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CIE Position Statement on Ultraviolet (UV) Radiation to Manage 
the Risk of COVID‑19 Transmission

May 12, 2020

Introduction
The coronavirus disease (COVID‑19) pandemic 

has accelerated the search for environmental con‑
trols to contain or mitigate the spread of the severe 
acute respiratory syndrome coronavirus 2 (SARS‑
CoV‑2) responsible for the disease. SARS‑CoV‑2 is 
usually transmitted from person to person by con‑
tact with large respiratory droplets, either direct‑
ly or by touching virus-contaminated surfaces (also 
denoted as fomites) and subsequently touching the 
eyes, nose or mouth. Importantly, there is grow‑
ing evidence of virus transmission via the airborne 
route as the large respiratory droplets dry out and 
form droplet nuclei which can remain airborne for 
several hours. Depending on the nature of the sur‑
face and environmental factors, fomites can remain 
infectious for several days (van Doremalen, 2020).

The use of germicidal UV radiation (GUV) is an 
important environmental intervention which can 
reduce both contact spread and airborne transmis‑
sion of infectious agents (like bacteria and virus‑
es). GUV within the UV–C range (200 nm-280 nm), 
primarily 254 nm, has been used successfully and 
safely for over 70 years. However, GUV must be 
knowledgably applied with appropriate attention to 
dose and safety. Inappropriate GUV application can 
present human health and safety issues and pro‑
duce insufficient deactivation of infectious agents. 
Application in the home is not advisable and GUV 
should never be used to disinfect the skin, except 
when clinically justified.

What is GUV?
Ultraviolet radiation is that part of the optical 

radiation spectrum that has more energy (shorter 
wavelengths) than visible radiation, which we ex‑
perience as light. GUV is ultraviolet radiation that is 
used for germicidal purposes.

Based on the biological impact of ultraviolet ra‑
diation on biological materials, the ultraviolet spec‑
trum is divided into regions: UV-A is defined by CIE 
as radiation in the wavelength range between 315 
nm and 400 nm; UV-B is radiation in the wavelength 
range between 280 nm and 315 nm; and the UV–C 
wavelength range is between 100 nm and 280 nm. 
The UV–C part of the UV spectrum has the highest 
energy. Whilst it is possible to damage some micro‑
organisms and viruses with most of the ultraviolet 
radiation spectrum, UV–C is the most effective and 
hence UV–C is most commonly used as GUV.

The radiant exposure required for the deacti‑
vation of an infectious agent by 90 % (in air or on 
a surface) depends on the environmental condi‑
tions (such as relative humidity) and the kind of in‑
fectious agent. It typically ranges between 20 J/m2 
and 200 J/m2 for mercury lamps predominantly 
emitting radiation at 254 nm (CIE, 2003). Previous‑
ly, GUV of 254 nm has been shown to be effective 
in disinfecting surfaces contaminated with the Eb‑
ola virus (Sagripanti and Lytle, 2011; Jinadatha et 
al., 2015; Tomas et al., 2015). Other studies have 
demonstrated

the effectiveness of GUV during an influenza 
outbreak in the Livermore Veterans Hospital (Jor‑
dan, 1961). However, despite ongoing research, at 
present there is no published data on the effectivi‑
ty of GUV against SARS-CoV-2.

Applying GUV for disinfection
UV–C has been used successfully for water dis‑

infection for many years. Moreover, UV–C disinfec‑
tion is routinely incorporated into air handling units 
to manage the build-up of biofilms and to disinfect 
air (CIE, 2003).

Until the introduction of polymer materials in 
healthcare settings and the availability of antibi‑
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otics and vaccines, UV–C sources were common‑
ly used in several countries to sterilize operating 
theatres and other rooms overnight. Recently, 
there has been a resurgence of interest in the use of 
whole room UV–C exposure devices for healthcare 
environments intended to disinfect the air and ac‑
cessible surfaces in the room. Such devices can ei‑
ther be placed in a specific room location for a pe‑
riod of time, or they can be robotic units that move 
around the environment to minimize shadow ef‑
fects. For surface disinfection, in addition to the op‑
tion to place a UV–C source in the room, it is possi‑
ble to place a UV–C source close to a surface.

Limited use of UV–C for disinfection of personal 
protective equipment during pandemics has been 
explored in some countries (Jinadatha et al., 2015; 
Nemeth et al., 2020).

There is growing evidence that the use of UV–C 
as an adjunct to standard manual cleaning in hospi‑
tals can be effective in practice, although more spe‑
cific application guidelines still need to be devel‑
oped as well as standard testing procedures.

Upper air disinfection UV–C sources are usually 
mounted above head-height in rooms and operate 
continuously to disinfect circulating air. Such sourc‑
es have been successfully deployed to limit the 
transmission of tuberculosis (Mphaphlele, 2015; 
Escombe et al., 2009; DHHS, 2009). Based on a sys‑
tematic review of the literature, the World Health 
Organization (WHO) recommended the use of up‑
per room GUV as a means for tuberculosis infection 
prevention and control (WHO, 2019).

Some laboratory studies have found that the ef‑
fectivity of upper-air UV–C disinfection depends on 
the relative humidity, temperature conditions and 
air circulation (Ko et al., 2000; Peccia et al., 2001). 
Escombe et al. (2009) studied upper room GUV in 
a non-air-conditioned hospital ward in Lima, Peru, 
and found a marked reduction in the risk of trans‑
mission of airborne tuberculosis, despite the high 
relative humidity of 77 %.

Risks when using UV–C
Most people do not get exposed to UV–C natu‑

rally: UV–C from the sun is primarily filtered by the 
atmosphere, even at high altitudes (Piazena and 
Häder, 2009). Human exposure to UV–C typically 
arises from artificial sources. UV–C only penetrates 
the outermost layers of the skin and hardly reach‑
es the basal layer of the epidermis, neither does it 
penetrate deeper than the surface layer of the cor‑

nea of the eye. Exposure of the eye to UV–C can re‑
sult in photokeratitis, a very painful condition that 
feels as if sand has been rubbed onto the eye. Pho‑
tokeratitis symptoms take up to 24 hours after the 
exposure to develop and require about another 24 
hours for them to subside.

When the skin gets exposed to high levels of 
UV–C, erythema (a skin reddening similar to sun‑
burn) can develop (ISO/CIE, 2019). Usually erythema 
is less painful than the effect of UV–C on the eyes. 
However, the UV–C-induced erythema can be 
misdiagnosed as dermatitis, especially when it is 
not known that there was a recent UV–C exposure 
history. There is some evidence that repeated expo‑
sure of the skin to UV–C levels that cause erythema 
may compromise the body’s immune system (Gläs‑
er et al., 2009).

Ultraviolet radiation is generally considered to 
be carcinogenic (ISO/CIE, 2016), however, there 
is no evidence that UV–C alone causes cancer in 
humans. The Technical Report CIE187:2010 (CIE, 
2010) discusses the question and concludes: “while 
the UV radiation from low- pressure mercury UVGI1 
lamps has been identified as a potential carcino‑
gen, the relative risk of skin cancer is significantly 
less than the risk from other sources (such as the 
sun) to which a worker will be routinely exposed. 
UV germicidal irradiation can be safely and effective‑
ly used for upper-air disinfection without a signifi‑
cant risk of long-term delayed effects such as skin 
cancer.”

Guidance for occupational exposure to UV ra‑
diation including UV–C radiation has been provid‑
ed by the International Commission on Non-Ioniz‑
ing Radiation Protection (ICNIRP, 2004): UV radiant 
exposure upon unprotected eyes/skin should not 
exceed 30 J/m2 for radiation of 270 nm, the peak 
wavelength of the spectral weighting function for 
actinic UV hazard for skin and eye. As the hazard 
effect of UV radiation depends on wavelength, the 
maximum exposure limit for radiation of wavelength 
254 nm is 60 J/m2. For radiation of 222 nm the max‑
imum (actinic UV hazard) exposure limit is even 
higher, around 240 J/m². This wavelength has been 
studied for germicidal purposes in (Buonanno et 
al., 2017; Welch et al., 2018; Narita et al., 2018; 
Taylor et al., 2020; Yamano et al., 2020). The pre‑
ceding (daily) UV exposure limits are given in the 

1 UVGI is the acronym of “ultraviolet germicidal irradiation”.
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IEC/CIE standard for the photobiological safety of 
products (IEC/CIE, 2006).

Typical UV–C sources often also emit radi‑
ation that includes various wavelengths outside 
the UV–C range. Some UV–C products may ad‑
ditionally emit UV-B or UV-A, and some UV dis‑
infection sources declared as UV–C sources may 
not even emit UV–C. As the exposure to UV from 
such products may increase the risk of skin cancer, 
protective measures have to be taken to minimize 
this risk. In normal use, UV sources secured inside 
ductwork for recirculated air or used for water ster‑
ilization should not present a risk of exposure to peo‑
ple. When working in a UV-irradiated zone, workers 
shall wear personal protective equipment such as 
industrial clothing (e.g. heavy fabric), and industri‑
al face protection (e.g. face shields) (ICNIRP, 2010). 
Full-face respirators (CIE, 2006) and hand protec‑
tion by disposable gloves (CIE, 2007) are also pro‑
tective against UV.

Measurement of UV–C
In-situ measurement of UV–C is usually per‑

formed using handheld UV–C radiometers. Ideal‑
ly, any radiometer should be calibrated by a labo‑
ratory that is accredited to ISO/IEC17025 (ISO/IEC, 
2015), so that the calibration is traceable to the 
International System of Units (SI) (BIPM, 2019a; 
BIPM, 2019b). Moreover, it is important to check 
the calibration report and apply any correction fac‑
tors which are contained within the report when 
using the instrument. The calibration report is usu‑
ally only valid for the UV–C source used in the cali‑
bration; significant errors may result when measur‑
ing other source types with the instrument. Most 
instrument calibrations are typically done using 
the 254 nm emission line of a low‑pressure mer‑
cury source. If the calibrated instrument is then 
used to measure a UV source with a wavelength 
(range) that is significantly different from 254 nm, 
this may result in spectral mismatch errors of tens 
of per cent. Some UV–C radiometers can be cali‑
brated to account for wavelengths other than 254 
nm, for example for use with UV LED sources or ex‑
cimer lamps.

When a UV radiometer is calibrated, it is best 
practice for the calibration laboratory to ask the 
user what type of source will be evaluated with 
the instrument, so that ideally the instrument will 
be calibrated using a source with a similar spectral 
composition as the sources to be measured by the 

user, in order to reduce these spectral mismatch 
errors. CIE220:2016 (CIE, 2016) provides guidance 
for characterization and calibration of UV radiom‑
eters. Further information about the measurement 
of optical radiation hazards is provided in (ICNIRP/
CIE, 1998). At present, CIE and ICNIRP are organiz‑
ing an online tutorial on the measurement of opti‑
cal radiation and its effects on photobiological sys‑
tems (CIE/ICNIRP, 2020).

Consumer products
As the present COVID-19 pandemic spreads, 

many UV–C products promising efficient disinfec‑
tion of surfaces and air are being put on the mar‑
ket. Specific guidance on the safety of consumer 
products is the responsibility of international orga‑
nizations such as the International Electrotechni‑
cal Commission (IEC), and is not provided by CIE. As 
such, this Position Statement only covers the wider 
issue of the safe use and application of UV radiation 
for germicidal disinfection. Products available to 
consumers tend to be marketed as handheld devic‑
es. CIE is concerned that users of such devices may 
be exposed to harmful amounts of UV–C. More‑
over, consumers may use/handle UV products in‑
appropriately (and therefore not achieve effective 
disinfection) or they might be buying products that 
do not actually emit UV–C.

Summary recommendations
Products that emit UV–C are extremely useful 

in disinfection of air and surfaces or sterilization 
of water. CIE and WHO warn against the use of UV 
disinfection lamps to disinfect hands or any oth‑
er area of skin (WHO, 2020), unless clinically justi‑
fied. UV–C can be very hazardous to humans and 
animals and therefore can only be used in properly 
constructed products that meet safety regulations, 
or in very controlled circumstances where safety 
is taken into account as the first priority, ensuring 
that the limits of exposure as specified in ICNIRP 
(2004) and IEC/CIE (2006) are not exceeded. For 
proper UV assessment and risk management, ap‑
propriate UV measurements are essential.
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About the CIE and its Position 
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The International Commission on Illumination –  
also known as the CIE from its French title, the 
Commission Internationale de l´Eclairage –  is de‑
voted to worldwide cooperation and the exchange 
of information on all matters relating to the science 
and art of light and lighting, colour and vision, pho‑
tobiology and image technology.
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foundations, the CIE is an independent, non-prof‑
it organization that serves member countries on a 
voluntary basis. Since its inception in 1913, CIE has 
been accepted as representing the best authori‑
ty on the subject and as such is recognized by ISO 
as an international standardization body publish‑
ing global standards on the fundamentals of light 
and lighting.
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