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6.2 LASER SAFETY

6.2.1 PURPOSE

The purpose of this section is to establish requirements for the safe use of lasers at ANL-E.

6.2.2 SCOPE

All lasers used at ANL-E, whether purchased, borrowed, fabricated, or brought in for use by
others, are governed by the provisions of this section.

Table 6.2-1 lists the most important safety requirements for laser operation at ANL-E.

If you have any content questions, please call the point of contact, B. Murdoch, EQO-IH, at
2-4905.

6.2.3 RESPONSIBILITIES

Division directors and department heads (DD/DH) must:

• Approve new or modified class 3a, 3b, or 4 laser installations and usage after
considering the documented advice of the laser safety officer (LSO) or deputy LSO
regarding the adequacy of those installations;

• Approve a standard operating procedure (SOP), after considering the documented
advice of the LSO or deputy LSO, for each class 3b or class 4 laser installation or each
laser controlled area (LCA) containing such laser installations;

• Appoint a laser control area supervisor for each LCA;

• Ensure that all authorized laser users of class 3b and class 4 lasers receive a laser-
specific medical eye examination approved by ANL-E Medical Department prior to any
laser use, following any accidental exposure where an eye injury is suspected, or when
an authorized user is not expected to perform further work with lasers at ANL-E;

• Ensure that LCA supervisors and laser users receive and remain current in all required
ESH laser safety training (see subsection 6.2.6).
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The divisional ESH coordinator must:

• Review each class 3a, 3b, or 4 laser installation;

• Assess organizational conformance with the requirements of this section;

• Review and approve SOPs; and

• Coordinate laser safety activities with LSO/deputy LSO.

Project managers and technical representatives must ensure that subcontractors bringing
lasers on site for use comply with the requirements of this section.

LCA supervisors must:

• Advise the LSO or deputy LSO of plans to acquire, borrow, fabricate, or relocate a
class 3 or class 4 laser, or modify an existing class 3a, 3b, or 4 laser installation;

• Request LSO or deputy LSO review and inspection of new or modified class 3a, 3b, or 4
laser installation and use;

• Prepare and maintain current an SOP for each class 3b or class 4 laser installation, or
each laser controlled area containing such laser installations, under their supervision;

• Post each LCA with the most recently completed laser safety checklist and with ANL-E
laser safety signs provided by the LSO;

• Ensure that all authorized laser users complete ANL-E laser safety training prior to any
use of class 3a, 3b, or class 4 lasers, and receive any necessary facility-specific training
prior to any laser use, including reading and understanding the applicable SOP;

• Maintain control of laser operation within the LCA either administratively or by controlling
keys;

• Ensure that all required engineering controls are in place and operational;

• Ensure that interlocks and automatic warning devices are tested quarterly and the tests
documented in accordance with the requirements in subsection 6.2.5.2;

• Maintain awareness of and observe activities of personnel within the LCA, stopping or
correcting any unsafe acts;
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• Coordinate activities of laser service and repair contractors, including review of job
safety analyses and oversight of worker activities;

• Ensure that all personal protective equipment, including laser safety eyewear, is
available in the LCA, stored properly, and in good condition;

• Perform and document an annual inspection of all laser safety eyewear;

• Ensure that all class 3a, 3b, and 4 lasers in the custody of the LCA supervisor have
been identified to the LSO for entry into the sitewide laser inventory database;

• Inform the LSO or deputy LSO

- Of any significant layout changes or changes in laser operations or procedures that
may have an impact on authorized laser user safety,

- When class 3a, 3b, or class 4 lasers are moved into or out of the LCA or changes in
use status, including when such lasers are surplused,

- When authorized laser users are added to or removed from the list of approved LCA
users.

Authorized laser users must operate lasers in a manner consistent with the requirements of
this section and any specific operating procedures.

Personnel entering an LCA must meet the qualifications, controls, and responsibilities
appropriate to their activity category as described in Appendix C.

The director of Environment, Safety and Health/Quality Assurance Oversight (EQO) must
appoint a site LSO. An associate Laboratory director/chief operations officer (ALD/COO) may
appoint a deputy laser safety officer (deputy LSO) to serve his or her organization. In such a
case, the ALD/COO must notify in writing the Laboratory director and the site LSO of the
appointment.

The site laser safety officer (LSO) or deputy LSO must:

• Review and inspect upon request new or modified class 3a, 3b, class 4 laser
installations in order to advise the DD/DH regarding the adequacy of the installations;

• Provide guidance upon request on the preparation of SOPs;
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• Review SOPs upon request in order to advise DD/DH regarding the adequacy of the
SOPs;

• Provide safety postings for LCAs (LSO only);

• Conduct periodic safety reviews of all existing class 3a, 3b, and class 4 laser
installations (LSO only) and assist, if requested, in the conduct of the reviews (deputy
LSO only);

• Provide, upon request, eyewear and hazard zone computations and specifications;

• Ensure that ANL-E laser safety training meets required standards of content (LSO only);

• Maintain a sitewide inventory of all class 3a, class 3b, and class 4 lasers (LSO only);
and

• Serve as a member, upon request, of any laser safety committee on site.

The Medical Department must arrange for or approve special eye examinations for all
authorized laser users of class 3b or class 4 lasers.

The Procurement Department must obtain review, from the LSO only, prior to placing a
purchase order for a class 3a, 3b, or class 4 laser.

6.2.4 PERIODIC ACTIONS AND DELIVERABLES

Quarterly: LCA supervisors must ensure that interlocks and automatic warning devices are
tested in accordance with the requirements of subsection 6.2.5.2.

Annually: LCA supervisors must perform and document an inspection of all laser safety
eyewear used within the LCA.
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6.2.5 REQUIREMENTS

6.2.5.1 General

Appendix A provides a glossary of terms.

Appendix B describes hazards associated with laser use.

This section is intended to ensure that all lasers at ANL-E are operated in accordance with
the technical and programmatic requirements of the American National Standard for the Safe
Use of Lasers, ANSI Z136.1 (current version). In case of any disagreement between this
section and ANSI Z136.1, the ANSI Z136.1 standard will prevail.

There are no specific controls required for use of a class 1 laser.

Any use of a class 2 laser that requires staring into the beam or its specular reflection must be
evaluated by the LSO or deputy LSO.

Only class 2 laser pointers are approved for presentation purposes at ANL-E. Class 3a or
higher laser pointers must not be used outside a laser controlled area.

Public demonstrations of class 3a, 3b, or class 4 lasers must have prior review by the laser
safety officer or deputy LSO and approval of the DD/DH.

6.2.5.2 Laser Installation Requirements

Primary safety requirements for each class of laser are summarized in Table 6.2-1.

The laser beam path and target area should be totally enclosed. If total enclosure is not
possible, as much of the beam path as possible should be enclosed or shielded from workers.

Beam stops should be used to terminate beams and to contain specular reflections.

Class 3b and class 4 laser installations with totally enclosed beam paths (Class 1
enclosure; see Appendix A – Glossary ) must:

• Prevent the escape of laser radiation exceeding the maximum permissible exposure,
and
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Table 6.2-1 Primary Safety Requirements for Installations with Exposed Laser Beams

Class 2 Class 3a Class 3b Class 4
No intentional staring into
beam or specular reflections

LSO or deputy LSO
evaluate and advise

X X X

No unshielded eye level or
vertical beams

LSO or deputy LSO
evaluate and advise

X X

Area posted LSO or deputy LSO
may advise

X X X

Indicator of invisible beam
"ON"

X X X

Laser safety training LSO or deputy LSO
may advise

X X X

Eye protection only for direct beam
viewing

LSO or deputy LSO
evaluate and advise

X X

Careful control of spectators X X X
Laser controlled area recommended X X
Interlocked LCA entry if operated

unattended
X

SOP document X X
Eye examination X X
Shield diffuse reflections X
Laser safety review X X X
X indicates requirement

• Prevent entry into the enclosure by the use of engineering controls or by automatically
cutting off the laser beam upon enclosure entry.

Class 3b and class 4 lasers that are not installed in class 1 enclosures must:

• Be operated only in an LCA,

• Confine any unenclosed or unshielded laser beams to a horizontal plane well above or
below normal viewing height, and

• Totally enclose or shield vertical beams from the direct view of workers.

Invisible beam class 3a, 3b, and 4 laser systems must incorporate an automatic warning
light or other device to indicate presence of a beam. Warning devices must be either audible or
visible through laser safety eyewear and must be located so that persons will hear or see the
warning at any location in the LCA. Audible warning devices may include distinctive sounds
produced by some pulsed lasers.
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All new or modified class 3a, 3b, and 4 laser installations must be reviewed and
inspected by the laser safety officer or deputy laser safety officer prior to initial start-up. The
findings of this review must be documented to the DD/DH through use of the ANL-E laser
safety checklist. It is recommended that LSO/deputy LSO consultation be sought early in the
planning stage to minimize delays in start-up or prior to actual movement of a class 3a, 3b, or 4
laser intended for relocation or a loan.

All new or modified class 3a, 3b, and class 4 installations must be approved by the
DD/DH prior to initial start-up and after considering the advice provided from the review of the
installations by the LSO or deputy LSO.

Figure 6.2-1 provides an overview of the process used to authorize laser installations.

Interlocks and automated warning devices must be tested quarterly, as a unit as well as in
their component parts; test results must be documented and maintained. If a malfunction is
found during testing or use, it must be corrected immediately, or equivalent temporary controls
must be substituted.

6.2.5.3 Laser Controlled Areas

A laser controlled area (LCA) restricts access to and use of an area with administrative and
engineering controls. Controlled access is recommended for class 3a laser operations and is
required for class 3b and class 4 laser operations where an open beam path can exist.

An LCA must include the following features:

• Prevention of escape of any laser radiation level exceeding maximum permissible
exposure levels;

• Prevention of unexpected or unauthorized entry into the LCA by engineering controls or,
alternatively, by interrupting the laser beam automatically upon such entry; and

• Prohibition of work that is not directly associated with use of the laser when a laser is
operating.

An LCA must be fully interlocked when any unattended Class 3b or class 4 lasers are being
operated within it.
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Figure 6.2-1 Laser Operational Requirements
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A copy of a completed ANL-E laser safety checklist (see Attachment A – form ANL-609),
signed by the LSO or deputy LSO, must be posted in each LCA. The LSO provides all
signage for LCAs and ensures that the signs conform to the requirements of ANSI Z136.1.

Laser safety eyewear must be worn at all times by all persons in an LCA when engineering
or administrative controls are inadequate to eliminate potential exposures in excess of the
applicable MPE.

Laser safety eyewear must be inspected annually by each LCA supervisor for pitting,
crazing, cracking, discoloration, mechanical integrity, and light leaks. Eyewear in suspicious
condition must be tested for acceptability or discarded. Results of the eyewear inspection must
be documented and maintained. Laser safety eyewear must not be relied upon as the primary
means of personnel protection unless feasible engineering controls are inadequate to prevent
hazardous exposures.

Personnel may need to enter an LCA for a variety of reasons. Appendix C provides
categories for personnel entering an LCA and describes the qualifications, hazard controls, and
responsibilities appropriate to each category. All personnel entering an LCA must follow the
controls appropriate to their category.

6.2.5.4 Standard Operating Procedures

A standard operating procedures document (SOP) must be prepared for each class 3b or
class 4 laser installation; normally only one SOP must be prepared for an entire LCA, with
operating procedures that address for each class 3b and class 4 laser in the LCA. A sample
SOP (ANL-610) is attached (see subsection 6.2.10).

All SOPs must be approved by the DD/DH after considering the advice provided from the
LSO or deputy LSO review of the SOPs and prior to use of the SOPs.

All SOPs must include the following information:

• Name of LCA supervisor

• Names of all authorized laser users and scientific collaborators (see Appendix C)

• Detailed descriptions of all lasers

• Hazard analysis
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• Hazard controls description

• LCA entry controls

• Protective eyewear description and use for each laser

• Alignment hazards and controls (see subsection 6.2.5.5)

• Beam enclosure

• Justification for any unenclosed beam paths

• Interlock testing procedure

6.2.5.5 Beam Alignment Procedures Design Requirements

Alignment procedures must be designed to minimize the possibility of accidental specular or
diffuse reflection toward a worker's eye or skin of a laser beam with power level exceeding
maximum permissible exposure. Special shields, guards, or other engineering controls may be
necessary. Alternative viewing methods may be required to achieve a satisfactory level of
safety.

Special care must be taken for class 4 lasers when manipulating reflective objects near the
laser path. Wristwatches and jewelry are prohibited while working near the beam, and shiny
tools must never be used. With class 4 lasers, authorized laser users must be certain to shield
even diffusely reflecting surfaces from view.

For alignment of a class 3a, 3b, or class 4 laser system, the following requirements apply
(also see Figure 6.2-2):

1. If at all possible, a class 2 laser should be used to align the optical system.

2. If condition 1 above cannot be met, and if the laser emits only visible continuous wave
radiation, then the laser output should be reduced to less than 1 milliwatt.

3. If neither condition 1 nor condition 2 above can be met, then the use of remote sensing
devices (e.g., video or position-sensing instruments) must be given serious consideration.
Alternate viewing devices must be used for UV and infra-red wavelengths.
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Figure 6.2-2 Class 3 & 4 Laser Alignment Safety Protocol

4. If none of the safety controls in 1-3 above can be implemented, then the alignment must be
performed with all of the following safety controls in place:

a. The beam path and target area must be enclosed as much as possible while still
allowing the alignment to be performed; and

b. Laser output power must be reduced to the practical minimum; and
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c. An alignment procedure must be developed and documented in the SOP that minimizes
the possibility of direct beam or specular reflection exposure to the authorized laser
user; and

d. When feasible, protective eyewear should be worn during alignment of beams with
visible wavelengths, with an optical density at least sufficient to protect against a diffuse
reflection under the following standard conditions: 20 minutes viewing at a distance of
50 cm from a surface with a reflectivity of 60%. Computed optical density must be
designed to reduce such a reflection to a value below the MPE for eye exposure. The
LSO or deputy LSO can provide the computation of optical density to meet this
requirement; and

e. Fully protective eyewear (with optical density sufficient to protect against a direct beam
exposure) must be worn at all times for invisible wavelengths (<400 nm or >700 nm),
whenever radiation levels exceeding MPE levels may be present.

Departures from requirement 4d may be technically sensible, depending on particular geometry
and other physical constraints, and can be developed in collaboration with the LSO or deputy
LSO. For example, it may be safer to work with eyewear and slightly higher beam power output
for visibility than to work at minimum power with no eyewear. Protection against the specified
standard diffuse reflection through a balance of eyewear and beam power must be achieved
where possible.

The process of developing alignment hazard controls must be documented in the SOP,
including a specific acknowledgment and explanation of implementation for each of steps 1
through 4e, above.

6.2.5.6 Temporary Approvals

Temporary approvals may be issued for the setups of Class 3b and Class 4 laser
installations. During installation, alignment, and testing of a new laser configuration, it may not
be possible to have in place all the hazard controls normally required for routine operation.
Temporary operational approval may be given with the following restrictions:

• Laser beams must be operated only as necessary for the purposes of installation,
optical alignment and adjustment, and testing – not for routine research operations or
data acquisition;

• Written procedures must be developed and approved, describing in general the setup
procedures and safety precautions to be followed. The procedures may be brief and
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informal in style, but must be reviewed by the LSO or deputy LSO, and approved by the
LCA supervisor, divisional ESH coordinator, and DD/DH;

• All unlocked entrances to the LCA must be posted with the standard "Notice – Laser
Repair Area" sign specified by ANSI Z136.1 and supplied by the LSO only. The signs
must be placed conspicuously on yellow ropes or tape hung across the unlocked
entrances during laser operation;

• Only those persons directly needed to perform laser setup operations may enter the
LCA during laser operation; and

• Only authorized laser users may enter the LCA during laser operation under a
temporary approval.

Temporary setup approvals must be written to expire within a time period not to exceed
90 days from the date of approval authorization. DD/DH must approve temporary setups.

6.2.5.7 Laser Use Authorization

Figure 6.2-3 provides an overview of the requirements to use lasers at ANL-E.

Only an authorized laser user may operate a class 3a, 3b, or 4 laser or work in direct
proximity to the laser beam. This includes adjusting and aligning the laser and related optical
components, inserting or observing targets or samples inserted into the beam, as well as
observing such activities from close proximity. Personnel entering a class 3b or class 4 LCA
who are not authorized users must follow the requirements given in Appendix C appropriate to
their category.

A laser-specific medical eye examination approved by ANL-E Medical Department is
required of authorized laser users of class 3b and class 4 lasers prior to any laser use, following
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Figure 6.2-3 Laser User Requirements
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any accidental exposure where an eye injury is suspected, and as part of the termination
process from the Laboratory or further laser work at ANL-E.

6.2.6 TRAINING AND QUALIFICATIONS

LCA supervisors and authorized laser users of class 3b and class 4 laser installations must
have completed the ANL-E laser safety training course, ESH 120, Laser Safety Training, and all
required facility-specific training prior to appointment as an LCA supervisor or authorization to
perform laser activities. Refresher training (every 2 years for ESH 120 and as required for
facility-specific training) must be completed for continued use. If laser activities are to be
performed using only class 3a lasers, an alternate ANL-E laser safety training course, ESH 121,
Low Power Laser Safety Training, may be substituted for course ESH 120. There is no
refresher training required for course ESH 121. Facility-specific training and use authorization
are required prior to use of class 3a lasers.

Users of class 2 lasers should complete site laser safety training course ESH 121.

Persons who may need to enter an LCA for a variety of reasons and who have not had
ANL-E laser safety training or eye examinations, under certain conditions may enter the LCA or
participate in experiments involving class 3b or class 4 lasers. See Appendix C for further
details regarding the required training, qualifications, and safety precautions for various
categories of personnel who may need to enter an LCA.

The site laser safety officer and deputy laser safety officer must be qualified and
knowledgeable in those aspects of laser safety specified in ANSI Z136.1 (most recent edition),
paragraph D6.2. The LSO and deputy LSO must have completed at a minimum a formal
40-hour laser safety officer training course as provided by the Laser Institute of America,
Rockwell Laser Industries, or an equivalent vendor. Continuing education in laser safety should
be pursued by periodic attendance at workshops and through completion of advanced laser
safety officer courses.

6.2.7 LASER SAFETY COMMITTEES

Divisions owning or using lasers may form local laser safety committees if warranted by the
magnitude of the potential hazard of laser operations. Membership should include authorized
laser users, division safety representatives, the LSO, and deputy LSO. A local committee
should establish division safety practices and standards above and beyond site-wide
requirements and maintain among authorized laser users awareness of requirements and safe
practices.
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6.2.9 APPENDICES

Appendix A – Glossary

Appendix B – Hazards Associated with Laser Use

Appendix C – Laser Personnel Categories

6.2.10 ATTACHMENTS

ANL-609, ANL-E Laser Safety Checklist

ANL-610, Standard Operating Procedure for Laser Controlled Area Format
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APPENDIX A

GLOSSARY

accessible radiation – laser radiation to which it is possible for the human eye or skin to be
exposed in normal use.

administrative controls – specific operating procedures, personnel access restrictions, and
warning signs for the safe operation of lasers and laser systems.

alignment – small adjustment of optical components which have been previously placed and
attached. Does not include re-configuration of an optical path by insertion or removal of optical
components.

authorized laser user – a person who operates a class 3b or class 4 laser or works in direct
proximity to the laser beam; includes those who adjust and align the laser and related optical
components, insert or observe targets or samples inserted into the beam, as well as those who
observe such activities from close proximity.

class 1 laser – (per ANSI Z136.1) a laser that, due to low emission or installation, cannot
produce accessible laser radiation levels in excess of the class 1 Accessible Emission Limit
(AEL) for the maximum possible exposure duration as listed in ANSI Z136.1.

class 1 laser enclosure – (per ANSI Z136.1) an enclosure, in which a class 3a, 3b, or class 4
laser is operated, that prevents the escape of any laser radiation exceeding MPE values for eye
and skin, and employs access and engineering controls to prevent accidental exposure as a
result of opening panels, hatches, or doors.

class 2 laser – (per ANSI Z136.1) a continuous wave (CW) or continuously pulsed visible light
laser that could cause injury to the retina of the eye upon more than very brief exposure to the
direct beam or certain specular reflections. Class 2 laser output cannot exceed 1 × 10-3 watts
(1 milliwatt) total power.

class 3 laser – (per ANSI Z136.1) a pulsed or CW, visible or invisible beam laser that produces
sufficient power or energy to cause retinal or other injury to the eye from even momentary
exposure to the direct beam or specular reflections. Diffuse reflections of class 3 laser beams
are not hazardous unless the beam is focused. Class 3 laser output cannot exceed 0.5 watts for
periods >0.25 seconds or 0.125 joule for periods <0.25 seconds. A class 3a laser produces
accessible radiation that is between 1 and 5 times the class 1 emission limit for invisible beams,
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or between 1 and 5 times the class 2 emission limit for visible beams. All other class 3 lasers
are class 3b.

class 4 laser – (per ANSI Z136.1) a pulsed or CW, visible or invisible beam laser that produces
sufficient power or energy to cause retinal or other injury to the eye from the briefest of
exposures to the direct or specularly reflected beam, and diffuse reflections of which can be
hazardous. Class 4 lasers are skin burn hazards and fire hazards. Class 4 laser output exceeds
0.5 watts for periods >0.25 seconds and 0.125 joule for periods <0.25 seconds.

diffuse reflection – change in the spatial distribution of a beam of radiation when it is reflected
in many directions by a surface or medium.

deputy laser safety officer (deputy LSO) – a person qualified to recognize and evaluate laser
hazards, appointed by an ALD or the COO to review and advise on laser installations in
organizations reporting to the ALD or COO. Has fewer responsibilities than the laser safety
officer.

engineering controls – enclosures, beam stops, shutters, interlocks, and automated warning
devices for the safe operation of lasers and laser systems.

laser – a device that produces an intense, coherent, directional beam of light by stimulating
electronic or molecular transitions to lower energy levels. An acronym for Light Amplification by
Stimulated Emission of Radiation.

laser controlled area (LCA) – an area containing class 3a, class 3b, or class 4 laser
operations to which access and use is restricted through administrative or engineering controls,
and which is designed to prevent escape of hazardous laser radiation.

laser safety officer (LSO) – a person qualified to recognize and evaluate laser hazards,
appointed by EQO to review and advise on laser installations at ANL-E, and carry out other
related duties.

laser service personnel – person(s) employed by a recognized laser manufacturer or service
contractor who may enter an LCA for the sole purpose of installing or servicing laser
equipment.

LCA supervisor – a person appointed by a DD/DH who has primary responsibility for the safety
of laser operations within a specific LCA. The position is not necessarily the same as the line
supervisor of the authorized laser users of the LCA.
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maximum permissible exposure (MPE) – the maximum level of laser radiation that will not
result in adverse biological changes in the eye or skin, as specified in ANSI Z136.1.

scientific collaborator – a person who is not an authorized laser user, but may have a need to
work in proximity to the laser beam while participating in experimental work.

spectator – an individual who observes or watches a laser or laser system in operation, and
who may lack appropriate safety training or medical screening.

specular reflection – a mirror-like reflection.

visitor – a person who is not an authorized laser user or scientific collaborator, and has no
official need to view the laser in actual operation when entering the LCA.
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APPENDIX B

HAZARDS ASSOCIATED WITH LASER USE

Most lasers are capable of causing eye injury to anyone who looks directly into the beam or
specular reflection. Even diffuse reflections of a high-power laser beam can produce permanent
eye damage. High-power laser beams can burn exposed skin, ignite flammable materials, and
vaporize materials, possibly releasing hazardous fumes, vapors, or gases. The equipment and
optical apparatus required to produce the lasing action and control and direct the laser beam
may introduce additional hazards. These hazards may include high voltage, high pressure,
cryogenics, noise, radiation, and toxic fluids.

All lasers sold in the U.S. since 1976 must have a label affixed to them by the manufacturer that
describes their hazard class.

Class 1 lasers cannot cause an eye injury under any condition of exposure to the beam, so no
controls are required.

Class 2 lasers can cause retinal injury as a result of prolonged exposure to the direct or
specularly reflected beam; however, a pain aversion response offers protection from accidental
exposure injury, so controls normally are not required. Class 2 alignment lasers, most laser
pointers, and bar code scanners are examples of common class 2 laser uses that do not
require controls.

Class 3 lasers (both Class 3a and Class 3b) can cause eye injury from brief viewing of the
direct beam or its specular reflection, and the pain aversion response cannot be relied upon for
protection from injury. Class 3 lasers normally will not produce hazardous diffuse reflections,
and they normally are not skin burn hazards or fire hazards. See Section 6.2.5 for specific
requirements for class 3a, 3b, or class 4 lasers. Class 3a laser pointers are prohibited for use in
lectures or open demonstrations and are normally approved for use only in controlled laboratory
applications.

Class 4 lasers can cause eye injury from the briefest of exposures to the direct or specularly
reflected beam. Class 4 lasers can produce hazardous diffuse reflections. Class 4 lasers are
skin burn hazards and fire hazards. See Section 6.2.5 for specific requirements for class 3 or
class 4 lasers.

Class 4 lasers can ignite flammable materials and cause painful skin burns. Class 4 lasers
can also vaporize targets or beam stops, creating an inhalation hazard. Local exhaust
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ventilation should be used to remove hazardous vapors (see Section 7.11, Ventilation and Air
Cleaning).

Electric shock and burns that result from input power or capacitor discharge can cause
serious injury or death. Appropriate electrical safety practices as prescribed in Section 7.1,
Control of Hazardous Energy and Lockout/Tagout, and Section 9.1, Electrical Safety, must be
employed when working with or near high voltage laser circuits with exposed terminals in
excess of 50 volts. This includes obtaining a form ANL-211, Hot Work Permit (Electrical), when
necessary, and employing a CPR-trained safety watch when the permit so stipulates.

Laser dyes and solvents may be hazardous by inhalation, ingestion, or skin absorption.
Consult an industrial hygienist with chemical safety expertise to determine proper handling
procedures.

Other non-beam hazards that may be encountered in laser operations include:

• Ignition of flammable or combustible materials in the beam path;

• Toxic or caustic gas releases;

• High-pressure gas systems;

• Potential x-ray exposure;

• Intense UV light exposures; and

• Hazardous noise levels.
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APPENDIX C

LASER PERSONNEL CATEGORIES

Workers entering a posted Laser Controlled Area (LCA) are classified into one of the following
categories, depending upon qualifications and work duties:

• Authorized laser user

• Scientific collaborator

• Spectator

• Visitor

• Laser service personnel

An authorized laser user is a person who will work directly with, or in close proximity to, the
beam path of class 3b or class 4 lasers. This includes those who operate and adjust the laser,
adjust optical components in the beam path, perform alignments, and place samples in the
beam.

• Qualifications: Completion of ESH120 laser safety training, ANL-E medical examination
for laser users and any required LCA-specific training. Approval by the LCA supervisor
as indicated on the required Standard Operating Procedures (SOP) document.

• Safety restrictions: Fully qualified to perform procedures specified by the SOP and
approved by the LCA supervisor. Must obtain permission from the LCA supervisor
before operating a laser system.

• Responsibilities: Must operate lasers in a manner consistent with the requirements of
this section and any specific operating procedures. May be required to escort and
observe laser service personnel, issuing stop work request if warranted.

A scientific collaborator is a person who may participate in a laser experiment in a limited
way, such as inserting and removing samples, but who does not operate, align, or adjust the
laser system. The actions and safety of a scientific collaborator while within the LCA are the
direct responsibility of the LCA supervisor.
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• Qualifications: Depending on the nature of the participation, and upon specific approval
by the LCA supervisor, may be offered the opportunity to take the ESH 120 laser safety
course.

• Safety restrictions: Will not be permitted to control any laser beam in any fashion,
including the insertion or adjustment of optical elements. Must not handle or manipulate
any laser in the LCA. Must be accompanied and supervised at all times in the LCA by an
authorized laser user. Must not be present in the LCA while a laser or beam alignment is
being performed. Must be wearing fully protective laser eyewear (optical density
sufficient to protect against accidental full beam exposure) at all times while inside the
LCA, unless lasers have been locked out and the LCA supervisor has given permission
to remove the protective eyewear.

• Responsibilities: Must work specifically under the direction of the LCA supervisor.

A spectator is a person who has an official need to observe a laser system in operation, but is
not an authorized laser user or scientific collaborator, and may lack appropriate safety training
and medical screening.

• Qualifications: Approval by the LCA supervisor and accompaniment by an authorized
laser user.

• Safety restrictions: Will not operate any laboratory equipment, including laser system
components. Must wear fully protective laser eyewear at all times inside the LCA unless
all lasers have been locked out and the LCA supervisor has given permission to remove
the protective eyewear. Must be positioned so as to be fully shielded from any direct
line-of-sight view of any portion of unshielded beam. Must observe from viewing
positions directed by the LCA supervisor. All beam enclosure devices must be fully in
place while the spectator is present. No alignments will be performed in the presence of
the spectator.

• Responsibilities: The spectator must follow the direction of the LCA supervisor, including
the wearing of protective equipment and positioning for viewing. Any safety concerns
the spectator may have should be communicated immediately to the LCA supervisor.
The LCA supervisor is responsible for the actions and safety of a spectator while within
the LCA.

A visitor is a person who enters an LCA with no official need to observe the laser in operation.
This visitor classification would apply to all individuals who are touring or inspecting
laboratories, performing building maintenance, or carrying out custodial tasks.
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• Qualifications: Permission of the LCA supervisor, higher level line supervisor, divisional
ES&H coordinator, or DD/DH. Notification of entry to the LCA supervisor.

• Safety restrictions: The laser circuitry must be disabled at all times when a visitor is
present, so that the beam may not be turned on easily.

• Responsibilities: The visitor and the person giving entry permission must be certain that
the LCA supervisor has been notified and that the laser systems have been disabled
before any entry. The person giving entry permission is responsible for the actions and
safety of a visitor while within the LCA.

Laser service personnel are technicians or engineers from recognized laser manufacturers or
service companies who install, service, or repair laser systems. Normally on site for less than
one week at a time.

• Qualifications: Employees of recognized laser firms. Must have completed the
appropriate ESH contractor service orientation.

• Safety restrictions: For class 3B and 4 lasers, the vendor must have submitted in
advance a high risk job contractor job safety analysis (JSA form) which has been
approved as required. Service personnel must be accompanied at all times in the LCA
by an authorized laser user.

• Responsibilities: Must observe all safety precautions in the SOP and as directed by LCA
supervisor. Must respond immediately to stop work request by an ANL-E employee. The
ANL-E escort is responsible for the actions and safety of laser service personnel within
the LCA.
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Course Preview
• Accident Cases
• Laser Basics
• Reflections
• Bioeffects -- Eye and Skin
• ANSI Standard Exposure Limits
• Ultrafast Pulsed Lasers
• VIDEO - 20 min
• FDA/CRDH Laser Classifications
• Hazard Controls
• Non-Beam Hazards
• Important Rules and Procedures
• Responsibilities
• Personnel Classifications
• QUIZ

rajah



Who Works with Lasers?

• Research Personnel
• Trades

•Surveying
•Construction
•Welding and cutting

• Photographers

Who Needs Laser Safety Training?

• Everyone who works with Class 3 or 4 Lasers
• Supervisors of Class 3 or 4 laser users
• Division Safety /ES&H Coordinators
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Excitation Mechanism

Active Medium

Optical Resonator

Output
Beam

LASER Components

Light
Amplification by
Stimulated
Emission of
Radiation
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Reflections
• Specular

• Mirror-like
• Glass surfaces reflect 4% or more, up to 100%
• Lenses, cells, windows
• Shiny tools
• Watch crystals
• Jewelry
• Even dull surfaces can be specular in the IR

• Diffuse
• Illumination of dull surfaces
• Beam stops
• Heat-resistant screens
• Even shiny surfaces can be diffuse in UV
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Human Eyeball

Cornea

Lens

Fovea

Retina
Optic
Nerve
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MaculaIris

Pupil
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Retinal Irradiance

Retinal irradiance for a 1 mW laser beam entering the eye:
Entire beam focussed to a spot 20 um diameter, producing Ir=300 W/cm2

For the noonday sun, Ir=10 W/ cm2



The eye’s response to the visible spectrum
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Laser pointers
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How much light reaches the retina?
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Ocular Absorption Site vs Wavelength
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Ocular Absorption Site vs Wavelength
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Ocular Absorption Site vs Wavelength
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Ultra-Fast Pulsed Lasers

• Pulse widths < 1 nanosecond (10-9 sec)

• Bioeffects are enhanced.

• Eyewear dye filters less effective

• Do not trust OD ratings on eyewear!
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Skin Effects
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Rules for Exposed Laser Beams
Chapter 6-2

Class 2 Class 3a Class 3b Class 4
No intentional viewing xxx xxx xxx xxx
No eye level or vertical beams xxx xxx xxx
Posting area xxx xxx xxx
Indicator of invisible beam xxx xxx xxx
Laser safety training xxx xxx xxx
Wear eye protection xxx xxx
Careful control of spectators xxx xxx
Laser controlled area xxx xxx
Interlocked LCA unattended xxx
Standard Operating Procedures xxx xxx
Eye examination xxx xxx
Shield diffuse reflections-UV xxx xxx xxx
Shield diffuse reflections-visible xxx

rajah



Class 1 Laser

•Normally used as components of other devices

•Limits are complex (depend on wavelength), but 
generally <1 microwatt

•Cannot cause eye injury under any condition of exposure

•No controls necessary

rajah
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Class 2 Laser

•Laser pointers, alignment lasers,
bar code scanners

•>Class 1 but < 1 milliwatt

•Eye injury possible, but pain aversion response will protect 
from accidental exposure. Accidental eye injury is not possible!

•Laser safety training required only if beam is to be viewed.

•Controls required only if beam is intended to be viewed

•Visible, continuous wave (CW) only



Class 3a Laser

•Surveying, construction, research, instrumentation

•Invisible beam: 1-5X Class 1 limit
Visible beam: 1-5X Class 2 limit (5 mW max)

•Pain aversion response may not protect against accidental 
exposure to direct or specularly reflected beams within 15 m, or
when viewed with optical instruments.

•Controls and requirements:
•LSO review, Division approval for all uses and changes
•No use as laser pointers
•Public demonstrations require LSO review, Division approval
•Beam path control
•Warning of invisible beam
•Posting
•Laser safety training 
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Class 3a LOW IRRADIANCE
< 2.5 mW/cm2

“CAUTION”  label
Should not be viewed with  optical instruments.
Slight chance of eye injury

Class 3a  HIGH IRRADIANCE
> 2.5 mW/cm2

“Danger” label
Can cause accidental eye injury.
Eye protection may be required.

ANSI 3a Laser sub-classifications
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Class 3b Laser

•Research
•CW: > Class 3a but < 0.5 W
•Pulsed: >Class 1 but < 0.125 J @ <0.25 sec

•Eye damage almost certain to occur from direct beam or 
specular reflection, but diffuse reflections will not be 
hazardous.  No skin burn or fire hazard unless focused.

•Controls and requirements in addition to all for Class 3a
•Laser controlled Area (LCA)
•LCA interlocked for unattended operation
•Standard Operating Procedures (SOP)
•Protective eye wear whenever possible
•Eye examination for all users
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Class 4 Laser

•Research, laser welding, laser weapons

•>Class 3b

•Eye damage will occur from direct beam and most specular 
reflections, diffuse reflections may be hazardous, can produce
skin burns, fire hazard

•Controls & requirements in addition to Class 3b:

•Interlocked LCA
•Panic button (E-stop)
•Shield diffuse reflections
•No combustible materials in beam path



Hazard Control Priorities

1,  SUBSTITUTION - Less hazardous equipment / process

2.  ENGINEERING CONTROLS - Shields, interlocks,..

3.  ADMINISTRATIVE CONTROLS - Rules, procedures,..

4.  PERSONAL PROTECTIVE EQUIPMENT – Eyewear, …

rajah



Engineering Controls

• Beam enclosures, shields

• Interlocks

• Shutters

• Automatic beam warning

• Video monitoring

• No exposed eye-level 
(standing or sitting) or vertical beams

Administrative controls

•Authorization to use

•Standard Operating Procedures

•Interlock checks
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Laser Controlled Areas (LCA)

•Required features include:

•No escape path for laser radiation

•Engineered entry control (interlock/auto-warning)

•Operated by authorized operator

•Authorized personnel only

•No work except directly related to laser
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Some Important Safety Requirements 
for Class 3 & 4 Lasers and ANL

Beam path should be totally enclosed or shielded 
from workers.

Vertical beams MUST be totally enclosed.

Eye-level beams MUST be totally enclosed.

Follow alignment safety protocol (part of SOP).

Lasers must be reviewed by LSO and approved by 
Division before beam activation.
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Class 3 & 4 Laser Alignment
Safety Protocol

Use a Class 2 laser if possible.

Reduce output to <1 mW if visible and possible.

Remote sensing if possible.

Enclose beam path as much as possible.

Minimize output power.

Written procedure to minimize exposure.

Protective eyewear.
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OK to
Align

NO

NO

NO

YES

YES

YES

YES

YES

YES

YES



You MUST obtain LSO review 
And Division approval

•Prior to any use of a new  Class 3 or 4 laser

•Prior to moving, loaning or borrowing a Class 3 or 4 laser

•When new  users are added to an existing Class 3 or 4 laser

•When a Class 3 or 4 laser installation is modified in any 
way that may affect its safety

•Whenever a Class 3 or 4 laser is transferred, decommissioned, 
excessed or destroyed
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LCA Supervisor Responsibilities

• Worker Safety
• Safe Practices
• Engineering Controls
• PPE
• Procedures
• Laser registration with LSO
• Notifying LSO for reviews
• Obtain Division Approval
• On-the-Job Training
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Personnel Entering an LCA

• Authorized laser user
• Scientific collaborator
• Spectator
• Visitor
• Laser service personnel
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h



Authorized Laser User

• Laser Safety Training, Eye Exam

• Fully qualified for specific LCA

• Approved by LCA Supervisor, named in SOP

• Follow SOP

raja
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Training Requirements 
Authorized Laser Users

ESH121 Low-Power 
Laser Safety 
(Classroom)

• ESH120 Laser 
Safety

• Class 2 
(recommended)

• Class 3a 
• No retraining rqmt

• Class 3a (option, no 
retraining rqmt)

• Class 3b/4
• 2-year retraining time
• WWW option for 

retraining/special 
rajah



Scientific Collaborator

• May participate in research project
• Directly supervised by LCA Supervisor
• May not operate laser/adjust 

optics/align
• Must be escorted/use full eyewear 
• Laser safety training/eye exam NOT 

required
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Spectator
• Has official need to observe laser 

operation
• Not a research participant
• Must be escorted by authorized user
• Not present during alignments
• All controls in place
• Laser safety training/eye exam NOT 

required
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Visitor
• Tours, maintenance, etc
• Has no need to be present during laser 

operation
• Lasers must be disabled
• LCA Supervisor must be aware of entry

raja
h
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Laser Service Contractors Must:

•Submit “High-Risk Job Safety Analysis Form (JSA)

•Attend CSO Training (unless exempted)

•Be escorted by ANL Laser User unless they have had: 
•Laser safety training
•Eye exams

•Obtain LSO review of planned work and PPE

•Obtain Division approval of planned work

•Comply with stop work requests
raja
h



Personnel Entering an LCA

• Authorized laser user
• Scientific collaborator
• Spectator
• Visitor
• Laser service personnel

raja
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Cardiopulmonary Resuscitation Training (CPR)

•All laser users exposed to high voltage

•Required by ANSI Z136.1
•High voltage >50 V 
•Does not include normal handling of power cords, 
switches, etc.

•Annual retraining required

•User or supervisor arranges with ANL Fire Department 2-6136
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Laser Protective Eyewear

• Not a substitute for engineering controls!
• Not a substitute for administrative controls!
• Back-up protection in case things go wrong
• Not intended for prolonged viewing
• OD rating = Log10 (Attenuation)
• OD and wavelength ratings must be correct
• LSO will recommend specific choices
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Eye Examinations

•Every Class 3b and 4 laser user

•Prior to laser work
•Immediately following an accident
•Immediately following cessation of laser work
•Immediately prior to termination

•User or supervisor arranges with Medical

•Advanced preparation for temporary personnel

•May take days
•Can delay work
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Non-Beam Hazards

• Electrical shock
• Laser generated air contaminants
• Collateral & plasma radiation
• Fire & explosion (Class 4 lasers)
• Compressed Gases
• Laser dyes
• Robotics-associated mechanical hazards
• Noise
• Waste disposal
• Confined space
• Ergonomics
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• Laser Dyes and Solvents

• Exposure effects generally unknown.   Some known to be
toxic or carcinogenic (ES&H Manual 4-5).

• Avoid inhalation, or skin/eye contact. 
Always mix dyes in hoods,  wear gloves and eye protection
(ES&H Manual 12-1); contact ESH- Ind. Hyg. & Safety
about chemical gloves.

• Solvents also can be hazardous:
•DMSO transports solutes through unbroken skin
•Most are toxic (ES&H Manual 4-3), 
•Many are flammable (ES&H Manual 11-3)
•Explosive peroxides can form in some organic ethers 

(ES&H Manual 4-3).
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• Laser Dyes and Solvents (Concluded)

• Flow  of some solvents, notably p-dioxane and hexane, can 
cause surface static charges on high resistivity plastics
such as Teflon.  Fires and explosions have resulted.

• Spent solvents and dye solutions require proper disposal
(Waste Handling Procedures Manual-Illinois Site).
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