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Ultraviolet-Radiation-Related Exposures

Introduction
Ultraviolet radiation (UVR) is electromagnetic radiation found be-
tween X-radiation and light in the electromagnetic spectrum. It is 
emitted by the sun and artificial devices, including sunbeds or sun-
lamps. UVR can be divided into ultraviolet A (UVA), ultraviolet B 
(UVB), and ultraviolet C (UVC) radiation components.

Solar radiation and exposure to sunlamps or sunbeds were first 
listed in the Ninth Report on Carcinogens in 2000, and broad-spec-
trum UVR and its components (UVA, UVB, and UVC) were first 
listed in the Tenth Report on Carcinogens in 2002. Exposure to solar 
radiation and to sunlamps or sunbeds involves exposure to broad-
spectrum UVR; therefore, these listings were combined for the Tenth 
Report on Carcinogens. The listings for exposures related to UVR are 
as follows:

•	 Solar radiation is known to be a human carcinogen.
•	 Exposure to sunlamps or sunbeds is known to be a human 

carcinogen.
•	 Broad-spectrum UVR is known to be a human carcinogen.
•	 Ultraviolet A radiation is reasonably anticipated to be a 

human carcinogen.
•	 Ultraviolet B radiation is reasonably anticipated to be a 

human carcinogen.
•	 Ultraviolet C radiation is reasonably anticipated to be a 

human carcinogen.

Much of the evidence for listing of the various UVR-related expo-
sures applies to more than one type of UVR. For example, evidence 
for the carcinogenicity of broad-spectrum UVR comes from studies 
on solar radiation and on exposure to sunlamps or sunbeds. Similarly, 
studies that evaluated the carcinogenicity of solar radiation in exper-
imental animals or the mechanism(s) by which sunlight causes can-
cer (mechanistic studies) involved exposure to broad-spectrum UVR 
or its UVA, UVB, or UVC components. Most of the information on 
mechanisms of carcinogenesis and on properties, use, production, 
exposure, and regulations is common to all listings for exposures re-
lated to UVR. Therefore, the carcinogenicity section for each of these 
listings is presented separately, and the other sections are combined. 

Solar Radiation
CAS No.: none assigned
Known to be a human carcinogen
First listed in the Ninth Report on Carcinogens (2000)

Carcinogenicity
Solar radiation is known to be a human carcinogen based on sufficient 
evidence of carcinogenicity from studies in humans, which indicate 
that exposure to solar radiation causes skin cancer (malignant mel-
anoma and non-melanocytic cancer). Some studies suggest that so-
lar radiation may also be associated with melanoma of the eye and 
non-Hodgkin lymphoma (IARC 1992).

Exposure to Sunlamps or Sunbeds
CAS No.: none assigned
Known to be a human carcinogen
First listed in the Ninth Report on Carcinogens (2000)

Carcinogenicity
Exposure to sunlamps or sunbeds is known to be a human carcino-
gen based on sufficient evidence of carcinogenicity from studies in 
humans. Sunlamps and sunbeds emit primarily UVA and UVB radia-
tion. Epidemiological studies have shown that exposure to sunlamps 
or sunbeds increases the risk of malignant melanoma (Swerdlow et 
al. 1988, Walter et al. 1990, 1999, Autier et al. 1994, Westerdahl et al. 
1994, 2000, Chen et al. 1998). The longer the exposure, the greater the 
risk, especially in individuals exposed before the age of 30 and indi-
viduals who have been sunburned. Malignant melanoma of the eye 
also is associated with exposure to sunlamps (IARC 1992).

Broad-Spectrum UVR
CAS No.: none assigned
Known to be a human carcinogen
First listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity
Broad-spectrum UVR is known to be a human carcinogen based on 
sufficient evidence of carcinogenicity from studies in humans. Evi-
dence that the broad-spectrum UVR component of solar radiation 
is carcinogenic comes from (1) studies of human cancer associated 
with exposure to devices that emit artificial broad-spectrum UVR, 
(2) the fact that tumors develop at the same tissue sites in humans 
exposed to sunlight and in animals exposed to broad-spectrum UVR 
from artificial sources, and (3) mechanistic studies in which human 
tissue was exposed to artificial sources of broad-spectrum UVR (see 
Studies on Mechanisms of Carcinogenesis, below).

Cancer Studies in Humans

Epidemiological studies have shown that exposure to broad-spectrum 
UVR from solar radiation causes skin cancer (malignant melanoma 
and non-melanocytic cancer) (IARC 1992). Studies of humans ex-
posed to solar radiation, artificial devices emitting broad-spectrum 
UVR, or devices emitting predominantly UVA or UVB all contrib-
ute to these conclusions.

Cancer Studies in Experimental Animals

Exposure of albino rats and mice to broad-spectrum UVR caused 
benign and malignant skin tumors (papilloma, squamous-cell carci-
noma, and spindle-cell sarcoma). Exposure to broad-spectrum UVR 
also caused malignant eye tumors in albino rats (spindle-cell sarcoma) 
and in hamsters (fibrosarcoma) (IARC 1992).

UVA
CAS No.: none assigned
Reasonably anticipated to be a human carcinogen
First listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity
UVA is reasonably anticipated to be a human carcinogen based on 
(1) limited evidence of carcinogenicity from studies in humans and 
(2) sufficient evidence of carcinogenicity from studies in experimen-
tal animals.

Cancer Studies in Humans

Epidemiological studies on the effects of sunlight or artificial broad-
spectrum UVR cannot identify effects due specifically to UVA, UVB, 
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or UVC exposure. However, information about the specific effects of 
UVA, UVB, and UVC exposure can be inferred by comparing the re-
sults of human epidemiology studies on the effects of specific UVR 
components in experimental animals and human tissues. In studies 
where most of the UVR exposure was to UVA (i.e., exposure to solar 
radiation or UVA-emitting sunbeds), exposure increased the risk of 
skin cancer. Exposure to sunbeds emitting mainly UVA (with 0.1% to 
2.1% UVB) increased the risk of melanoma (Westerdahl et al. 2000). 

Cancer Studies in Experimental Animals

Exposure to UVA caused benign and malignant skin tumors (papil-
loma and squamous-cell carcinoma) in mice (IARC 1992) and mel-
anoma in fish (Setlow et al. 1993).

UVB
CAS No.: none assigned
Reasonably anticipated to be a human carcinogen
First listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity
UVB is reasonably anticipated to be a human carcinogen based on 
(1) limited evidence of carcinogenicity from studies in humans and 
(2) sufficient evidence of carcinogenicity from studies in experimen-
tal animals. In addition, mechanistic studies with human tissue have 
demonstrated that the UVB component in solar radiation causes 
DNA damage (see Studies on Mechanisms of Carcinogenesis, below).

Cancer Studies in Humans

Epidemiological studies linking UVR exposure to skin cancer are lim-
ited because they lack information on the specific wavelengths of UVR 
to which the individuals were exposed. Increased risk of skin cancer is 
clearly associated with exposure to UVB (as a component of solar ra-
diation or from sunlamps used before the early 1970s). However, the 
individuals in these studies were also exposed to other components 
of broad-spectrum UVR; therefore, the studies could not distinguish 
between the effects of UVB and other components of UVR. Sunlamps 
used in the early 1970s produced significant amounts of UVB (22% to 
40%); one study found that exposure to UVB-emitting sunlamps in-
creased the risk of malignant melanoma of the skin (Chen et al. 1998). 

Cancer Studies in Experimental Animals

Prolonged exposure to devices emitting primarily UVB caused benign 
and/or malignant skin tumors in rats (papilloma), mice (papilloma, 
squamous-cell carcinoma, fibrosarcoma, and keratoacanthoma), 
guinea pigs (fibroma and trichofolliculoma), and opossums (mela-
nocytic hyperplasia and melanoma) (IARC 1992).

UVC
CAS No.: none assigned
Reasonably anticipated to be a human carcinogen
First listed in the Tenth Report on Carcinogens (2002)

Carcinogenicity
UVC is reasonably anticipated to be a human carcinogen based on 
(1) limited evidence of carcinogenicity from studies on mechanisms 
of carcinogenesis in human tissue and (2) sufficient evidence of car-
cinogenicity from studies in experimental animals. Mechanistic stud-
ies with human tissue have demonstrated that the UVC component 

in solar radiation causes DNA damage (see Studies on Mechanisms 
of Carcinogenesis, below).

Cancer Studies in Experimental Animals

Exposure to high doses of radiation from devices emitting primar-
ily UVC caused skin cancer in rats (keratoacanthoma-like tumors) 
and mice (squamous-cell carcinoma and fibrosarcoma) (IARC 1992).

Cancer Studies in Humans

No epidemiological studies have adequately evaluated the carcino-
genicity of UVC in humans. UVC is absorbed by the ozone layer and 
does not contribute to UVR exposure from solar radiation. In stud-
ies of exposure to artificial devices emitting UVC, the devices also 
emitted other components of UVR. 

Ultraviolet-Radiation-Related Exposures
Studies on Mechanisms of Carcinogenesis
Broad-spectrum UVR causes skin cancer via DNA damage, suppres-
sion of the immune system, tumor promotion, and mutations in the 
p53 tumor-suppressor gene. Broad-spectrum UVR causes mutations 
in cultured human cells; the type of damage depends on the specific 
wavelength of UVR and whether the affected cells can repair the dam-
age without error. DNA absorbs broad-spectrum UVR (mainly UVB 
and UVC), and this reaction yields products that can cause mutations 
(discussed below, under Properties). UVB causes the following four 
major DNA base modifications in humans: cyclobutane-type pyrimi-
dine dimers, (6‑4) photoproducts, the corresponding Dewar isomers, 
and thymine glycols. Both UVA and UVB induce 8-hydroxydeoxy-
guanosine production from guanosine by the action of singlet oxy-
gen (Griffiths et al. 1998).

UVA, UVB, and UVC as individual components of broad-
spectrum UVR have been shown to cause genetic damage in several 
in vitro test systems, including bacteria, yeast, rodent cells, and hu-
man cells. Moreover, exposure to each of the three components of 
broad-spectrum UVR causes DNA damage in humans. UVA’s bio-
logical effects are indirect and largely the result of energy transferred 
through reactive oxygen intermediates, whereas UVB and UVC are 
absorbed by DNA and directly damage DNA through base modifi-
cations. Based on the numbers of studies showing genetic damage, 
UVC is the strongest genotoxin of the three components of broad-
spectrum UVR, and UVA is the weakest.

More than 90% of human squamous-cell carcinomas contain 
mutations of the p53 tumor suppressor gene. These mutations were 
found in 74% of sun-exposed normal human skin samples and only 
5% of unexposed skin samples, indicating a strong association with 
sun exposure. Observed p53 gene mutations were most frequently C 
to T or C:C to T:T transitions at pyrimidine–pyrimidine sequences. 
These specific p53 mutations now are considered a signature of broad-
spectrum UVR carcinogenesis (Brash et al. 1991, Ziegler et al. 1993, 
Griffiths et al. 1998, Wikonkal and Brash 1999).

Exposure to solar radiation and broad-spectrum UVR alters im-
mune function in humans and experimental animals (IARC 1992). 
Evidence that immunosuppression is related to skin cancer comes 
from the following observations: (1) immunosuppressed organ trans-
plant recipients showed a marked increase in skin cancer, particu-
larly squamous-cell carcinoma, (2) broad-spectrum UVR decreased 
the ability to mount a delayed-type hypersensitivity response, and 
(3) mice exposed to low levels of broad-spectrum UVR failed to re-
ject highly immunogenic tumor cell lines (Quinn 1997).

Exposure of human skin grafts on mice to UVB radiation caused 
precancerous lesions (melanocytic hyperplasia), and exposure to 
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UVB after pretreatment with the carcinogen dimethylbenz[a]anthra-
cene caused the grafts to develop human skin tumors (squamous-cell 
carcinoma, actinic keratoses, melanocytic hyperplasia, and mela-
noma) (Atillasoy et al. 1997).

Properties
Solar radiation includes most of the electromagnetic spectrum. Of 
the bands within the optical radiation spectrum, UVR is the stron-
gest and most damaging to living things (IARC 1992). Broad-spec-
trum UVR includes wavelengths of light ranging from 100 to 400 nm. 
UVR is divided into wavelength ranges identified as UVA (315 to 
400 nm), UVB (280 to 315 nm), and UVC (100 to 280 nm). Of the 
solar UV energy reaching the equator, 95% is UVA and 5% is UVB. 
No measurable UVC from solar radiation reaches the earth’s surface, 
because the shortest UV wavelengths are completely absorbed by 
ozone, molecular oxygen, and water vapor in the upper atmosphere 
(Farmer and Naylor 1996).

Molecules that absorb UVR and visible light (photoreactive mol-
ecules) contain segments that react with light (called chromophores), 
in which photons of light excite electrons from the ground state to 
higher-energy states. These molecules then generally re-emit light 
on returning to lower-energy or ground states (Dyer 1965). The var-
ious molecules sensitive to UVR differ in the wavelengths of UVR 
that they absorb and the light that they emit. Photochemical and 
photobiological interactions occur when photons react with a pho-
toreactive molecule, forming either an altered molecule or two sep-
arate molecules (Phillips 1983, Smith 1989). For such a reaction to 
occur, the photons must have enough energy to alter a photoreactive 
chemical bond (i.e., to break the original bond or form new bonds).

The photobiological reactions related to skin cancer risk due to 
UVR exposure are the reactions with the main chromophores of the 
skin’s outer layer — urocanic acid, DNA, tryptophan, tyrosine, and 
the melanins. The products resulting from the reaction of UVR with 
DNA (DNA photoproducts) include pyrimidine dimers, pyrimidine-
pyrimidone (6‑4) photoproducts, thymine glycols, and DNA exhib-
iting cytosine and purine damage and other damage, such as DNA 
strand breaks and cross-links and DNA-protein cross-links. The var-
ious DNA photoproducts differ in their mutagenic potential (IARC 
1992). UVR-induced DNA photoproducts cause a variety of cellu-
lar responses that contribute to skin cancer. Unrepaired DNA pho-
toproducts may result in the release of cytokines that contribute to 
tumor promotion, tumor progression, immunosuppression, and the 
induction of latent viruses (IARC 1992, Yarosh and Kripke 1996).

UVB is considered to be the major cause of skin cancer, despite 
the fact that it does not penetrate the skin as deeply as UVA or re-
act with the outer skin layer as vigorously as UVC. Its high reactivity 
with macromolecules, coupled with the depth to which it penetrates 
skin, makes UVB the most potent portion of the UV spectrum for 
both short-term and long-term biological effects. UVA, while pos-
sibly not as dangerous, also causes biological damage (Farmer and 
Naylor 1996).

Use
Broad-spectrum UVR has many uses as a natural source of energy 
and is important in various biological processes. Solar radiation is 
required for life. Plants must have sunlight to grow and to produce 
carbohydrates and oxygen. Broad-spectrum UVR from solar radia-
tion helps produce vitamin D in human skin cells. Vitamin D me-
tabolites promote the absorption of calcium by the intestinal tract; 
therefore, vitamin D is essential for the growth and development of 
healthy bones. Brief exposure to sunlight on a regular basis is suf-
ficient to produce all of the vitamin D most people need. This vita-

min can also be obtained from dietary sources. Artificial sources of 
broad-spectrum UVR have many uses, including tanning, medical 
diagnosis and treatment, and promotion of polymerization reactions 
(e.g., curing of protective coatings). Sunbeds use artificially produced 
UVR to enable individuals to develop a suntan for cosmetic reasons. 
Originally, sunbeds were built with mercury arc lamps, which emit-
ted large quantities of UVB and UVC. Now, sunbeds and solaria emit 
mostly UVA (IARC 1992).

Broad-spectrum UVR has both diagnostic and therapeutic uses in 
medicine and dentistry. More than 30 disorders now can be treated 
through UVA exposure combined with compounds called psoralens 
(PUVA therapy). Psoriasis and eczema are the skin diseases most fre-
quently treated with PUVA therapy. PUVA can also be used with UVB 
exposure to treat psoriasis patients who are not good candidates for 
systemic therapy with methotrexate or etretinate (Morrison 1992). 
In addition, broad-spectrum UVR and, more commonly, UVB are 
used with coal-tar creams to treat psoriasis (Reid 1996). UVB also 
may be used to convert 7-dehydrocholesterol (provitamin D) to vi-
tamin D in the skin of vitamin D-deficient patients.

UVA may be a component of the phototherapy used to treat neo-
natal jaundice or hyperbilirubinemia. Typically, an infant is irradiated 
with visible light for several hours a day, for up to one week. However, 
the lamps also may emit UVR, and one commercial neonatal photo-
therapy unit was found to emit UVA and shorter wavelengths of UVR 
(IARC 1992). UVA has been found to react with melatonin, a hor-
mone that helps to regulate sleep-wake cycles. Although the photo-
products of melatonin have not been identified, melatonin has been 
predicted to be moderately phototoxic (Kim et al. 1999).

Broad-spectrum UVR has many industrial applications. One of 
its major industrial uses is in photopolymerization, including curing 
of protective coatings and inks. Broad-spectrum UVR is used to sim-
ulate weathering of various materials, such as polymers. UVR (usu-
ally UVC at 260 to 265 nm) is used to sterilize and disinfect tools 
and materials. UVR is also used in UV photography, UV lasers, and 
dental examinations to detect early dental caries, dental plaque, and 
calculus (IARC 1992).

Sources
In the broadest sense, broad-spectrum UVR is formed when some-
thing is heated or when electrons that have been raised to an excited 
state return to a lower energy level. Broad-spectrum UVR is naturally 
emitted by the sun. An estimated two thirds of the energy emitted 
by the sun penetrates the atmosphere. Broad-spectrum UVR consti-
tutes approximately 5% of the solar radiation that reaches the earth’s 
surface (IARC 1992).

Six artificial sources of broad-spectrum UVR have been identi-
fied: incandescent lights, gas-discharge lamps, arc lamps, fluorescent 
lamps, metal halide lamps, and electrodeless lamps. Incandescent 
sources provide visible radiation in a continuous spectrum. Gas-
discharge lamps produce visible radiation when an electrical current 
is passed through a gas. The type of gas present in the lamp deter-
mines the emission wavelengths; low gas pressures produce narrow 
bands, whereas higher pressures produce broad bands. Arc lamps are 
intense sources of broad-spectrum UVR and often are used to sim-
ulate solar radiation. Fluorescent lamps emit radiation from a low-
pressure mercury discharge, which produces a strong emission at 
254 nm; this radiation excites the phosphor-coated lamp to produce 
fluorescence. Various emission spectra can be obtained by altering 
the makeup and thickness of the phosphor and the glass envelope. 
In metal halide lamps, metal halide salts are added to a mercury-
vapor discharge lamp, thus creating extra emission lines. Electrode-
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less lamps use magnetrons to generate microwave energy, which then 
is absorbed by the discharge tube (IARC 1992).

Low-pressure mercury-vapor lamps, sunlamps, and black-light 
lamps are considered to be low-intensity UVR sources. High-intensity 
UVR sources include high-pressure mercury-vapor lamps, high-pres-
sure xenon arc lamps, xenon-mercury arc lamps, plasma torches, and 
welding arcs. 

Sunlamps and sunbeds emit broad-spectrum UVR. Sunbeds now 
chiefly emit UVA; however, before the mid 1970s, they more com-
monly emitted UVB and UVC (IARC 1992). Three different UVA 
phosphors have been used in sunlamps sold in the United States 
since the late 1970s, producing emission spectra that peak at 340, 350, 
or 366 nm. Two modern sunlamps evaluated by the U.S. Food and 
Drug Administration emitted 99.0% and 95.7% UVA; the remaining 
radiation was UVB. A new high-pressure UVA sunbed with eighteen 
1,600-watt filtered arc lamps emitted 99.9% UVA. An older type of 
sunlamp, used prior to the late 1970s (UVB/FS type), emitted 48.7% 
UVA (Miller et al. 1998).

Exposure
The greatest source of human exposure to broad-spectrum UVR is 
solar radiation; however, the exposure varies with geographical lo-
cation. Information on global broad-spectrum UVR levels has been 
compiled from data gathered for epidemiological studies of skin can-
cer and other health effects, such as premature aging of the skin, cata
racts, and suppression of the immune response. Despite the large 
number of measurements, estimating human exposure is complex. 
The UVR wavelengths to which an individual is exposed vary con-
siderably with latitude, altitude, time of day, and season. People also 
vary in their length of outdoor exposure, the parts of the body they 
expose, and the shapes of their bodies. Nevertheless, many studies 
have estimated exposure to broad-spectrum UVR. Few studies, how-
ever, were able to distinguish between UVA, UVB, and UVC expo-
sure (IARC 1992).

Various factors influence terrestrial levels of UVA (i.e., levels found 
at the earth’s surface). UVA levels decrease with increasing distance 
from the equator and increase with increasing altitude. Terrestrial 
UVA levels are also decreased by stratospheric ozone, which varies 
with latitude and season. When there is less ozone, more UVA reaches 
the earth’s surface. Time of day also influences UVA levels. Clouds 
reduce the amount of UVA reaching ground level. Air pollution, in-
cluding tropospheric ozone, can decrease UVA exposure, especially 
in urban areas. Surface reflection also contributes to personal expo-
sures to UVA and can result in exposure to body parts that other-
wise would be shaded from the sun (IARC 1992).

Terrestrial UVB levels are affected by the same factors as terres-
trial UVA levels. However, since UVB is absorbed more by strato-
spheric ozone than is UVA, differences in latitude and altitude affect 
UVB exposure more than UVA exposure. Seasonal changes affect 
UVB levels, mostly in temperate regions. Generally, cloud cover scat-
ters less than 10% of the UVB under a clear sky; however, very heavy 
cloud cover virtually eliminates UVB, even in the summer. Surface 
reflection also contributes to human UVB exposure (IARC 1992).

Commonly used fluorescent sunlamps deliver 0.3 to 1.2 times the 
annual UVA dose from the sun to a typical tanner exposed for 20 ses-
sions at 2 minimal erythemal doses (MED) per session (Miller et al. 
1998). (The MED is the lowest UVR exposure sufficient to produce 
well-defined reddening of the skin within 24 hours of exposure.) A 
frequent tanner (100 sessions at 4 MED per session) receives 1.2 to 
4.7 times the annual solar UVA dose, while the newer high-pressure 
sunlamps deliver 12 times the annual solar UVA dose to the frequent 
tanner. About 25 million people in the United States use sunbeds each 

year, and 1 million to 2 million people visit tanning facilities as often 
as 100 times per year (Sikes 1998, Swerdlow and Weinstock 1998). 
Teenagers and young adults are prominent among users. A 1995 U.S. 
survey found that of commercial tanning salon patrons, 8% were 16 
to 19 years old, 42% were 20 to 29 years old, and 71% were female 
(Swerdlow and Weinstock 1998).

Anyone working outside (such as agricultural, construction, or 
road-work laborers) is occupationally exposed to solar radiation. For 
a group of more than 800 outdoor workers in the United States at 
39° N latitude (the latitude of Philadelphia, Pennsylvania), personal 
annual exposure of the face was estimated at 30 to 200 MED (Rosen-
thal et al. 1991). However, this estimate may be low, because facial 
exposure was assumed to be only 5% to 10% of ambient exposure, 
whereas other data suggest that it could be as high as 20%. Based on 
this higher estimate, the annual facial exposure doses for these out-
door workers would be 80 to 500 MED (IARC 1992).

Occupational exposure to artificial broad-spectrum UVR occurs 
in industrial photo processes, principally UV curing of polymer inks, 
coatings, and circuit board photoresists; sterilization and disinfection; 
quality assurance in the food industry; medical and dental practices; 
and welding (IARC 1992). UV lasers, such as those used in cornea 
shaping and coronary angioplasty, are another potential source of 
occupational exposure, with relative risks that could be compara-
ble to risks for individuals in outdoor professions (Sterenborg et al. 
1991). Electric arc welders are the largest occupational group with 
exposure to artificial broad-spectrum UVR. It is estimated that more 
than 500,000 welders in the United States have been occupationally 
exposed to broad-spectrum UVR. Occupational exposure to artifi-
cial broad-spectrum UVR depends on both the source of exposure 
and the protective methods used to decrease exposure. Some ar-
tificial broad-spectrum UVR sources (such as germicidal lamps in 
some uses) are self-contained and present no risk to workers. Other 
occupational uses, such as use of UVR in laboratories, UV photog-
raphy, and UV lasers, inevitably lead to broad-spectrum UVR expo-
sure, which may include intense short-term exposures (IARC 1992).

Regulations
Environmental Protection Agency (EPA)
Clean Air Act
EPA has developed a suite of regulations to protect stratospheric ozone, guarding against increased 

UVR exposures resulting from its loss.

Food and Drug Administration (FDA)
Performance standards for sunlamps and other devices that emit UVR have been developed.
User instructions and warning labels must accompany sunlamps and other devices that emit UVR.
Specifications for the use of UVR for processing and treating food have been developed.
A warning must be included with products containing coal tar for the control of psoriasis that reads 

“Do not use this product with other forms of psoriasis therapy such as ultraviolet radiation or 
prescription drugs unless directed to do so by a doctor.”

Occupational Safety and Health Administration (OSHA)
Regulations have been enacted to protect welders and other workers from UVR exposure during 

welding operations.

Guidelines
American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold limit values (TLVs) have been developed for 56 different wavelengths (ranging from 180 

to 400 nm) in the UV spectrum. In addition to these TLVs, specific protections for the eye from 
exposure to UVR in the 315- to 400‑nm spectral range have been developed.

National Institute for Occupational Safety and Health (NIOSH)
NIOSH has established technical guidance for using ultraviolet germicidal irradiation (UVGI) systems to 

help protect health-care workers who may have an occupational risk of tuberculosis infection.
It has been recommended that employers reduce worker exposure to UVR through work scheduling, 

providing shade, and providing information on UVR exposure risks.



Report on Carcinogens, Thirteenth Edition

National Toxicology Program, Department of Health and Human Services 5

References
Atillasoy ES, Elenitsas R, Sauter ER, Soballe PW, Herlyn M. 1997. UVB induction of epithelial tumors in 
human skin using a RAG-1 mouse xenograft model. J Invest Dermatol 109(6): 704-709.
Autier P, Dore JF, Lejeune F, Koelmel KF, Geffeler O, Hille P, et al. 1994. Cutaneous malignant melanoma 
and exposure to sunlamps or sunbeds: an EORTC multicenter case-control study in Belgium, France and 
Germany. EORTC Melanoma Cooperative Group. Int J Cancer 58(6): 809-813.
Brash DE, Rudolph JA, Simon JA, Lin A, McKenna GJ, Baden HP, Halperin AJ, Ponten J. 1991. A role for 
sunlight in skin cancer: UV-induced p53 mutations in squamous cell carcinoma. Proc Natl Acad Sci U S A 
88(22): 10124-10128.
Chen YT, Dubrow R, Zheng T, Barnhill RL, Fine J, Berwick M. 1998. Sunlamp use and the risk of cutaneous 
malignant melanoma: a population-based case-control study in Connecticut, USA. Int J Epidemiol 27(5): 
758-765.
Dyer JR. 1965. Introduction. In Applications of Absorption Spectroscopy of Organic Compounds. Englewood 
Cliffs, NJ: Prentice-Hall. pp. 3-21.
Farmer KC, Naylor MF. 1996. Sun exposure, sunscreens, and skin cancer prevention: a year-round concern. 
Ann Pharmacother 30(6): 662-673.
Griffiths HR, Mistry P, Herbert KE, Lunec J. 1998. Molecular and cellular effects of ultraviolet light-induced 
genotoxicity. Crit Rev Clin Lab Sci 35(3): 189-237.
IARC. 1992. Solar and Ultraviolet Radiation. IARC Monographs on the Evaluation of Carcinogenic Risk of 
Chemicals to Humans, vol. 55. Lyon, France: International Agency for Research on Cancer. 316 pp.
Kim YO, Chung HJ, Chung ST, Kim JH, Park JH, Kil KS, Cho DH. 1999. Phototoxicity of melatonin. Arch 
Pharm Res 22(2): 143-150.
Miller SA, Hamilton SL, Wester UG, Cyr WH. 1998. An analysis of UVA emissions from sunlamps and the 
potential importance for melanoma. Photochem Photobiol 68(1): 63-70.
Morrison WL. 1992. Phototherapy and photochemotherapy. Adv Dermatol 7: 255-270.
Phillips R. 1983. Sources and Applications of Ultraviolet Radiation. London: Academic Press. 434 pp.
Quinn AG. 1997. Ultraviolet radiation and skin carcinogenesis. Br J Hosp Med 58(6): 261-264.
Reid CD. 1996. Chemical photosensitivity: another reason to be careful in the sun. FDA Consumer 30(4). 
http://permanent.access.gpo.gov/lps1609/www.fda.gov/fdac/features/496_sun.html.
Rosenthal FS, West SK, Munoz B, Emmett EA, Strickland PT, Taylor HR. 1991. Ocular and facial skin exposure 
to ultraviolet radiation in sunlight: a personal exposure model with application to a worker population. 
Health Phys 61(1): 77-86.
Setlow RB, Grist E, Thompson K, Woodhead AD. 1993. Wavelengths effective in induction of malignant 
melanoma. Proc Natl Acad Sci U S A 90: 6666-6670.
Sikes RG. 1998. The history of suntanning: a love/hate affair. J Aesthetic Sci 1(2): 6-7.
Smith KC, ed. 1989. The Science of Photobiology, 2nd ed. New York: Plenum. pp. 47-53.
Sterenborg HJ, de Gruijl FR, Kelfkens G, van der Leun JC. 1991. Evaluation of skin cancer risk resulting from 
long term occupational exposure to radiation from ultraviolet lasers in the range from 190 to 400 nm. 
Photochem Photobiol 54(5): 775-780.
Swerdlow AJ, English JS, MacKie RM, O’Doherty CJ, Hunter JA, Clark J, Hole DJ. 1988. Fluorescent lights, 
ultraviolet lamps, and risk of cutaneous melanoma. Br Med J 297(6649): 647-650.
Swerdlow AJ, Weinstock MA. 1998. Do tanning lamps cause melanoma? An epidemiologic assessment. 
J Am Acad Dermatol 38(1): 89-98.
Walter SD, Marrett LD, From L, Hertzman C, Shannon HS, Roy P. 1990. The association of cutaneous 
malignant melanoma with the use of sunbeds and sunlamps. Am J Epidemiol 131(2): 232-243.
Walter SD, King WD, Marrett LD. 1999. Association of cutaneous malignant melanoma with intermittent 
exposure to ultraviolet radiation: results of a case-control study in Ontario, Canada. Int J Epidemiol 28(3): 
418-427.
Westerdahl J, Olsson H, Masback A, Ingvar C, Jonsson N, Brandt L, Jonsson PE, Moller T. 1994. Use of 
sunbeds or sunlamps and malignant melanoma in southern Sweden. Am J Epidemiol 140(8): 691-699.
Westerdahl J, Ingvar C, Masback A, Jonsson N, Olsson H. 2000. Risk of cutaneous malignant melanoma 
in relation to use of sunbeds: further evidence for UV-A carcinogenicity. Br J Cancer 82(9): 1593-1599.
Wikonkal NM, Brash DE. 1999. Ultraviolet radiation induced signature mutations in photocarcinogenesis. 
J Investig Dermatol Symp Proc 4(1): 6-10.
Yarosh DB, Kripke ML. 1996. DNA repair and cytokines in antimutagenesis and anticarcinogenesis. Mutat 
Res 350(1): 255-260.
Ziegler A, Leffell DJ, Kunala S, Sharma HW, Gailani M, Simon JA, et al. 1993. Mutation hotspots due to 
sunlight in the p53 gene of nonmelanoma skin cancers. Proc Natl Acad Sci U S A 90(9): 4216-4220.


