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Fig. 1. The ultraviolet spectrum and the wavelength bands.
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Fig. 2. Relative spectral effectiveness of UVR (ICNIRP 2004).
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Table 1. Classification of skin types based on their susceptibility to sunburn in sunlight and their ability to tan.

Skin

phototype Sun sensitivity

sSunburn susceptibility”

Tanning achieved Classes of individuals

I Very sensilive Always sunbum: =2 SED Mo tan Melano-compromised
11 Moderately sensitive High: 2-3 SED Light tan Melano-compromised
[ Moderately insensitive Moder: |I-_ 3=3 S5ED Medium tan Melano-competent
IV Insensitive Low: 5=7 S5ED Dark tan Melano-competent
Ay Insensitive Verv low: 7-10 SED Matural brown skin Melano-profecied
VI Insensitive Extremely low: =10 SED Matural black skin Melano-protected

*SED, standard ervthemal dose.
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Table 2. Skin phototypes and average threshold exposure. MED,
expressed in SED, for sunburn with and without adaptation.

Individual MED Individual MED
without adaptation with adaptation®

Skin phototype

I-II (Celtic) 2 SED® 5 SED
-1V (Mediterranean) 5 SED 12 SED
V (Asians) 10 SED 60 SED
VI (Black) 15 SED 80 SED

*MED. Minimal Erythema Dose. Minimal Erythema Dose with adaptation
implies three weeks of tanning from solar exposure without erythema.

® SED. Standard Erythema Dose. The ranges of SEDs are not prescriptive
but only indicative of an MED with a large spread of values for each
phototype.
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Table 3. Photosensitizers in the work environment.

Sources

Active ingredients

A. Photosensitizers in the domestic work environment
Bacteriostats in soaps
Wood preservatives
Vegetables
Perfumes and cosmetics

Sunscreens

Disinfectants and antiseptics
Tattoos
Photosensitizers in the outdoor work environment
Plants
Umbelliferae
Giant hogweed (Heracleum mantegazzianum)
Cow parsnip (Heracleum sphondylium)
Wild parsmip (Pastinaca sativa)
Tromso palm (Heracleum laciniatum)
Rutaceae
Common rue (Ruta graveolens)
Gas plant ( Dictamnus alba)
Bergamot orange (Citrus bergamia)
Moraceae
Fig (Ficus carica)
C. Photosensitizers in the industrial/working environment
Anthraquinone based dyes
Polycyclic hydrocarbons
Drugs
Printing ink
Animal feed supplement
. Major photosensitizers administered for medical purposes
Drugs
Antibacterial
Tranquilizer
Antidepressant
Diuretic
Antiarrhythmic
Anti-inflammatory
Antifungal
Bacteriostat
Topical antifungal
Antimalaric
Photo therapies
Photochemotherapy
Photodynamic therapy

B.

Halogenated salicyclanilides

Creosote

Psoralens in celery and parsnips

S-methoxypsoralen (Bergapten) in oil of Bergamot, musk
ambrette, 6-ethylcoumarin

p-aminobenzoic acid (PABA), ethoxyethyl-p-mthoxycinnamate,
isopropyldibenzoylmethane, butylmethoxydibenzoylmethane

Methylene blue, eosin and rose bengal

Cadmium sulphide

Furocoumarins: psoralen, 8-methoxypsoralen, 5-methoxypsoralen,
pimpinellin, sphondin, angelicin

Benzanthrone; Disperse Blue 35

Pitch, coal tar, wood preservatives, anthracene, fluoranthrene
Chlorpromazine, amiodarone

Amyl-o-dimethylaminobenzoic acid

Quinoxaline-n-dioxide

Tetracyclines, sulphonamides, nalidixic acid, 4-quinolones
Phenothiazines (chloromazine)

Protryptiline

Chlorthiazides, frusemide

Amiodarone, methyldopa, quindine, propranolol
Ibuprofen, azapropazone, naproxen

Grizeofulvin

Halogenated salycilanilides, bithionol, buclosamide
Fentichlor, hexachlorophene

Quinine

8-methoxypsoralen, 5-methoxypsoralen, trimethylpsoralen, khellin
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Fig. 3. Concentration of UVR in the eye by refraction, the Coroneo

Effect (Coroneo 1990).
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Fig. 4. UVR transmittance of the human eye (Boettner and Wolter
1962). The lines show from above the transmittance of UV-A and
UV-B to the back surface of the cornea, the front surface of the
lens, the back surface of the lens, and to the surface of the retina.
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Table 4. IEC lamp risk groups.?

Exempt Risk Group | Risk Group 2 Risk Group 3
No Hazard Low-Risk Moderate-Risk High-Risk
Exposure limit not exceeded for exposure durations up to: Exposure limit
Type of hazard (i.e. exceeded for exposure durations beyond:) (s) exceeded within: (s)
Actinic UV 30,000 10,000 1,000 <<1,000
(skin and eye)
UVA (lens) 1,000 (~16 min) 300 100 <100
Photochemical (retina) 10,000 (~2.8 h) 100 0.25 (natural aversion) <0.25
Thermal (retina) 10 10 0.25 (natural aversion) <0.25
Infrared 1,000 100 10 <10

(cornea, lens)

*NOTE: The [EC (IEC 2006) exempt group regarding the un-weighted UV A limit was based on the ACGIH integration duration of
1,000 s (ACGIH 2009) and exposure to such lamps from a distance of 20 cm for longer than 16 min might lead to exposures above
the limit as recommended by ICNIRP. where the integration duration is 8 h.
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Fig. 5. Solar UV irradiance by solar elevation angle and time of
day. 18 June 2000, Chilton, UK, detector perpendicular to earth

AT W7 o 7ICst LTE 20em TH 5., w7 mosEs+ surface. (Modified from UK Health Protection Agency.)
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Table 5. Measured ICNIRP effective UVB from the sky with a 40° cone field of view.

Sky conditions location, Zenith reading Directly at sun Opposite sun Horizon sky
elevation (W em™2 sr7h) (WW em ™2 sr7!) (LW em™? sty (W em™ 517!y
Clear sky, dry, sea level 0.1 1.4 Z=170° 0.22 0.27
Clear sky, humid, sea level 0.27 4.1 Z = 50° 0.27 0.24
Ground fog, sea level 0.04 0.19 Z=175° 0.04 0.03
Hazy humid, sea level 0.014 1.4 Z=170° 0.22 0.54
Cloudy bright, 700 m 0.54 0.44 Z = 45° 0.27 0.05
Hazy beach 0.54 0.60 Z=175° 0.54 0.60
Hazy beach 0.38 35 Z = 40° 0.54 0.44
Clear mtn top 2,750 m 0.54 1.6 7 = 25° 0.82 0.08
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Table 7. The Global UV Index.”

Exposure category UV Index range

Low <2
Moderate RRTUN]
High 6107
Very high 8o 10
Extreme I+

* Adapted from WHO et al. (2002).

Table 6. Reflectance of ICNIRP effective solar UVB from terrain surfaces.®

Terrain surfaces

Diffuse reflectance ICNIRP effective solar UVB %

Green mountain grassland
Dry grassland

Wooden boat dock

Black asphalt

Concrete pavement
Atlantic beach sand (dry)
Atlantic beach sand (wet)
Above open water (large lakes, wide rivers, ocean)
Sea foam (surf)
Glass-covered building
Aluminum structures
Dirty snow

Fresh snow

0.8-1.6
2.0-3.7
6.4
5-9.0
8-12
15-18
7
18-22
25-30
5-40 (specular—angle-dependent)
50 (up to 90 if polished)
59
88

* Adapted from Sliney (1986).
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Fig. 6. Seasonal variation in daily erythemal exposure for four
latitudes, assuming a 2 h midday exposure. An exposure of 1 SED
is approximately the ICNIRP guideline for a daily exposure limit
(adapted from Sliney and Wengratis 2006).
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Table 8. Safety precautions against indoor UVR exposure health risks.”

Protection of workers against ultraviolet radiation

Potential for

Source overexposure Hazard description Safety precautions
Open arcs (e.g, Very high Welding arcs can exceed the UV radiation exposure Engineering and administrative
electric limits in seconds within a few meters of the arc. controls, Personal Protective
welding) Workers, bystanders and passers-by can be Equipment (PPE) and
overexposed to UVR from the arcs if engineering training.
controls are not adequate.
Germicidal lamps for  High UVC emitting lamps used to sterilize work areas in  Engineering controls to reduce
sterilization and hospitals, food industry and laboratories. exposure.
disinfection
Photocuring, Medium UV lamps are usually inside cabinets, but UV Engineering controls to close
photohardening radiation emitted through openings can openings. Training.

and etching

“Black lights™ used in
non destructive

testing (NDT)

Medium to low

potentially exceed the UV exposure limit in
seconds.

UVA lamps used in NDT in banking, commerce,
materials inspection, and entertainment. “Black
lights™ used for insect control and entertainment

Engineering controls to reduce
eye exposure (for instance
by shields). If not possible

are usually below exposure limits.

Phototherapy lamps High

UVR used in dermatological applications generally
exceed exposure limits for the patients. Medical

or for higher power (arc)
lamps used in NDT: PPE.
No precautions needed for
insect control and
entertainment lamps, or
lower power NDT lamps.
Administrative and engineering
controls, PPE and training.

personnel must be protected from UVR exposure.

UV lasers High

Sources of intense UV radiation at a single
wavelength. Both the direct beam and stray light

Administrative and engineering
controls, PPE and training.

can exceed the UV exposure limits in a few

seconds.
Sunlamps or tanning
lamps

High to medium

Most tanning lamps emit mostly UVA radiation but
modern lamps also emit UVB. Tanning lamps

PPE (eye protection) and
training.

generally must exceed occupational exposure
limits in order to cause tanning.

General lighting Low

Most lamps used for lighting are made to emit little
or no UVR. When UVR is emitted such as in
high intensity discharge lamps, the UVR is
absorbed by the envelope or covering of the
lamp. If the protective envelope is broken,

No precautions needed under
normal conditions. Caution
should be taken if protective
envelope is broken or
cracked.

OVEreXposure can occur.

* The actual potential for overexposure for a given source strongly depends on exposure distance and exposure duration. Please note
that this table is intended as guidance only and is not comprehensive.
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Fig. 7. Typical signs used in the work environment to advise of
hazards and recommend the use of personal protective equipment.

Fig. 8. Welder with appropriate personal protective equipment
(NRPB 2002).
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