed into 
that hospital bed or sit in that airplane 
seat,” says Saputa.

But sporadic disinfection is preferable 
to none at all. Before this year, Carlsbad, 
Calif.–based Cleanbox Technology had 
been developing a UV-C LED box to steril-
ize virtual-reality and augmented-reality 
headsets. The company’s system was 
readily adaptable to sterilizing N95 masks, 
says Cleanbox’s chief technology officer 
and cofounder David Georgeson. 

 The result, the CleanDefense N95 san-
itizing light box, can hold four masks 
at a time. The box is portable and pow-
ered from the wall or a battery bank, 
enabling use in mobile environments 
like ambulances and airplanes as well 
as in health care settings, restaurants, 
and shopping centers.

The challenge with this technology 
and any other type of UV disinfection is 

USE, STERILIZE, REPEAT: UV light irradiates the surfaces of N95 protective masks 
in Prescient X’s system [top], so the masks can be reused. Rensselaer Polytechnic 
Institute’s sterilizer [middle] bathes both sides of a mask at once in UV. Cleanbox 
Technology’s system [bottom] was adapted from one that sanitized VR gear.
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that “the radiation has to actually strike 
the virus to break the [RNA] and inacti-
vate it,” says Robert Karlicek, director of 
Rensselaer Polytechnic Institute’s Center 
for Lighting Enabled Systems & Applica-
tions, in Troy, N.Y. “If those virus parti-
cles are sitting behind dirt or covered by 
another fiber, you’d have to scatter a lot 
of light before you got a good kill rate.” 

The problem is illustrated by what’s 
called the “canyon wall” effect. To bacte-
ria and viruses, textural features on com-
mon surfaces can be like 100-meter-deep 
canyons would be to us. In experiments 
with surfaces having submillimeter tex-
ture, UV-C’s kill rate against the bacteria 
Staphylococcus aureus varied as much as 
500-fold depending on the angle at which 
the mercury lamp’s light fell.

That dependence on angle is why 
it typically takes three UV systems to 
disinfect a hospital room, according 
to Marc Verhougstraete, assistant pro-
fessor of public health at the University 
of Arizona. Even then, there are still 
unexposed areas. So for that applica-
tion, UV-C surface sanitizers should be 
part of a system that includes routine 
surface disinfection, hand hygiene, and 
air treatment, he says.

Getting a thorough dosage from more 
than one angle is key to sanitizing N95 
masks for reuse. Karlicek and his team 
developed a mercury-lamp N95-mask ster-
ilizer that was tested at Mount Sinai Hos-
pital in New York City. It uses two sets of 
UV lamps to irradiate the front and back of 
the masks at the same time. PrescientX is 
also getting into the N95-mask-sterilization 
business with a UV-C light box called Ter-
minator CoV. And there are other systems 
in various states of development and com-
mercialization as well. 

The precise UV-C dose needed to inac-
tivate a SARS-CoV-2 virus particle is yet to 
be determined, says PrescientX CEO Hunt. 
But, he adds, a number of peer-reviewed 
studies have looked at UV-C doses for the 
H5N1 and H1N1 strains of influenza and for 
previous coronavirus outbreaks, includ-
ing MERS and SARS. Experts think it’s rea-

sonable to assume that a similar amount 
of energy will inactivate the coronavirus 
that causes COVID-19.

Those studies all found that irradi-
ating masks with 1 to 2 joules of UV-C 
energy per square centimeter was suf-
ficient to inactivate between 99.9 and 
99.99 percent of the virus particles on 
the mask. That said, eliminating coro-
navirus particles is not just a numbers 
game. If the sterilization unit casts any 
shadows on the mask, that mask will not 
be fully disinfected. That’s why these 
systems are designed with fasteners and 
hooks that stretch the mask and mini-
mize shadows.

“You need intensity and geometry to 
get rid of the virus,” Hunt says. 

G I V E N  T H E  H A R M F U L  ef fects of 
254‑nm UV-C, scientists are exploring 
the higher-energy wavelength of 222 nm, 
in the far-UV region. This wavelength 
has been found to kill viruses and bac-
teria, and initial studies show that it’s 
substantially safer than photons in the 
254‑nm range. In fact, far-UV may be able 
to safely bathe an entire room in ster-
ilizing light, even with people present.

Far-UV light at 222 nm “hardly pene-
trates the outer layer of skin,” says David 
Sliney, retired manager of the U.S. Army’s 
Laser and Optical Radiation Program 
at the Army Public Health Center, near 
Baltimore. “It’s heavily absorbed by pro-
tein. But there is some evidence that it 
may even be more effective against air-
borne viruses” than other UV light. The 
wavelength appears to be safe for the 
eyes as well because it penetrates no 
deeper than the layer of tears that coat 
the eye. A 2019 study of albino rats in 
Japan found prolonged far-UV exposure 
induced no skin or eye damage. 

 At present, far-UV is generated 
by krypton-chlorine excimer lamps. 
(“Excimer” is a portmanteau of “excited” 
and “dimer,” meaning an excited state of 
a two-part molecule.) Inside the sealed 
quartz-glass chamber of such a lamp, 
krypton and chlorine are heated by elec-

tric discharge whose energy is sufficient 
to momentarily create a KrCl excimer, 
which spits out a 222-nm spectral line 
before dissociating again.

However, these light sources don’t 
just give off far-UV light. “Excimer 
lamps produce a peak at 222 nm, but 
they also produce [longer]-wavelength 
light,” explains David Brenner, direc-
tor of Columbia University’s Center for 
Radiological Research, in New York City. 

“And that is damaging, because it doesn’t 
have the protective properties of 222 nm. 
It can penetrate [skin] and damage DNA.”

Filters can eliminate the extraneous 
wavelengths, but Brenner says a better 
solution would be a far-UV LED lamp 
with a narrow spectral profile right at 
222 nm. Such an LED does not yet exist. 

“LEDs have been coming down in wave-
length for a long time,” he says. “Once 
you go down below 250, 240, 230 [nm], 
the efficiency falls off dramatically. It’s 
like a cliff.”

So in the near term, excimer lamps 
are the best hope. Brenner expects such 
lamps to be on the market by the end of 
this year or early 2021.

D
DESPITE THIS arsenal 
of ultraviolet technolo-
gies—UV-C LEDs, mercury
vapor lamps, and KrCl 
excimer lamps—the cur-

rent pandemic may yet come and go 
before the world has rolled out germi-
cidal UV broadly enough to make a big 
impact. And so experts are already plan-
ning for the next dangerous pathogen, 
and when it comes, they hope to greet 
it with a phalanx of UV air purifiers and 
surface sterilizers in hospitals, airports, 
public transit, offices, schools, nursing 
homes, stores, restaurants, elevators, 
and elsewhere. The ubiquity of UV tech-
nology should make it much harder for 
an outbreak to spread, perhaps prevent-
ing a lethal contagion from ever becom-
ing a pandemic.  n

POST YOUR COMMENTS AT spectrum.ieee.org/
uvlight-oct2020

SPECTRUM.IEEE.ORG | OCT 2020 | 55Authorized licensed use limited to: IEEE Xplore. Downloaded on May 07,2024 at 10:31:52 UTC from IEEE Xplore.  Restrictions apply. 




