ULTRAVIOLET LIGHT
ACCIDENTAL OVEREXPOSURE:
HEALTH HAZARDS AND FIRST AID

Executive Summary
Increasing use of Ultraviolet Germicidal Irradiation in healthcare and other industries over
the past century has resulted in occasional accidental exposures above established
Threshold Limit values (TLVs). UVC exposure above safe levels results in the occurrence
of symptoms of superficial burning of the outer layers of the skin (erythema) akin to
sunburn, or irritation of the cornea (photokeratitis). Symptoms can be alleviated by staying
in a dark room, using artificial tears or eye drops, and/or taking oral over-the-counter
nonsteroidal anti-inflammatory drug like ibuprofen, ASA, or acetaminophen (paracetamol)
for pain management. Effects of UVC overexposure are invariably short-lived and
symptoms resolve within days without treatment. No long-term effects have been reported
that could be attributed to UVC exposure. Above all, it is important to recognize that the
benefits of UVC disinfection systems which include the reduction of infections
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transmission and the lives that may be saved, clearly outweigh the risks of UVC
overexposure.

Background
Threshold Limit Values (TLVs) are safety limits established for ultraviolet (UV) radiation
and refer to UV radiation with wavelengths between 180-400 nm. These TLVs represent
conditions under which it is believed that most healthy workers could be repeatedly
exposed without acute adverse health effects such as erythema and photokeratitis. The
TLVs apply to continuous sources for exposure durations greater than or equal to 0.1
second. The TLVs provided by ACGIH are to be used as guides for the control of UV
sources and should not be regarded as sharp lines between safe and dangerous levels
(ACGIH 2017, ICNIRP 2004). Only germicidal UVC is addressed in this report and most
germicidal UV systems employ UVC at a wavelength of 254 nm. The effects of UVA and
UVB are addressed only incidentally, and Far-UV (222 nm) is not addressed as the safety
issues are not yet fully understood.

Figure 1: Erythema or sunburn from UV overexposure is typically manifest as reddening
of the skin which may be followed by exfoliation or peeling.
The acute effects of UVC on the skin consist of erythema or sunburn. Erythema is
a temporary condition in which the skin reddens and exfoliates, and in severe cases the
skin may blister (Yang 2020, WHO 1994). The symptoms typically pass in 1-2 days but
can last as long as 5 days.
The acute effects of UVC on the eyes consist of the development of photokeratitis
and photoconjunctivitis, which are unpleasant but usually reversible and easily prevented
by appropriate eyewear. Usually, the symptoms last only a few hours to a couple days.

Figure 2: Photokeratitis may result in reddening or bloodshot eyes.
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UVC radiation causes damage similar to that caused by UVB. The stratum
corneum and epidermis of the cornea absorb UVB and UVC in the region near 275 nm
(Hussein 2005). Studies show that 5-20% of UVC penetrates the stratum corneum
compared with about 30-60% of UVB radiation (Sylvain 2009).
Studies indicate that damage induced by low-dose UV accumulates with time and
eventually becomes clinically apparent, but that the damage will only accumulate when
the daily UV dose exceeds a specific threshold (Kaidbey 1981, De Gruijl 1983). If the
irradiance is too low erythema will not develop even after repeated daily exposures. The
minimum threshold dose for UVC radiation is 6.5 mJ/cm2 (65 J/m2). UV damage
accumulates when the skin is not given sufficient time to recover from the initial exposure.
If repeated exposures are spaced apart sufficiently the skin will recover and erythema will
not develop (Arbabi 1983, Parrish 1981). The minimum spacing time for UVA & UVB is
24-48 hours. The spacing time for UVC is not known but is likely similar to that for UVA
and UVB.
Ultraviolet light has been classified as carcinogenic (IARC 1997). There have, in
fact, been no recorded cases of cancer having been caused by UVC light, as opposed to
UVA and UVB. In all likelihood this is because direct exposure to UV light is a rare
occurrence. It would take chronic UV exposure for some extended period of time to induce
skin cancer and there is as yet no data on which estimates could be made. Most research
on skin cancer and eye cancer is based on UVA and UVB radiation, which come from the
sun, with very little research having been done on UVC, which is only generated by UV
lamps (SKA 2022).
The probability of someone developing skin cancer from UVC exposure depends
on a variety of factors such as skin pigmentation, history of solar exposure, and the
accumulated UV dose (ACGIH 2017). It also depends on genetic susceptibility and factors
such as skin and eye color. Individuals who have a familial history of melanoma may be
at a higher risk of developing malignant melanoma.
Studies on UVC mutagenicity are rare. A study on wavelengths between 302 nm
and 405 nm suggests that mammalian cell mutagenicity increases at lower wavelengths
as the wavelength approaches UVC (Setlow 1993). The mutagenic effects of UVB are well
understood but the effects of long-term UVC exposure in humans are not well known. UVC
photons do not penetrate tissue as deeply so that the effects are confined to the outer
layers of tissue (Campbell 1993).
The NTP has classified all three bands of the UV spectrum, UVA, UVB, and UVC,
as probable human carcinogens but most skin cancers are attributable to the UVA and
UVB bands (NTP 2005). UVC has been shown to cause DNA damage in vivo, and high
doses of UVC were linked to specific types of skin tumors in rodents, current research has
not shown UVC radiation to cause melanoma or basil-cell carcinoma (IARC 1997).
Outdoor workers in latitudes within 40 degrees of the equator can be exposed
outdoors to levels above the TLVs in as little as five minutes at certain times of the day.
The TLVs do not apply to UV radiation exposure of photosensitive individuals or of
individuals who are simultaneously exposed to photosensitizing agents. Exposure to UV
concurrent with topical or systemic exposure to a variety of chemicals, including some
prescription drugs, can result in skin erythema at sub-TLV levels. Among the hundreds of
agents that can cause hypersensitivity to UV radiation are certain plants and chemicals
such as some antibiotics (e.g. tetracycline and sulphathiazole), some antidepressants
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(e.g. imipramine and sinequan), as well as some diuretics, cosmetics, antipsychotic drugs,
coal tar distillates, some dyes, or lime oil.

Acute UV Overexposure and First Aid Treatment
Accidental UV overexposure can injure unaware victims due to the fact UV is invisible and
does not produce an immediate reaction. The most common type of damage is erythema
or sunburn. Typical treatment involves calamine-based lotion and over-the-counter pain
killers as detailed in Table 1.
Photokeratitis is a painful, temporary eye condition caused by exposure to
ultraviolet (UV) rays, most commonly from the sun. Photokeratitis can be compared to a
sunburn, except that it affects the corneas of your eyes instead of your skin. Exposure to
ultraviolet rays can temporarily damage your cornea (the clear portion of your eye in front
of your pupil) and the conjunctiva (a clear layer of tissue covering the inside of your eyelid
and the whites of your eye). Wearing sunglasses can help prevent photokeratitis.
If you have photokeratitis, you may experience one or more of the following
symptoms:
•
Pain or redness in the eyes.
•
Tearing/watery eyes.
•
Blurry vision.
•
Swelling.
•
Light sensitivity.
•
Twitching of the eyelids.
•
Gritty sensation in the eyes.
•
Temporary loss of vision.
•
Seeing halos.
•
Headaches.
•
Temporary vision loss (rare).
•
Color changes in your vision (rare).
The symptoms may last from six to 24 hours, but they usually disappear within 48
hours. The longer you’re exposed to UV light, the more severe your symptoms might be.
If you experience symptoms of photokeratitis, go indoors immediately and stay in a
darkened room. Remove your contact lenses if you wear them. Don’t rub your eyes. To
relieve your discomfort, place a cold washcloth over the closed eyes, use artificial tears,
and/or take an oral over-the-counter nonsteroidal anti-inflammatory drug like ibuprofen
(Advil®, Motrin®). See Table 1 for some typically prescribed remedies.
Usually the condition goes away on its own within a few hours to days. If medical
treatment is necessary, your doctor may prescribe eye drops if there is a risk of eye
infection. Photokeratitis is a temporary condition and symptoms usually go away within a
few hours to a couple days. You can relieve most symptoms with at-home remedies.
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Case Studies of Ultraviolet Overexposure
Very few case studies have been published detailing accidental exposure to germicidal
UVC lamps. Only cases involving germicidal UV lamps are addressed and these are
summarized in Table 2. The first modern published incident appears to be when eight
workers in a hospital developed photokeratoconjunctivitis from an accidental exposure in
an operating room (Purcell 1976).
Healthcare workers in a large state hospital were subject to UV overexposure for
four months in 1977 (Rose 1979). Nursing-service workers experienced erythema and/or
conjunctivitis. An ultraviolet germicidal lamp installed accidentally in a nursing station's
desk lamp was the cause and the lamp was removed. Analysis of the spectral irradiance
from the bulb suggested that the NIOSH TLVs were exceeded in a few minutes, depending
on the individual's distance from the lamp.
An incident reported in a meat processing plant in Scotland involved insect lights
that emit UVA but were improperly fitted with UVC lamps (Forsyth 1991). Many of the
workers in the area complained of sunburned skin and some complained of gritty eyes.
Both UVB and UVC levels were exceeding NIOSH TLVs. Symptoms did not recur after
the problem was corrected and no long-term effects were reported.
A Health Hazard Evaluation was conducted in a mycobacteriology laboratory
where employees had reported skin and eye symptoms from overexposure to a UV
disinfection system (Murray 1990). Radiometric measurements indicated that in some
locations the TLV was exceeded. Actions had been taken to reduce UV exposure that
included painting of ceilings with UV absorbing paint, relocating the fixtures to increase
the path length from the workers, and the use of shielding and personal protective
equipment.
Two nurses and a housekeeper in a Botswana healthcare facility experienced eye
symptoms and skin peeling on the face when exposed to UVC from an unshielded UVC
lamp which had been turned on accidentally (Talbot 2002). The ON/OFF switch for the
UVC lamp was immediately adjacent to the fluorescent bulb ON/OFF switch.
In another incident in Scotland several kitchen staff workers were exposed to
UVC when an insect light was incorrectly fitted with UVC lamps (Oliver 2005). Staff
workers experienced skin and eye problems including reddened, peeling skin on their
faces and hands, and burning, gritty eyes.
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An incident occurred in an Anatomy class in which students were unknowingly
exposed to UVC when germicidal lamps in the room remained on due to a malfunctioning
timer (Trevisan 2006). Exposure during the lesson was estimated to be over one hundred
times the established ACGIH/NIOSH TLVs for UVC. Symptoms in the eyes included a
burning sensation, tearing, pain, blurry vision, and conjunctival redness and lid swelling.
Skin symptoms included erythema and a burning sensation.
A Health Hazard Evaluation was conducted at Brigham and Women’s Hospital in
Boston at their request after anecdotal reports of skin erythema due to UVC exposure
(Sylvain 2009). The surgical suite employed overhead UVC lamps for surgeries, during
which staff had to wear PPE. Some staff members reported skin or eye symptoms possibly
related to UVC exposure. Skin evaluations were not conclusive. Eye screenings found no
eye damage from UVC. Investigators found that certain facemasks and one gown were
deficient in reducing exposure below NIOSH TLVs.
Two healthcare workers were exposed to UVC radiation during preparation of
drugs in a hood where they mistakenly turned on the UVC lamp instead of the hood light
(Zaffina 2012). The workers had also incorrectly left the glass shield on the hood open.
Overexposure to UVC and UVB was over one hundred times greater than the
NIOSH/ACGIH TLV exposure limits. Both workers had certain long-term symptoms that
persisted after 12-24 months although the authors admit that these might not have been
the direct result of UVC exposure. The authors suggest that the synergy of combined UVC
and UVB exposure could lead to long-term biological damage.
In tuberculosis clinics UV technology is a beneficial environmental control measure
that has been recommended by various government health agencies and that is relatively
cost-effective to use (Mamahlodi 2019). In contrast there has been only one reported
incident of an individual being overexposed to UV in a TB shelter (Brickner 2013).
An orthodontist in a clinic that used UVC lamps for sterilizing the dental chair left
them on accidentally while treating a patient (Gupta 2021). The orthodontist experienced
redness and pain around the neck and chest region. The patient, who was fully covered,
had no symptoms. A dermatologist concluded it was a sunburn (erythema) due to the UVC
lamps. The prescribed treatment was calamine-based lotion and Allegra tablets for 5 days
(see Table 1).
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Table 2: Case Studies of Ultraviolet Germicidal Lamp Overexposure, Symptoms and Duration
Location

# People
Affected

Duration of Time Until Symptom
Exposure Symptoms Duration

Symptoms

Operating Room

8

Photokeratitis,
conjunctivitis

State hospital

58

Mycobacteriology
Laboratory

Cause

Reference

Purcell 1976

20 minutes

-

-

Lamp turned on
accidentally

Erythema,
conjunctivitis

chronic 4
month
exposure

-

-

UV lamp mistakenly
Rose 1979
installed in a desk light

76

Skin and eye
symptoms

chronic daily
exposure

-

-

Excessive UV levels
from some UV lamps,
high reflectivity on
some surfaces

Meat processing
plant

15

Sunburn, gritty
eyes

a few hours

-

2 days

Healthcare facility

3

Skin peeling and
eye symptoms

short term
exposure

-

2-4 days

UV lamp turned on
accidentally

Hotel kitchen staff

8

Reddened, peeling
skin, burning gritty
eyes

chronic daily
exposure

-

1-2 days

UV lamps mistakenly
Oliver 2005
installed in insect lights

Medical school
anatomy lab

26

Erythema,
exfoliation,
photokeratitis

90 minutes

12-24 hours

2-4 days

UV lamp turned on
Trevisan 2006
from timer malfunction

Hospital surgical suite

5

Erythema, eye
symptoms

intermittent
exposure

-

1-2 days

Deficient PPE

Sylvain 2009

Hospital pharmacy

2

Itchy, bloodshot
eyes, facial
erythema

a few hours

4-6 hours

2-4 days

UV lamp in a hood
turned on by mistake
with hood shield open

Zaffina 2012

Tuberculosis Shelter

1

not stated

chronic
nightly
exposure

-

-

Bunk beds were raised
close to an Upper Room Brickner 2013
System on wall

Dental clinic

1

Erythema

45 minutes

30 minutes

-

UV lamp turned on
accidentally

Gupta 2021

a few hours a few hours

-

Improperly installed &
upside down Upper
Room units

Adams 2022

University
Classrooms

several Photokeratitis
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Forsyth 1991
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Conclusions
The small number of reported incidents of UV overexposure from germicidal lamps
can be attributed to incorrect installation, mistakes made by personnel, or failure
to adhere to PPE guidelines. Existing safety requirements and guidelines for the
use of germicidal UV lamps are adequate but training and education of personnel
is essential to prevent future mishaps. Table 3 provides typical warning symbols
that users must obey to preclude any overexposure. The hazards of UV
overexposure are short-term effects and symptoms resolve within days without
treatment. The benefits of UV disinfection technology certainly outweighs the risks
of UV overexposure but it is still essential that personnel be properly trained
regarding those hazards.

Dr. Wladyslaw Kowalski
Chief Scientist, Sanuvox, Inc.
wkowalski@sanuvox.com
April 25th, 2022
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