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Criteria for Listing Agents, Substances or Mixtures in the Report on Carcinogens

U.S. Department of Health and Human Services
National Toxicology Program

Known to be Human Carcinogens:

There is sufficient evidence of carcinogenicity from studies in humans, which
indicates a causal relationship between exposure to the agent, substance or
mixture and human cancer.

Reasonably Anticipated to be Human Carcinogens:

There is limited evidence of carcinogenicity from studies in humans which
indicates that causal interpretation is credible but that alternative explanations
such as chance, bias or confounding factors could not adequately be excluded; or

There is sufficient evidence of carcinogenicity from studies in experimental
animals which indicates there is an increased incidence of malignant and/or a
combination of malignant and benign tumors: (1) in multiple species, or at
multiple tissue sites, or (2) by multiple routes of exposure, or (3) to an unusual
degree with regard to incidence, site or type of tumor or age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laboratory
animals, however; the agent, substance or mixture belongs to a well defined,
structurally-related class of substances whose members are listed in a previous
Report on Carcinogens as either a known to be human carcinogen, or reasonably
anticipated to be human carcinogen or there is convincing relevant information
that the agent acts through mechanisms indicating it would likely cause cancer in
humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on
scientific judgment, with consideration given to all relevant information. Relevant
information includes, but is not limited to dose response, route of exposure, chemical
structure, metabolism, pharmacokinetics, sensitive sub populations, genetic effects, or
other data relating to mechanism of action or factors that may be unique to a given
substance. For example, there may be substances for which there is evidence of
carcinogenicity in laboratory animals but there are compelling data indicating that the
agent acts through mechanisms which do not operate in humans and would therefore not
reasonably be anticipated to cause cancer in humans.
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Summary Statement
Broad-Spectrum Ultraviolet (UV) Radiation and UVA, and UVB, and UVC
Carcinogenicity

Broad-spectrum ultraviolet radiation (UVR) is known to be a human carcinogen based on
sufficient evidence of carcinogenicity from studies in humans. Epidemiology studies
clearly demonstrate that exposure to broad spectrum UVR increases both melanocytic
and non-melanocytic skin cancer. Studies of humans exposed to solar radiation, artificial
devices emitting broad-spectrum UVR, and devices emitting predominantly ultraviolet A
radiation (UVA) or ultraviolet B radiation (UVB) all contribute to this conclusion.
Exposure to solar radiation is associated with an increased risk of malignant melanoma of
the skin, non-melanoma skin cancer, malignant melanoma of the eye, and cancer of the
lip (IARC 1992, NTP 2000). Evidence for the role of the UVR component of solar
radiation in carcinogenicity comes from studies of human cancers associated with
exposure to artificial UVR-emitting devices, tumor site-concordance between humans
exposed to sunlight and animals exposed to UVR from artificial sources and human
mechanistic studies using artificial sources of UVR. Exposure to sunlamps or sunbeds
has been associated with malignant melanoma of the skin (Autier et al. 1994, Swerdlow
et al. 1988, Walter et al. 1990, 1999, Westerdahl et al. 1994, 2000, Chen et al. 1998).
Mechanistic studies using human tissue demonstrate that UVR is absorbed by DNA and
causes direct and indirect DNA damage with mutagenic potential. Mutations found in the
p53 tumor suppressor gene of human skin cancer are specific for UVR-induced damage
(see below).

The findings in humans are supported by evidence in experimental animals. Exposure to
broad spectrum UVR induced skin tumors (papilloma and squamous cell carcinoma) and
eye tumors (spindle cell sarcoma) in albino rats and skin tumors (fibrosarcoma and/or
squamous cell carcinoma) in mice, hamsters and opossum.

The epidemiological literature does not provide a basis for subdividing the effects of
sunlight or artificial UVR into components attributable specifically to UVA, UVB, or
ultraviolet C radiation (UVC). However, information regarding the specific effects of
UVA, UVB, and UVC can be inferred from the results of human epidemiology studies of
mixed UVR exposure together with the results of studies on the effects of specific UVR
components in experimental animals and human tissues.

UVA is reasonably anticipated to be a human carcinogen based on limited evidence
from studies in humans and evidence from studies in experimental animals. Studies in
which UVA has contributed substantially to human exposure (solar radiation and UVA
emitting sunbeds) have demonstrated an excess of skin cancer. Westerdahl et al. (2000)
reported an association of melanoma with exposure to sunbeds when the majority of the
exposure was considered to be from sunbeds emitting mainly UVA (source reported to
emit 0.1% to 2.1% UVB). The finding in humans is supported by evidence in
experimental animals. UVA exposure induced skin tumors in mice (squamous cell
carcinoma and papilloma) and fish (melanoma).
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UVRB is reasonably anticipated to be a human carcinogen based on limited evidence
from studies in humans and evidence from studies in experimental animals. Mechanistic
studies in humans have demonstrated that the UVB component in solar radiation is
responsible for the mutagenic photoproducts that lead to the signature p53 mutations
observed in human skin cancer. However, epidemiologic studies are limited by lack of
information identifying exposure wavelength specificity. Although exposure to UVB, as
a component of solar radiation or from sunlamps used before the early 1970s, is clearly
associated with excess skin cancer, these human exposures are not solely to UVB but are
confounded by exposures to other components of the UVR spectrum. In one study,
exposure to sunlamps used in the early 1970s, which produced significant amounts of
UVB (22% to 40%), was associated with cutaneous malignant melanoma (CMM) (Chen
et al. 1998). The finding in humans is supported by evidence in experimental animals.
Prolonged exposure to devices emitting primarily UVB caused the development of skin
tumors in rats (papilloma), mice (squamous cell carcinoma, fibrosarcoma, papilloma,
keratoacanthoma), guinea pigs (fibroma and trichofolliculoma), and opossums
(melanocytic hyperplasia and melanoma).

UVC is reasonably anticipated to be a human carcinogen based on limited evidence
from human mechanistic studies and evidence from studies in experimental animals.
Studies of human tissue have demonstrated that both in vivo and in vitro exposure to
UVC causes DNA damage. UVC is absorbed by DNA and induces mutagenic
photoproducts similar to the types of damage caused by UVB. However, there are no
epidemiologic studies adequate for evaluation of UVC carcinogenicity in humans. UVC
is absorbed by the ozone layer and does not contribute to solar exposure, and studies
using artificial devices emitting UVC are not specific for UVC radiation. Exposure of
experimental animals to high doses of radiation from devices emitting primarily UVC
caused skin tumors in rats (keratoacanthoma-like skin tumors) and mice (squamous cell
carcinoma and fibrosarcoma).

Other Information Relating to Carcinogenesis or Possible Mechanisms of
Carcinogenesis

Broad-spectrum UVR causes skin cancers via mechanisms that include DNA damage,
immunosuppression, tumor promotion, and mutations in the pS3 tumor suppressor gene.
Broad-spectrum UVR induces mutations in cultured human cells, the type of damage
depends upon the specific wavelength applied and the competence of an affected cell to
repair the damage without error. DNA is a major cellular chromophore absorbing UVR
(mainly UVB and UVC) and responds to irradiation by yielding free radical reactive
intermediates and various photoproducts with mutagenic potential. UVB photons cause
the following four major DNA base modifications in humans: (i) cyclobutane-type
pyrimidine dimers, (i1) (6-4) photoproducts, (iii) the corresponding Dewar isomers, and
(iv) thymine glycols. Both UVA and UVB induced 8- hydroxydeoxyguanosine produced
from guanosine by the action of singlet oxygen.

UVA, UVB, and UVC as individual components of UVR are genotoxic in prokaryotes,
lower eukaryotes, non-human mammalian cells, and human cells. Moreover, in vivo
exposure from all three components of UVR results in DNA damage in humans. UVA’s
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biological effects are indirect and largely the result of energy transferred through active
oxygen intermediates, whereas UVB and UVC photons are absorbed by DNA and direct
damage occurs through DNA base modifications. Based on the number of positive
genotoxic studies, UVC is the most potent and UVA is the least potent genotoxin of the
components of broad spectrum UVR

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,
compared with 5% of unexposed skin, indicating a strong association with sun exposure.
Observed p53 gene mutations were most frequently C to T or CC to TT transitions at
pyrimidine-pyrimidine sequences. These specific 53 mutations are now considered a
signature of UVR carcinogenesis.

Exposure to solar radiation and UVR has been found to alter immune function in humans
and experimental animals. Evidence that immunosuppression is related to skin cancer
incidence comes from the following observations that: (i) immunosuppressed organ
transplant recipients showed a marked increase in skin cancer, particularly squamous-cell
carcinoma, (i) UVR decreased the ability to mount a delayed type hypersensitivity
response, and (iii) mice exposed to low levels of UVR failed to reject highly
immunogenic tumor cell lines.

Human skin grafts on mice also yielded human skin tumors (squamous cell carcinomas,
actinic keratoses, melanocytic hyperplasia and melanoma) following irradiation with
UVB after pretreatment with the carcinogen dimethylbenz(a)anthracene. Precancerous
lesions (melanocytic hyperplasia) were found in human skin grafts on mice treated with
UVB alone.
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1 Introduction

Ultraviolet radiation (UVR) was nominated for listing in the Report on Carcinogens by
Dr. Hiroshi Yamasaki, of the International Agency for Research on Cancer (IARC), on
the basis of the IARC’s classification of UVR as carcinogenic to humans (Group 1)
(IARC 1992). In 1997, the National Toxicology Program (NTP) reviewed the effects of
solar radiation, which includes most of the electromagnetic spectrum, and exposure to
sunlamps and sunbeds, which provide exposure to radiation primarily in the ultraviolet A
(UVA) and ultraviolet B (UVB) portions of the spectrum (NTP 1997). The NTP
recommended that solar radiation and exposure to sunlamps and sunbeds be listed in the
Ninth Report on Carcinogens (RoC), where they are listed as known to be human
carcinogens, based on studies in humans that (1) clearly indicate a causal relationship
between exposure to solar radiation and cutaneous malignant melanoma and
nonmelanocytic skin cancer and (2) have shown that exposure to sunlamps or sunbeds is
associated with cutaneous malignant melanoma (NTP 2000). Malignant melanoma of the
eye also is associated with use of sunlamps. In contrast, there is little support for
association of exposure to sunlamps or sunbeds with nonmelanocytic skin cancer (IARC
1992). The 1997 NTP review recommended that broad-spectrum UVR, including UVA,
UVB, and ultraviolet C (UVC), be reviewed for possible separate listings in the Tenth
RoC.

The sun is the major source of UVR. UVR is a small portion of the solar spectrum

outside the visible range. The bandwidths within the optical radiation spectrum are listed
in Table 1-1.

Table 1-1 Optical radiation spectrum

Region Wavelength range
uv 100 to 400 nm
uvc? 100 to 280 nm
UVB* 280 to 315 nm
UVA? 315 to 400 nm
Visible 400 to 780 nm
Infrared (IR) 780 nm to 1 mm
IRA 780 nmto 1.4 pm
IRB 1.4to 3.0 pm
IRC 3.0 ymto 1 mm

Source: Adapted from ACGIH 1996
*Photobiological designations of the Commission Internationale de I’Eclairage (International Commission
on [llumination), cited in [ARC 1992.
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Various conventions are used to classify the optical radiation spectrum into separate
bands (e.g., on the basis of transmission and absorption properties). These spectral-band
categories are used to identify approximate wavelengths; they do not designate fine
dividing lines below which an effect is present and above which it does not occur.

1.1 Identification of UVR by type

UVR contains wavelengths from 100 to 400 nm and is classified as follows: UVA, 315 to
400 nm; UVB, 280 to 315 nm; and UVC, 100 to 280 nm. This nomenclature is not
always rigorously followed, as different researchers use slight variations in these ranges.
The relative position of UVR in the electromagnetic spectrum is shown in Figure 1-1.

1.2 Physical properties

The atmosphere does not absorb UV A, which is the most abundant of the three UVR
bands and accounts for 95% of the UV energy reaching the earth’s surface at the equator.
UVB normally is absorbed by the ozone layer; it constitutes 5% of solar UVR and is the
most biologically critical part of solar UVR (Farmer and Naylor 1996, cited in NTP
2000). Naturally occurring UVC, the shortest UV wavelength produced by the sun, is the
type of UVR most harmful to the genome; however, it is totally absorbed by the earth’s
atmosphere (Daya-Grosjean et al. 1995, cited in NTP 2000).
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Electromagnetic Spectrum

Wavelength

100 : 21 400 minn

Adapted from NASA 2000
Figure 1-1. Electromagnetic spectrum

1.3 Photochemical and photobiological activities

Photochemical and photobiological interactions occur when a photon reacts with a
molecule of matter, producing either a photochemically altered species or two dissociated
molecules (Phillips 1983, Smith 1989, both cited in IARC 1992). For this reaction to be
effective, the amount of photon energy must be sufficient to alter molecular bonds.
Photon energy typically is expressed in electronvolts (the photon energy of light of
wavelength 300 nm = 4.1 eV) (WHO 1979, cited in IARC 1992). The number of altered
molecules produced relative to the number of absorbed photons is referred to as
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“quantum yield” (Phillips 1983, cited in IARC 1992). The efficiency of a photochemical
interaction per incident quantum and the photobiological effects per unit radiant exposure
vary widely with wavelength (Jagger 1985, cited in IARC 1992).



Dec. 2000 RoC Background Document for Ultraviolet Radiation

2 Human Exposure

2.1 Use

UVR has many uses as a natural source of energy and is important in various biological
processes. Artificial sources of UVR are used for tanning, medical diagnosis and
treatment, and promoting polymerization reactions. Exposure to UVR usually is
expressed as a dose rate in watts per square meter (the power striking a unit surface area
of an irradiated object). The commonly used unit of effective dose is the minimal
erythema dose (MED), which is defined as the lowest radiant exposure to UVR sufficient
to produce erythema of the skin with sharp margins within 24 hours of exposure. Though
imprecise, MEDs are useful, because they are related to the biological consequences of
the exposure (IARC 1992).

2.1.1 Cosmetic use

Tanning beds use artificial light to allow individuals to develop “suntan” for cosmetic
reasons. Originally, tanning beds were built with mercury arc lamps, which emitted large
quantities of UVB and UVC. Now, sunbeds and solaria emit mostly UVA (IARC 1992).
Table 2-5 summarizes the characteristics of various light sources used for tanning.

Radiation emission (%) Contribution to tanning (%)
Lamp UVA UvB uvC UVA uvB uvC
Mercury arc sunlamp 40 40 20 0 35 65
Simulated sunlight lamp 95 5 0 20 80 0
Type I UVA lamp 99 1 0 60 40 0
Type Il UVA lamp >99.9 <0.1 0 >90 <10 0
Optically filtered high-pressure lamp 100 0 0 100 0 0
Summer UV sunlight 95 0 20 80 0

Source: IARC 1992

2.1.2 Medical and dental applications

UVR has both diagnostic and therapeutic uses in medicine and dentistry. More than 30
disorders can now be treated through UV A exposure with psoralens (PUVA). Psoriasis
and eczema are the skin diseases most frequently treated with PUV A 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 (Morison 1992). UVR (most
commonly UVB) and coal-tar creams also are used to treat psoriasis (FDA 1996). In
addition, UVB is used to convert 7-dehydrocholesterol (provitamin D3) to vitamin D in
the skin of vitamin D—deficient patients.

UVA has been used to treat neonatal jaundice or hyperbilirubinemia. Although treatment
usually involves irradiating the infant with visible light for several hours a day, for up to
one week, one commercial neonatal phototherapy unit was found also to emit UVA and
radiation at wavelengths down to 265 nm (in the UVC range) (IARC 1992). UVA has
been found to alter the molecular structure of melatonin, a hormone that helps regulate
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sleep-wake cycles, to unidentified photoproducts; moderate phototoxicity of melatonin
has been predicted (Kim et al. 1999). UVR also has been used to detect various dental
disorders, such as early dental caries, dental plaque, and calculus (IARC 1992).

2.1.3 Industrial applications

UVR has many industrial applications. One of the major industrial uses involves
photopolymerization, which includes curing of protective coatings and inks. UVR also is
used to simulate weathering of various materials, such as polymers. It is used to sterilize
and disinfect, usually in the range of 260 to 265 nm (UVC). Other uses include UV
photography and use of UV lasers. UVR is a byproduct of electric-arc welding (IARC
1992).

2.2  Production

In the broadest sense, UVR is formed when a body is heated (through incandescence) or
when electrons that have been raised to an excited state return to a lower energy level.
UVR is naturally emitted from the sun. Around two-thirds of the energy emitted by the
sun penetrates the atmosphere. UVR comprises approximately 5% of the solar radiation
that reaches the earth’s surface. Artificial sources of UVR include tungsten/halogen, gas
discharge, arc, fluorescent, metal halide, and electrodeless lamps (IARC 1992).

2.3 Analysis

UVR can be measured with chemical or physical detectors, often in conjunction with a
monochromator or band-pass filter for wavelength selection. Chemical detectors include
photographic emulsions, actinometric solutions, and UV-sensitive plastic films. Physical
detectors include radiometric devices and photoelectric devices (IARC 1992).

2.3.1 Spectroradiometry

Spectroradiometry is generally considered the best way to characterize a source of UVR
and is based on measurement of its spectral power distribution (radiated power as a
function of wavelength). Spectral measurements are used to calculate biologically
weighted radiometric quantities. A spectroradiometer consists of three parts. (1) Input
optics collect the incident radiation and conduct it to (2) the entrance slit of a
monochromator, which disperses the radiation with one or two dispersion devices
(diffraction grating or prism). The monochromator then guides the radiation to the exit
slit by way of mirrors, where it enters (3) the radiation detector, normally a photodiode,
or a photomultiplier tube for higher sensitivity. The accuracy of UVR measurements is
affected by various parameters, including wavelength calibration, bandwidth, stray
radiation, polarization, angular dependence, linearity, and calibration sources. Double
monochromators are used to provide accurate UVR readings.

2.3.2 Wavelength-independent (thermal) detectors

Thermal detectors usually are used to measure the total radiant power of a source, rather
than just the UV component. Thermal detectors operate on the principle that UVR
absorbed by a receiving element will cause a temperature rise in the element. This rise is
measured, usually with a thermopile or pyroelectric detector. Thermopiles must have a
window made of fused silica for measuring UVR at wavelengths as low as 250 nm.
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Pyroelectric detectors rely on voltage generated by temperature changes in a lithium
tantalate crystal.

2.3.3 Wavelength-dependent detectors

The accuracy of wavelength-dependent detectors varies depending upon the types of
detectors and filters used. The most common is the Robertson-Berger meter, which
incorporates optical filters, a phosphor, and a vacuum phototube or photovoltaic cell. The
meter measures wavelengths < 330 nm in the global spectrum. The spectral response rises
sharply with decreasing wavelength.

Detectors incorporating a photodiode or vacuum photocell in conjunction with optical
filters and suitable input optics (such as a quartz hemispherical detector) have been used
to match a number of different action spectra. The American Conference of
Governmental Industrial Hygienists (ACGIH) uses one of these detectors, the
International Light Model 730 UV Radiometer, to evaluate the health hazards of
exposure to UVR.

A complementary approach to evaluating UVR is the use of photosensitive films. By

relating the degree of deterioration of the films, usually measured as changes in their

optical properties, the user can determine the dose of incident UVR. The most widely
used photosensitive film is polymer polysulfone.

It is difficult to achieve a prescribed UVR spectral dose with wavelength-dependent
detectors. Accurate results require detectors that are calibrated against the appropriate
source spectrum with a spectroradiometer. If this is not done, dosimetric errors will arise.
Measuring UVB radiation also is difficult, as only 0.3% of the sun’s total radiant energy
is UVB.

2.4 Environmental occurrence

Solar radiation is scattered by various components of the atmosphere, and about two-
thirds of it penetrates to the earth’s surface. UVC exists in the extraterrestrial solar
spectrum, but is completely filtered out by the ozone layer. Most UVB is absorbed by
ozone in the stratosphere, and only a small fraction (around 5%) of the total radiation
penetrating to the earth’s surface is UVB (IARC 1992).

2.5 Environmental exposure
251 Solar UVR

Information on global UVR levels has been compiled from data gathered for
epidemiological studies of skin cancer and other health effects, such as premature aging
of the skin, cataracts, and suppression of the immune response. Despite the large number
of measurements, estimating human exposure is complex. UVR spectral irradiance varies
considerably with latitude, altitude, time of day, and season. People also vary in their
length of outdoor exposure and parts of the body exposed. In addition, individual
exposure geometry complicates efforts to estimate human exposure. Although UVR
levels were estimated for many studies, few were able to differentiate among UVA,
UVB, and UVC (IARC 1992).
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2511 UVA

Various factors influence terrestrial levels of UVA. UVA levels decrease with increasing
distance from the equator and increase with increasing altitude (decreasing with distance
below sea level). Terrestrial UVA levels also are decreased by stratospheric ozone, which
varies with latitude and season. When there is less ozone, more UV A will reach the
earth’s surface. Time of day also influences daily UVA levels (IARC 1992). Table 2-1
shows the proportion of UVA radiation received during two periods on a summer day at
three latitudes (altitude not specified).

Table 2-1. Percentage of daily UVA radiation received during two periods on a clear
summer day

UVA (% of daily total)

Latitude (°N)

11:00 AM — 1:00 PM

9:00 AM — 3:00 PM

20 27 73
40 25 68
60 21 60

Source: IARC 1992

Clouds reduce the amount of UV A reaching ground level. Air pollution, including
tropospheric ozone, can decrease UVA exposure, especially in urban areas (IARC 1992).

Surface reflection also contributes to personal exposures to UVA.

2512 UVB

Terrestrial UVB levels are affected by the same factors that influence terrestrial UVA
levels. However, because UVB is absorbed more by stratospheric 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. Table 2-2 gives UVB
exposure levels for various latitudes and seasons (altitude not specified).

Table 2-2. Typical values for ambient daily and annual UVB radiation expressed as
minimal erythema dose

Diurnal UVB (MED)

Latitude (°N) Winter Spring/Autumn Summer Annual
20, Hawaii 14 20 25 6,000
30, Florida 12 15 4,000
40, New Jersey 7 12 2,500
50, Washington 0.4 10 1,500

Source: IARC 1992
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Time of day at a given latitude also affects UVB levels, as shown in Table 2-3 (altitude
not specified).

Table 2-3. Percentage of daily UVB radiation received during two periods on a clear
summer day

UVB (% of daily total)

Latitude (°N)

11:00 AM — 1:00 PM

9:00 AM — 3:00 PM

20 30 78
40 28 75
60 26 69

Source: IARC 1992

Variation in stratospheric ozone with latitude and season affects UVB levels. Air
pollution decreases UVB exposure, and clouds also affect UVB levels. Generally, cloud
cover scatters less than 10% of the UVB under a clear sky. However, very heavy cloud
cover virtually eliminates UVB, even in the summer. Surface reflection contributes to
human UVB exposure. Exposure due to reflection is important, as body parts normally
shaded are exposed to reflected radiation (IARC 1992). Table 2-4 summarizes reflectance
for various types of terrain.
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Table 2-4. Representative terrain reflectance factors for horizontal surfaces
measured with a UVB radiometer at 12:00 PM at various U.S. locations

Material Reflectance (%)
Lawn grass, summer, Maryland, California, and Utah 2.0-3.7
Lawn grass, winter, Maryland 3.0-5.0
Wild grasslands, Vail Mountain, Colorado 0.8-1.6
Lawn grass, Vail, Colorado 1.0-1.6
Flower garden, pansies 1.6
Soil, clay and humus 4.0-6.0
Sidewalk, light concrete 10-12
Sidewalk, aged concrete 7.0-8.2
Asphalt roadway, freshly laid (black) 4.0-5.0
Asphalt roadway, two years old (gray) 5.0-8.9
House paint, white, metal oxide 22
Boat dock, weathered wood 6.4
Aluminum, dull, weathered 13
Boat deck, wood, urethane coating 6.6
Boat deck, white fiberglass 9.1
Boat canvas, weathered, plasticized 6.1
Chesapeake bay, Maryland, open water 33
Atlantic Ocean, New Jersey coastline 8.0
Sea surf, white foam 25-30
Atlantic beach sand, wet barely submerged 7.1
Atlantic beach sand, dry, light 15-18
Snow, fresh 88
Snow, two days old 50

Source: IARC 1992

2513 UvVC

No data on environmental exposure to UVC were found in the published literature.

2.5.2 Artificial sources

Six artificial sources of UVR have been identified. (1) Incandescent sources provide
optical radiation that appears as a continuous spectrum. A “color temperature” usually
describes incandescent sources. UVR emission occurs when the color temperature
exceeds 2,500°K (2,227°C). (2) Gas discharge lamps produce optical radiation by passing
an electrical current through a gas. The type of gas present in the lamp determines
emission wavelengths. At low pressures, fine lines are produced, while higher pressures
create broad bands. Low-pressure discharge lamps filled with mercury, argon, xenon,
krypton, or neon are used to create specific bands for spectral calibrations. (3) Arc lamps
are intense sources of UVR. They are operated under extreme pressures and have color

10




Dec. 2000 RoC Background Document for Ultraviolet Radiation

temperatures of 6,000°K (5,727°C). Arc lamps often are used to simulate solar radiation.
(4) Fluorescent lamps create radiation from a low-pressure mercury discharge, which
produces a strong emission at 254 nm. This in turn excites the phosphor-coated lamp to
produce fluorescence. Various emission spectra can be obtained by alteration of the
composition and thickness of the phosphor and the glass envelope. (5) Metal halide lamps
add metal to a mercury discharge lamp, allowing for lines in add