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FOREWORD

The first edition of thls document was issued by the Committes of Vice-
Chancellors and.Principals In 1878. A second revised edltion was issued In
1987. Sinca that date the British Standard on laser safety has. been updated
on two occasions culminating In the current issue BS EN 60825:1992, which
Is now. a 'Euronorm’, _

The CVCPs Working Group on Health & Safety considered that it was important
that the changes brought about by the new Britlsh Standard should be
incorporated in an updatad verslon of these Guidance Notes and this third
revised edition 15 the result. We are indebted to Mr T J Maseley {University

of Sheffield} for his work in praparing this handbook and we commend It to -

all universities.

We should also like to draw your attention to the continued relevance of the
vldeo entitled ‘L.asar Safety in Higher Educatlon’ which was produced by the
University of Southampton for this Committee in 1986. It aveided dstailed
mention of some of the flner points of the Britlsh Standard and concentrated
on the basic philosophy of laser safety and the main laser classification. These
have not changed and the video remalns valid today. it Is recommended that
it should be used in conjunction with the guidance given In thls booklet as

_part of the tralnlng that should be glven to all laser workers.

Professor R N Franklin _, Thomas Burgner
Vice-Chancellor : ’ T © Secratary
City University N Committee of Somh:m:nm__oa and Princlpals

October 1992
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PREFACE. .

These guidance notes are designed to assist those responsible for the use
of lasers in universities to ensure that this work is carried out in a safe manner
and in accordance with BS EN 60825:1992. '

This latest Britlsh Standard has repiaced BS 7192:1989. It is a ‘suranorm' based
upon the Intarnational Electrotechnical Commisslon’s IEC 825:1984 and [ts

Amendment 1:1990. It was accepted by the European Committee for -

Electrotechnical Standardisation (CENELEC) for adoptlon by all European
countries |n EG and EFTA by 1 March 1992. All the changes brought about
by Amendment 1 are indicated by two sldelines in the margin of the new

standard. . )

At present there are no statulory reguiations governing the use of lasers but
the most up-to-date British Standard and ‘In-house’ guidance notes, lile thess,
are the yardsticks by which the Health and Safety Executlve will judge our
compliance with the general provisions of the Health and Safety at Worle, atc
Act 1974. However, In the pipsline is the Physlical Agents Directive of the
European Community which will glve rlse to European regulations In this fleld
and it is hoped that these will essentlatly endorse the guldance glven In BS
EN 60825 withaut being tao restrictive. : , ) .

In order to warn the user of the poténtial hazard posed by a partlcular laser,
various laser classification systems have been developed and refined over the
yaars. This process Is continuing and further rafinement of BS EN 60825 can
be expected in the futurs. This booklat Is largely based ‘upon the current
requirements of BS EN 60625 and a summary of lts taser classificatlon system
ls presented in Table 1. One exceplion is the laballing requirements (Appendix
(). Here we have stood by our own spacificatlons which have always been
mors practical than those recommended by the British Standard. Thankiully
the forthcoming Amendment 2 wlll allow greatar Hexibllity with regards labeliiug
specifications and our recommendations should comply with this.

Although the’ British Standard does not recognise the concept of “Totally
Enclosed Systems’ for lasers which are Class 1 by engineering design, lne
author feels that this concept has proven value and that it [s important that
there should be a clear distinction between Class 1 lasers that are Inherently
safe because of their low power, and those Class 1 lasers that ara reliant upon

)




TABLRE 1

Claas and Description

Aeason for Classlfication

Sectlons of this
Documeant which
are applicable

Class 1
SAFE

Either {I) the oulput s s0 low
that the lasaer Is INHERENTLY

. SAFE" or

{ii) bacause the laser Is part of
a "Tolally enclosed syslern’ and
Is 'SAFE BY ENGINEERING
DESIGN".

In elther case tha relevant MPE
cannat be exceeded.

1,2,414&86

1,2, 3 4.2, 48,
47,5687

Class 2
LOW POWER

Vislbla CW &
pulsed lasers

In the case of CW lasars eye
protection Is normally affordad by
the natural averslan rasponses
including the blink reflex. Hazard

-can ba contralled by ralatively

simpte procedures,

1,2, 3,43, 48,
4T 6&T

Class aA’

LOW-MEDILM

POWER
LASERS

Class 3B*

An extanslon of Class 2, whars
protectlon Is still atforded by the
nalural avarsion responses, bul
diract Intrabeam vlewing with
opltlcal alds may be hazardous.
This tust be controllad,

As for Class 3A but there is a
slight hazard from viewing the
dlrect beam. Powar [imiled to

© SmW. NB vislble only.

1,2, 3, 4.4, 48,
47,887

. Class 3aB""

MEDIURM
POWER
LASERS

Hazard from direct beam viewing

. and from specular reflactions.

Mora detalled eontrol measuras
are necessary.

1, 2, 3, 45, 45,
47,5687

Class 4
HIGH
POWER
LASERS

Nat anily a hazard from direct viewing
and from specular reflections but

possible from diffuse refactions also, .

Thelr use requires extreme caution.

4,2, 3 45, 18,

47, 5687

HOTES:
{e] Tho boundorles of anch Clasa ore dallned by dorbved Accassibla Emisslon Limlta {AELs) end furher datafla arg ghn in

(]
]

i

{0)

Appandlx Il

Pusticular eoro s naaded 1o distinguish betweon [asars which are Clesa 1 by virue of thair low pewsr, ond those s___n_.n ore
Closa 1 because Lhoy havo booa ongingated 1o jarm a foially onclosed systam.

MPE = Maxlmyurn Parmigsibla Exposurs, which s tha iovel of loser mdintlon 16 whizh, undar narmal elrcumstances, poroona
may ba expesad withaut oulteting edvarso elfocts, (Appandix Iy, '

CW = conlinueus wave, la conlinuous emlssion of beam,

Visibin = elaciramagnatic rusladon In tha rengn of A60-70nm.

engineering foatures for theif safety. The labelling, which it is recomimended
should be adopted, will provide adequate warning of the potentlal hazard which
could exist if the engineering safeguards are- downgraded or defeatad, g
durlng maintenance, servicing and alignment pracedures which require removal
of part of the enclosure. It Is important to ensura that confusion does nol arise
with commoercial equipment which might be supplied labelled elther in
accordance with the European or soma other standard. This is but one reason
for ensuring that all the procedures detalled in these Guidance Notes are strictly
adhered to. ’ . _

You will notice that there has been considerable ratlonalisation of the opening
three sections of the Guidance notes in arder to meke them more pertinent
to laser users. The Administrative Procedures (Sectlon 2) are essentially the
same, but with the prospect of safety auditing coming to thefore,” more
smphasis:is being placed on thedutles of the Departmental Laser Supervisor
and in fact'a new appendix hag been devoted to this (Appendix V).

The guidance which |s given in Sections 1, 2 and 3 is applicable to-all classes
of lasers. Howaver, people whio only use Class 1 low power lasers or equipment
which contains Class 1 laser products such as laser printars or CD ROM players
will nol need to be troublad by this document. People who work with a Class
1 Totally Enclosad System in which they have access to the laser beam must
be Familiar with the precautions that are necessary. when working with the
higher classlfication lasaer that the system contains (See Sectlon: 4).

Class 2, Class 3A and Class 3B* togsther encompass ths largest singte group
of lasers used In universities, ie He-Na lasers with power outputs 1ess than
SmW. 3B* Is a new sub-class of 3B which is confined to visible'lasers with
loss than BmW continuous wave output but for which'there Is no power density
limitation. Essentlally thls small relatively low powered subgroup of Class 38
s treated |ike Ciass 3A for which thers is now no requiremnent for key control,
emission warning, remote interleck connactor or beam shutter/attenuator. There”
is also now no requirement to wear safety eyewear with any'of thess Classes .

of laser. Full details of the current requirements and advised treatment of these -

lasers are given in Sections 4.3 and 4.4.

For Class 38** and Class 4, Medium and High Power Lasers there have been
no changes regarding the requiroments for laser eye examinations .Ammm Section
5) and these Notes still envisage the setting-up and malntenance of Laser
Designated Areas as the fundamental step in controlling the hazard (see
Section 4.5). It is recognised however that people worklng in, .and indeed
visiting, such areas may stili be at risk and the adoption of other precautions

(see Section 3) must be taken into consideratlon.

P T



- Undergraduate work, and lecture demanstrations u i
should be restricted to lasers of Classes 1, 2, 3A and mmmafmuwﬁwwﬂqmﬁnﬁ__www__‘w.
Nevertheless, E_mB will be speclal ¢ircumstances where higher powered _mmm_.m“
can be used with the express approval of the Laser Safety Officer and the
Departmental Laser Supservlsor. Sectlon 6 is devoted to this topie.

If worle Is undertaken outdoors It is mg_o.cm__\ mora difficult to establi

Umm_mz.mﬁma. Areas, and at the same time the possibility of _sm:hwwﬂﬂ:u%wwm
becoming __._<o_c.mn increases dramatically. This is so even if the work is
::n_mnmxmn on sites owned by or under the control of the university, and is
an even greatar problem if this is not the ¢ase. Guidanse on the vammn_cqmm

which i e :
s m:m:%.w._a be followed for work with lasers out-of-doors is given in Sections

The use of lasers for purposes of entertainment or display, be i

the students’ unlon dlsco, In the eampus theatrs, or Eowm m_.mmn %:mwhwwmmwm“
and :6. __.rm for various public demonstrations, naeds yet further consideration
mm a minimum it is considered.necessary to observe the standards laid nos__m
in mmnqm:om Note PM 19 issued by the Health and Safety Executive under the
title ‘Use of Lasers For Display Purposes’. Datails of thls are given in Section 7.

i)

1. INTRODUCTION TO LASERS

1.1
1141

J-A-m ‘..y.

114

Laser Characteristics and Riological Hazards

The word faser Is an acronym for Light Amplification by tho
Stimulated Emission of Radiation. The Hight produced by a laser
has a unique comblination of spatial cohsrence (all the waves are
in 'step’ or in ‘phase'); monachromatieity (i.e. have Just one ‘colour’
or a very narrow ‘bandwldth’); and, usually, high cellimation (i.e.
‘low angular divergence’ such that the beam doas not 'spread
out’ significantly with dlstance). This combination of characterlstics
distinguishes taser radlation from all other light sources.

Lasers produce electromagnetic radiation ab wavelengths
extending from.180nm in the ultra-violet, through the vislble
{400-700nmy}, and the naar infra-red {700-1400nm), to the far Infra-
rad {1400nm-1mm). Cutputs at wavelengths shorter than the ultra-
violet, i.e. into the X-ray regton, are theorstically possible. Devices
which produce coherent electromagnetic radiation at wavelengths
beyond the infra-red have been known for many years, but are
called Masers (Microwave Amplification by the Stimufated
Emission of Aadiation), We are not congerned with these hers.

Some lasers can only be operated in a pulsed mode to produce
short bursts of cohereént radiation. The duration of an individuat
pulse can vary irom tens of femtoseconds to saveral milliseconds
with repetitian rates from a few Hz to many Mz, or as pssentially
‘single shot". devices. Other, lasers can be made to produce a
continuous output and are known as continuous wave or CW
lasers. To complicats matters, some CW lasers can have a pulss

_ output superimposed on fo their cantinuous output. The energy

output of pulsed lasaers is generally expressad in joules {(J) per
pulse; the power cutput of CW lasers in watts (W). Sometimes,
howevar, he output of pulsed lasers is expressed In tarms of ‘peal
powar' (pulse energy in joules divided by pulse duration in seconds)
for which the unit ‘watt’ Is also used, eg a 1 joule 1 nanosecond
rectangular pulse is equivalent 6_.5n watts peak power.

The actual energy or power output of the vast majority of practical
lasers can be, and often is, quite modest. Many of the helium-

neon CW lasers In common use have power outputs ranging from

several hundred microwalls to a few tens of mitliwatts. However,
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1.1.6

H:m m.wmm:m‘.dv:mgzmmm a:mc_.ﬁsﬁsmmﬂoﬂmm?m: s_me.m_w:m? in
W.m"sr"nm”) even for these lasers Is many orders of magnitude
_ greater than any other known conventional non-laser light source
w:_m Intense beam can give rise to biological hazards even *o_“
m“w%mﬂﬁ_%émﬂ. lasers, With high power lasers, the hazards are much

Harm from [zser radiatlon resulis from the absoroti

fram the incident beam by the biological tissue Ezwﬂm ,_.wh.mm_._._mmﬁmﬂ\
The m_c___q_ or otherwise of the lrradlated tissue to dissipate Sm.
heat resulting from such absorption of ensrgy will depend on many
factors. Thesé include the surface area of the irradiated site and
the total amount of energy concerned and the rata at E:_o_._. it is
absorbed. i the tissue cannot adequately deal with the dissipation
oftha mrmo&ma energy, biclagical damage will result. In practice
itls necessary to give consideration as to whether the incident
_cmma. is .OE or pulsed; its wavelength; the way in which such
radiation is transmitted, scatlered and absorbed by the materials
Eo:m_._ which it passes; the ‘area of the beam at the irradiation
site; and the power or energy density which is ancountersd there

In the case of the eye, current knowledge suggests that, for _o:@.
term exposure in excess of about 100s, photochamlcal affecls

. predominate; for shorter durations and for pulses down to 100us

,qusm_.m:..mna are most likely; whilst for pulses of a nangsecond
or less, ionisation and thermo-acoustic shock are the most likely
causes of damage.

._.:m. Narrow, almost parallel beam of coherent monochromatic
qmn,_mn_o:_ which is a characteristic.of most lasers means that, in
the'absence of absdrbers, the power delivery by the beam Qn_vmm
not diminish significantly with distance. in addition, if such a beam
is fosused by a lens down to a spot, the power densitity (W.m?) -
_....____ Um__.._._nﬂmmmma very significantly indeed. The increase which
is experienced is largely detarmined by the diameter (actually the
apsriure) of the lans {which will govern the amount of light
.oo__moa&. the focal length of the fens and the distance to the
imags. The human eye has evolved as a complex direct extension
of the brain to respond to visible light. It contains an aperture in
front of the lens — the pupll — which can have a diameter as
large as 7mm. The human lens has a focal length of 17tnm. The

' ‘gein’ of such a system for visible light may be as high as 10°

The power density at the retina arising from even low power laser

147

light incident upoh the cornea will usually be ehough to cause
a rapid risa in'temperature. If this Is high enough {usually only
a few degrees of centigrade above normal) it will denature the
proteins which make up the light sensitive elements of the eye,
This In turn can lead to irreversible damage to that part of the
eye; to general impairment of vislon; and even. to the parson
concarhed being legally ragistered as blind If the central part of
the visual field Is damaged. If the collecting power or diameter of
the lens of the aya Is effectively increased by the use of telescopes,
binoculars, etc, the damags potentlal may be evan greater.

~ Inthe above cass, the nearly parallel Beam of radiation is foctissad’

to a spot. This is one exampie, and a very important ona, which
is known as ‘intrabeam viewing”. This term |s actually applied to
all viewing conditlons whereby tha eye is exposed to laser
radiation except those cases where it is known for certaln that-
the situation gives rise to ‘extended source viewing. This
distinclion 1s made to cater far those sltuations when vlewing a
saurce such as a diffuse reflection of a laser beam or a |aser dlode
array. Under these conditions the eye may be capable of resalving
an Image of the source, and hence the energy distributlon on the
rettna would be quite different from that which would be
ancounterad by intrabsam viewing and the formatlion of spot
Images. In practice, pulsed lasers (and Indeed other factors)
complicats this refatlvely simple distinctlon and reference should
be made to one of the standard lexts for a more detailed

explanation.

Because of the ability of the eye to focus visible radiation — and
some near infra-red — on to the rettha; becauss of the possible
Irreversible natura of the injury-which might result; and because.
of the extreme Importance of vision; the eye is recognised as being
the critical organ for damage by.lasers. Indesd even for those
lasers which emit ultra-violet or infra-red radiation of wavelengths
which cannot be focussed by tha eye, the eye Is still the critical
argan owing to the damage which even these radiations can cause
to the cornea, the lens, and other anterlor structures of the eye.
tn some ways such damage can be more Insidious and the hazard
more difficult to cantral, simply because ultra-violst and infra-red
radiatlons are tolally invisjble. The slin can, of courss, also be
damaged by laser radiation of any wavelength. There is, howevst,
no focusing effect to complicate the situation, and a smalt area

P
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1.1.10

1111

11142

of damage to the skin Is ot likely to havi anywhere near the same
serious consequences as damage to the eye. Nevertheless, duo
considsration must be given under appropriate circumstancas to
providing protection for the skin, .

Dlagrams giving detalls of the assential anatomy of the eye and

of the absorption properties of the eye with regard to difierent
wavelengths are given in flgures 1 and 2. These are reproduced
by kind permisslon of the British Standards Instliute. Reference
should be made to BS EN 60825 for a more detalled exposition.

In the casa of acute damage to the eye, it Is quite likely that the

- small retinal ‘burn’ resulting from a slight overexposure wautd go

unnoticed by the person concerned, particularly I this was oulside
the central ‘fovaal' region of the reting, where vision Is most acute.
A large overexposure, especlally In the foveal region, could lead
to more immediate and extensive damage, including the possibility
of complete blindness. S

Thaugh little is known about chronic damage to the eye from long-
term expasure to lasers and other bright light sources, there is
a growing volume of evidence to suggest that this might oceur
at levels not much greater than those encountered in everyday

dife. 1t is thought that this po¥sibly comes about by virtue of
photachemical changes In the lens and in the eye's light receptors.
_The ‘premature agelng' of tha ays resulting from chronic exposure

would appear to be wavelength depsndent, and it is believed to
be significantly enhancad in the ‘blue light' region of the visible
spectrum, and in the fonger wavelength ragion o_._, the uitra-violet.

Experiments have been conducted 1o establish, under the wide
variety of expasura conditions which are possible, the thresholds
at which damage to the eye commences. Whilst thers is no doubt
whatsoever that damage 1o the eye does ocour above certaln
threshold energy |avels, tharea is still some doubt aboul the levels

" thal can be viewed without chronic photochemical damage

oceurring. The situation is complicated still further by the many
variables already mentioned in 1.1.5, which it is known have to
be taken into account in endeavouring to establish the effect from
a given Incident beam. Under these circumstances, a cautious

approach is desirable. . e

1.2

1.2

1.2.2

1.23

1.24

Protection from the Divect Hazards of
Laser Radiation : .

Maximum Permigsible Exposure Levels (MPEs), based on tha
biolagical data collacted to date and modified by sultably safaty
factors, are thass levels of laser. radlatton to which, In normal
circumnstances, persons may be exposad without suffering adverse
effects. A gulde to maximum parmissible exposure levals talen
from BS EN 60825 is glven In Appendix I.

It Is important to realise that under inirabeam viewing conditians
the levels of exposure which. should not be excesded at the
surface of the eye {the cornez), for visible radiation, are very low
indeed, for CW lasers being as low as 10°W.m? (equlvalent to
10%W for 1mm® beam) for leng vlewing perlods. For vislble
pulsed lasers, the level can be as low as 5 X 10%.m* (equivalent
to 5 x 10°J.mm? per pulse)..It Is obvlous that nearly all fasers will
glva rise to energy or power densitles. In thelr direct beam which _
are greater than the MPEs recommended for the cornea. Inmany
cases, rolelected, refracied or scatlered radiation will also exceed

these levels,

The prime purpose of any laser safety pragramme 1s o ensure
that people are not exposed to taser radlation In excess of the
MPEs. This alm is achieved In practice by the adoption of &
sultable combination of measures from three main safety
olements. These are known .as ‘sngineering controls’; -
‘administrative controls’; and ‘parsanal protective aquipment’.

Englnaering conlrols embrace all those safety featuras which are
actually built, or ‘enginaerad’, into the design of the _.mmmﬂ.m_.a its
associated plant and equipment, and which, whers nomm._c_m. do
not depend on human intervention for their safe operation. For
example whaen tha Jaser is firmly bolted down so that the beam .
cannat be accldentally knocked out of allgnment; the beam paths
are all enclosed, ar boxad-in, so that people cannat be accidentally
exposed o the beam; ‘fail-safe’ interlocks ars provided to prevent
unauthorised access to areas of potential danger; these ara all
anginsering - controls. Attentlon must always be given to tha
adoption of such contrals as a first priorlty, for, in theory at least,
it aught to be possible to make any opsration completely safe by
such measures. '



(iv) rmechanical hazards from motars, pumps, asscciated belt and
gear ‘drives, and the electrical, mechanical and pnsumatic
systems, etc employed in driving cutting and welding heads and
associaled x-y tables and similar devices;

(v) Intense conventional light sources used to pump lasers —
these can often include hazardous sources of ultra-violet; '

{vi) toxic chemicals used either in the lasers themselves, or which
are used in associatéd equipment or apparatus. In this connection
it must be noted that many of the chemicals used in dye-lasars
may be potentially carcinogenic and must be handled in a fume
cupboard using protsctive clothing and disposed of accordingly;

(vii) toxic by-products formed under the influgnce of laser
radiation, such as those resulting from the irradiation of a great
variety of chemicals, or vaporised target materials arising from
laser cutting, a:___:m ar welding operations;

{vill) explosion ar _Eu_om_o_._ hazards associated with high voltage
alectrical supplles, evacuated tubes and systems, some types of
lasers themselves, materials used in or with lasers including
cryagenic coolants and nm:_n_.__m% __n_c_a oxygen, and, materials
Irradiated by lasers;

T () fire;

(%) the hazards associated E_z._ the use of cryogenic noo_m:ﬁ
such as _E_._E nitrogen, oxygen and helium;

(i) the formation of ozone, and oxides of nitrogen;

(xii) X-rays mm:mq_mﬂma by high <o=mmm,3n§ma and possibly the .

lasers themselves.

All these, and any -other related hazards, must be properly
assassod and dealt with at the planning and construction stage,
and must not be laft until after operation has commenced.
Professional safety advice must be sought whenever necessaty.
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2.6

2.7

2. ADMINISTRATIVE PROCEDURES

The geverning bady of the university is the Controlling Authority
responsible for the implamentation of the provisions of these Notes
of Guidance and must set up an administrative erganisatian for
the control of laser operation wlthin the university in accordance
with the following racommendatlons.

A commiltes must be charged by the Govarning Body to ensure
the Implementation of these Nates of Guidance and any other
provisions which may ba recommendad from time-to-tima. All
univarsities should already have appropriate committee structures
to honour their obligations regarding general safsty, radlatlon

"protection, and related matiers and it would appear appropriate

for the committee required hers to be ﬂ:ooﬁoﬂmﬁma withln this
structura.

The Governing moa<,mzoc_a make arrangements far the medical
examination of laser workers In eccordance with the requirements
of Section 5. The Governing Body. should formally nominate such

persens or arganisations who may bs considered :mnmmmmé n.

order to imple _.:mzﬁ these Bnc_a_.:m:,m.

The mo,..mﬂ:_:@ Body must appoint a Laser mmaq Otticer (LSO)
with responsibility for advising the university on all safety malters
altendant upon the use of lasers and for carrying out such duties
as required by the committee. The LSO must be responsible for

the instruction of staff, the provislon of measurlng equipment .

where appropriate, and the registration of _mmma =t the unlversity.

The Head of Department must be Emuo:m_c_m ta the Governing
Body, in consultation with the committee, for safe operation of all
lasers ‘wilhin his Department/Laboratory.

The head of any department whera lasars are used must appoint
& Departmental Laser Supervisor (DLS) who must be responsible
for the supervision of laser operations within the department in
accordance with these Notes of Guidance and safaty rules Issued
by the commilies. .o

The cormmlttee must ensure that lacal rules ara |ssuad on benalf

of the Governing Body detailing the safety procedures which must

11




be ohserved whenever university parsonnel intend to operate
lasers of any kind. These rules must give details of the names

3. GENERAL SAFETY PROCEDURES

of persons appointed to posts of speclal responsihility, and other
n__.:_mw. Any person to whom responsibilily Is allocated must be
given a clear written statement of his duties, and must 3.1 All Tasers and laser systems currently In use and those planned
acknowledge its recelpt. A list of such persons shall be maintalned for future use must conform to the requiraments of these Notes
by the Laser Safsty Officer. A gulde to the dutles expected of of Guldance and to tha British Standard, or to appropriata local
a DLS are glven In Appendix IV, rules produced to ensure levals of safety at least as good and
i effective as those demanded by these two documents. Forward
28  Anyindlvidual working with, ar intending to work with, lasers must i | Mmﬂﬁﬁ%wﬂmmwh.ugm_”m__uw:ﬂmmﬂwmmﬂcmﬁ_ﬂ,ﬂzwznﬁmﬂﬂﬂm_.ﬂmhﬂ Mmmmm%_
be made aware of his _.mmvn.u:m_,o. Q.Uos.. to himsalf, and to others ! ao_.._um:ﬂ:m:ﬂ must instruct his Umﬂm.;imﬂ_wm_ Laser .mc. ervisor to
s_,:n_ may be affected by _.__m. activities, for the safe performance 1 : P
oM J_,m Eo_.__m_. m.:n_ _.ﬂ_._mﬁ ﬁzﬁ his attention drawn to the reguirements __ M.n_wmnmmcmﬂ ﬁﬂwumm qummﬂ aww%m%mww_.nw: mmﬂmmwm mﬁmm__ﬁ_w:_mm MM_Q.M_MM
of these Notes of Guldance. _ I _ _
| i of doubt, or as tequirad by these Notes of Guidance.
! o }
: 32 Frequent use is made in these Notes of words such -as

! ‘appropriate’. This Is primavrily in recognition of the fact that widely
| different standards can, and indeed should, apply to lasers from
! . different classes. Details ralating to each spacific class ere glven
i In Section 4. ‘Appropriate’ also recognises that in many practical
,” situations, cognisance will have to be taken of what Is ‘reasonably
i practicable’ In tho accepted Health and Safety understanding of
_ that term. It is not possible to give adequate guidance on this topic
in these Notes. Whenever it is considered necessary to interpret .
! ‘appropriate’ in this way, the advice of the Laser Safety Officer
must be sought.

1

; 33 The provision and use of appropriate warning signs and labels
_ In accordance with the requirements of these Notes of Guidanca,
[ and as sat out in Appendix 111, is essential in'order to ensure that

# all parties are adaquately Informed of the risks and of the steps

that they must take in order to avold them. .

‘
,

34 In the first instance thought should aiways be given to the adoption
of appropriate engineering controls in order to achieve safe
working cendltions; then to appropriate. administrative controls;
and finally if It is not practicable to attaln the required standard
by an apprapriate combination of these two elemenls, la the use
of personal protective equipment with particular emphasis on eye
protection. -

NB In the above requiremenits the litles of Laser Safely Officer and __
. Departmental Laser Supervisor have been used for convenfence. it is the !
funclions that these individuals undertake which is important and if !
arrangements already exist whereby the functions are performed by people
recognised by other titles this is In order. -
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”:_ocmu.._ speciflc guidance relating to each class of laser is given
in Section 4 there arg some general matters which can be usefully
considered now. These are that it is safer to:

(i} use a low power laser rather than a high power one. I, taking
all other conslderations Into account, a choice exists, then this
should be exercisad in favour of the low power device;

EUEm<m::_._:mcmm3<mmi._:m_u< mzmmzmm::m ammmm_:_oﬁmn_mmmﬁ
forbid it; _

(i) operate lasers in areas separate from other work activilies.
This will lirit the number of people who-have access to the area
and hence reduce significantly those in need of training and
d:chozo:“ C "

(iv) provide totat m.._..n_omEmw 50 that human access to potentially
hazardous direct beams, and potentially hazardous spacular and
diffuse reflactions, is not possible;

(v) keep the beam path from the laser to any equipment as short
and dirgct as possible, with a minimum of optical reflection, and
to terminate the beam in a sultable energy absorbing non reflective
beam-stop; -

{vi) ‘securely fix the laser so that it cannot be knocked out of
alignment and hence give rise to unexpected beam paths and
reflections. This is equally true of other compohents used within
the system; :

(vil) carry out alignment pracedures, and such other adjustments
and alterations which may give tise to unexpected beam patns
or reflectlans, with the laser switched off. This Is true for ‘visible!
lasers and is psrhaps even more so for those that emit ‘invisible’

radiation in the ipfra-réd and. ultra-violet. Where practicable

conventional light sources should” be employed for such

. operations; or,.the laser output should be reduced as much as

passible either by the adjustment of the power supply or by tha
use of suitable attenuating or polarlsing fllters; or, another laser
of the lowest possible output shou'd be used;

(viii) ellminate the chance of stray reflections. Consideration
shauld be given to the use.of appropriately coated optical
components, Selact componants which will not shatter or craze
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under the influence of the laser beam; to the removal of. unwanted
apparatus, furniture and equlpment from the laser area and the
elimination of reflactive surfaces from llems which have to remain;
to the removal of personal jewellery, wrist-watches, etc, and to lhe
covering of shiny buttons, beit buckles, etc, with a suitable
laboratory coat or covarall;

(ix) ensurethatlasers are not Jeft running unattended. This is not
so important if they are in Designated Laser Areas (see Seclion
455) or in a lotal enclosure (see Section 4.2y;

.{x) ensure the design of pulsed lasers is such that they cannat’
firo spontaneously. One may need to'consider the introduction-

of a ‘count-down' procedure prior to firing, and turning ones head
away and to closing ones ayes immediataly prior to flring;

{xi) ensure that whenever mechanical or elactrical safety
inlerlocks are raquired that they are of an approved and
appropriate fail-safe design, and that they ars properly installed

and :_mma“ ]

NB {t shouid be noted that it is a requirsment of BS EN 60825
thal all access panels shall have safety interlocks: if they ara

intended 1o be removed during maintenance or operation, -

and if this removal gives human access lo laser radiation from
‘the embedded laser which is above the following levals:

a) for Classes 1-3A where mnn.mmm s gained lo lasar radiation
equivalent lo Class 38" or grealer; ,

b) for Class 38" or above where access is gainad to laser
radiation equivalent lo Class 3B*" or greater.

{xiiy when key controls are fitted 1o lasers ensure that their use
is properly managed and controlled. Keys that are left In
swiiches and just-used as on-off swiiches ara worse than
useless; - ’

and finally,

(xilt) ensure when personal proteclive equipment 1S considerad

to be necessary, that it has been properly approved and chosgen
for the task. Clothing and gloves must be suitably heat and fire
resistant and otherwise suitable for the work concaerned. Protective
goggles must ha designed for use with lasers, and comply with
tha Protection of Eyes Regulations, 1974, Certificate of Approval

15
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37

38

No 2 (General). Speciiic regulations for laser protective eyewaar
are being developed In a draft European Standard prEN207 which
ts based upon the German DIN 58215. The points which are
considered relevant to the chelce and use of protective eyewsar
are detajled in Sectlon 10.8 of the Britlsh Standard. This and any
other relevant literature, Including that provided by eyewear
manufacturers and suppliers, must be copsulted if there s any
doubt whatsoever as to.what Is required. Some of the features
which must be considered are the wavelengths or wavalength at
which they will be used; the optical density required to provide
the necessary attenuation; the power levels they can intercept
without shattering; bleaching, or burning; their closenass of fit
and comfort; and their ability to cope with the need for prescription
lenses and to provide adequate peripheral vision. Only the corract

- goggles for the particular laser(s) in use must be allowed in the

area concerned. All goggles must be clearly and indelibly laballed
and identified as being suitabla for use with a particular type of
laser and the optical density and wavelength must be spgclfied.
The possibility of deterloration of the goggles with time or as a
result of mechanical damage, or after exposure to irtense beams
must not ba overlacked, and appropriate inspeclian andfor testing
procedures should be instltuted. :

NB THe wearing of protactive eyewear must nof prevent the ussr
from seaing any warning lights that may have been installed
for his guidance, Suitably coloured and/or flashing lights must
be used, perhaps in conjunction with audible signals, lo
bnsura that he can stilf receive the necessary messages.

ltis recognised that lasers wlll be constructed and developed in
university departments. These must be registered with the Laser
Safety Ofiicar at an .early stage and special care adopted
throughout the commissioning and testing, in order 16 ensure that

 they are correctly classified (sse Appendix Il}, and operated.

Attention also needs to be drawn 1o the growing use of [aser diodas
for alignment purposes, scanning, holography and numerous
other applications. These very small inexpensive devices can he
quite powerful and, with a collimated focusable beam, just as
hazardous as a conventional laser. Thay therefore need 1o he
treated with the same respect. . B

Due fo the difficulty of .amx__._m meaningful mmzimnmm or
measurements of laser beam infensities under the varigty of

working conditions which are encountered In practice, refsrence
must be made to Appendix A of the British Standard, whare a
number of examplos aof laser safety. calculations are presented.
It it-haped that these, used In conjunction with the Informatlon
pravided by the manufacturer, wlll in many cases render It
unnacessary for-radiometric measurements to be made, and
enable a laser ciasslfication and the relevant safeguards to be
established. However, In some cases thls may not be possible
and then the help and advice of the Laser Safety Officer shouid

be sought. . _ . o



4. PRECAUTIONS RELATING TO SPECIFIC
CLASSES OF LASERS .

441

4.1.1

4.2

421 -

42.2

423

Use of Class 1 Low Power Lasers
on University Premises

It is important to note that this refers solely to those lasers whose
outputs are so low that the relevant MPE cannot be exceedsd
under any viewlng canditions. No forimal control maasures need
to be taken regarding'the use of these lasers.

Use of Class 1 Totally Enclosed Laser Systems
on Usiversity Premises

[tis important to note that this refers to those laser systerns where
the relevant MPE cannot be exceaded by virtue of their
engineering design. The design of the total' enclosure must be

.such that the systemn can be used in complste safety with regarg

to allied hazards ‘and the enclosure must be such that it is not
possible for personnet to gain access, or o be able to insert any
part of their bodies into the beam or be exposed to reflected
radiation levels in excess of the MPE, during normal operation,

A register must be kept of all such |laser systems except for CD
RCOM players, laser printers and similar devices not serviced by
the operatar, All registersd systems must be labelled In
accordance with the detalls given in" Appendix Il

In order to qualify m_m‘m “Totally Enclosed System', commercial mm_n_

.home-made systems must have the following features:

) interlocks must be provided such that it Is not possible, during
normal operations, to remove any part of the enclosure and by

50 no_:.m expose ongself or others to radialion in excess of the
Accessible Emission Limits for a Class 1 Lasar recommended in

this document;

i) the laser(s) and its enclosura must be designed on a 'fail-safe’
basis so that adJustments, alterations and fallures of any part of
the system will not invalidate the requirements relating to the levels
of exposure outside the enclosure, ar result. in the system
becoming unsafe In other respects; )
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4.24

43
43.1

432

433

a4

4.4

4.4.2

i} the lasers within the enclosure must be clearly identified and
labelled in accordance with the requirements for the appropriate
Class given in Appendix IIl; , '

iv) an electrical lsolation switch for the whole of tha systam must '
be ' provided. This must be clearly labelled and sited In a
conspicuous and convenlent position.

If the above conditions have besn met, then for normal operatlon
mast of the protective measures outlined in Sections 3 and 4 of
these Guldance Notes are nat relevant. Howaver, [f It is intended

‘that personnel should have eccaess ta the anclosure and than be

able to defeat the Interlocks, etc, for malntenance/alignment.
purposes, then the system must be. treated according to the
highest class of laser it contalns and the appropriate sections of
these Guidance Notes siriclly adhered to. "

Use of Class 2 Lasers on University Premises

A register must be kept of all such lasers, which must be labelled
in accordance with the details given in Appandix Il

Protection in this class s based on the consideration that a brief
exposure which might occur accidentally, and, which would ba
limlted by the natural aversion respanse fo bright lights, to a perlod
of not more than about 0.25 seconds, would not be hazardous.
Even €0, the laser heam must never be dellberateiy almed at

people, or indeed, stared at, as It is guite possible 6 overcomse .

the averslon response and contlnuous viewing Is hazardous.

The only control measures Bnc_qmm are that tha laser beam shauld

be terminated at the end of its useful path by a suitable beam’

stop and that open laser beam paths at eye-level should be
avoided. h L

Use of Class 3A and Class 3B* Lasers .
on University Premises :

A reglster must be kept of all such fasers, which must be labsllad

in accordance with the details given in Appendix [l

Protecticn in these classges is not always provided by the natural
averslon response and additional precautions are roquired. The
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4.0

451

452

453

454

powar m_m:mmq.nm: be increased by the uss of optical viewlng aids
such as microscopas, binaculars, stc.and the use of these Ecmm
be conirolied by the Departmental Laser Supervisor or Laser
Safety Officer and suitable filtars fitted whera nacessary, so that
the MPEs at the eye piece ara not excesded. With mem ap*
lasers the power density s already high enough for the laser to

be hazardous from direct viewing of the beam and this must bg
avoided,

Control measures which are required are as follows:

i) the laser beam must be terminated at the end of its usel
by a suitable beam stop; ' vpath

1) open laser beam paths at eye-level shouid be avoided and
should be enclosed (pg within a tube} where practicable;

§ Em:cnzo: m:a:.mm:m:mm:cc_anmm_...,miom:ovm_.mﬂ_cmm (sea
Saction 2); .

Iv} laser warning signs should be displayed at the entrance 1o
areas where these classes of lasers ara used (see Appendix NI},

Use of Class 3B * gnd Class 4 Lasers
on University Premises

wp register must be kapt of all such lasers, which must be labelled
in moooam_:om.szz the details given, in Appenix Il

Class 3B** lasers present a hazard to the eye if the direct beam,

. oF specular reflections are viewed without the protection afforded
" by features of the enginearing design, by suitable administrative

proceduras, or by the-use of appropriate protactive evewsar.

Class 4 lasers prasent an even greater hazard to the eys and,
in addition, the viewing of even diffuse. refloctions can be
hazardous. This class of laser can be a hazard to tha skin, and
can also constitute a serious fire'hazard, It must be racognised
that this class embraces all [asers with pawer outputs in excess
of 0.5 walls. In practice this is a very wide range indeed, and it
is clear that, for safety considerations, not all lasers In this class

.can .be treated alike.

All Class 3B™* and Class 4 lasers must incorporate the following
safety foatures:

455

456

[} A ‘captlve-key’ control switch, One must not be able 1o remove
the key except whan the switch is In the off position. The key must
be removed when the laser is not In use and kept in a safe place.
Keys must never be lssued to unauthorlsed persons.

iy A beam shutter or attenuator. This must be proparly meintained

‘ .and should operate automatically to prevent the inadvertent

exposure of persons to hazardous laser radiatlon.

iii} A ramote intarlock connector. This can operate warning lights
outside the laser area and also ect to shutdown the laser on

. opening the door to the laboratory, This may be considered a

necessary safety precaution If work involving open beam paths
is being conducted espacially If high poweared pulse lasers are
being used. There is a provislon In the British Standard for a

“momentary overrlde of the remote Interlock connector to enable

entry into the laboratory by authorised personnal. This override
should be sitad Inslde the laboratory and only used by the person
in chargs if It Is safe to do so. :

iv} An audible andfor visible warning devica(s). This should signal
when the |aser is energised or, for pulsed- lasers, when the
capacitor banks are being charged or hava not been positively
discharged. The warning device shall be fail-safe and any visual
signal should be of & wavelength that can be seen through the..
narmal protective syewear. _ _

The actuat precautions needed for each Class 3B** or Class 4
laser [nstallation should be carefully planned in advance by the
Departmental Laser Supervisor in conjunction -with the Laser
Safety Officer. Nevertheless, lasers of elther of these classas must
only be used In labdratorles, or such other clearly deflned areas
which can be set aside forthis purpose, and where the hazards
can be effectively centrolled. These will be called Designafted
Laser Areas (DLA). The committee may also wish to conslder the
inclusion of some lower class 1asers and Totally Enclosed Systems,
in such areas.

DL As must be clearly identified by a suitable warning notice (see
Appandix ll). Consideration should also be given to utilising the
remote interlock connector to provide a visual signal at the
enirance to the area to indicate the lasers state of readiness 1o
emit laser radiation. o



457 Enfrytoa DLA should be _wazmn_ to mcw:o:mmn_ personnel only and

458

mm::mc_w:._m:amﬁoézoznm m:uu_m:,_msnuqﬂo_:mo:mﬂ_._mmozo_._
4.5.68 should make this clear, ; - _

‘Each DLA should be purpose deslgned for the particular laser
applicatlon in order to minimise the risk of any personai injury not
only from the laser itself but also from associated electrical,
mechanical, chemlcal and other hazards. The follawing design
aspects therefore naed to be carefully considered:

f) the laser beamn must be terminated at tha end of its useful path
by a suitable non-reflecting beam stop or targst. This must he
capable of absorbing the energy concerned and have the fire

resistant characleristics necessary for that particular iaser;

iiy beamn paths shouid be kept well below eve-level and enclosed
{eg within a tube or boxed-in} whenever pragticable. Boxing-in and
screens should be opaque to the laser wavelengths invelved and
should ba designed to prevent hazardous specular and diffuse

" reflections. Where necessary they should be painted with matt

black paint and be constructed of fire-resistant material. When
complete the assembly should eliminate as far as reasonably
practicable the possibillty of any part of the body being
accidentally placed in a hazardous area:

iii} if it s not reasonably practicable to ‘box-In’ the laser beam
then conslderation must ha given to the total exclusion of laser
beam leakage from the area. Careful siting of the laser within the
arsa will help to eliminate the possibility of leakage through doors
and windows, but ‘blacking-out’ may still be necessary;

iv) where possible, only.one laser should be used in any one
Designaled Area at any one fime. If this is not possible,
congideration should be given to the use of suitable opaque
screans for separatian.

v) the provislon, whergver possible, of a high standard of general
itlumination within the area, so that the pupil of the eye remains
as small as possible; ’ .

'vi) the painting whenever possible, of walls, ceilings and fittings

within the Designated Laser Arga with a light coloured matt paint
te enhance the general ililumination and reduce specular

" raflections;

i
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vii) the removal of all unnecessary equipment from the
Designated Laser Area especially from the laser bench ltself;

viij) the minimisation and if possible, the slimination, of ﬂ.m*_mo:_._n
surfaces. Glass fronted cupboards and gloss palnted items of
elsctrical and other equlpment are obvlous examples; -

i¥) the provision, where necessary, of adequate ventilation to-
provent the build-Up of toxic gases or vapours elther fram the
cantents of the lasers themselves, or fram materlals trradiated by
the lasers. The use of materlals such as liquid oxygen, prasent

- a further hazard which must not'be ignored; - . .

x) tha provislon, where necessary, of adequats facllities for the
dispensing and handling of toxlc chemicals, such as, for.example,
thoss used in dye lasers some of which may weil be carcinogenic.
Thought must also be given to the manner in which toxic wastes.
will be dealt with and removed from the ua_,:_mm.m“
xi) the provision of adeguate and appropriate fire-fighting
gquipmant; o
xii) the siting of approved electrical supplies wlith identified switch
and cantrol gear designed: _ -
(a) to prevent accidental firing of the lasers;
{b) to provide an indication of the state of readiness of
equipment such as assoclated capacifor banks; :
(c) to enable personnel to stand in @ safe placs; |
{d) to incorporate all relevant m__moinm__.wm_ﬂm:‘ features;
" (e) to enable the laser to be shut down by a person standing
_ next to the laser; S
() toenable the equipment o be Isolated and made safe {rom

outside the designated Laser Area In the evant of fire or

other emergency; and

(g) 1o provide sufficient and mnm.n:ma _uos_mﬂ suppliss far all the -

ancillary equipment and apparatus, and to rastrict the use
of trailing leads {which must in any case be adequatsly
secured) to an absoclute minimum.

Even with all the design features listed above Incorporated into
the laser system and the designated laser area and with nm:.mE_E
thought out administrative controls, there will probably still be
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4.6

461"

46.2

a.7

474

times when access is qmﬂ::.mm to open beams during alignment

- and maintenance procedures. At times like this the appropriate

sye protection I aceordance with Section A5(viii) must ba used.

‘Use of all Classes of Lasers on University

Premises Out of Doors

The use of lasars of any class on university premises out of doors
necessltates spacial precautions to deal with the prablems of
public .safety.'and public relations which such work poses,
particularly when the public have access to the area. It is important
to realise that the range of the laser could be very significant, and

"there is a nesd to appraciato the concepts of 'nominal ocular

hazard distance’ and ‘nominal ocular hazard area’, as explained
in Para 12.2 of BS EN 60825. In particular the laser beam must
narmally be terminated completaly within the experimental area,
which must be positively defined and clearly indicated. In thosa
cases where the laser beam is directed in an upward dirgction,
the nead for consullation with the appropriate Civil Aviation

Authorities should be considerad,

Any person intending to use a laser ot of doors must submit
detalls of his intentions to his Deparimental Lassr Supervisor, who
will then be responsible, after seeking the advice of the Laser
Safety Ofticer, for advising on what detailed action is necessary..
Under no circumstances must a laser be used out in the open
until all interested parties have been consulted and farmal written
permission has been grantad. Someé additional guidance will be
found in Paragraph 12.6 of BS EN 60825,

Use of all ‘Classses of Lasers, otber than Class 1
Low Power Lasers, off University Premises

Apart from the not unimportant problem of public relations, the

use of lasers either indoors or outdoors on premises not owned"

or. controlled by the unlversity will .inevitably raise questions
refating to responsibility, liability and insurance. In thesa
circumstances, tha oplnion of the university’s legal advisers rnust
be sought before embarling upon such a project;, and it may also
be advisable to seek the assistance of the local representatives

of the Health and Safety Exacutive and/or the National Radiological _uaa.wﬂ_o:
Board. If suitable assurances can be obtairied, the person must then:

{i) inform the Head of Department ‘and obtaln hls formal permlssion for tha
project, and then inform the Departmental Laser Supervisor and the Laser
Safety Officer, and actlon any advice which they may give;

(i) follow carefully any Regulations, Codes of _u_qmo:om.. Nates of mc_am:om..
or other instructions regarding the use of lasers which might apply specifically
lo the premlses concernad, o, in the absence of any such documents, work
in accordance with those sectlons of this document which may be relevant.



5. MEDICAYL SUPERVISION.

841

6.2

53

The main concern hera is wilh the eyesight of laser workers. Many
eslabllshments used to carry out routine pre, interim and post
employmant ophthalmic examinations for all lasar workers using
Class 3B and Class 4 lasers. However, thesa have proved ta be
of little value and ocgupy the time of skilled ophthalmological staff
who could be more usefully employed dealing with patlents with
real problems. o ’

Routine ourﬁsm__.:mo. examinatlone are m_._mqua net recommended
as part of a safety programmae. If universities consider that they
need to continue with them for medical-legal reasons then they

~ should be carried out by a qualified specialist and be restricted

to workers using Class 3B** and Class 4 laser products.

What is recomumended is that prior arrangements should be made
for ophthalmic examinations tc be undertaken in the event of an
accident or Incident involving suspected Injury to the eye. These
emergency examinations should be carried out by a qualified
specialist as soon as possible and within 24 hours.. The Laser
Safety Officer and Departmental Laser Supervisor must also carry
out a detafled investigation of the accident/ingcident. -It is
rscommended that a copy of this report together with the resuits
of the ophthalmological examiriation should be referred to a central
agency* and the necessary steps should be taken to pravant
racurrence of similar accidents.

NB A serious injury (3 days off work) would have 1o be reported
{o the HSE under 'The Reporting of Injuries, Disgases and
Dangerous Occurrences Regulations 1985.

* Professorial Unli, Moarfields Eye Hospltal, Clty Road, London EC1V 2PD.
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6. UNDERGRADUATE EXPERIMENTS AND
LECTURE DEMONSTRATIONS

6.1

62

63

Where possible, every attempt should be made to uss the lgast
hazardous lasers for student experimental work and lecture

demonstrations. Lasers falling within Classes 1 (both Low Power

and Totally Enclosed Systems), 2, 3A and 3B" of this document
should therefore be used In preferance to thase from Classes 3B8**

_and 4. It [s recognisad that lasers from these |atter classes may

be necassary for a limited number-of special teachlng prolects,
and, if this Is the case tha full provislons of Sectlons 3 and4 must

be applied. -

Work with lasers of _O__mmmmm 1, 2, 3A and 3B* will not normally

require the sefting up of Laser Designated Areas {Section 4.5.5) .

and it will usually be sufficient to follow the guidance givan in
Sectlons 3, 4.1, 4.2,4.3 and 4.4. Due regard must be pald, howaver,
to the conditions which prevail in teaching laboratorles and lecture
thaatres; to the relative inexperlence of the students; and to the
dasirability of Introducing the students to good iaser safety practice
as part of their educational programme. _

It Is suggested, therefors, that the following addltlonal special
conditions should be satisfled for wark under this heading:

i >__‘mxnm_.=..=m:ﬁ and dermonstrations shauld be m:Emoﬁ to an
‘Approved Scheme of Work'. :

(i) The safety of an experiment or am..:o:m:u:o: should be
.assassed by the Departmental Laser Supervisor and ihe Lacturer
in charge. Thay should be responsible for drawing up the

‘Approved Scherne of Work’ in writing, and for obtaining tha
approval of the Laser Sefety Offlcer for this. A copy of the

‘Scheme' should then be displayed in a position where it can be
clearly seen by persons carrylng out the warle or performing the
demonstration. : : _

(i) Where _specular reflectlons cannot ba avolded during

dernonstratlons, screens must be positioned to prevent exposure _
of any student or demonstrator 10 radiation in excess of tha -

Maximum Permissible Exposure Lévels.
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(iv) Clearwrittan instructions should be provided far each student
experiment, and the participants inforrned of the risks of BXposure
to laser beams if the instructions are not followed.

(v} The Member of Staff responsible should either visit the

experiment at reasonable intervals or be present In the laboratory
where the laser is in use. .

(vi) Lasers must not be accessible to students at any time other
than when thay are being used In approved axpearimantal work.

_~

7. USE OF LASERS FOR ENTERTAINMENT
AND OTHER DISPLAY PURPOSES

71

7.2

73

In recent years there has been a significant increase in the use
of lasers for entertainment and display purpasss, particularly in-
'Disco’ type sittations. Such use can be spectacular and seffactive
— it can also be most unsafe, Tha lasers used for such displays
are often Class 4 devlses identical to those used in unlversity

.research. The conditions which prevail in a dance hall are,

however, very different from thosa in a laboratory. At the same
time the very large number of participants will not be primarlly
concerned with laser safety and Indeed the circumstances will
often moderats thelr-natural cautlon and replace it with incautious
bravado. -

In recognition of the special care which is needed to ansure such
displays are conducted In a safe manner, the Health and-Safety
Executive has published a separate Guldance Note (PM 19} on.
the 'Use of Lasers for Display Purposas’. In the light of BS EN
B0825 this has racently been revised and updated. It Is stressad
that 'for the purpose of this guidance, “display" includes all
entertalnment, theatrical, stage and set applications, advarllsing
promotions and illuminations”. It is also important to recognise that
the conditlons must also apply to the ‘setting-up’ and Installation
of the equipment, and to any adjustments, servicing or
maintenance which may be necessary. For any such use an
university premises Guidance note PM 19 must be adherad o,
The committee responslble for lasers set up under Sectlon 2 may
well wish to consider whethsr It should also apply to olher
applications such as the use-of lasers on ‘open days', and other
publlc demanstrations.

In general, lasers used for display purposes will be supplied,
installed and operated by-a speclallst supplier. If this 15 the case
many of the responslibililies resulting from FM 19 will fall upon
this supplier and the operator who comes with the equipment.
The universily, its staif and its students, do however have
responsibilities for the general safsty of all concerned and for
ensuring that tha terms of any licence which might apply to the
premises are observed. Appropriate thought must ba given to
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75

76

these maliers and the hire contract suitably drawn up to ensure
that the division of responsibllities is clearly understood.

‘If lasars belonging to the university are contemplated for such use
not only will the university have to assume full respansib lity for
‘the m&mmzm:nm of PM 19, but it must also give appropriate
consideration to the suitability of the laser for such use and to

Ema_m,.,m:ﬁm_a__m:amxumlm:nmoI:mumon_méso_:m_m__m:a
operate it. : _

It must be stressed that commercial considerations and the
pressures of ‘one night stands” must not be allowed to influence
advarsely the safety standards which are so important if people

-are not to be injured from such displays.

In brief the requirements of PM 19 are 5& persons must be

~prevented from belng exposed to laser radlatlan at lsvels In excess

of the MPEs by adequate separation, ie hazardéus direct and
reflected beams have to bs kept specified distancas away from
all people who might otherwise be exposed. This means that some
pre-planning of the event is essential. PM 18 requlres that details
of the entertainment or display including drawings, calculations
and - measurements, are submitted to the person responsible far
the venus, In ‘advance, sstting out how the safety of those
attending the event will be secured. A degres of cooperation is
required between both parties In order to ensure that this Is dons,
and that the agreed procedures are properly implemented.
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APPENDIX I
A GUIDE TO MAXIMUM PERMISSIBLE EXPOSURE LEVELS

When working with lasers It Is obviously essential to have available infermation
refating to those lavels of power or energy density which ars known 1o be saie
when Incldent upon tha eye or skin. Exparimental data can provide the basis
of such information though clearly this has to be.modlfled by approprlate 'safety
factors' which are of necessity somewhat subjective. Neverthelass, meaningful
and helpful levels of Maximum Permissible Exposure (MPE) have been
establlshed, though It must be recognised thet these should be ussd as guldes
in the control of exposures and should not ba regarded as precisely defined
lines belween safe and dangerous levels.  *

It will be appreciated that the MPEs are particutarly depandsnt upon wavelength
and exposure time, and are also affectad by other variables. This is true for
CW and ‘single-shot’ pulse lasers working at a single wavelength, and the
position bacomes vastly more complex for repetitivaly pulsed lasers, which
may or may not have a uniform pulse repetitlon fraquency, and of course (o
simultaneous exposure to outputs of diiferent wavelength and pulse duratlon,
Self mode lacking — where pulses of highpeak power can be-superimposed

on the output of & CW laser — also raquires speclal attention. - S

Detailed advice Is given in Sectien 13 of BS EN 60825 and the topic is kept

under constant review. This source of ioq:._mﬂ.mo: must ba referrad to In all
but the rmost straightforward of cases. )

Readers should note that in addition to the above, help can aiso c.m obtainad
trom the National Radiological Pratection Board at the addresses given below.

With the above in mind the MPEs:
i} for Direct Ocular Exposure or ‘Intrabeam Viewing’;

(i) for viewlng. an ‘Extended Source’ Laser or a Laser Beam by
-~ Diffuse Reflection; : ,

and iii) for Exposure of the _m_ﬁ_:

have been auaacn,ma from BS EN 60825 and are given for general guidance
in Tables I, 1 and lIL. It is suggested hawever that in practice it may not atways

be necessary-t0 determine the MPEs parlicularly frequently, as the adoption -

of the laser classification and the apprapriate sateguards detailed in these Notes
of Guidance, should go a long way to ensure that thess levels are not exceedad.

al
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CoL APPENDI t
TABLE Il

Maximum permissible exposure (IIPE) at the cornez for viewing an extended scurce laser beam
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' APPENDIX II -
A GUIDE TO ACCESSIBLE EMISSION LIMITS

10t
ta
ax1ot
39k 107w

21w mZsr?

AND LASER CLASSIFICATION

Accessible Emission Limits (AELs) are specified in BS EN 60825:1992 for the

different classes of laser according to the hazard posed by particular
wavelangths of laser radfation. .

7.9 x 17

i?
]
ot
7.8 x107C

0 x 0CLI(1>T)
2.1 10°C, me s

_agx10%y

A summary of laser classlfication is given in the prefacs to this book et and
full details of how lasars are classified accarding to the AELs are given in
Sectlon 9 of BS EN 60825:1992 and in Tables | to 1V of that document which

2.1 x 105 m2 e

10

lo

107
79x10% '

>7) |mcwm?s®
(Sag noles pago 56)

123 10'cw
32 x 10'W.m2 g

oW

Az 10tw

*0T5ym? o

{t<Ty
39x10

are reproduced here by kind permission of the British Standards Institute,

.>:ma%_o:m_._.mc_m.;_,mm_ms:mmcmmmuﬂoncnmnas_oz gives examples of the
AELs for He-Na lasers with a wavelength of 633nm.

72107 O TLL<T)

5210%
o
10
2.4 x 105

7 x 10™4%75)

—_———_— e ——— —— — —_——

18x10% | 5x10°

Notes to Yables of AELs and HPEs
1

78107 T))

14 x 108

1

10523 m 2 !

For Class 1 laser products there are dual limits in the wavelength range
from 400-1400nm and a laser product is classified as Class 1 if it complies
with sither the AEL for radiant power (W) or the AEL for radlancs
(W.msr”). There is also a reduced time basis of 100s for classificalion
of some Class 3A lasers and the procedures for determining the AELs of
repetitively pulsed or modulatad lasers have’ been revised.

]

10®
o
78 107C,d
. 165:u.'nd_m-zsf! .

APPENDDC 1

107

o

10
2107y
2x 107

2 There is only limltad evidénce about effects for exposures of less than
"10°s. The AELs and MPEs for thase exposure times have been derived

by maintaining the irradiance, radlance, or radiant axposure appiying at
10%s. :

10®
la
167
79 % WICJE<T)

44 x 10° "5y

4.4 x 109 (*#55
4.4 x 10% "%y
0.66:°%

5x 10° (2P0 .mZ er!

mﬁ"‘-“c,J.;n* &r!

Bx10% J

&% 10%

Bx 1051 ]
102

3 Correction factors C, 1o G, and breakpoints T, and T, used In the tables
in Appendix [ and Il are definad in the following expressions:

200W

<10?

2.4 % 10°W

10" "W 2 ot

Parameter Spectral Region

200W

107w

ax 10'w

108'wW.m? o
15 x w0 wmart

56 x 100 102 - © ' 3025 to 400nm
10080295 ¥ 1(-155 © 3025 to 315nm
{0az0-205 : 3025 o 315nm

I
duratien
15}
er
o

Emission

S1HIO
1

or
or

10 x fousznesng” .550 to 700nm
1000150 550) ‘ 550 to 700nm.
C, = foomose 700 to'1050nm

£
Ir

315 10 400

180 1o 302.5
302.5 o 315

400
Io
650
550
lo

Accessible emission limits for Class 1 lager products

TABLE |
Wave-
length
1 {rem)

1400 lo 1530
10° 1o 10°

1530 to 1550
1550 (o 10°

700
1950
1050
1400

* 700

h._.w:méme_m_m:m":ﬂm:@@»_ E »namm_._m.f_m» A_ »imm._moﬂowom.m_.:mmzm
180 < 1 <3025). . . . _
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APPENDIX Il
TABLE IH
Accessible emission fimits for Class 3A laser products ..
Emtsslon ~ w0? w? | 1w iex1et| 5xaw® | ozs 10 10°
Wavo- 03 <i0? o, | w to 1 1o la 10 1o
fongn 107 10% - |[18x10%] sx10° | o025 10 10 anigt
[} -
60 1 3025 3% 10"%wm? 30d.m?
> T 420G, % 1073
. 4xC, %10
: 45C, % 10% oug ¥ 0 x 107
202.5 1o 315 12x10°W  |and .m 2
. . ond Gam® - {teT,) C
310 l’Wrn ) B 4% 10% 4 x 105W
at5 to 400 4x G, x 10 Jand C, Jmi and ol
: 10 um? 10 W.m
w . moc!.w 108 357% 107 x 19750 5 x 10°W and 25W.m®
- and -~ - and . and {Avarslon responses pratect for
© 400 10 700 - 5 ¥ f0Pw.m® © 5x10% Ja® 18 x 1%7%0.m* . omission > 0258} -
To00W x G - 10°xC -a5x109x €, x 107 Ex10% X O,W
700 1o 1050 vy 2 M and 2
. . 5xG, % 10° Wam § x €, x 1094 16 % G, x 10780 m? 32 x G wm
: . 1:;:« . 10% 18x 102 x 979 Fertw -
050 1044 ond - P
1850 12 3400 sx107Wm?- 53 10%Lm? 90 x 197 Jm? jew.m?
4x 107 ; 221107 x (%5 .
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1400 19 1530 100).m2 5600 x 195 dm? . -
T 4x 10°W o 2.2x10% x 15y 4x 100w
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1650 ta 4000 an al
. 100J.m% 5600 x ¢%%5).m?
4002 10 10° w2 | 100em® 5500 % 1025gm? 1000W.m™*
{Sae notas pags 36)




1.2

13

Labelling of Class 1 Lasers which ave Inberently

Safe under all Viewing Conditions because of
thedr Low Power

All that Is heded for this class of laser Is an explanatory label
complying with um_.m 1.9. m and bearing the wording:

_._Pmmm PRODUCT CLASS 1

zm_Zono\o:annauimeuaanoé m.cmnimn vwmm.mzmdmmm
for Class 1 lasers. -

Labelling of Class 1 Lasers which are Onely Sxfe
because of their Engineering Design and whick
are ‘Totally Enclosed Laser Systems’

A hazard warning label complylng with -para 191 and

_Incorporating the hazard warning symbol detalled in Fig 1 must

be affixed to all such lasers and must bear the words:

. LASER PRODUCT CLASS 1
A TOTALLY ENCLOSED LASER SYSTEM
CONTAINING A CLASS ... LASER

The mnuqon:mno class must be inserted on all such labels.

In addition, any section or service um:mw of the laser system
enclosure which, when removed, would permit possible exposure
to taser radiatlon from a Class 2, 3A, 3B or 4 laser must have fixad
to it an explanatary fabel with the words:

CAUTION — LASER RADIATION WHEN OPEN -
AND INTERLOCKS DEFEATED

.::m shall be visible before and m:mﬂ opening the mntBn:ma
section or service panel.

_After opening the appropriate sectlon or service panel, hazard

warning and explanatory labels containing all the information

‘applicable {0 the class of laser within the enclosure, must be
. n_mm_._< visibla.

_ zm B8 EN 60825 asks .ﬂoa mcuu__mam:qm;\ infarmation to be

displayed with the service panel warning label, ie outside
tha enclosure. Howsvar, moves arg afoot to simplify these
sarvice panel labels and this may not bs a requirement in
the future. Therefors It is racommendad that we stay with
our current advice.

1.4

18

1.6

haemsah af ﬁw&m.m 2 Lasers

A hazard warning label oo_.s_..._izm s_:: umqm 191 and

Incorporating the hazard warning symbo! detalled in Fig 1 must

be affixed to all such lasers and must bear the words:
LASER PRODUCT CLASS 2

In addition an explanatary |label complying with para 1.9.2 must
bs affixed to the laser containing tha radiation oEuE Informatlon
as specifled _: para 1.8 and the words:

DO NOT STARE INTO mmEs

‘Labelling of Class .wk hﬁm&..w

A hazard warning label complylng™ with umqm 1.91 and

58692_:@ the hazard warning symbol detailed in Fig 1 must
_be affixed to all such lasers and must bear the words:

LASER PRODUCT CLASS 3A

n addition an explanatory label complying with para 1.9.2 must .
" be affixed to the laser contalning the radlatlon output Information

as mumnz_ma In para 18 m:n_ the words: .

DO NOT STARE INTO BEAM Om VIEW
DIRECTLY WITH OPTICAL INSTRUMENTS

Labelling of Class 3B hammmu.

A hazard warning. label complying ‘with para ._w._ and

incorporating a hazard warning symbol detailed in Fig 1 mustbe -

affixed to all such lasers and must béar the words:
LASER PRODUCT CLASS mm_

In addition an explanatory label complying with para 1.2.2 must
be affixed to tha laser contalning the radiation output __.;oﬂam:o:
specified In para 1.8 and the words: - -

" AVCID mxvn.mcmm TO SEAW -

e ey e

T T



APPENDIX Il

TABLE IV
Agcessible emlssion limits .3_. Class 38 laser producls
w m_“._.:_u._u_..
ave~ urnlian
lonh 16 <10® 107 10 0.25 0.2510 3% 10
AMnm) '
180 to 302.5 ‘ a8 x 105 a8 x 104 1.5x% 10%
3025 1a 315 1.25 x 109G,W 1.25 x 10°%¢,l 53 10°G,W
91510 400" 1.25x 0% 0.125) 05w
3. 5y O -2
400 1o 700 a.14 % 10"wW.m? T _mzw. o 05w
L <16%.m?"
. 3,14 % 10%G,r % m2
700 to 1050 8.14 x 10%'C,W.m? M a.5W
. <10%),m?
- O, 020 2
1050 to 1400 1.57 x 10%w.m2 Rl . - asw
<105 )2
1400 to 10° w0'wWmE . fohm? 0.5W
\ {%ao0 nales page 36)
-TABLE V - - to :
Examples of AELs for He-Ne CW laserd = 633nm
Class 1 6.86 p\W
‘Class 2 1mW
Class 34 .-5mW and <25Wim? (2.5 mW/cm?)
Class 3B8* 5mW ’
Class aB** 500mwW

40

1

%@m%ﬂw IR
WARNING LABELS AND NOTICES

LABELLING OF LASERS

141

- General

As all laser safety procedures are based on the classification
scheme which has bsen adapted In these Notss of Guldancs, It
is of the utmost Importance that all'lasers are appropriately
labelled so that everybody concernied [s immadiataly aware of:

a) the class of laser
b) any basic precautions which are. nacessary

and ¢} where the laser presents a potential hazard, the laser’s .

characteristics -

Whera the laser daes present a potenitial hazard the class of laser -

must be indicated In a ‘hazard warning label’. All additional
Informatlon must be contained in ‘explanatory labels’ Detalls
relating to the design of both these types of labels are given in
para 1.9 of this Appendix. i - ,

in practlce the user Is 1ikely to be confranted by two basic
situations: _

[} “where the laser has bean manufactured andior supplied .
in accardance with the requiremants of British Standard
' EN 60825 and has been Jebslled to satlsfy Its demands
" or those of any approved amsndments. in such a case
the labelling should be perfectly acceptable and in
keeping with the requiremgnts of thasa Notes of
Quidance except that additional labels are essentlal for
all Class 1 Totally Enclosed Systemns as speclfled In para
1.3 below;

ii) where the laser has not been manufactured or supplted
in accordance with BS EN 60825, which may Include’
‘home-made’ lasers and those that have been modifled
by the user, as well as many lasers from abroad. In all
such cases the laser must be labelled in accordance wilh

the tollowing paragraphs as appropriate to its class.” .

41 .
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"oor

A further axplanatory label, or labels, must be *.men_ close to the
taser output aperture(s) bearing the words:

LASER APEATURE
ar

AVOID EXPGSURE —
LASER RADIATION IS EMITTED
.FROM THIS APERTURE

This label may take the shape of an arrow {sea Fig 7) where this
conveys maore meaning. |

zm This Is not a BS EN 60825 spacification.

Labelling of Class 4 Lasers .

A hazard warning [absl complying with para 19.1 m:n_.

Incorporating the hazard warning symbol detailed in Fig 1 must
ba affixed to ali such lasers and must bear the words:

LASER PRODUCT CLASS 4

In man:_o: an explanatory label complying with para 1.9.2 must
be mﬂ_.xmn to the laser contalning the radfation output information
specified In para 1.8 and the words: :

AVOID EYE OR SKIN muﬁﬂomcmm TO
DIRECT O_"_ SCATTERED RADIATION

A further explanatoty label, or labls, must be fixed close to the
laser output aperture(s) bearing the words: _

LASER APERTURE
AVOID EXPOSURE —

._ LASER RADIATION 1S EMITTED
-~ FROM THIS APERTURE

This label may ﬂ.m_a.Sm.m.:mum of an m.:‘,q_.... (ses Fig .d where this
conveys more meaning. '

NB This Is not a BS EN 606825 mﬁmn._.ﬁ_.nmn.oa.

44
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1.3

1.9
191

19.2

Radiation Ouiput and Standards wﬂ%@gwnmoﬂ

Each iaser product, other than the Class 1 Low Power lasers as
in para 1,2 above, must have affixed to It an explanatory labsl’
complying with para 1.9.2 giving radiation output information,
including:. , _ A

{i) whether the output _m_<_m__u_.m_ or invisible radiation, or bath,

(i) the maximum laser radiation output,

{iiiy pulse duration ﬁ:,mnua_u..:m@..
{(Iv) the laser medium and principal emitted wavelengths.

Thesa labels may be separate from, or combined with, the specifle
explanatory labels required for each class llsted above. An
exampla Is given In Fig 6. )

There Is also now a requirement for the name and publication date
ofthe standard 1o which the product was classified to be Included
on a label, eg: C

TO BS EN 60825:1992

This will nat always be a Britlsh Standard and this is essentlally
part of the manufacturer's requirement 10 classify his product,

Noies:

Laser hazard ,_p._mz:_._m labels shali be black. on a yellow
background and may combine the laser hazard symbol (Flg 1) and
text. Figures 4 and 5 show examples of laset hazard warning
labals: o "

NB Recommendad diménsions are given in BS EN 60825 but
these are likely to be supplemented by a forthecoming
amendment which is much mere practical and permils the
use of any legibla size that is suited to the size of the laser
product as Jeng as the dimensions of the hazard warning
label are proportional to the recommended- values. :

Except _*on..o_mmm 1 laser uan:n.h.m_.__ mxv_m:.wﬁoQ labels shall be
black on.a yellow background. Figures 6 and 7 show examples
of explanatory labels. o o _

LT s
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NB Recommendsd dimensions are again given in BS EN 60825
but wiil be amended to aflow greatsr flaxibilily. Legibility will
in future be the key factor and labels may be of any siza
necessary to contaln the required lettering and border
dimensions g, and g, shafl be 0.06 times the langth of the
sharter side of the label..

183 Except where size or design of the laser product makes labelling
impracticable, the labels. shall be.durably affixed to the faser
product in such a position that they ara clearly visible and leglble
during operation, maintenance and servicing of the laser product,
according fo their purpose. .

184 Whoers it Is not uqmo:nmc_m., én account of size or design to affix
labels directly to the laser product they shall be displayed adjacent
to it In & position which meets the reguirements of 1.9.3.

2  DOOR AND bmmmm? SIGNS AND WARNING NOTICES

21 The points of access to areas In whlch class 34, clags 3B or class
4 |aser products are used shall be marked with warning signs
complying with BS 5378. The laser signs shall incorporata the
following information: . .- _

) The hiazard warning symbol, of a prefarred minimum haight
- (H) of 120 mm (see Fig 1). )

iy The highast class of laser used In the area and whether it
is a Designated L.aser Area as defined in Section 4 para 446

eg 'CLASS 3A LASER AREA'
_ or ‘CLASS 4 DESIGNATED LASER AREA

iil) ' Detalls of the personnel responsible for. the laser area
. concerned, together with the telephone numbers by which
they may be contactad both at the university and at home.

‘2,2 Forinstruciions such as ‘Authorised Personnel Only’ or ‘No entry
when warning’ light 1s on', the appropriate - mandatory and
prohibition signs must be used in accordance with BS 5378.

[

FIGURE 1 Deatails of hazard symbol to-be used in labels and signs

Triangular band m:a.ms.:co_" U_m.ox
Background: yellaw

Symbol placed centrally on the
Umnxmqo::n

Yellow covers at least'50% of the
area of the label or slgn.

EIGURE 2 Details of explanatory labels -

.._.m@m:ﬂ__ and border: black

Background: yellow::

e R

Y|

NS In ths above labels and signs the greatest distance 'L’ in melres fromwhich
the Jabelfsign can be understood and the minimum area A’ of the label
in m? is given by A=L%zom for distances less than 50 melres.
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Remote Interlock

.xme Cantral

Emlssion Indicator

" Beam Shutter

Beam Stop

Beam Leval

Beam Enclosure -

Eye Pratection

Protective Clolhing _

Eye Examinations

Training

Laser Labels,

Door Signs

Intarlocked to the door or the enclosure —

requtred .for all class 4 lasers and the higher
powered Class 3B. -
all Class. 3B** and-Class 4 lasers should be
provided with this to ensure that only authorised
personnel use the laser.

all Class 38* and Ciass 4 lasers should have this,
may also be sited outside the labaratory to give
warning of laser in use.:

should be provided for all Class 3B™ and Class
4 lasers. _

for Class 2 and above to ensuro that the laser is
terminated within the confines of the laser bench
or experimental area.

avold eye level.

neaded to guard against specular reflection from
Class 3B and Class 4 lasers — can mean
anything from scresning the experimental area or
beam up.to a total enclosure. .

:,_mm_uman:_aa_ﬂo_‘o_mmmmm:m:a_o_mmma
lasers. , o _

mainly required for Class 4 lasers.

only required after an’ accidont but may be
provided for people working with Class 3B** and
Class 4 lasers..

all people working with Class 3A lasers and above
should recelve training. ,

all lasers should display the appropriate labals.

- required for ali laser areas where Class 3A lasers

or above are ussd.

JIf all the enginesring features raquired by items 1-7 are nol in place, {particularly

item 7), then appropriate administrative controls should be drawn up ta ensure
the safe use of the laser. These should briefly be stated on the survey form
and glven in more detail in the written Scheme of Work.

P

e R b ]

e dmatEe e P g e

o Date :
LASER SURVEY Dapt B
FORM Lab
Type e PRI
Make T ... .o..iiiiieiien Mode e Ceriaies
Model @ ...... . w .

S/N . e Max Power : ...... S
Pracautions * Class1' | Clags 2 | Class 34 | Clasy 38! [Class 38™ Class 4 | Clasa 1{E)

Remeale Intarlock

Kay On,__._:,o__

Emlsslon Indicator

Beam Shuller

Beam Siop

Beam Level

Beam Enclosura

Eye Prolection

Pratecllve Clothing

Eye Examinations

Training

" Laser Labels

Door Signs




