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INTRODUCTION

Smice THE publication of the ICNIRP Guidelines on UV
Radiation Limits (ICNIRP 1996)," recent research has
made it appropriate to update the guidelines for protec-
tion. While no significant changes are made in the values,
the biological basis can be strengthened, and the limita-
tions on use can be clarified.

A document titled Environmental Health Criteria
160, Ultraviolet Radiation (UNEP 1994), was published
in 1994 under the joint sponsorship of the United Nations
Environment Programme (UNEP), ICNIRP, and the
World Health Organization (WHO). The document con-
tains a review of the biological effects reported from
exposure to ultraviolet radiation (UVER) and serves as the
scientific rationale for the development of these guide-
lines. In addition, the International Agency for Cancer
Research (IARC) published a monograph on UVR in
1992 (IARC 1992) and published a monograph on
sunscreens more recently (IARC/WHO 2001). Further-
more, the National Radiological Protection Board
(NEPB) has recently published a scientific review of the
health effects of UVE (NREPB 2002). Reviews of relevant
UVER biological action spectra were published in a

radiation, so that they mav serve as guidance to the
various international and national bodies or individual
experts who are responsible for the development of
regulations, recommendations, or codes of practice to
protect workers and the general public from the poten-
tially adverse effects of UVE.

The Committee recognized that when standards or
exposure limits (ELs) are established, wvarious wvalue
judgments are made. The wvalidity of scientific reports has
to be considered, and extrapolations from animal exper-
iments to effects on humans have to be made. Costs vs.
benefit analyses are necessary, including economic im-
pact of controls. The limits in these guidelines were
based on the scientific data, and no consideration was
given to economic impact or other non-scientific priori-
ties. However, the limits represent conditions under
which it is expected that nearly all individuals may be
repeatedly exposed without acute adverse effects and,
based upon best available evidence, without noticeable
risk of delaved effects (see paragraph on Special Con-
siderations). Although a single set of limits can apply for
exposure of the eye, it 1s not possible to provide a single
exposure limit that applies to all skin phototypes. Addi-

tinnal omidance is remvired for amnlvine omidelines fioae



EL! EL? A EL? EL!

A* (nm) I m3 (ml em?) SO (nm) Imy (mJ em-) Seage
180 2,500 250 0.012 3o 2,000 200 0.015
190 La00 180 0.019 313" 5,000 500 0,006
200 1,000 100 0.030 3ls 1.0 % 10° 1.0 % 10° 0.003
205 590 59 0.051 3lé 1.3 % 10° 1.3 % 10° 0.0024
210 400 40 0.075 7 1.5 = 10 1.5 = 107 0.0020
215 320 32 0.095 38 1.9 = 10? 1.9 = 107 00016
220 250 25 0.120 319 25 x 10* 2.5 % 10° 0.0012
225 200 20 0150 320 295 10 2.9 % 107 00010
230 160 16 0.190 122 45 % 10° 45 % 10° 0.00067
235 130 13 0.240 123 5.6 % 10° 5.6 % 10° 0.00054
240 100 10 0300 325 6.0 104 &0 = 10° 0.00050
245 23 8.3 0360 128 6.8 104 6.8 = 10° 000044
250 70 7 0.430 330 7.3 % 10° 7.3 % 107 0.00041
254¢ a0 & 0.500 333 B0 10d 8.1 = 10} 0.00037
255 58 5.8 0.520 335 5.8 = 104 5.8 % 107 0.00034
260 46 46 0.650 340 11 10° L1 % 10% 0.00028
265 37 37 0810 345 1.3 = 10F 1.3 = 10! 0.00024
270 30 3.0 1.000 350 1.5 = 10F 1.5 = 10? 000020
275 3l 3l 0.960 355 1.9 % 10° 1.9 % 104 0.00016
280° 34 34 0.880 360 23 % 10° 2.3 % 10° 0.00013
285 39 39 0.770 365" 27 % 1P 2.7 = 1o 0.00011
290 47 4.7 0640 370 3.2 1P 32 = 104 000093
205 56 5.6 0.540 375 3.9 % 10° 3.9 x 10° 0.000077
297 65 6.5 0.460 380 4.7 = 1P 4.7 = 10 0.000064
300 100 10 0.300 385 5.7 % 10° 5.7 % 10% 0.000053
303 250 25 0.120 390 6.8 % 10° 6.8 x 10° 0.000044
305 500 50 0,060 395 83w 1P 8.3 = 10 0.000036
308 1,200 120 0026 400 1.0 = 108 1.0 = 107 0.000030

" Wavelengths chosen are representative; other values should be interpolated (see Egns. Za—c).

P Relative spectral effectiveness.

“ Emission lines of a mercury discharge spectrum.

{EL for a monochromatic source, but also limited by a dose-rate of 10 kW m™ (1 W em ™ for durations greater than 1 s as well in
order to preclude thermal effects.
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E=3 E,+S(\) - A), (1)

where:

E., =effective irradiance in pW cm ™ (uJ s~

em %) or Wm™ (J s~' m™%) normalized to a
monochromatic source at 270 nm;
E, = spectral irradiance from measurements in uW
em 2nm ' or Wm 2 nm L
S(A) =relative spectral effectiveness (unitless); and
A =bandwidth in nanometers of the calculation or

measurement intervals.



Duration of exposure

Effective irradiance

per day Ez (W m™) E gz (W cm™)
8 h 0.001 0.1
4 h 0.002 0.2
2h 0.004 0.4
1 h 0.008 0.8
30 min 0.017 1.7
15 mjin 0.033 3.3
10 min 0.05 5
5 min 0.1 10
1 min 0.5 50
30 s 1.0 100
10 s 3.0 300
ls 30 3,000
0.5s 60 6,000
0.1s 300 30,000
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For protection of the retina against photoretinitis, t
exposure limit is an effective blue-light integrated ra
ance Lg - ¢ of 1.0 MY m~2 sr™ !, for r < 10,000
(approx. 2.8 h), where B(A) is the blue-light hazs
function, i.e., :

700 .
Ly+t= 2 Ly-B(A)-t-AAX

300 .
= 1.0 MJ¥ m~? sr™! (effective) (
or
700
Lg-t= 2, Ly-B(A)-t-AX
300 -

= 100 J cm™ 2 sr ! (effective),
and for ¢ > 10,000 s (approx. 2.8 h): '
Lp= 100 Wm~—2 sr! (effective) (
or -
Lp= 10 mW cm™2 sr ' (effective).
The maximum direct viewing duration (maxim
“gtare time’™), f,ax 15 found by rearranging eqn (6):

Foax = (1.0 MJI m % st ) /Lg |

fmax = (100 J cm ™2 st ')/ Ls.



The exposure limit for hazardous radiance 18 termed
L., and is a function of the angular subtense o (in
radians) of the source (the mean light-source dimension
D, divided by the viewing distance r) and the ¢xposure
duration t (in seconds) for the condition 10 ps = =
10 s:

Lz = 50 a - P)(inkWm 2sr)  (4)
or

Lier = 5/a - P5)(in W em™ s).
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INTRODUCTION

Smice tHE publication of the ICNIRP Guidelines on Limits
of Exposure to Laser Radiation of Wavelengths between
180 nm and 1,000 pm (1996), recent research has made
it appropriate to update the laser retinal protection
guidelines for ultrashort (sub-nanosecond) pulse dura-
tions and for continuous-wave (CW) exposures lasting
10 s or longer. These revisions are limited to the retinal
hazard spectral region (400 nin to 1,400 nm). No changes
in the limits are recommended for any exposure duration
between 1 nanosecond (ns) and 10 s for infrabeam
viewing (nor to 0.7 s for viewing extended sources).
Studies of laser-induced retinal injury from mode-
locked laser pulses have been carried out for more than
two decades (Goldman et al 1977V however until

Inconsistencies had been discovered in CW laser
exposure limits (ELs) when these limits were applied to
intentional viewing of light emitting diodes (LEDs) and
diode lasers. Consequently, the Commission also re-
quested the ophthalmic biophysics task group to study
the validity of the current guidelines for CW exposures.
Prior to the extension of the scope of some laser safety
standards to apply to LEDs, general guidance in all laser
safety standards was never to view a laser beam directly
(intrabeam viewing) and serious efforts to derive accu-
rate ELs for durations exceeding ~10 s did not occur.
Indeed. the previous effort had been to simplify the
expression, combining both thermal and photochemical
damace mechaniams This annraach necescitated verv



Exposure duration Exposure limit EL

Exposure limit EL

Wavelength A (nm) t(s) (Jfem?® or W/em?) (J/m?* or W/m?) Restrictions

Ultraviolet

Dual limits for 180—600 nm ultraviolet laser exposures at t = I ns:

Photochemical

180 to 302 1 nsto 30 ks 3 mlem? 30 NVm? Aperture sizes:

303 1 ns to 30 ks 4 mJ/em? 40 Jm? 1 mm for t << 0.3 s

304 1 ns to 30 ks 6 ml/em? 60 J/im? 1.5 375 mm for

305 1 nsto30ks 10 mlfem? 100 Im? 03s=1¢<10s

306 1 nsto30 ks 16 mlfcm?® 160 J/m? 35 mm for t = 10 s

307 1 ns to 30 ks 25 mJ/cm? 250 J/im?

308 1 ns to 30 ks 40 mlem? 400 Jm?

309 1 nsto30 ks 63 mlfcm? 630 Jm?

310 1 ns to 30 ks 0.1 Jem? 1.0 kl/m®

311 1 nsto30 ks 0.16 Jem? 1.6 kl/im?

312 1 nsto30ks 0.25 Jem? 2.5 kI¥m

313 1 ns to 30 ks 0.40 Jom? 4 kl/im?

314 1 nsto30 ks 0.63 Jem? 6.3 kl/m?

315 to 400 105 to 30 ks 1.0 Jem? 10 kI/m?

Thermal

180 to 400 Instol10s 0.56¢%2 J/cm? 5.6 kJ/im?

WVisible

400 to TO0 100 fs to 10 ps 0.015 Cg plem? 0.15 Cg mI/m?

400 to 700 10ps w1 ns 2.7 Cg 1°7% Jem?® 27 Cg 1™ KI/m?

400 to 700 1nsto 18 s 0.5 Cp plfem? 5 Cp ml/im?

400 to 700 18 usto 10s 1.8Cg 1975 mJfem? 18Cy 1975 Jim?

Dual limits for 400—-600 nm visible laser exposures at t = 10 § {all for 7-mm limiting
aperture)

Photochemical®

400 to 600 10sto 100s 10 €y mlem? 100 Gy Vm? for e << 11 mrad {(y = 11
mrad?®)

400 to 600 100 s to 30 ks 0.1 Cg mW/cm? 1 Cy Wim? for e < 11 mrad

400 to 600 100 s to 10 ks 0.1 Cg mW/cm? 1 Cg W/m? for e = 11 mrad (v = 1.1
3 mrad)

400 to 600 10 ks to 30 ks 10 Cg mWicm?® sr) 100 Cg W/(m? sr) (See Note®)

Thermal® (all for 7-mm limiting
aperture)

400 to 700 10s to 30 ks 1.0 mW/cm? 10 W/m? for e < 1.5 mrad

400 to 700 W0stoTys 1.8 Cg 1% ml/em? 18 Cg °7 Jm? for e = 1.5 mrad

400 to 700 T,sto30ks 1.8 &g 7,792 mW/em?®

18 Cp T,70%5 Wim?

for e = 1.5 mrad



Near Infrared, IR-A

700 to 1,050 100fsto 10 ps 0.015 C, C; pllem? 0.15C, C;mlim* 7 mm limiting aperture
700 to 1,050 10pstolns 27C, Cg *T pllem? 27 C, Ce 7 mlim?
700 to 1,050 I nstol8 ps 0.5 C, G pllem? 5C, Cg mlim?
700 o 1,050 18 psto 10 1.8 C, C. £75 mfem? 18 C, Cy 75 Jim?
1,051 to 1,400 100 fs to 10 ps 0.15 C,. Cp pliem? 1.5 Cc G ml/m?
1,051 to 1,400 10pstol ns 27 C. C; 7 Jew? 270 C. Cp 7 klim?
1,051 to 1,400 I ns t0 50 s 5 Ce Cp pllem? 50 Cp. Cy m/m?
1,051 to 1,400 50 psto 10 9.0 C,. Cg M mllem? 90 Ce. Cy P75 Jm?
700 to 1,400 10sto30ks 1.0 C, Co mW/em? 10 C, C. Wim? for & < 1.5 mrad
700 to 1,400 10stoTys 1.8 Cy Co G PP mllem* 18 C, Cp G 1" Jim*  for @ > 1.5 mrad
700 to 1,400 T,st030ks 18 C, C. Cy T, 0% 18 C, C. C; for & > 1.5 mrad

mW/cm? 1,702 Wim?

NTE® 100 mW/cm?

Far Infrared
1.400 to 1,500 nm Instol ms 0.1 Jem? 1 kl/m? Aperture sizes:
1,400 to 1,500 nm Imstol0s 0.561%= Jicm? 5.619% klim? I mmfort<03s
1,500 to 1,800 nm Instol0s 1.0 Jem? 10 kl/m? 1.5 A7 mm for
1.801 to 2,600 nm Instol ms 0.1 Jem? 1 klim? D3s<t<I0s
1,801 to 2,600 nm Imstol0s 0.561%3 J/cm? 5.6 kJ/m?
2,601 nm to 1 mm 1 ns to 100 ns 10 mJfem? 100 J/m? 35mmfort=10s
2,601 nm to 1 mm 100nsto 10s 0.56t%5 Jicm? 56195 kIim?
1,400 nm to 1 mm 10st030ks 100 mW/icm? 1 kW/m?




Exposure Exposure limit EL Exposure limit EL

Wavelength A (nm) duration t (s) (Jfem?® or W/cm?) (J/m? or W/m?) Restrictions
Ultraviolet
180 to 400 1 ns to 30 ks Same as Eye EL

Visible and IR-A

400 nm to 1,400 nm 1 ns to 100 ns 20 C, mlfem? 200 C, Nm? 3.5 mm limiting aperture
400 nm to 1,400 nm 100 ns to 10 s 1.1 Cy 1°2% Jjem? 11 Cy t"F kl/m?

400 nm to 1,400 nm 10 s to 30 ks 0.2 C, Wiem? 2 C, kW/m?

Far infrared

1,400 nm to 1 mm 1 ns to 30 ks Same as Eye EL for 1,400 nm to I mm 3.5 mm limiting aperture

¢ Notes for all EL tables: Angles: All values of & and -y in milliradians (mrad). Wavelength: All values of wavelength (2) in nanometers
(nm). Time: All values of rin s; 1 ks = 1,000 s, and 30 ks = 8 h.

1. Spectral Correction Factors: C; = 1 for A = 400 to 700 nm; C; = 100027001 1f A = 700 — 1,050 nm; C, = 5.01f A = 1,051-1.400
mm; Cp = 1 for 400 nm < A = 450 nm; Cp = 10%24 79 3 A = 400-700 nm; T, = 10[10® 15985 - for 1.5 mrad < o <= 100 mrad;
T, =10s for e << 1.5 mrad and T, = 100 s if « = 100 mrad; C. = 1 for A = 1,150; C, = 10001811150 for 1 150 < A < 1,200;
Ce = & for 1,200 = A < 1.400.

2. Angular subtense « of a source and limiting cone angle measuring field-of-view . e, 15 1.5 mrad for all thermal retinal hazard
exposure limits. v = 11 mrad for t = 100 s, ¥y = 1.1 % nwad for 100 s < ¢ < 10,000 s, and v = 110 mrad for r = 10*s. T, =
10[10=—15%85] such that T3 = 10 s for a < 1.5 mrad and 100 s if o = 100 mrad.

3. Extended Source ELs: For extended-source viewing of laser radiation (e.g., diffuse reflection) between 400 nm and 1.400 nm, the
thermal ELs include the correction factor Cr provided that the angular subtense of the source (measured at the viewer’s eye) 15 greater
than ce,,;,, where a,,;, 15

e = 1.5 mrad for all thermal limits
Cg = 1.0 for ¢ < otpin
Cr = /0y for ey, = o << 100 mrad.

Cr= a0y X @y.) for & = 100 mrad where a,, = 100 mrad.

The angle of 100 mrad may also be referred to as a,,,, at which point the extended source limits can be expressed as a constant
radiance using the last equation written in terms of o,
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Fig. 6. Current ICNIRP exposure limit (EL) guidelines for TR-A
and IR-B skin exposure are defined for exposure durations for up
to 10 s. The function for the EL has been extended in the plot to
exposure durations beyond 10 s for comparison with the change in
slope of pain thresholds (top two curves) as adopted from the
standard DIN 33403 (2001).
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Fig. 1. Differences between diode lasers and LEDs. The beam
spread is generally smaller for a laser (top) and it is clearly smaller
than that for an LED. The source size of the LED (bottom, right)
is much larger than that of a laser diode (top, right) as shown in the
magnified near-field photographic images. In addition, the spectral
bandwidth of laser diodes is far nartower than for any LED (not

shown here).



























