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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS —

Part 9: Compilation of maximum permissible exposure

to incoherent optical radiation

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organizat
all [national electrotechnical committees (IEC National Committees). The
intgrnational co-operation on all questions concerning standardization i
this
enlusted to technlcal committees; any IEC National Committee<intereste
pa

with the IEC also participate in this preparatlon The IEC collabqrates.c

for|Standardization (ISO) in accordance with conditions detesmi

2) The
intq

3)

Committees in that sense.

4) In prder to promote international unificationg
Stgndards transparently tethe maximym
divergence between thedlEC
indjcated in the latter.

5) Th

equipment dec
6) Attgntion is dra

pdtent rights. The

The |main task al committees is to prepare International
However, nittee may propose the publication of a technical
it hap ifferent kind from that which is normally publi
Interpati for'example "state of the art".

0 longer valid or useful by the maintenance team.

IEC |60825-9, which is a technical report,
cominittee 76: Optical radiation safety and laser equipment.

Internation

ommittees undertake to apply IEQ

C
ssible in their national and regional
the cbrresponding national or regional standard

0t necessarily have to be reviewed until the data the

has been prepared by IE

organi

is to promote
ronic fields. To
preparation is

zations liaising
al Organization
D organizations.

as possible, an

bublished in the
by the National

International
standards. Any
shall be clearly

bonsible for any

the subject of

Standards.
report when

ished as an

y provide are

C technical

The text of this technical report is based on the following documents:

Enquiry draft
76/171/CDV

Report on voting
76/204/RVC

Full information on the voting for the approval of this technical report can be found in

the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

This document which is purely informative is not to be regarded as an International Standard.
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SAFETY OF LASER PRODUCTS —

Part 9: Compilation of maximum permissible exposure

to incoherent optical radiation

1 Scope and Object

radis
line
NOT
indivi
beca .
or pr windividy ot be adequately protected from
effecis from expos icd iati or below the maximum permissi
valugs of this 0 jical ac ould be sought to evaluate the ext
additfonal prot@ '

The
The)

The
radi;

Max

hsure
incoherent
nge from
Exposure
fined.

Xxperimental

xposure to
b a precise

ever, some

ynusually responsive to optical radiation

S), medication,
adverse health
ple exposure
ent to which

| sources.

s to optical

ation from

lase

NOTE 1 Basic documents of this report were IEC 60825-1 (addressing lasers) and the
IRPA/ICNIRP Guidelines (addressing incoherent sources). ACGIH limits are slightly different

in wavelength ranges and in limit values.

NOTE 2 In spite of the fact that LEDs emit mainly incoherent radiation they are currently

dealt with in IEC 60825-1.
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NOTE 3 There are no damage mechanisms which are known to be different for coherent and
incoherent sources. However, in many cases the limit values in IEC 60825-1 are more
conservative than the values in this report. This is especially true in wavelength regions where
no lasers were available when IEC 60825-1 was originally developed.

NOTE 4 Exposures to levels at the MPE values given may be uncomfortable to view or feel
upon the skin.

NOTE 5 In the UV-B and UV-C spectral ranges the MPE values approach the radiant
exposures producing minimally detectable biological changes in the surface corneal cells.
Levels producing harmful effects are 2 to 3 times greater.

1.1 | The object of this technical report is to provid idance for the
protection of persons from incoherent optical radial ' e Wavelength
rande from 180 nm to 1 mm by indicating safe_| Al radiation
whigh are believed to be safe for most individ {~ he gense that
exposure at or below these levels will credte.no>adverse ‘effects. Because
only| limited knowledge exists about thee ong-term [exposure,
most MPEs are based on acute effe al radiation exposure
during an eigth hours work d

1.2 | To provide procedures a haw the level of optical radiation

shot
max

e purpose of comparigon with the

2R

IEC
Chal

IEC : ety of laser products — Part 1: Equipment
claspgific Jfequireivients and user’s guide
Ame

ational Electrotechnical Vocabulary -

ISO : units and recommendations for the use|of their
muII]ipIes and of certain other units

ISO 11145:1994,0ptics and optical instruments — Lasers and laser-
related equipment — Vocabulary and symbols

ISO/IEC Guide 51:19975Safety aspects — Guidelines for their inclusion in
standards

* There is a consolidated edition 1.1 (1998) that includes IEC 60825-1 (1993) and its amendment 1 (1997).
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3 Definitions

For the purposes of this report, the following definitions apply.

Basic definitions are given in [1SO 1000:1992, 1SO 11145:1994 and
IEC 60050(845):1987. Some of these definitions are repeated, as well as
some definitions from I[EC 60825-1 and from ISO/IEC Guide 51.

Departures from the basic documents are intentional.

In t a fallowanno maonanc foeann’”)
e IUIIUV\IIIIH, — e adalio oCv v }

3.1
angular magnification M
angular magnification M of an optical instrun pf the
visugl angle subtended by the object wi Nistrumeait, stf)

to the visual angle subtended at the e it the ins-

trument Qeye

htepded without optical instruments is usually
2 In this report the minimum viewing distance

NOTE In technical optics the visual s
based on a comfortabl L ance 0

is comsidered to be

3.2
angt
visu
app:
obsery
poin
max C
minimuky angular subtense)

1376/99

Figure 1 — The definition of the angular
subtensea of the apparent source

Symbol: «
Sl unit: radian
3.3

aperture, aperture stop
aperture stop is an opening serving to define the areavadvieh radiation
IS measured (see also measurement aperture)
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3.4

apparent source

real or virtual object (source of optical radiation) that forms the smallest
possible retinal image

NOTE This definition is used to determine the location of the apparent origin of radiation in
the wavelength range of 380 nm to 1400 nm, with the assumption of the apparent source being
located in the eye's range of accommodation (uskally0 mm).

3.5
blug light hazard

potgntial for a photochemically induced retinal
radiation exposure at wavelengths principally betw

iIng from
ahd 500 nm

3.6
coheérence
charnacteristic of an electromagnetic field ~ stant phase
relationship between two points in

3.7
coherence length

distance in beam
relationship is reta

3.8

diode emitt@
any [semicondg jaqetion device which can be made to produce
electromagnk atl radiative recombination in the semjconductor

in the wayele ange from 180 nm to 1 mm

ant phase

exposure. dis
shoftest distance from a radiation source to the nearest place of human
exposure appropriate to the application

3.10

exposure duration

the duration of a pulse, or series, or train of pulses, or of continuous
emission of radiation incident upon the human body consistent with the
application
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3.11

incoherent

radiation is considered incoherent if the coherence length is shorter
than 1 mm

3.12

infrared radiation
for practical purposes any electromagnetic radiation within the wave-
lengthTange 780 T to I . The mirared spectrony 1S diyided into
threge spectral bands for photobiological safety pumg Bifrared A,
—infrared B and- infrared C

3.13
infrgred A (IR-A)
optical radiation for which the waveleng ' e spectral range
from 780 nm to 1400 nm

3.14
infrgred B (IR-B)

optical radiation for which t
1400 nm to 3000 n

ks fall in the spectral range from

3.15
infrgred C (IR~C

optical radia wavelengths fall in the spectral range from

3000 nm to
3.16
intendedc

the pse~af 8 Jet, process or service in accordance with specifications,
instuctions~anddinformation provided by the supplier

3.17
intermediate source

basically, a source forming an image on the retina which is so large that
heat flow in radial direction (perpendicular to the optical axis) from the
centre of the image to the surrounding biological tissue is comparable to
heat flow in axial directions (parallel to the optical axis)
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By extension, an intermediate source is a source forming an image on the
retina with a size larger than the size on which the maximum permissible
exposure values for. small sourcesare based, up to the size of-darge
source This extension is needed because some eye movements are
included in the MPEs as listed in the tables of this report

NOTE In this report an intermediate source inbasic meanings subtending at the retina
an angle between 1,5 mrad and 100 mrad, i.e. its image diameter on the retina lies between
25 um and 1700 um. These dimensions are applicable for exposure times less than 0,7 s.

Jetina an
eting lies between
than 10 s.

an IRtermediate source

element of a |surface

the retina which is so large that heat flow in
ndicular to the optical axis) from the centre of the
ounding biological tissue is small compared tg heat flow

NOT report a large source is subtending an angle of more than 100 mrad at the
.ethe diameter of its image on the retina is larger than 1700 pum.

3.20
light
- visible radiation

3.21

light emitting diode (LED)

—diode emitter (The optical radiation of LEDs is produced primarily by
the process of spontaneous emission)
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3.22

maximum angular subtense(amay

value of angular subtense of the apparent source above which the source is
considered to be alarge source (see also table 3)

3.23
maximum permissible exposure (MPE)
value of exposure to the eye or skin which, under normal circumstances, is

not expected to result in adverse biological effects. ‘ values are
related to the wavelength of the radiation, the exposul ation, the tissue
at r|sk and the dimensions of the exposure Ssi el and near

subtense of

radiant exposure»
dperture defines| the area
during measurements for

sion line of
very small
ngth if the
hin this

and 1 mm.
M (called
vacuum UV) is strongly absorbed by the oxygen in the air. For the purpose
of this report the wavelength band of optical radiation is limited therefore
to wavelengths greater than 180 nm

NOTE Considering the radiation safety, the spectral range between 380 nm and 1400 nm
needs special consideration since the eye transmits radiation in this spectral range to the
retina, where due to focusing, the irradiance may be increased by several orders of magnitude
compared to that at the cornea.
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3.27
photometric quantities
radiometric quantities have corresponding photometric quantities
relating to the visual perception of light. For monochromatic radiation of a
wavelength A the photometric quantities can be calculated from the
radiometric quantities by multiplying with the relative spectral efficiency
V(A) (see annex C) respective¥(A) and the maximum spectral efficacy

of radiation K,, respectively K,

all

The
be t

may
subsg

11 -

Km

Table 1 — Comparative listaf r

Antities can
essary they
ric and the

Radiometric quantiézs\( S\Q{B \/ Photometric quantities
Name A it Name Unit
Radiant power k\/b\@ \Ws\cll\> Luminous flux Im
Radignt energ§\/ &/\J\ \Q Quantity of light Im-s
Irradipnce f W{rﬁ&\js E llluminance Im/m?2 = Ik
Radignt exp@s@ \ J H Luminous exposure Ixs
Radian}}e\\ \\\M‘(\srw) L Luminance Im/(sF m2) = cd/n®
Radiant\imeQ\s\F&y \XN/sr I Luminous intensity Im/sr = icd
Time integrate\d\ )J/(sr- m2) L; Time integrated Im-s/(sr- m2)
radiapee luminance
3.28
pulse duration

the maximum time increment measured between the half peak power points
at the leading and trailing edges of a pulse
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3.29

radiance

the radiance. in a given direction at a given point is the quotient of the
—radiant powerdP passing through that point and propagating within
the - solid angle @ in a directione divided by the product of the area
of a section of that beam on a plane perpendicular to this direction
(cose - dA) containing the given point and the solid angl& (see
figure 2):

dP
L= (1)
dQ [dALtose
The ) the
radii
(2)

NOTE 1 This definition is a simplifiec 845-01-34, sufficient for the purpose
of thig report. In cases of doub Finiti ould be followed.
NOTE 2 Radiance|a ' ethradignce cannot be changed by optical instruments.
However, if the.radianee\s

first material v@n : ded
the radiance is war

with @n index of e

the first materi

the factot

air e~ eye n{= 1,336 for
aguepus_and us) this factor equals
0,56.| For“the evaluation of the MPEs tl
radiahce-has-to be used as measured-in
because this factor is already taken irl/
account in the tables of this report.

9

Vector normalto the surface

IEC 1377/99

Figure 2 — Definition of radiance

Symbol of radiance: L
Sl Unit of radiance: W / (& sr)

Symbol of time integrated radiance;
Sl Unit of time integrated radiance: J /4nsr)


https://iecnorm.com/api/?name=febe81d3d06737bd68f76685d17685e0

TR 60825-9 © IEC:1999(E) - 13-

3.30
radiant energy
time integral of the- radiant powelP over a given duratioh

Q= I(t) Pt (3)
Symbol: Q
Sl Unit: Joule (J)

3.31
radiant exposure

the integral of the- irradiance over a given exposu
radiant energy @ incident on an element of a s
element:

atio of the
dthat

(4)

Sympol: H
S| Unit: Joule per square m

3.3
radiant power (flux
power emitted,|

(IE 845-0]@)

Sympol: P,
Sl Unit: \

eceived in the form of |radiation

3.3
reflgctane
ratiq of the ected radiant power to the incident radiant power in the

given.conditions (IEV 845-04-58)

Symbol: p
SlI Unit: 1
3.34

scanned radiation
radiation having a time-varying direction, origin or pattern of propagation
with respect to a stationary frame of reference
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3.35

small source

basically, a source forming an image on the retina which is so small that
heat can easily flow in radial direction (perpendicular to the optical axis)
from the centre of the image to the surrounding biological tissue

By extension, a source with an image size on the retina smaller than the
size on WhICh the maximum perm|SS|bIe exposure values are based. This

exter uded in the
MPEs as listed in the tables of this report (see also 3 d-3219)

NOTE In this report a small source in its basic meaning ds g angle of less
than [L,5 mrad at the retina, i.e. the diameter of its image \ ina isAeps than about
25 um. This size is applicable for exposure times less than 0

A smjall source in its extended meaning is subtend g s 11 mrad at the

reting, i.e. its diameter is less than about 187 u
longer than 10 s.

For gxposure times between 0,7 s and 10 g the
(see fable 3).

Xposure times

exposure time

The term- "point source" cannot be ix ) ees because it is prone|to confusion:
"poinl sources" may be a lot larg an what sually considered to be a "point". In this
repo i InN&’similar sense

3.36 A
solid angle

the 5 ex in the centre of

a sphere ﬁ NS is the ratio of the

aregA isNgngle of the surface of -
the 5 by the square of the radjys -
(seq fi
Q=A/r2
SymbOI Q IEC 1378/99

Sl Unit: steradian (sr) Figure 3 — Definition of solid angle

A full solid angle has # sr.
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3.37

spectral irradiance

the ratio of the- radiant power B in a wavelength intervalAdincide
an element of a surface by the area df that element and
wavelength interval At

E,= dP/(dA - dA)

ed as W /4nsr- nm)

ge over a given exposure time expl
area of a radiating surface per unit soli

ultraviolet radiation
for practical purposes, any radiation within the wavelength range from

100 nm to 400 nm. The ultraviolet spectrum is divided into thre
bands for photobiological safety purposesultraviolet A, - ultravio

nt on
by the

ion at

gh that
iyided

ection of
ining

essed as
d angle of

e spectral
let B

and - ultraviolet C. Ultraviolet radiation at wavelengths less than 180 nm

is called vacuum ultraviolet radiation

NOTE In many standards the long wavelength limit of the ultraviolet spectral range is fixed

at 380 nm.
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3.41

ultraviolet A (UV-A)

optical radiation for which the wavelengths fall in the spectral range
from 315 nm to 400 nm (see also note above)

3.42

ultraviolet B (UV-B)
optical radiation for which the wavelengths fall in the spectral range
fronZ80nmto 315 m

3.43
ultrgviolet C (UV-C)
optig
from

ral range

NOT
stron
suffic

3.44
visik
any
(IEV

NOTE
wave

3.45
Visu
the

obse
mint

uum UV) is
t is therefore

n directly

which the

see 3.2) by an object or detail at the point of
is measured in radians, milliradians, degrees or

4 Maximum permissible exposure

4.1 General remarks

Maximum permissible exposure (MPE) values are set below known hazard
levels, and are based on the best available information from experimental
studies. They @ply to exposure within any 8-hour period. The MPE values
should be used as guides in the control of exposures and should not be
regarded as precisely defined dividing lines between safe and dangerous
levels. These limit values do not apply to photosensitive individuals or to
individuals concomitantly exposed to photosensitizing agents.
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4.2

- 17 -

Measurement aperture

An appropriate aperture has to be used for all measurements and
calculations of exposure values. This is the measurement aperture and is
defined in terms of the diameter of a circular area over which the irradiance

or radiant exposure is to be averaged. Values for these apertures are shown
in table 2.

Larg

the
and
with

rradiance is uniform over the diameter of the
the sensitivity of the detector system makes

radiation pattern (i.e. contain hot spots), the ape

tablé should be used to assess the effect of

When evaluating the MPEs of the ski

havi
the

The
380

(eye

Tahle 2 — Minim

ng a response proportional to
adiation.

pupil).

ay be used if

Nt aperture
. However,

yim optical

ling to the

b detectors
cidence of

range from
er aperture

terapplicable to measuring irradignce,

Diameter of the me¢asure-
Exposure | ment aperture in the case
clause duration of an exposure of the
Eye Skin
mm mm
180 '\om to 400 nm 4.8.1 t<3s 1 1
80T —to—400Tm 481 t>3s T 7
>380 nm to 1400 nm 4.8.2.1,4.8.2]2 any 3,5
>1400 nm to 30006m 4.8.2.3 t<3s 1
>1400 nm to 300Gm 4.8.2.3 t>3s 3,5 3,5
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4.3 Pupil diameter

TR 60825-9 © IEC:1999(E)

The MPE values applicable to the eye in the wavelength range from
380 nm to 1400 nm given in 4.8.2 are based on a standard pupil diaineter

of 7 mm for times <0,5s and 3 mm for times >0,5s. Depending on the
luminance of the visual field, the diameter of the eye pupil varies between
less than 2 mm and more than 7 mm. The pupil diameter varies also from

individual to individual, with the visual task, age, etc. The f

Figu

The
140¢

(Pug
areg

re 4 shows this depen

adjustment of the MP
D nm and for ti
il diameter
of the pupil

ollowing
sured
)bject

(5)

inance.

880 nm to
jameter

pnal to the

(6)

(7)

Evpe(t ) = tvpe(d 9T

CIHC]

(8)
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9 .
Figure 4 — Dependence of
e 87 pupil diameter on the
g 7| luminance of the visual
= 6 | field according to Reeves
Q
() |
% 5
= 4 1
Bt 3
P
q 2 \\‘\
1 ‘

104102102101 10° 10* 102 10° 104 10°
Ambient luminance in cd/m?

NOTE illumination
cond t@e to-evaluate the radiation safety for
arn

4.4

Sing ] e criteria,
caufion must bel us tr (aluation of exposure to repetitively pulsed
radiation. 2 X y used sources are emitting ¢ontinuous
radiation. H e output is
repetiti following

metl

For the most

restri

The| MPE for "wavelengths >380 nm is determined by using|the most
restrictive of requirements b) and c)

a) The radiant exposurkg, (respectively time integrated radiantgy)
from any single pulse of a duratidnwithin a pulse train should not
exceed the MPH\\pe (Lpypp) for a single pulse of the duratidn

Hsp< Huvpe(t) 9)
respectively

1see e.g. P. Reeves, JO&/35-43 (1920)
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Lsp< Lmpe(t) (10)
The time averaged irradianég, (respectively radianck) for a pulse
train of durationT should not exceed the MPEypg (respectively
Lvpe) for a single pulse of duratioh

Em< Empe(T) (11)
respectively

tm=tmpPe(h) (12)
The average irradiandg,, (respectively radiancg osure

(@]
c
-
Q
=
o
5
_|
3
Q
<
(on
)
o
L
9]
=
Q
—
9]
o
o
<
—
>
)
—_—
=
o
=
-]
{@.
—
)

(13)

=

espectively
(14)
psure of

Vhere N is the total
urationT.

O <

The radiant e Itgy)
ffom any sing Ild not
gxceed ation
multiplie only
3
Hsp< Hupe(®) - Cs (15)
r
Lsp< Lmpe(t) - Cs (16)
v
L’5 = N-1/4
N = total number of pulses expected in an exposure.
These two equations are equivalent to the following equations:
H H
P P mVicq (17)

Hmpe(t) [T Hupe(t)
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respectively

Lype(® 5 Lype(t)

(18)

Where a pulse train consists of pulses of different duratjoor

=

In s¢

the

usin[rg
contin

4.5
The

N =

18) replace equatlons (15) and (16)

H Hspi D4

Hvpe(ti)d

2 Ni

espectively

Angular subtense of the source

dlfferent smgle pulse radlant exposurlelsp, (respectlvely time

(19)

(20)

sure.

)elow
peak power
the MPE for

n £ [ Y [ | s £ Ll b H
concept o a TMitmg=anguiar suptense of theapparent—source IS

used in the wavelength range from 380 nm to 1400 nm where the radiation

can be focused by the refractive parts of the eye onto the retina.

Two limiting angular subtenses are used

the angle

determining the limit between. small sources and- intermediate sources

(the minimum angular subtensg,j,) and the angle determining the limit
between intermediate sources andarge sources (the maximum angular
subtense yay)-
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Below the minimum angular subtens®.{,) MPEs are independent of the
source size. The value af,j, depends on the exposure duratibiisee
table 3).

NOTE The dependence of the minimum angular subtense on the exposure duration is due to
the time dependence of eye movements. For times >10 s the energy will be spread over a
larger area on the retina than for times <0,7 s. This angjg is equal to 11 mrad. For very

long exposures of 1000 s and more, when task determined eye movements dominate, the angle
is more than 100 mrad.

Table 3 — Limiting angular subtense for the ¢ye

Omin = 1,5 mrad for /\X\\K\s\ >
Omin = 2t3/4 mrad for o@\s{\ \ s\
Omax= 100 mragn = /q/l\;\ad)/ M ?>

N/

Abo MPEs are independent of
the § ize. The s not'depend on the exposure time
(ses '
Betyv ing » ubtensg,i) and the maximum gngular
subt a E ingl thermal hazard depend on the squrce size.
Valy ; gnce or time integrated radiance afe inversely
propgortiona =>"size. To describe this dependence of the MPEs
ont A NZE grrection facfgris used:

for O max < a

The values for the limiting angular subtense have to be used according to
the applicable exposure duration, i@y, = 1,5 mrad for single pulses

shorter than 0,7 s, and,,j; = 11 mrad for exposures durations longer
than 10 s.
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The angular subtense of an oblong source is determined by the arithmetic
mean of the maximum and minimum angular dimensions of the source. Any

angular dimension that is greater th@p,y or less than 1,5 mrad should be
limited to ayax Or 1,5 mrad respectively, prior to determining the mean.

The angular subtense of the source is determined at the distance of expected
exposure. The closest distance at which the human eye can sharply focus is about
100 mm. At shorter distances the image of a light source would be out of focus
and [plurred. No shorter distance than 100 mm is used th re incthis report for
the getermination of the angular subtense of a source.

4.6 Time basis

Any| evaluation of compliance with the 2d on the

expected exposure duration. When Io' $ having a
lumi bXposure

to 0 than 8
hout normal extendpd exposure

condli e_ultraviolet spectral range the
irradi e 8<hour MPE.

4.7

In the follo MPE values are expressed ap radiance
(respectivel ' ed yadiance), some are expressed ap irradiance
(res

To

(see

Soul

This

dE = L [1Q (22)

For small circular sources, the following relation holds between the plane
anglea and the solid angl®:

Q= (23)
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This leads to the following relation between the irradiance and the radiance
for a given angular subtense:

=L T (24)

The equivalent relations hold between time integrated radiance and radiant
exposure.

NOTE 1 An instrument measuring radiance normally measures ver through a
‘ se relations to

the MIPEs expressed as radiance in this report, the solid &g e should be

NOTE 2 When MPEs expressed as radiance are tpo~he ~ iamce using these
relatipns, the irradiance measurement should be perforn VARG 0 onding
to at Jeast the source siagbut not larger tharofn

4.8 Maximum permissible e

4.8.1 Ultraviolet spectral range

In the spectral irradiance
Eeff respecy lculated
using the ollowyi
= 5 E,(A)BA (25)
180nm
re
400nm
Heﬁ' — Z H)\(’A‘) E(A )‘—""A‘ (26)
180nm

where E, (A) is the spectral irradianceil, (A) is the spectral radiant

exposure,S(A) is the relative spectral effectiveness (see annex B and
figure 5), andAA is the spectral bandwidth.
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10°
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103 ®>

Relative spectral effegtiveness S(A)

400

IEC 1380/99
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Table 4 — Maximum Permissible The  maximum  permissible
Exposure to UV radiation effective radiant exposund is
given by
Duration of Maximum permissible H — 2 27
exposure effective eff = 30 J/m (27)
per day irradiance Eex ] o _
2 For a given effective irradiance
W/m .. .
pr v the permissible exposure time
[ ]] U,UUL v '
4n 0,002 sure to
2h 0,004 incident
1h 0,008 eye is
30 min 0,017
15 min 0,033
10 min 0,05
5 min 0,1 (28)
30s 1
10's 3 |
1s \ y also
0,5s 0 0 € which
01s 30 previdés maximum permissible

fective irradiance for g given
Xposure duration per day.

4.8.1. nm and 400 nm
The ' l@p e-totalfadiant exposure within an 8-hour period
in th ) .5’nm to 400 nm is

(29)
m

NOTE (n'the wavelength range from 315 nm to 400 nm ACGIH extends tha/iH
radignt{exposure limit to 1000 s only and specifies for longer times a linit value of
10 WImZz.

4.8.2 Visible and infrared spectral ranges

The following three hazard functions should be evaluated: Ragnal
Thermal Hazard the Retinal Blue-Light Photochemical Hazamhd the
Infrared Radiation Hazardo the cornea and the lens. The most restrictive
one of these determines the risk caused by the source.
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The maximum permissible exposure values of 4.8.2.1 and 4.8.2.2 are
averaged over the standard pupil diameter of 4.3.

4.8.2.1 Retinal Thermal Hazard (380 nm to 1400 nm)

To determine the effective radiant@ry of a source for the wavelength
range from 380 nm to 1400 nm, the following weighting formula should be
used:

1400nm
Lrrh = D LA(MOR(A)IAA (30)
380nm

where L) (A) is the spectral radiancd(A) is t hazard
fungtion (see annex A and figure 6), and i : th.

To protect the human retina from ther * ermissible
effective radiancé.rry for expesure qui

10s «

(31)

(32)

(33)

wheret is the

i posure duration in seconds &hds the correction (factor
accordingto 4.5

in radian.



https://iecnorm.com/api/?name=febe81d3d06737bd68f76685d17685e0

- 28— TR 60825-9 © IEC:1999(E)

I\ ~._

I\ RM) ([

N
B(\)

(AN

N\
- x§>

10
f\
S<
L
S & 1
o
c 2
g7
¥t o1
N ©
¢ o
3T
i
D 001
3 &
oh
0,001
300

C

600 M 1000 1200 1400
length / nm

IEC |1381/99

ard functionR(A) and
rd function B(A)

The adiance determined using these| functions
for gmi 5 'shown for wavelengths between 1050 nm
and
For aving an angular subteasgreater than 0,1 rad these
equati ;
W
Lery = 2800 —— (34)
18 lJ.SS t< 10s LRTH = 5?/-(4)5 \é\/ (35)
t m* [$r
412 W
t < 18 us LRTH = 09 > (36)
t>Y m* L$r

wheret is the exposure duration in seconds.
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2

Maximum permissible fadiandte/ W/(m" sr)

\\ Retinal Thermal Hazards
\ 050 nm - 1150 hm

TO*® \\ N

10° \ \ I‘RTI--I for amin (\

D% JOr Oy

\ % //n

\\LR TQ\T am’x

- 10@00 o' 102 10° 10* 105
ation/ s

IEC 138p/99

um permissible radiants
spectivelyamay for the wavelength

/
/
J

[EEN
o
=

rRTH

H
o
)

[EEN
(@)
a

For ith-s ak visual stimulus inadequate to activate the
avel 9 lve infrared radiangeis determined|using

the ‘ veak visual stimulus is defined hereip as one
who pnance averaged over a circular field-of-view

subtend ad Is less than 10 &J¥/m
1400nm
LR = Z L) (A)R(A)AA (37)
780nm

where R(A) is the retinal thermal hazard weighting function (see annex A
and figure 6) and. 5 (A) is the spectral radiance of the source.
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To protect the human retina from thermal injury the maximum permissible
effective infrared radiandag should be for:

t> 10s L|R=

(38)

whereC, is the correction factor according to 4.5 in radian.

Thig function is shown foran, respectively dmax engths
between 1050 nm and 1150 nm in figure 7.
For pxposure durations shorter than 10 s equati 3) apply.
4.8. ) Nm)
To d owing
weig
(39)
whe p-light
hazard Wei@
To | g maximum
pern
_me w
whefetis’the exposure duration in seconds and for
B W
t>10000s Le = 100 . (41)

NOTE For exposure durations shorter than 10 s, the limit value for the retinal thermal lhagasd
usually smaller than the limit value for the blue-light hazard.
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When (32) is not satisfied, the maximum direct viewing duratigp is
given by:

110P 2‘]
Imax = Lm S (42)
B
To >, the
following weighting formula should be used:
700nm
Esg = > E\(NOB(A)IAA (43)
300nm
whe 2-light
hazard weighting function (see Annex A
To sources
subt pffective
blue
(44)
(45)
whe
To ralculate the maximum direct viewing duration when (44) is not
satisfied, this timé., iS given by:

tmax = m (46)
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4.8.2.3 Infrared Radiation Hazard for cornea and lens
(780 nm to 3000 nm)

To avoid a thermal hazard to the cornea and possible delayed effects upon
the lens of the eye (cataractogenesis), in the spectral range between 780 nm
and 3000 nm the total irradian&g should be limited for

t 21000s Eir = 100 ﬂ7 (47)
m
181d w
t <1000 s Er = (48)
t3/4 m2

wheret is the exposure duration

D °C
b used for

In cpld environments, these
and (300 W/ at 10 °C for app
radiant heating.

The[maximum pe » averaged
ovel ter of the
mea

4.8.] ‘e

The rmissible

exp(
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4.9 Maximum permissible exposure of the skin
4.9.1 Ultraviolet spectral range (180 nm to 400 nm)

In the spectral range between 180 nm and 400 nm the effective irradiance
Eeff respectively radiant xposure Hgg Of a source has to be calculated

using the éllowing weighting formula:

Eor=— > EA} IS0 (49)
180nm
respectively
400nm
> Hy(A)B(A ) (50)
180nm
where E) (A) is the spectral irradiancel adiant
exp( ex B and
figur
The
(51)
For ds, for
expd determined
by:
(52)
The S exposure
time
4.9.2
To | between

380 nm and 3000 nm the maximum permissible radiant expaddufer
exposure durationis< 10 s is given by:

H= 210" t"* J/nf (53)

wheret is the exposure duration in seconds. This limit will prevent thermal
skin burns.
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No limit is provided for exposure durations longer than 10 s because
normal avoidance behavior will impose limits on the duration of exposure.
Limit values for much longer exposure durations are dominated by
concerns of heat stress.

4.10 Photometric quantities

For some radiation sources the emission is characterised by photometric
guantities (usually for photopiC vision). [T thé emiSSio ssentially
monochromatic, the corresponding radiometric quaf pe calcul-
ated efficiency
V(A) D(see

3.27 he spectral
distr

5 M

5.1

Mea

5.1.
fore

A’ access is expected undel reasonably
etermined by a risk assessment.

Whe e of the eye, in the wavelength fange from
380 | : imum distance of the measurement aperture from
the ¢ \ outd correspond to the minimum distance|of intended

N subtense
urce.

] and so
n by the
easurement

5.1.3 For the evaluation dfrry and ofL g in the case of apparent sources
subtending an angle greater tharmyiy , @ circular measurement aperture
having a diameter of 7 mm (see also 4.2 and 4.3) and an effective angle of
acceptance equal tomjn should be used for evaluating ocular MPEs. In
order to detect hot spots, the source should be scanned.
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5.1.4 For the evaluation dfrty and ofL g in the case of apparent sources
subtending an angle less thana,,, a circular measurement aperture
having a diameter of 7 mm and an effective angle of acceptance equal
to o, should be used for evaluating ocular MPEs.

5.1.5 The time dependence af.j, needs only to be considered where
exposure times between 0,7 s and 10 s become relevant. In most cases it
will be sufficient to evaluate a source with the following two angles of
acceptance: 1,5 mrad and 11 mrad.

5.1.6 angle of
acce most
restr| pases

it w ptance of
11n

5.1. e points or

is alli AN angular
subt +efength range from|{380 nm
to 1 ons of the retinal thermal hazard

shol pcessary to
assl s5sible angle
a su or the

who

5.1.¢
of alli

subtense
imension of
the argest dimension of the source. For calg¢ulating the
mea (\dimension should never been taken smallepthan

the ansion never larger thaf,y

5.1.9MPEs outside the wavelength range from 380 nm to 1400 nm and
those applicable for the skin should be evaluated with a detector having a
response proportional to the cosine of the angle of incidence of the
radiation.
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5.2 Measurement methods

The measurement methods described in the following are examples of
possible simple methods only. Any other equivalent method may be used.
Suitable measurement instruments with known measurement uncertainties
are to be used for these measurements.

plane anglea and the solid angl© may be

Mepsurement distance %@i}qme G The radiance
/

;v*‘ . i defintttor i Te—Htec echHradtance ean be

measurement set-up. For small circ

source Is calq

The

from the -r3
power P p3
through the me
ment aperture hi
surface area\ an
solid angleQ:

of accep.E ,

Detector

IEC 1383/99 =)
L= —

ement conditions for Q

of (time integrated) radiance

time'integrated radiandtg is measured in the same way; how

Ssing

ata
determines
aged. This

2 of

) between a

pf the
culated
diant
ssing
pasure-
Aving a
d the

(54)

ever, the

me

surement of the aptical powRris replaced by a measuremer

it of the

radiant energy.

Li:i
QLA

(55)
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5.2.2 Measurement of the dimensions of the apparent source
5.2.2.1 Bare sources

In many cases, the physical dimensions of the radiating source are known.
In these cases the dimensions of the apparent source are equal to the
dimensions of the source.

Where the dimensions of the source are not known and the source is not

accessible for measurements, the source has to be imaged by €/g. a lens. As
an gxample, such a method is given in figure 9. The al léngth
should have a diameter sufficient to intercept the emitted by
the source. Where this is not possible, the minj  lens
is given by the following relation:
(56)
whe plane of the) lens|from the
soul
d
J
<
iShmkse al length / Image distance b -
Figure 9 — Determination of the angular subtense of the source
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If b is the distance of the image from the (second principal plane of the)
lens, then the diametdrof the source is given by the relation

d=d &
b

(57)

whered’ is the image diameter in the image plane. For the determination of
d” the methods of 5.2.2.3 and 5.2.2.4 should be used.

5.2.

If th
(e.g

focal length of the optical element and the pos
e optical element are usually not know

of th
to fi
The
radi
and

The

whe
disté
lens

gua
be
the
mea

es. Dete
f and for s@

2.2 Source/lens combinations

Ance betwee

ntitiesfy and

refq is the foca

e it separately since the exact |
e unknown lens would scarcely contrib

ical element

e lens, the

ipal planes

~up similar

the source.
neter of the
b.2.2.3

b

fo
isdhe
)if the two
engths
Inknown
yen not
position of
ute to the

< >

Radiator assembly (Lens of
unknown focal length f))

—

I )
Lens of mage distance b

focal length f

IEC 1385/99

Figure 10 — Determination of the angular subtense of the source
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