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PREFACE

This Standard was prepared by the Standards Australia Committee SF-019, Safety of Laser Products.

It is identical with and has been reproduced from the European IEC TR 60825-9:1999, Safety of laser
products—Part 9: Compilation of maximum permissible exposure to incoherent optical radiation.

As this Standard is reproduced from an International Standard, the following applies.

(@) Its number appears on the cover and title page while the International Standard number appears
only on the cover.

(b) Inthesource text, ‘thistechnical report’ should read ‘this Australian/New Zealand Standard’.
(c) A full point substitutes for a comma when referring to a decimal marker.

References to international Standards should be replaced by references equivalent to Australian or
Australian/New Zealand Standards, as follows:

Reference to International Standard or other Australian/New Zealand publication
publication

IEC ASINZS

60050 International Electrotechnical —

Vocabulary (IEV)
60050(845) Chapter 845: Lighting —

60825 Safety of laser products 2211 Safety of laser products

60825-1 Part 1: Equipment classification, 22111 Part 1: Equipment classification,
requirements and user’s guide requirements and user’s guide

1SO AS1SO

1000 Sl units and recommendations for 1000 The international system of units
the use of their multiples and of (SI) and its application

certain other units

11145 Optics and optical instruments— —
Lasers and laser-related
equipment—V ocabulary and
symbols

ISO/IEC —

Guide 51 Safety aspects—Guidelines for —
their inclusion in standards
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AUSTRALIAN/NEW ZEALAND STANDARD

Safety of laser products
Part 9:

Compilation of maximum permissible exposure to incoherent
optical radiation

1 Scope and Object

This Technical Report reconciles current Maximum Permissible Exposure
(MPE) values for the exposure of the human eye and skin to incoherent
optical radiation from artificial sources in the wavelength range from
180 nm to 3000 nm with the ultimate goal of harmonisation. Exposure
limits between 3000 nm and 1 mm wavelength are currently undefined.

These values are based on the best available information from experimental
studies and should be used only as guides in the control of exposure to
radiation from artificial sources and should not be regarded as a precise
line between safe and dangerous levels.

NOTE The vaues of this report are applicable to most individuals, however, some
individuals may be hypersusceptible or otherwise unusually responsive to optical radiation
because of genetic factors, age, personal habits (smoking, alcohol, or other drugs), medication,
or previous exposures. Such individuals may not be adequately protected from adverse health
effects from exposure to optical radiation at or below the maximum permissible exposure
values of this report. Medical advise should be sought to evaluate the extent to which
additional protection is needed.

These values were mainly developed for exposure to artificial sources.
They may also be used for the evaluation of exposure to sunlight.

The MPE values should not be applicable to exposure of patients to optical
radiation for the purpose of medical treatment.

Maximum permissible exposure values for the exposure to radiation from
laser sources are defined in [EC 60825-1.

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

NOTE4 Exposuresto levels at the MPE vaues given may be uncomfortable to view or feel
upon the skin.

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

1.1 The object of this technical report is to provide guidance for the
protection of persons from incoherent optical radiation in the wavelength
range from 180 nm to 1 mm by indicating safe levels of optical radiation
which are believed to be safe for most individuals in the sense that
exposure at or below these levels will create no adverse effects. Because
only limited knowledge exists about the effects of a long-term exposure,
most MPEs are based on acute effects of the optical radiation exposure
during an eigth hours work day.

1.2 To provide procedures and methods how the level of optical radiation
should be measured and evaluated for the purpose of comparison with the
maximum permissible exposure.

2 Reference documents

IEC 60050(845):1987, International Electrotechnical Vocabulary -
Chapter 845: Lighting

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment
classification, requirements and user’s guide
Amendment 1:1997*

SO 1000:1992, S units and recommendations for the use of their
multiples and of certain other units

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

ISO/IEC Guide 51:1997, Safety aspects — Guidelines for their inclusion in
standards
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3 Definitions

For the purposes of this report, the following definitions apply.
Basic definitions are given in [SO 1000:1992, 1SO 11145:1994 and
I[EC 60050(845):1987. Some of these definitions are repeated, as well as
some definitions from IEC 60825-1 and from ISO/IEC Guide 51.
Departures from the basic documents are intentional.

(In the following, — means “see”)

3.1

angular magnification M

angular magnification M of an optical instrument is the ratio of the —
visual angle subtended by the object with the instrument (onstr)
to the visual angle subtended at the eye by the object without the ins-
trument (teye)

v = Linstr

NOTE In technical optics the visual angle subtended without optical instruments is usually
based on a comfortable visual distance of 25 cm. In this report the minimum viewing distance
is considered to be not smaller than 10 cm.

3.2

angular subtense

visual angle o subtended by the
apparent source at the eye of an
observer (see figure 1) or at the
point of measurement (see also
maximum angular subtense and
minimum angular subtense)

Retinal image

IEC 1376/99

Figure 1 — Thedefinition of the angular
subtense o of the apparent source

Symbol: o
Sl unit; radian
3.3

aperture, aperture stop
aperture stop is an opening serving to define the area over which 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 Thisdefinition 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 accommaodation (usually > 100 mm).

3.5

blue light hazard

potential for a photochemically induced retinal injury resulting from
radiation exposure at wavelengths principally between 380 nm and 500 nm

3.6

coherence

characteristic of an electromagnetic field where there is a constant phase
relationship between two points in space and time

3.7

coherence length

distance in beam propagation direction within which a constant phase
relationship is retained

3.8

diode emitter

any semiconductor p-n junction device which can be made to produce
electromagnetic radiation by radiative recombination in the semiconductor
in the wavelength range from 180 nm to 1 mm

3.9

exposur e distance

shortest 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-
length range 780 nm to 1 mm. The infrared spectrum is divided into
three spectral bands for photobiological safety purposes: —infrared A,
—infrared B and —infrared C

3.13

infrared A (IR-A)

optical radiation for which the wavelengths fall in the spectral range
from 780 nm to 1400 nm

3.14

infrared B (IR-B)

optical radiation for which the wavelengths fall in the spectral range from
1400 nm to 3000 nm

3.15

infrared C (IR-C)

optical radiation for which the wavelengths fall in the spectral range from
3000 nmto 1 mm

3.16

intended use

the use of a product, process or service in accordance with specifications,
instructions and information 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 sources are based, up to the size of a —large
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 in its basic meaning is 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 lessthan 0,7 s.

In this report an intermediate source in its extended meaning is subtending at the retina an
angle between 11 mrad and 100 mrad, i.e. its image diameter on the retina lies between
187 pum and 1700 um. These dimensions are valid for exposure times longer than 10 s.

For exposure times between 0,7 s and 10 s the angle subtended by an intermediate source
depends on the exposure time (see table 3).

3.18

irradiance

guotient of the —radiant power dP incident on an element of a surface
devided by the area dA of that element:

E=dP/dA

Symbol: E
Sl Unit: W/ m2

3.19

lar ge sour ce

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 small compared to heat flow
in axial directions (parallel to the optical axis)

NOTE In this report a large source is subtending an angle of more than 100 mrad at the
reting, i.e. the diameter of itsimage on the retinais larger than 1700 pm.

3.20
light
—visible radiation

3.21

light emitting diode (L ED)

—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 (omax)

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

3.23

maximum permissible exposure (M PE)

value of exposure to the eye or skin which, under normal circumstances, is
not expected to result in adverse biological effects. The MPE values are
related to the wavelength of the radiation, the exposure duration, the tissue
at risk and the dimensions of the exposure site. For visible and near
infrared radiation in the range 380 nm to 1 400 nm, the angular subtense of
the source defines the size of the retinal image

3.24

measur ement aperture

circular area used for measurements of —irradiance, —radiant exposure, —
radiance and —time integrated radiance. This aperture defines the area
over which these quantities are averaged during measurements for
comparison with the MPE values

3.25

monochromatic radiation

radiation characterized by a single wavelength as a single emission line of
a low pressure gas discharge lamp. In practice, radiation of a very small
wavelength band can be described by stating a single wavelength if the
biological action spectrum does not vary significantly within this
wavelength band

3.26

optical radiation

electromagnetic radiation at wavelengths between 100 nm and 1 mm.
Ultraviolet radiation in the wavelength range below 180 nm (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 severa orders of magnitude
compared to that at the cornea.
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3.27

photometric quantities

all 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) respectively V'(A) and the maximum spectral efficacy
of radiation K, respectively K",

Kn= 683Im/W for photopic vision and

K= 1700 Im/ W for scotopic (night) vision

The names of the corresponding radiometric and photometric quantities can
be taken from table 1. The symbols are the same for both, if necessary they
may be discriminated by the subscript e (energetic) for radiometric and the
subscript v (visual) for photometric quantities.

Table 1 —Comparativelist of radiometric and photometric quantities

Radiometric quantities Symbol Photometric quantities
Name Unit Name Unit

Radiant power W P, @ |Luminous flux Im
Radiant energy J Q Quantity of light Im-s
Irradiance W/m2 E [lluminance Im/m2 = Ix
Radiant exposure Jm2 H Luminous exposure IX-s
Radiance W/(sr - m2) L Luminance Im/(sr - m2) = cd/m2
Radiant intensity W/sr I Luminous intensity Im/sr =cd
Time integrated J(sr - m2) Li Time integrated Im-s/(sr - m2)
radiance 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 L in a given direction at a given point is the quotient of the
—radiant power dP passing through that point and propagating within
the —solid angle d€2 in a direction ¢ 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 angle dQ (see
figure 2):

L= dP
~ dQ-dA-cose

D

The same definition holds for the —time integrated radiance L; if in (1) the
radiant power dP is replaced by the radiant energy dQ:

_ dQ
~ dQ- dA cose

L (2)

NOTE1 Thisdefinitionisasimplified version of IEV 845-01-34, sufficient for the purpose
of this report. In cases of doubt, the IEV definition should be followed.

NOTE 2 Radiance and time integrated radiance cannot be changed by optical instruments.
However, if the radiance is measured in a

first material with index of refraction n, and dQ

the radiance is wanted in a second material L,
with an index of refraction n,, the radiance in
the first material L; has to be multiplied by

(3
the factor (ny/np)% —=| — | . In the case of
L n,
ar (n,=1) and the eye (n,=1,336 for
aqueous and vitreous) this factor equals to
0,56. For the evauation of the MPEs the
radiance has to be used as measured in ar
because this factor is aready taken into
account in the tables of this report.

Vector normal to the surface

IEC 1377/99

Figure 2 — Definition of radiance

Symbol of radiance: L
S| Unit of radiance: W/ (m2.sr)

Symbol of timeintegrated radiance: L;
Sl Unit of timeintegrated radiance:  J/ (M2 - )
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3.30
radiant ener gy
time integral of the —radiant power P over a given duration t

Q=] P-c 3)

Symbol: Q
S| Unit: Joule (J)

331

radiant exposure

the integral of the —irradiance over a given exposure time, i.e. the ratio of the
radiant energy dQ incident on an element of a surface by the area dA of that
element:

H= dQ/dA (4)

Symbol: H
Sl Unit:  Joule per square metre (J/ m2)

3.32

radiant power (flux)

power emitted, transferred, or received in the form of radiation
(IEV 845-01-24)

Symbol: P, (D)
Sl Unit: Watt (W)

3.33

reflectance

ratio of the reflected radiant power to the incident radiant power in the
given conditions (IEV 845-04-58)

Symbol: p
Sl 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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