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Foreword
This revision of BS 4803 : 1972 has been prepared under taken of parallel work in Committee Z-136 of the American .
the direction of the Electronic Equipment Standards National Standards Institute Inc. {ANSI). The values quoted
Committee. It is not related to any publication of the in this standard are intended to be used as guides for the
International Electrotechnical Commission (IEC) but the control of exposures and they should not be regarded as
UK is taking an active part in the international discussions borderlines between safe and dangerous levels.
which may result in the publication of an international The maximum permissible exposure values of this standard
standard in due course. Because BS 4803 : 1972 was seen are not intended to be applicable to patient exposure to
to be out of date and limited in the advice that it gave, laser radiation for the purpose of medical treatment by
a revision was urgently required to meet the needs both such radiation.

of manufacturers and of users, and hence this revision

\ . \ . For the information of users of this Part, clause 3 contains
has been published in advance of an international standard. nor

L a cross-reference to clause 30 of Part 2 : 1983. Figure 1
This British Standard gives practical guidance on the also appears in Part 3 : 1983 as figure 19.

evaluation of the radiation hazards that arise from the The biological considerations included in BS 4803 : 1972
operation of laser products and systems and it completely have been revised and extended and acknowledgements are

revises and supersedes the information given in o )
BS 4803 : 1972, It is recognized that in terms of radiation made to the University of London I.nstltute of
Ophthaimology for the use of drawings reproduced as

safety itisi ible t d ducts and syst - \
ety it is impossible to regard laser products and systems figures 4, 5 and 6 of this Part. Acknowledgements are also

as a single group, since hazards will vary with such factors - .
as wavelength, power and pulse length yThis standard is made to the Central Electricity Generating Board for the
Y ) algorithms for the calculation of skin and eye hazards,

not specifically concerned with electrical hazards. .
P Y n which are reproduced as figures 2 and 3 of this Part.

This revision is published in three separate Parts: L . ‘
. L . As classification is the responsibility of the manufacturer
Part 1 prov.ldes defllnltlon‘s, algorithms and a summary (see Part 2 of this standard), there will be, in many cases,
of the medical considerations; no requirements for radiometric measurements to be
Part 2 specifies radiation safety requirements for the carried out by users.

manufacture of laser products, including the classifica- The information given in appendices A and B of this Part
tion of products, according to the maximum permissible appendix A of Part 2 : 1983 and appendices A, B and C !

:T_);]posure of eyes anc': sklnbto laser rad'tat':ré' ] Part 2 and table 1 of Part 3 : 1983 is included for general
ese requirements have been concentrated into Fart reference and guidance purposes, but should not be

to faclllta'fe clal.ms by manufacturers'that'thew produ.cts regarded as definitive or exhaustive and reference should
comply with this standard. The classification system is always be made to the definitive text of the appropriate

closely related to that being developed by the |EC; Part(s) of this standard.
Part 3 provides guidance and information for users on NOTE. It is the responsibility of users of this Part, making reference
the safe operation, maintenance and servicing of laser to another Part of this standard or to information derived therefrom,
products used in different environments. to ensure that account is taken of the current amendments.
NOTE. Although the three Parts of this standard are available WARNING NOTE. Compliance with the requirements
separately it is strongly recommended that afl users of this standard of this standard in no way absolves the user of this standard
be In possession of all three Parts. from statutory obligations relating to health and safety at
The recommendations for maximum permissible exposure any stage of the manufacture or use of laser products and
levels are based on the most recent and reliable available systems.
scientific data on threshold levels for retinal, corneal and Compliance with a British Standard does not of itself 7
skin damage. In drafting this standard, cognizance has been confer immunity from legal obligations. ' ‘
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British Standard

Radiation safety of laser products and systems

Part 1. General

0. Introduction

In general terms, a laser is a device that produces an intense
monochromatic beam of non-ionizing radiation. Normally
this beam is almost parallel {low angular divergence).

The output from a laser is either in the form of a continuous
beam (often referred to as continuous wave or CW), or as a
single pulse or a series of pulses (often referred to as
pulsed). In pulsed lasers, the pulse duration may vary

from 0.25 s to 1072 s or less. The wavelength(s) of the
emitted radiation is generally determined by the chemical
composition of the substance (lasing medium) that is being
stimulated and is characteristic of the substance. The normal
laws of optics apply to laser beams, so they may be,

for example, reflected or diffracted.

When describing a laser, it is normal to refer to the lasing
medium, the power (watts) or energy (joules) of the device
and the emission duration; for example, a carbon dioxide
500 W continuous wave laser.

The potential biological hazard depends on a number of
factors, including the wavelength, the power or energy of
the beam and the emission duration. The eye is the main
organ at risk, since if a visible or near infra-red beam enters
the eye it may be focused on the retina to a spot whose
diameter is between 10 ym and 200 pm. As a result of

this focusing, the energy density is raised by a factor of

up to 5 X 10%, If the irradiance of the laser is high enough,
skin damage can also result from exposure to the beam,

or its specular reflections. It should also be remembered
that most lasers operate from an electrical supply and so
there is usually a potential electrical hazard associated
with the use of lasers, Additionally, some lasers use
cryogenic cooling agents and these may also present a
hazard unless handled correctly using the appropriate
protective equipment (see section seven of Part 3 : 1983
of this standard).

A laser product may consist of a single laser with or
without a separate power supply or may incorporate one or
more lasers in a complex optical, electrical or mechanical
system. Typically, laser products are used for demonstration
of physical and optical properties and material processing,
data reading and storage, transmission and display of
information, etc. Such products have found use in
industry, business, entertainment, research, education

and medicine.

'

1. Scope

This Part of BS 4803 is applicable to laser radiation from
laser products and laser systems (see 2.30 and 2.33);

it provides definitions and it includes algorithms for the
determination of maximum permissible exposure levels.

e is the base of natural logarithms and has the value 2,718,

Laser systems that are supplied to other manufacturers
for use as components of any equipment are not subject
to this standard, but the final laser product is itself subject
to this standard.

Potential hazards arising from collateral radiation are
outside the scope of this standard.

A summary of biological considerations is given in
appendix A, A table summarizing relevant physical
quantities and units is given in appendix B.

NOTE 1. The titles of the standards publications referred to in
this standard are listed on the inside back cover.

NOTE 2. References to Part 2 and Part 3 in this Part relate to
BS 4803 : Part 2 : 1983 and BS 4803 : Part 3 : 1983 respectively,

2. Definitions

For the purposes of this Part of BS 4803 the following
definitions apply, together with those in BS 4727 :
Part 4 : Group 01.

NOTE. Definitions differing from those in BS 4727 : Part 4 :
Group 01 are followed by an appropriate note.

2.1 accessible emission limit (AEL). The maximum
accessible emission level permitted for a particular class
of laser product.

2.2 administrative control. Safety measures of a
non-engineering type such as key supervision, safety training
of personnel, countdown procedures, range safety controls
and warning notices.

2.3 angular subtense. The visual angle (@) subtended by a
multiple laser source or diffuse reflection at the eye of an
observer. (See also figure 1 and 2.35.)

2.4 aperture. Any opening in the protective housing or
other enclosure of a laser product through which laser
radiation is emitted, thereby allowing human exposure
to such radiation.

2.5 aperture stop. An opening serving to define the area
over which radiation is measured.

2.6 beam divergence. For the purposes of hazard assess-
ment, the plane angle of the mean cone of rays that in

any cross section encloses 63 % of the total beam intensity.
NOTE. The diameter of the cone in any cross section is the beam
diameter at that point. For a Gaussian beam, the diameter is the
separation of points where the intensity falls to 1/e of its central
peak value®. If the beam diameters are d, and d, at points x apart
the beam divergence in radians is given by:

dz 'dl
X

2.7 beam expander. A combination of optical elements
that will increase the diameter of a laser beam.

2.8 class 1 laser product. Laser prod OB UNRERTS
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safe either because of its low power or because its engineer-
ing design is such that the MPE given in tables 3, 4 and 5 of
Part 3 cannot be exceeded.

NOTE, The most limiting MPE values given in tables 3, 4 and 5-of
Part 3 are used to define the AELs for class 1 laser products given
in table 1 of Part 2,

2.9 class 2 laser product. Laser product that emits in the
spectral region 400 nm to 700 nm and is not inherently
safe, but where eye protection is normally afforded by

the aversion responses, including the blink reflex.

NOTE 1. Class 2 laser products emit in excess of the AEL of

class 1 in the spectral region 4060 nm to 700 nm with an upper

limit of 1 mW as specified in table 2 of Part 2. For other spectral
regions the AELs are those of class 1.

NOTE 2. Accidental Viewing is not hazardous even if optical aids
are used,

2.10 class 3A laser product. Laser product that exceeds
the AELs of class 2 with an upper limit as specified in
table 3 of Part 2,

NOTE 1. Class 3A represents a relaxation of the AEL of class 2 in
the spectral region 400 nm to 700 nm.

NOTE 2, Protection for the unaided eye is afforded by the aversion
responses, including the blink reflex,

NOTE 3. Accidental viewing may be hazardous if optical aids
are used.,

2.11 class 3B laser product. Laser product emitting in
excess of the AEL for class 3A (for visible radiation) and
class 1 (for invisible radiation) but below the limits
specified for class 3B in table 4 of Part 2. Emission does
not exceed 0.5 W for continuous wave (CW) lasers
(emission duration longer than 0.25 s) and 10% J m™2
for pulsed lasers.

NOTE. Direct viewing into the laser beam may be hazardous,
but viewing by diffuse reflections will not generally be,

2.12 class 4 laser product. Laser product emitting in
excess of the AEL of class 3B.

NOTE. Class 4 laser products may produce hazardous diffuse
reflections and injuries to the skin and can also constitute a
fire hazard,
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2.13 collateral radiation. Any electromagnetic radiation,
except laser radiation, in the wavelength range 200 nm
to 1 mm emitted by a laser product.

2.14 collimated beam. A beam of light with very small
angular divergence or convergence.

2.15 continuous wave (CW). The output of a laser that is
operated in a continuous rather than pulsed mode.

NOTE. In this standard, a laser operating with a continuous output
for a duration greater than 0.25 s is regarded as a continuous wave
laser,

2.16 controlled area. An area where the occupancy and
activity of those within is subject to control and supervision
for the purpose of protection from radiation hazards.

2,17 diffuse reflection. Change of spatial distribution of
a beam of radiation when it is scattered in many directions
by a surface or medium.

NOTE 1. A perfect diffuser destroys all correlation between the
direction of the incident and emergent radiation.

NOTE 2. This definition differs from definition 401 3002 of

BS 4727,

2.18 display and demonstration laser product. Any laser
product manufactured, designed, intended or promoted for
purposes of demonstration, entertainment, advertising,
display or artistic composition.

2.19 emission duration. The temporal duration of a pulse
or of a train or series of pulses, or of continuous operation,
during which exposure to laser radiation could occur as a
result of operation, maintenance or servicing of a laser
product.

2.20 extended source viewing. The viewing condition
whereby a source of laser radiation, such as a diffuse
reflection or a laser diode array, subtends an angle at the
eye greater than the [imiting angular subtense. (See figure 1.)
NOTE. The exit aperture of a single faser should never be considered
as an extended source.

2.21 exposure time. The duration of a pulse or train or
series of pulses or of continuous emission of laser radiation
incident upon the human body.

Laser

a is the diameter (in m) of emergent laser beam
D is the diameter (in m) of laser beam at range r

r is the range (in m) from the laser to the viewer or to a diffuse target

ry is the range (in m} from the target to the viewer

o is the viewing angle (in rad) subtended by an extended source

¢ is the emergent beam divergence (in rad)

Figure 1. Extended source viewing

This figure also appears in Part 3 as figure 19.
I
TN
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2.22 fail-safe. The design feature that in the event of
failure of the system renders it non-hazardous.

2.23 fail-safe safety interlock. An interlock that in the
failure mode does not defeat the purpose of the interlock,
for example an interlock that is positively driven into the
‘off’ position as soon as a hinged cover begins to open,

or before a detachable cover is removed, and that is
positively held in the ‘off’ position until the hinged cover
is closed or the detachable cover is locked in the closed
position.

2.24 human access. Access of the whole or any part of
the human body to laser radiation.

2.25 integrated radiance. The integral of the radiance over
a given exposure time expressed as radiant energy per unit
area of a radiating surface per unit solid angle of emission
(m~2 s,

2.26 intrabeam viewing. All viewing conditions whereby
the eye is exposed to laser radiation, other than extended
source viewing.

2.27 irradiance. At a point of a surface, the radiant power
incident on an element of a surface divided by the area of
that element (W m~2),

NOTE. This definition is technically equivalent to definition

401 1210 of BS 4727,

2.28 laser. Any device that can be made to produce or
amplify electromagnetic radiation in the wavelength range
200 nm to T mm primarily by the process of stimulated
emission.

2.29 laser energy source. Any device intended for use in
conjunction with a laser to supply energy for production
of stimulated emission.

2.30 laser product. Any product or assembly of
components that constitutes, incorporates or is intended to
incorporate a laser(s) or laser system(s) and that is not
supplied by another manufacturer for use as a component
{or replacement for such component) of any product.

2.31 laser radiation. All electromagnetic radiation emitted
by a laser product or laser system in the wavelength range

200 nm to 1 mm that is produced as a result of stimulated
emission.

2.32 laser safety officer, A person who is knowledgeable
in the evaluation and control of laser hazards and has
responsibility for advising on the control of laser hazards.

2.33 laser system. A laser in combination with an
appropriate laser energy source with or without additional
incorporated components.

2.34 levelling laser product. See 2.61.

2.35 limiting angular subtense. That value of angular
subtense used to differentiate between extended source
viewing and intrabeam viewing. (See figure 10 of Part 3
and 2.3.)

NOTE. If the output beam of a laser is effectively conjugate to
a point, then it is this point that is to be regarded as the source,
rather than, for example, the exit aperture of the laser, and the

visual angle wilf then be infinitesimal and intrabeam viewing
conditions will always apply.

2.36 limiting apertures. The circular apertures over which
radiation measurements are made for comparison with the
MPEs and AELs.

2.37 maintenance. The making of those adjustments

or procedures specified in user information provided by
the manufacturer with the laser product, which are to be
performed by the user for the purpose of assuring the

'BST BSX4803: PARTXL 63 B 1b24bkd 0212208 1 WM

BS 4803 : Part 1: 1983

intended performance of the product. It does not include
operation or servicing.

2.38 maximum output, The maximum radiant power,
and where applicable, the maximum radiant energy per
pulse, of the total accessible laser radiation emitted in
any direction by a laser product over the full range of
operational capability at any time after manufacture.

2.39 maximum permissible exposure (MPE), That level

of laser radiation to which, in normal circumstances,
persons may be exposed without suffering adverse effects.
NOTE. MPE levels represent the maximum level to which the eye
or skin can be exposed without consequential injury and are related
to the wavelength of the radiation, the pulse duration or exposure
time, the tissue at risk and, for radiation in the wavelength range
400 nm to 1400 nm, the size of the retinal image. Recommendations
for MPE levels are given in section nine of Part 3. Appendix A of
Part 3 gives examples of the calculation of MPE levels,

2.40 medical laser product. Any laser product manufac-
tured, designed, intended or promoted for purposes of in
vivo diagnostic, surgical or therapeutic laser irradiation of
any part of the human body.

2.41 mode-locking. A regular mechanism or phenomenon
within the laser resonator, producing a train of very short
pulses, While this may be a deliberate feature it may also
occur spontaneously as ‘self-mode-locking’, The resulting
peak powers may be significantly greater than the mean
power,

2.42 nominal ocular hazard area (NOHA), The area within
which the beam irradiance or radiant exposure exceeds

the appropriate MPE, including the possibility of accidental
misdirection of the laser beam. If the NOHA includes the
possibility of viewing through optical aids, this is termed
the ‘extended NOHA'.

2.43 nominal ocular hazard distance (NOHD). The range
at which the beam irradiance or radiant exposure falls
below the appropriate MPE, {f the NOHD includes the
possibility of optically-aided viewing, this is termed the
‘extended NOHD’,

2.44 operation. The performance of the laser product
over the full range of its intended functions. It does not
include maintenance or service.

2.45 optical density. Logarithm to base 10 of the
reciprocal of the transmittance,

NOTE. This definition is technically equivalent to definition

401 3020 of BS 4727.

2.46 protective enclosure. A region, bounded by physical
barriers, within which a hazard from laser radiation may
exist at any designed level, but beyond which radiation
levels will at all times be less than the prescribed MPE,

2.47 protective housing. Those portions of a laser product
that are designed to prevent human access to laser radiation
in excess of the prescribed AEL.

248 pulse duration. The time interval measured between
the half-peak power points at the leading and trailing edges
of a puise.

2.49 pulsed laser. A laser that delivers its energy in the

form of a single pulse or a train of pulses, the duration of
a pulse being less than 0.25 s,

2.50 radiance. The radiant power per unit area of a
radiating surface per unit solid angle of emission
(Wm=2 s71).

NOTE. This definition is a simplified vergion of definition

401 1208 of BS 4727. ocuments
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