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UV-C: Disinfection Beneﬁts, Safety,
Comfort and Proof Points
This article describes the beneﬁts of UV-C disinfection technology
in the battle against the COVID-19 pandemic. It addresses the
history of and new insights into UV-C disinfection concerning
SARS-CoV-2, and it also covers recent developments in
standardization and certiﬁcation efforts in support of the broader
use of effective, appropriate and safe UV-C technology. More
widespread use of UV-C disinfection technology in a wide range of
applications should be encouraged in the battle against the
COVID-19 pandemic. This battle is an urgent matter.
Simultaneously, there is a longer-term interest at stake, as UV-C
technology can be vital in mitigating and preventing many more
current and future airborne diseases. COVID-19 will not likely be
the last pandemic.

UV-C is an established technology for
disinfection. UV-C is a category of ultraviolet radiation with wavelengths
between 100–280 nm. The short wavelengths between 100–200 nm, being
absorbed in air after a short distance.
Hence out of interest for air and surface disinfection [43,44]. Of high importance is the germicidal UV-C range
between 200–280 nm. Throughout this
article the terms used will be: ’UV-C’
and ’UVGI’, ultraviolet germicidal irradiation. It is called germicidal, as
UV-C is absorbed by the proteins, DNA
and RNA of microorganisms. The absorbed UV photons causes changes in
the structure of the proteins, DNA and
RNA, rendering the microorganisms
incapable of replication. Because they
cannot multiply, they cannot cause disease. UV-C inactivates viruses and microorganisms such as bacteria, molds,
spores, fungi, and yeasts. It is generated by well-known light sources
manufacturing technologies, and is
effective, sustainable and more environmentally friendly than several other
disinfection means. Therefore UV-C is
an up-to date and future-proof technology widely spread in application areas
of high importance. The first observation that microorganisms respond
to light was published by Ludwig Karl
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Schmarda in 1845 [1]. The germicidal effect of ultraviolet light was discovered by Downes and Blunt in 1877
[2]. They put solution-filled test tubes
outside and discovered that sunlight
could kill and inhibit the development
of pathogenic bacteria. In 1935, Wells
[3] demonstrated that UV-C, which had
been used to kill microorganisms on
surfaces and in liquids, could also be
used to kill airborne infectious organisms. In the late 1950s and early 1960s,
Riley et al. [4,5] conducted a series
of animal experiments that showed
conclusively that intense UVGI in air
ducts inactivates virulent M. tuberculosis in droplet nuclei. In 1975, Riley
et al. aerosolized Bacillus CalmetteGuérin (BCG) into a model room and
measured its disappearance with and
without upper-room UV-C finding a
sixfold increase in the disappearance
rate in the rooms that had upper-room
UV-C installed [6]. In the late 1980s,
there was a renewed interest in UV-C
due to the unexpected rise in tuberculosis (TB) and the emergence of multiple drug-resistant strains. In 2009 Escombe et.al [7] published a clinical trial
using upper-room UV-C as an effective,
low-cost intervention to prevent TB
transmission in high-risk clinical settings. Mphaphlele’s paper [8] in 2015

showed that upper room germicidal
UV air disinfection with air mixing was
highly effective in reducing tuberculosis transmission under hospital conditions and included improved evidencebased dosing guidelines. Through the
years, UV-C has been proven to inactivate, without exception, all microorganisms and viruses against which it
has been tested [38,39,40,41], including, among others, those causing tuberculosis, influenza and SARS-CoV-1
[9].
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The Scientiﬁc Basics of
UV-C Germicidal
Efﬁciency are Well
Understood
Ultraviolet Germicidal Irradiation (UVGI)
is electromagnetic radiation which prevents microorganisms from reproducing
by causing photochemical changes in nucleic acids. The wavelengths in the UV-C
range are particularly damaging to microorganisms because they are absorbed by
proteins, RNA, and DNA. The germicidal
effectiveness of UV is typically represented
by the graph shown below and originally
published by Gates in 1930 [10]. The germicidal effectiveness spectrum with peak
effectiveness at 265 nm coincidentally overlaps with the 253.7 nm peak of the lowpressure mercury UV lamps and UV LED
265 nm. Although the germicidal effectiveness can vary between species, the shown
curve (Figure 1) for E. coli is a very typical
curve for common pathogens.
The ﬁrst theoretical models describing the
UV disinfection process and related decay
models were described by Hiatt in 1964

[12]. The UV-C effectiveness is typically
expressed as the percentage of microorganisms killed or inactivated by the UV-C
irradiation [11]. Hereby, the k-value represents the ratio of the inactivation rate
normalized by UV-C irradiance. Theoretically, the higher the k-value (i.e. the decay
rate constant) for a target microorganism,
the greater the susceptibility to UV-C and
the more quickly the microorganism will be
killed or inactivated by UV-C irradiation:

NU V
= e−kD
N0

where
N0

NU V

D
k

is the number of infectious
microorganisms before UV-C
exposure;
is the number of surviving
microorganisms following UV-C
exposure;
is the UV-C in J/m2 ;
is the UV-C rate constant in
m2 /J.

Figure 1: Germicidal efﬁciency of UV wavelengths for E. coli. [11] as function of the wavelength and the
main UV-C wavelength of a low pressure UV lamp showing the germicidal effectiveness of such a lamp

(1)
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As indicated by the inactivation rate formula
above, microorganisms exposed to UV-C
irradiation typically undergo an exponential decrease. Another common metric to
quantify the effectiveness of UV-C irradiation is the UV-C dose required to inactivate
90% of the initial population: D90. The corresponding D90 values for a wide range
of microorganisms can be found in UVGI
handbooks (e.g. Kowalski [11]) but also in
standards like ISO 15714 [13].

Proof for Effectiveness
of UV-C Against
SARS-CoV-2 has
Emerged
As stated above, scientiﬁc studies have
shown so far that all tested viruses are
inactivated by UV-C, and SARS-CoV-2,
the virus that causes COVID-19, is no exception. Indeed, on June 16, 2020, the
National Emerging Infectious Diseases Laboratories at Boston University presented
research results [14] that validate the effectiveness of UV-C sources on the inactivation of SARS-CoV-2. Further proof of
this, as well as research results on required
dosage to achieve the desired disinfection
level, is rapidly emerging, and reputable
scientists and UV experts are corroborating
the potential of UV-C to ﬁght the current
pandemic.
The historic results of studies researching
the effectiveness of UV-C in inactivating
coronaviruses brings additional evidence
on this aspect. One of the ﬁrst quantitative measurements of the effect of UV-C
on one of the coronaviruses was performed by Walker and Ko [15] in 2007.
They performed experiments on coronavirus aerosols in a single pass test rig.
They measured a k-value of 0.377 m2 /J for
the Murine (Mouse) Hepatitis Virus (MHV)
coronavirus. The relative high k-value measured for the MHV Coronavirus suggests
that UV-C disinfection can be an effective
tool for inactivating the coronaviruses that
cause diseases such as SARS, MERS but
also COVID-19. As a reference, the reported k-value for TB, by Riley, is in the
same order of magnitude: 0.472 [6].
An overview of the key experimental UVC air and surface disinfection studies is
shown in the Table 1.

Table 1: Overview of the key experimental UV-C air and surface disinfection studies

Issue 84/Mar-Apr/2021

This overview provides evidence that coronaviruses are as susceptible to UV-C disinfection when aerosolized as M. tuberculosis. Aerosolized viruses appear to be more
vulnerable to UV damage than those sus-
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pended in a liquid or remaining on surfaces.
In some studies, reported susceptibility values are even higher in liquids than shown
in this table. This could be related, as also
stated by Beggs [17], to the fact that liquids attenuate UV penetration. Note that,
although the MHV Coronavirus used by
Walker is not the same as the SARS-CoV-2
virus, it is to be reasonably expected that
the coronavirus family genome similarities
will induce a similar UV-C susceptibility
[18].

UV-C Helps Mitigating
Impact of the Current
Pandemic
Direct inactivation of SARS-CoV-2 through
UV-C germicidal irradiation is a huge asset
in the battle against the current pandemic,
but there is more to this: in the challenges
we face today, mitigating the spread of any
infectious disease is of great value to society, and will positively impact its health,
social and ﬁnancial interests. Just imagine the beneﬁts that the mere reduction of
people being infected by the common ﬂu
during the current COVID-19 pandemic
and speciﬁcally, during the ﬂu season
would bring: less demand on COVID-19
test capacity, less people being needlessly
in quarantine, less people being unable to
work, less workload demand on medical
personnel and less hospitalizations, etc.
UV-C technology can do exactly that: it
also contributes to limiting the spread of
the common ﬂu.
Recent insights also indicate that the severity of symptoms from the COVID-19 disease is likely to be correlated to characteristics of exposure to the SARS-CoV-2
virus, where lower virus concentrations may
lead to milder symptoms [19,20,21]. This
relationship between the infecting dose
(i.e. the viral inoculum) and the risk of disease severity has also been demonstrated
for other viral infections like inﬂuenza and
SARS [22].

Upper-room UV-C Systems
and UV-C in Recirculating
Air Disinfection Units
Systems can Inhibit the
Likely Airborne Transmission
Route of SARS-CoV-2
Several studies indicate that airborne transmission is a signiﬁcant factor in the spread
of the SARS-CoV-2 virus and of other
viruses that cause diseases like SARS,
MERS, and inﬂuenza [23,24,25].
38
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Natural air ﬂow resulting from movement,
temperature changes and recirculating
air-conditioning in indoor spaces contributes to the quick spreading of viruses
like SARS-CoV-2. This is an obvious challenge in battling the virus, as air cannot be
easily contained; however, the risks can
be mitigated by applying UV-C to reduce
the virus concentration in the air while at
the same time preventing human exposure
to UV-C irradiation. Indeed, both in-duct
and upper-air disinfection systems leverage
air ﬂow models to provide the right UV-C
intensities to achieve effective disinfection.
Recently, both the WHO and CDC recommended [26,27] the use of upperroom UVGI systems as a supplemental
air-cleaning measure to reduce the transmission of airborne bacterial and viral infections in public buildings, hospitals, military
housings, and classrooms.
It is recommended to use UV-C upper air
disinfection luminaire solutions to achieve
an average whole-room UV irradiance (ﬂuence rate) of 5 µW/cm2 , providing conﬁdence that pathogens including SARSCoV-2 will be inactivated effectively as this
recommended ﬂuence rate takes an engineering safety margin into account. Lower
ﬂuence rates (such as 1 µW/cm2 ) can be
used but it will take longer to achieve similar effectiveness. Additionally, natural convection of air is a pre-requisite of any UV-C
upper air disinfection luminaire solution.

UV-C Irradiation in HVAC
Systems Keeps Cooling
Coils Free of Infectious
Bioﬁlm in Heat Exchangers,
Disinfects Surfaces and
Disinfects the Air Flow
Disinfection of HVAC1 cooling coil surfaces
with UV-C removes fungal spores from the
coils and prevents subsequent aerosolization [32]. Treatment within the air distribution systems can inactivate viruses and
pathogens reducing the transference from
one room to another.

Surface UV-C Disinfection
Systems are an Effective
and Established Method to
Help Reduce Infection Rates
Fixed and mobile UV-C surface disinfection units have been used for many years
to reduce the incidence of infections, for
1

Heating, Ventilation and Air Conditioning

example in hospitals. Surface disinfection
using UV systems has been successfully
applied to quickly inactivate different types
of pathogens, such as MRSA and spores
[28,29,30,31]. Typically, UV systems for
surface disinfection also disinfect the air directly and as such they perform simultaneous air and surface disinfection functions.
In the study conducted by the National
Emerging Infectious Diseases Laboratories
(NEIDL) at Boston University in a laboratory
setting [14], UV-C sources irradiating the
surface of a material inoculated with SARSCoV-2 with a UV-C dose of 76.4 J/m2 reduced the virus’ infectivity by more than
99% (i.e. D99 dose) to below detectable
levels. If UV-C sources are ﬁtted into UV-C
surface and object disinfection products
(such as UV-C luminaires, UV-C trolleys, or
UV-C chambers), the same reduction of the
virus infectivity of SARS-CoV-2 on surfaces
will be achieved as long as the same UVC dose of 76.4 J/m2 is achieved on each
area of surface where the UV-C surface
disinfection cycle is conducted.

Whole Room Direct
Disinfection Below Exposure
Limits in Occupied Spaces
Low-output UV disinfection can be provided in a manner that is below exposure
limits according to IEC 62471 to inactivate viruses and pathogens in air either as
a primary method or in combination with
the other methods. The source of limits is
found further below.

Safe Use of UV-C is
Enabled by Existing
Standards and New
Industry Guidelines
The potential hazards to humans, animals
and materials associated with the use of
UV-C are well understood, and proper protective measures are described in standards and guidelines to prevent them.

The Hazards are Twofold –
Irradiance and Ozone
A ﬁrst potential hazard is the irradiance
hazard: too high levels of exposure to UVC can cause irritation of the cornea in the
human eye (Photokeratitis) and /or a reversible reddening of the human skin (Erythema), and similar to other forms of UV
radiations, long term over-exposure could
be carcinogenic [20]. Because germicidal
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Figure 2: UV-C robot in action for disinfection in medical rooms. Image Credits: UBTech

UV rays are not visible to the human eye,
no immediate effect will be perceivable by
users, so this calls for a strict adherence
to applicable irradiation safety standards
and inherent safety measures that protect
against over-exposure.
Exposure limits for UV-C irradiance are
given in the international photobiological
safety standard, IEC 62471 [34], and products are categorized by this standard in
risk-groups. Products classiﬁed in the highest risk group RG-3 are, in most countries,
not allowed to be put in the market, unless
they contain additional protective measures
that prevent an excessive human exposure.
For products with a risk-group in accordance with IEC 62471, depending on the
UV-C source and application, safety measures may include, but are not limited to
[7,22]:
• Fully containing the source in a chamber
or enclosure
• Shielding to prevent direct exposure to
people, pets, and delicate plants and
materials
• Access control or presence sensing to
prevent operation of the source when a
space is occupied
• Interlock to prevent operation of the
source when its enclosure is opened
• Timer or other control to limit operating
time corresponding to maximum irradiance guidelines not exceeding the max.
permissible dose for 8h a day of 30 J/m2
• Personal Protective Equipment (PPE)
such as goggles, gloves, mask, shield,
or dosimeter
Issue 84/Mar-Apr/2021

• Warning labels, installation instructions,
operating manual, and training.
Earlier in this pandemic, the Global Lighting
Association (GLA) brought together industry experts and developed UV-C Safety
Guidelines [35], which deﬁne protective
measures as listed above. The guidelines
assist light source and product manufacturers to ensure that UV-C products are
manufactured, installed, and supplemented
with instructions to always ensure safe use.
For North America, the American Conference of Governmental Hygienists (ACGIH)
published voluntary threshold limit values,
as no regulatory UV-C limits are available,
yet. For an 8-hour working day, a cumulative limit of 60 J/m2 for 254 nm UV-C has
been outlined.
A second potential hazard is the production of ozone (O3 ), which starts to occur at
wavelengths below 240 nm and which at
too high concentration levels can cause a
toxic reaction in the human body [33]. The
European Directive 2008/50/EC sets the
limit to 120 µg/m3 . The International Standard IEC 60335 2-65“Household and similar electrical appliances - Safety - Part 265: Particular requirements for air-cleaning
appliances”goes down to 100 µg/m3 . The
widely used 254 nm low pressure discharge
lamps, however, are designed to suppress
wavelengths of 185 nm to avoid ozone production.
Whereas further detailing of standards
will be undertaken in the coming years –
and IEC and other standards bodies have

started doing just that –the key safety requirements are adequately covered by existing regulations and the GLA UV-C Safety
Guidelines. Also, certiﬁcation bodies, such
as UL or DEKRA, started to develop certiﬁcation programs to released UV-C devices,
based on luminaire safety requirements,
extended with the UV-C guidelines of the
GLA-paper.

Conclusion
The efﬁcacy of UV-C technology to inactivate pathogens (including those that
are transmitted through the air or through
contact with inoculated surfaces) in realworld settings is no longer in question.
The fundamental viral inactivation theory
and mathematical modeling have been
established. Moreover, UV-C air and surface disinfection has proven its efﬁcacy,
during the last 50 years, in the inactivation
of the pathogens that cause airborne diseases such as measles and tuberculosis
[36,37], and recently for deactivation of for
SARS-CoV-2 [42,41].
UV-C air and surface disinfection products
and systems, if installed, commissioned,
applied, and maintained following the applicable standards, evidence-based guidelines
and user instructions, will bring safe mitigation beneﬁts in almost any indoor place
imaginable where people gather and spend
time together: homes, ofﬁces, factories,
schools, hospitals, homes for the elderly,
public buildings, shops, hotels, restaurants,
bars, ﬁtness and sports centers, cruise
ships, airplanes, trains, etc. "
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