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THE UNIVERSITY OF OKLAHOMA 
LASER SAFETY PROGRAM
I. INTRODUCTION

The use of lasers is more common in today’s work and research environment. Lasers may present a variety of potentially serious hazards. Laser radiation may cause injury to the eyes and the skin. Electrical and fire hazards can also be present with high-powered lasers. Hazardous chemicals may also be used in conjunction with lasers.

All protocols established under this program are based primarily on the United States Department of Labor, Occupational Safety and Health Administration (OSHA) directives for the Guidelines for Laser Safety and Hazard Assessment, the American National Standards Institute (ANSI), Guide for the Safe Use of Lasers, ANSI Z136.1-2007, ANSI Guide for the Safe Use of Lasers in Health Care Facilities, ANSI Z136.3-1996, and ANSI Guide for the Safe Use of Lasers Outdoors, ANSI Z136.6-2000.
Definitions of terms used in this program may be found in Appendix A.

II. RESPONSIBILITIES

XI. The Radiation Safety Office (RSO) is responsible for:

XI. maintaining the OU Laser Safety Program,

XI. reviewing laser safety procedures,

XI. evaluating the hazards and controls associated with lasers used at OU,

XI. reviewing the boundaries of each Nominal Hazard Zone (NHZ) for each laser which requires a hazard zone assessment,

XI. providing training as required by this program, including general laser safety training (as on the training DVD) and requiring each PI to review the SOP with each employee who will be using that laser, and
XI. maintaining an accurate accounting of Class 3B and Class 4 laser locations within the University of Oklahoma.

XI. Department Chairs of departments in which lasers are used are responsible for
complying with and enforcing the Laser Safety Program within their respective departments.
XI. Each employee who has the potential to be affected by this program is responsible for:

XI. complying with the provisions of this Laser Safety Program,

XI. attending training sessions as may be required,

XI. performing his/her job in accordance with safety precautions communicated to him/her during training sessions and other educational programs,

XI. operating all equipment in accordance with laser safety procedures and standard operating procedures, and

XI. notifying his/her supervisor immediately in the event of any incident or exposure related to laser use.

III. LASER CLASSIFICATION GUIDELINES

XI. Laser classification is based on the maximum output available for the intended use as follows.

Class 1:  A laser which cannot emit laser radiation at known hazardous levels (typically 0.4 microwatts ((W) at visible wavelengths.) Users of Class 1 laser products are exempt from radiation hazard controls during operation and maintenance.

Class 2:  Low power visible laser, which emits above a Class 1 levels but emits a radiant power not above 1 milliwatt (mW). Class 2 applies only to visible laser emissions which may be viewed only for time periods less than or equal to 0.25 seconds.

Class 3R (3A):  Intermediate power laser (continuous wave (cw): 1-5 mW). Only hazardous for intra-beam viewing.  Be aware that many laser pointers are Class 3R lasers.  Class 3R is the new name for Class 3A; any laser with a Class 3A label must now follow the same guidelines as the 3R. 
Class 3B:  Moderate power lasers (cw: 5-500 mW, pulsed: 10 J/cm2 - or the diffuse reflection limit, whichever is lower) Class 3b lasers will not be a fire hazard and are not generally capable of producing a hazardous diffuse reflection except when intentional staring is done at distances close to the diffuser.  Lower-power Class 3B lasers are those that do not exceed the Class 3R AEL (accessible emission limits) by more than 5 times.

Class 4:  High power lasers (cw: 500 mW) are hazardous to view under any condition (specular or diffusely scattered) and are a potential fire hazard and skin hazard.

XI. The department chairperson is responsible for reviewing the laser system hazards present including the laser inventory form, shielding precautions, and whether other hazardous materials are present with the laser.  This information will be supplied by the principal investigator (PI) using the laser.
IV. GENERAL INFORMATION APPLICABLE TO ALL LASERS

XI. GENERAL CONSIDERATIONS

The following are some general guidelines that everyone using a laser or present during the use of a laser should consider:

· Laser pointers should be on only when pointing to the screen or other non-reflective, inanimate object.
· For all users of lasers and lasers systems, it is recommended that the minimum laser radiation required for the application be used and that the beam height be maintained at a level other than the normal eye position of a person in the standing or seated position.
· Only trained personnel should align lasers.  When aligning a laser, never place your eye in the beam path – use an alignment card instead.
· Class 3B and 4 lasers must be operated in controlled areas.  Contact the RSO if a temporary controlled area is needed.
· Any laser that is to be operated outdoors might require a hazard evaluation, particularly for night-time use.  Contact the RSO and provide the wavelength and power of the laser(s), as well as a description of the usage that includes generally what direction the laser will be aimed (in case the FAA must be contacted).
· Everyone who uses a laser should be aware of the risks. This awareness is not just a matter of time spent with lasers; on the contrary, long-term users of lasers with invisible risks (such as from infrared laser beams) tends to have reduced risk awareness.
· Optical experiments should be carried out on with all laser beams traveling in the horizontal plane only, and all beams should be stopped at the edges of the table. Users should never put their eyes at the level of the horizontal plane where the beams are, in case of reflected beams that leave the table.
· Watches and other jewelry that might enter the optical plane should not be allowed in the laboratory.  All non-optical objects that are close to the optical plane should have a matte finish in order to prevent specular reflections.
· Adequate eye protection should always be required for everyone in the room if there is a significant risk of eye injury.  Adequate skin protection should always be required for everyone in the room if there is a significant risk of skin damage.
· High-intensity beams that can cause fire or skin damage (mainly from Class 4 and ultraviolet lasers) should be guided through  opaque tubes and terminated with an appropriate beam stop.
· Alignment of beams and optical components should be performed at a reduced beam power whenever possible.
· Engineering controls (items incorporated into the laser or laser system or designed into the installation by the user) should be given primary consideration in instituting a control measure for limiting access to laser radiation.
· Enclosure of the laser equipment or beam path is the preferred method of control, since the enclosure will isolate or minimize the hazard.  If this is impractical, a barrier, screen, or shield should be used, or other appropriate measures to reduce the risk of unintended exposure.
· Every laser is shipped with an attached caution, warning, or danger sticker that indicates the wavelength and power of the laser, and this sticker should remain on the laser at all times.  If the sticker is not located where a user would regularly see it when operating the laser, an additional, similar sign should be posted on the laser where a user will see it during use.
· All lasers used at OU must be professionally manufactured and classed by an FDA approved manufacturer.  Any alterations to the laser that would substantially increase the dangers of the laser beam must be reported to and approved by the RSO prior to use.
Users who believe they need to deviate from any of these guidelines should talk with the RSO and establish appropriate safety measures.

Potential damage caused by a laser varies with the wavelength of the laser, the power of the laser, and the exposure time.  The primary hazards to humans are from Class 3B and 4 lasers or long-term exposure to lower-power lasers:

· 180–315 nm (UV-B, UV-C):  photokeratitis (inflammation of the cornea, equivalent to sunburn).

· 315–400 nm (UV-A):  photochemical cataract.

· 400–780 nm (visible):  photochemical damage to the retina, retinal burn.
· 780–1400 nm (near-IR):  cataract, retinal burn.
· 1.4–3.0μm (IR):  aqueous flare (protein in the aqueous humour), cataract, corneal burn.
· 3.0 μm–1 mm:  corneal burn
Use the lowest effective laser power for your application and avoid contact with the laser beam, especially avoid eye contact with the laser beam.  If you must work with an invisible (IR or UV) laser, it is highly recommended you purchase a viewing card or other equipment that renders at least the endpoint of the beam visible.
XI. LOCATION OF CONTROLS

Each laser should have the controls placed so that adjustment of those controls does not expose the operator to a specular or direct laser beam above the applicable Maximum Permissible Exposure (MPE). See Appendix B for laser exposure tables.

XI. PROTECTIVE HOUSINGS

A protective housing should be provided for all classes of laser or laser systems (except as noted by section IV. D.). Since service personnel may remove protective housings, e.g., for alignment, special safety procedures may be required, and the use of appropriate eyeware and signage is required for all Class 3B and 4 lasers.

XI. OPERATING A LASER WITHOUT PROTECTIVE HOUSING

In some circumstances, such as research and development and servicing of lasers, operation of lasers or laser systems without a protective housing may become necessary.  In such cases, the PI should perform a hazard analysis (in consultation with the RSO, which has a hazard analysis worksheet available), the PI should develop written control measures appropriate to the class and maximum accessible emission level, and the PI should ensure that control measures are instituted to ensure safe operation. These controls may include, but are not limited to:

XI. establishment of a laser controlled area,

XI. eye protection,

XI. barriers, shrouds, beam stops. etc.,

XI. administrative and procedural controls, and

XI. education and training.

V. SPECIFIC LASER REQUIREMENTS FOR EACH CLASS OF LASER
XI. CLASS 1 THROUGH 3R (formerly known as 3A)
In addition to all the general requirements in General Considerations (section IV A), operation of lasers must meet the requirements below that are appropriate for their class.

XI. Standard Operating Procedures (SOP) are not required.

XI. Education and Training:  Any operator of a Class 1 through 3R (3A) laser should be familiar with the manufacturer’s guidelines and operating instructions for basic laser safety, as well as the General Guidelines (IV.A) in this document. Documented training is not required.

XI. Alignment Procedures: Class 1 lasers are exempt from having formal alignment procedures.   Class 2 and Class 3R (3A) lasers should be aligned by service personnel or other individuals with the knowledge and training to ensure no persons are exposed to the primary beam or any specular or diffuse radiation above the MPE for the equipment being aligned.
XI. Eye Protection:  special eye protection is not required unless in the opinion of the RSO the laser procedure may expose an individual’s eyes in excess of the MPE for that laser.  In that case, eye protection appropriate for the wavelength of the laser is required. 

XI. Skin Protection is not required.

XI. Area Signage:  Class I lasers do not require special signage beyond the requirements established by the manufacturer.  Areas in which Class 2 lasers which exceed the MPE for irradiance are used require “Caution” signage at the entrance to the area where the laser system is located.  Areas in which Class 3R (3A) lasers which do not exceed the MPE for irradiance are used require “Caution” signage at the entrance to the area where the laser system is located.  Class 3R (3A) laser systems do which exceed the MPE for irradiance require a “Danger” area warning sign.  See Appendix C for label example of signage. Signs should be located at the entrance of the area(s) in which the laser is to be used.
XI. Service Access Panels are not required.

XI. Key Control is not required.

XI. Activation Warning System is not required.

XI. Indoor Laser Controlled Area is not required.

XI. Outdoor Hazard Evaluation:  if the RSO maintains an opinion that a Class 2 or 3R (3A) laser will be used outdoors at night in ways which could interfere with persons operating vehicles, an outdoor hazard evaluation must be performed.

XI. Interlocks on Protective Housing:  not required for Class 1 through 3R (3A) lasers.
XI. Unattended Laser Operation:  Class 1 lasers may be used for unattended operation in unsupervised areas without additional control measures.  Class 2 and 3R (3A) lasers may be used for unattended operation in unsupervised areas without additional control measures, unless in the opinion of the RSO contact to the direct or reflected beams by unprotected spectators does not exceed the applicable MPE.
XI. CLASS 3b

In addition to all the general requirements in General Considerations (section IV.A), operation of lasers must meet the requirements below that are appropriate for their class.

XI. Standard Operating Procedures:  SOPs including alignment should be adapted by the PI from the manufacturer’s recommendations (or written if the manufacturer’s are not available) and taking into account their knowledge of the laser system application and any other ancillary hazards associated with the Class 3B laser(s) under his/her area of responsibility.  These SOPs should be approved by the RSO prior to commencement of laser operations.  Every employee using the laser must be trained by the PI in the SOP for that laser. 

XI. Education and Training:  Any operator, maintenance, or service personnel  of a Class 3B laser must be trained on the manufacturer’s guidelines and operating instructions as well as basic laser safety information prior to operation of the laser(s) and whenever any change to procedures or equipment occurs. Training should be documented and should include, but not be limited to:

XI. departmental and/or alignment SOPs as applicable including emergency shutdown procedures;

XI. campus emergency response procedures; and

XI. emergency contact information. 

XI. Alignment Procedures:  Class 3B lasers should be aligned by a technician or other individual with the knowledge and training to ensure no persons are exposed to the primary bean or any specular or diffuse radiation above the MPE for the equipment being aligned, and the alignment should be done in accordance with the SOPs developed for that laser.  Use of an alignment card is highly recommended.
XI. Eye Protection:  Enclosure of the laser beam path is the preferred method of hazard control.  However, if this is impractical, eye protection appropriate for the wavelength of the laser for all operator(s), maintenance workers, spectators and service personnel is required when the laser system is engaged.

XI. Skin Protection:  The requirements for skin protection should be as indicated by the laser manufacturer, as specified in their safety information.  A standard surgical glove will usually provide adequate protection in the far UV.  Tightly woven fabrics and other materials may be necessary in the UV-A.  A surgical gown can provide protection for the arms.  Consideration should be given to fire retardant material when a fire hazard exists.
XI. Area Signage:  areas in which Class 3B lasers are used require a “Danger” area warning sign located at the entrance to the area where each laser system is located. See Appendix C for label example of signage. 
XI. Service Access Panels:  Class 3B laser service access panels when utilized must:

XI. have a warning label attached to the panel, and

XI. be interlocked or require a tool for removal.

XI. Key Control:  not required.

XI. Activation Warning System:  each laser or laser power supply should have a built-in indicator light that is functional and can be seen by the operator.

XI. Indoor Laser Controlled Area:  The RSO must review a hazard analysis of each Class 3B laser system prior to use.  If the hazard analysis determines that there is accessible radiation, a laser controlled area should be established which:

XI. is located so that access to the area by spectators is limited and entry approval is required from the PI.
XI. has any potentially hazardous beam terminated with a beam stop appropriate to that laser,
XI. has only diffusely reflecting material in or near the beam path,
XI. requires personnel within the laser controlled area wear the appropriate eye protection,
XI. ensures that the laser is secured such that the beam path is above or below eye level of a person in the standing or seated position,
XI. has all windows and doorways from an indoor facility either covered or restricted in such a manner as to reduce the transmitted laser light to below the MPE, and
XI. is the only area in which an optical fiber may be connected or disconnected; such connection or disconnection must require the use of a tool, in order to prevent accidental disconnection.  The beam should be terminated before an optical fiber is disconnected.

XI. Outdoor Hazard Evaluation:  Class 3B lasers require that an outdoor hazard evaluation be reviewed by the RSO prior to use, to include but not limited to:

XI. an evaluation of the engineering controls,

XI. establishing the NHZ,

XI. identifying personal protective equipment to be used within the NHZ, and

XI. incorporating these requirements into the SOPs.

In addition, the SOPs should reflect that the NHZ is to be clearly posted with laser warning signs and that all personnel authorized to enter the NHZ are appropriately trained in the requirements of Class 3B lasers. See Section VII. B for additional requirements for outdoor use.




XI. Interlocks on Protective Housing:  Class 3B lasers require a protective housing interlock which should not be defeated or overridden during operation unless recommended control measures are adhered to.  Adjustments or procedures during service on lasers or laser systems containing interlocks should not cause the interlocks to be inoperative when the equipment is restored. UV lasers must be completely enclosed and interlocked in a  housing opaque to UV light. 
XI. Unattended Laser Operation:  Class 3B lasers should be used for unattended operation in unsupervised areas only when:

XI. the RSO has reviewed control measures that provide adequate protection and laser safety training for those who may enter the laser controlled area during times of unattended use, and

XI. all areas where unattended Class 3B lasers operate have “Danger” laser safety warning signs (see Appendix C) posted along with instructions on the hazards of entry into the space when no operator is present.

XI. CLASS 4

In addition to all the general requirements in General Considerations (section IV.A), operation of lasers must meet the requirements below that are appropriate for their class.

XI. All requirements listed above for Class 3B lasers also hold for Class 4 lasers.  Additional requirements are listed below.
XI. Key Control:  All Class 4 lasers should be provided with a master switch which terminates the beam or shuts off the system.  This master switch should be operated by a key or by coded access (such as a computer code).

XI. Activation Warning System:  Class 4 lasers must have a red or blue warning light that flashes when the laser system is operating.  These lights must be installed at the entrance to the laser area and be visible within the laser area itself.

XI. Indoor Laser Controlled Area:  In addition to the requirements listed in section V. B. 10, all Class 4 lasers must have a laser controlled area which:

XI. has a red mushroom type panic button clearly marked as “Laser Emergency Shutdown” for emergency conditions; and

XI. uses blocking barriers, screens, or curtains to block or screen the laser radiation at the entryway.

VI. ADDITIONAL SPECIAL SAFETY REQUIREMENTS

XI. LASERS IN HEALTH CARE FACILITIES

Class 3B and 4 lasers in health care facilities present some unique challenges which are addressed here. 

XI. Protective Equipment

All protective equipment for Health Care Laser Systems (HCLS) should be in accordance with ANSI Z136.1.  Accessory attachments to HCLS (e.g., handpieces, laparoscopes, endoscopes, fibers, remote controls, scanners, etc.) should be compatible with and provide prerequisite laser safety.  Laser filters placed in operating microscopes should protect the surgeon at the main binocular viewing tube, and any assistants or observers using accessory viewing optics.

XI. Patient Eye Protection

XI. The LSC must review a hazard analysis for each procedure involving a Class 3b or a Class 4 laser.  When the patient’s eyes are within the NHZ, they should be protected by a method approved by the RSO such as with wet eye pads, laser protective eyeware, or other appropriate methodology, i.e., laser specific eye shields. 

XI. When facial area, particularly around the eyes are being treated, (e.g., for port wine stains or neoplasia) protective glasses may not be appropriate to shield the patient’s eyes.  For treatments on or near the eyelids, appropriate corneal shields should be used.

XI. Eyeware for Fiberoptic Procedures

Fibers may break or may become disconnected during surgical procedures resulting in an ocular hazard.  Therefore, if deemed appropriate by the RSO, the laser controlled area may be designated as the entire operating room, even if the laser output was restricted to the body cavity by an endoscope or other devices.  All involved personnel within the laser controlled area during such procedures should wear protective eyeware.

XI. Laser Generated Airborne Contaminants  (LGAC)

Operations that use Class 3b lasers with focused beams (high irradiance) or Class 4 lasers may produce laser generated airborne contaminants (LGAC).     

XI. Fire and Explosion Hazards

Fire hazards associated with lasers take many forms.  The most obvious is the use of flammable liquids.  Oxidizing gases can also pose significant fire hazards. Not so obvious are the materials used in constructing the laser such as plastic parts and tubing that can enhance the spread of fire.  Failure of electrical equipment is always a hazard as a potential source of ignition.  While these forms of fire occur outside of the patient, it has to also be realized that fires can be created in patients undergoing laser surgical procedures due to the laser beam interacting with some material (i.e., methane gas in bowels, plastic tubing introduced into the airway). 

Rooms where laser surgical procedures are performed should be equipped with an operational and prominently located portable fire extinguisher.  

XI. Endotracheal Tube Fires

When performing airway laser surgery in the presence of endotracheal tubes, the tube should have protection or special design to avoid the potential for fire.  Fire hazards related to endotracheal tubes, plastic, plastic adhesive tape, ointment, and surgical preparatory solutions can be controlled by such methods as use of non-combustible instrumentation, Venturi ventilation technique, shielding and wet substrates and use of low-combustion gas (Helox) mixtures.  Anesthesia personnel should use nonflammable, specially wrapped or chemically treated (silicone) laser resistant tubes. Plastics and armored or wire tubes are particularly hazardous.  FDA-approved endotracheal tubes and endotracheal tube wrapping material exist and should be used when endotracheal anesthesia is the preferred method.  Polyvinyl chloride tubes should not be used, either wrapped or unwrapped.  The endotracheal tube cuffs should be inflated with liquid and externally protected with wet cottonoids.

Since combustion may be initiated in the aerodigestive tract in high oxygen saturation or in the presence of flammable gases (e.g. methane), then the lowest possible concentration of oxygen should be used in laryngeo-tracheal procedures, and adequate exhaust ventilation should be provided in colonic procedures.

The use of intravenous anesthetic techniques, in lieu of inhalation techniques, is recommended to prevent laser pyrolysis of gaseous anesthetic agents or build up of concentrations supporting combustion.  Noncombustible anesthetic agents and localized ventilation techniques are mandated.

XI. LASERS USED OUTDOORS

XI. Before Class 3B and Class 4 lasers are used in airspace, the department should apply for and receive a variance from the Food and Drug Administration’s Center for Devices and Radiological Health (FDA/CDRH).

XI. Before any Class 3B, or Class 4 laser is used around any navigable airspace, the RSO should determine whether such use will be within any critical zone (see Appendix A for definitions).  If so, a variance is required from the FAA before any operations may begin.

VII.
EQUIPMENT ACQUISITION, SURPLUS, AND DISPOSAL
Department chairs should notify the RSO of any acquisition, disposal, or surplus of any Class 3B or Class 4 laser or laser system, as well as any equipment that could be used to substantially increase the danger presented by the beam.

APPENDIX A

DEFINITIONS

Accessible emission limit (AEL) - The maximum accessible emission level permitted within a particular class of laser.

Accessible radiation - Radiation to which it is possible for the human eye or skin to be exposed to in normal usage.

Aversion response - Closure of the eyelid, or movement of the head to avoid an exposure to a noxious stimulant or bright light. In accordance with ANSI Z136.6 - 2000, the aversion response is assumed to occur within 0.25 s, including blink reflex time.

Beam backstop - A non-specular material that is opaque to laser radiation of a particular wavelength. An adequate backstop encompasses the entire laser beam and appropriate buffer area.

Construction Laser - A laser product used outdoors and intended for surveying, leveling, or alignment. Class 1, Class 2, and Class 3a lasers are usually used for these purposes.

Continuous wave (cw) - The output of a laser which is operated in a continuous rather than a pulsed mode.  A laser operating with a continuous output for a period greater than 0.25 seconds is regarded as a cw laser.

Critical zone - Volume of airspace where visual interference by a visible laser beam would compromise safety due to interruption of necessary performance of critical tasks. This zone surrounds the laser-free zone.

Diffuse reflection - Change of the spatial distribution of a beam of radiation when it is reflected in many directions by a surface or by a medium.


Embedded laser - A laser with an assigned class number higher than the inherent capability of the laser system in which it is incorporated, where the system’s lower classification is the result of engineering features which limits the accessible emissions.

Flight hazard zone - The flight hazard zone describes the space within which the level of radiation during operation exceeds the applicable exposure level.  This includes: nominal hazard zone (NHZ), critical zone, and laser-free zone.

Health Care Laser System - (HCLS) Laser systems used in health care applications, and includes a delivery system to direct the output of the laser, a power supply with control and calibration functions, mechanical housing with interlocks, and associated fluids and gases required for the operation of the laser. 
Infrared radiation - Optical radiation with wavelengths greater than that defined as visible radiation, i.e., greater than 0.78 (m.

Interaction Area - The area in which irradiation of materials by the primary or secondary beam occurs.

Invisible laser - An invisible laser emits a wavelength outside the spectral range defined as visible radiation, i.e., outside of the wavelength range of 0.39 to 0.78 (m (390 to 780 nm). This term means that the laser beam cannot be seen.

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-free level - The maximum level of visible optical radiation which is not expected to cause any visual interference to an individual performing critical tasks.

Laser-free zone - A designated area or volume of airspace where any extraneous visible optical radiation could interfere with safety.

Laser Radiation - Laser radiation as defined herein refers to the ultraviolet, visible, and infrared regions of the electromagnetic spectrum and should not be confused with ionizing radiation.

Laser User - should include operators, technicians, engineers, maintenance and service personnel working with or around lasers or laser systems.

Maximum Permissible Exposure (MPE) - The level of laser radiation to which a person may be exposed without hazardous effect or adverse biological changes in the eye or skin. See Appendix C for tables of MPE.

Navigable airspace - Airspace that can contain aircraft. As defined in ANSI Z136.6( 2000, navigable airspace is defined as airspace that is 500 feet (153 m) from any structure in semi-populated areas. In heavily populated areas, aircraft are required to allow more distance from structures. Near airports or heliports, navigable airspace extends to the runway. helicopter operations may require additional considerations since they are often flying below 500 feet.

Nominal Hazard Zone - The Nominal Hazard Zone (NHZ) describes the space within which the level of direct, reflected, or scattered radiation during normal operation exceeds the Maximum Permissible Exposure (MPE). 

Outdoor - As defined in ANSI Z136.6-2000, a location for a laser where the insertion of a mirror into the output beam path could create a specular reflection that extends indefinitely. However, if the reflected beam thus created does not exceed the MPE anywhere along the beam path, or one of the visual interference levels within the corresponding visual interference zone, the location need not be considered as outdoors.
Q-Switched Laser – a type of pulsed laser that produces low repetition-rate, high-energy pulses.
Specular Reflection – mirror-like reflection, so all the reflected light goes in one direction, meaning the beam will continue to be as dangerous as it was before reflection.
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Table B-2 ANSI Table 5. Maximum Permissible Eye Exposure by Wavelength and Power
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Thermal the lower MPE considering
0.180 to 0.400 07 to 10 0.56 1% photochemical and thermal
effects must be chosen.
Photochemical
0.180t0 0.302 107 to 3 x 10 3x107? See Tables 8a and 8b for
0.302 t0 0.315 07 t0 3 x 10* 102%00-0299), 1 4 limiting aperture and Table 9
for measurement aperture.
0.315 to 0.400 0to3x10* 1.0
Visible
0.400 to 0.700 0" t0 10™ 1.5x10° In the Wavelength Region
0.400 to 0.700 0" t0 107 2.74%° (0.400 to 0.500 pm), 7;
0.400 to 0.700 0%t0 18 x 10° 5.0 107 determines whether the
0.400t0 0.700 18 x 10°t0 10 1.81°7 x 10° photochemical or thermal MPE
0.500t0 0.700 10 to 3 x 10 1x10° is lower.
Thermal
For extended sources in the
0.450 to 0.500 0to 7, 1x10° retinal hazard region (0.400 to
1.4 um), see Table 5b.
Photochemical
0.400 to 0.450 0to 100 1x107 See Table 6 and Figures 8 and
9 for correction factors Cy, Cg,
0.450t0 0.500 T, to 100 Ca %102 Ce, Cp, C, and times 7; and
0.400 to 0.500 00to3 x 10* Csgx10* T>.
Near Infrared
0.700 to 1.050 0 t0 10" 1.5¢x10° For repeated (pulsed)
0.700 to 1.050 0" t0 107 2TCH 2D exposures, see Section 8.2.3.
0.700 to 1.050 070 18 x 10 5.0 Cy x 107 A correction factor, Cp applies
0.700t0 1.050 18 x 10 t0 10 1.8C "% 10° to thermal limits, but not to
0.700 to 1.050 10 to 3 x 10 G107 photochemical limits.
.050 to 1.400 0" to 107" 1.5C x10" The wavelength region
.050 to 1.400 0" t0 107 27.0 Cs i " A to A, means A < A< Ay,
050t01.400 10”050 x 10° 5.0 Ccx 10° e.g., 0.180 to 0.302 pm means
050t0 1.400 50 x 10 to 10 9.0 Cct*” x 107 0.180 <2 < 0.302 pm.
050t0 1.400 10 to 3 x 10 5.0 Cc x 10°
Far Infrared
400to0 1.500 107 t0 107 0.1 Note: The MPEs must be in
400t0 1.500 107 to 10 0.56 1% the same units.
400t0 1.500  10to3 x 10* 0.1
5000 1.800 107 t0 10 1.0
500t0 1.800  10to3 x 10* 0.1
800t02.600 1070 107 01
.800t02.600 107 to0 10 0.56 1%
.800t02.600  10t03x 10* 0.1
2.600 to 1000 10”0 107 1x107?
2.600 to 1000 107 t0 10 0561
2.600 to 1000 10t03 x 10° 0.1





Table B-3 ANSI Table 6. Parameters and Correction Factors

[image: image3.jpg]Table 6. Parameters and Correction Factors

Parameters/ Wavelength Figure With
Correction Factors (um) & Graphltci!
N _ g egesen ation

Cp=1.0 0.400 to 0.700 8a
€\ =p> 010 0.700 to 1.050 8a
Gu=50 1.050 to 1.400 8a
Cg=1.0 0.400 to 0.450 8c
Ci=1020020 0.450 to 0.600 8c
Ce=1.0 1.050 to 1.150 8b
GCH=HIpIEr0 1.150 to 1.200 8b
Cc=8 1.200 to 1.400 8b
Ce=1.0 o< i 0.400 to 1.400 —
CE=0/ Omin  Olmin < 0 < Olppax* 0.400 to 1.400 —
G0l O, O Or 0.400 to 1.400 —
Cr=ip 0257 0.180 to 1000 13
Tp=10% 000802 0.450 to 0.500 9a
Ty=10 x 10 (@19/983 = 0.400 to 1.400 9b

For wavelengths between 0.400 and 1.400 pm: Oy, = 1.5 mrad, and
Olmax = 100 mrad

See 8.2.3 for discussion of Cp and 8.2.3.2 for discussion of pulse repetition
frequencies below 55 kHz (0.4 to 1.05 pum) and below 20 kHz (1.05 to 1.4 pum).

T,=10s for . =0.450 pm, and 7; = 100 s for . = 0.500 pm.

pe.

T,=10s for o. < 1.5 mrad, and 7> = 100 s for & > 100 mrad.

Note 1: Wavelengths must be expressed in micrometers and angles in milliradians for calculations.

Note 2: The wavelength region Ay to Jo means 2y <A< Jp,e.g., 0.550 to 0.700 pm means
0.550 <A< 0.700 pm.




Table B-4 ANSI Table 7. Maxium Permissible Skin Exposure by Wavelength and Power

[image: image4.jpg]Table 7. Maximum Permissible Exposure (MPE)
for Skin Exposure to a Laser Beam

Wavelength Exposure Duration, 7 | MPE Notes
(um) ©) (em?) —[' (W-em?)
) except as noted except as noted
Ultraviolet
Dual Limits for A between 0.180 to 0.400 um In the Dual Limit Wavelength
| Thermal Region (0.180 to 0.400 pm),

the lower MPE considering

| photochemical and thermal
effects must be chosen.

| 0.180 o 0.400 107 to 10 0/561#%%

Photochemical X

0.180 to 0.302 07 t0 3 x 10° 3x10°

0.302 to 0.315 0°t03 % 10* 1020023 634

0.315 to 0.400 010 10° 1.0

0.315 to 0.400 0°to 3 x 10° 1x 107

|

| Visible and Near Infrared |
| 0.400 to 1.400 0”to 107 2Cyx 107

0.400 to 1.400 07t0 10 116t

0.400 to 1.400 0to3x10* 02,6

Far Infrared

1.400 to 1.500 0”10 10° 0. )

1.400 to 1.500 0°t0 10 0.56 1% |

1.400 to 1.500 0t03x10* 0.1 |

1.500 to 1.800 0?to 10 1.0

1.500 to 1.800 0t03%10* 0.1

1.800 to 2.600 0”t010° 0. )

1.800 to 2.600 107 to 10 0.56 1°%
| 1.800 to 2.600 10to 3 x 10° 0.1 ‘
| 2.600 to 1000 07t 107 1x107
| 2.600 to 1000 0710 10 0.56 £ %
| 2.600 to 1000 0to3 x 10* 0.1

3.5 mm limiting aperture
applies for all wavelengths
and exposure durations
(see Table 8a).

The wavelength region

A tok; means A S A< Ay,
e.g., 0.180 to 0.302 um
means 0.180 <2 < 0.302 um.

The exposure duration #; to £,
means t, <t<t, e.g., 10to
10’ smeans 10s <7< 10°s.

See Section 8.4.2 for large
beam cross sections and
Table 6 for correction
factor Cy




Table B-5 ANSI Table C1. Laser Classification by Wavelength, Power, and Laser Type
[image: image5.jpg]Table C1. Typical Laser Classification —

Continuous Wave (CW) Point Source Lasers

‘Wavelength Laser Type ‘Wavelength Class 1 * Class 2 Class 3 #* Class 4
(um) (um) (W) (W) (W) (W)
Ultraviolet
0.180t00.280  Neodymium: YAG ~ 0.266 <9.6x 107 None >Class 1 but<0.5 >0.5
(Quadrupled) for 8 hours
Argon 0.275
~
Ultraviolet
0.315t0 0.400  Helium-Cadmium 0.325
Argon 0.351,0.363, <32x10° None >~ >Class1but<0.5 >05
Krypton 0.3507, 0.3564
Visible = -~
0.400to0 0.700  Helium-Cadmium 0.4416 only <4x10* \
Argon (Visible) 0457 <5x10° A
0.476 <1x10*
0.488 <2x10%
0.514
Krypton 0.530
Neodymium: YAG <4x10*
(Doubled) 0532
Helium-Neon 0.543 > Class 1 but
<1x10° > Class 2 but < 0.5 >05
Dye 0.400 - 0.500 } <04 Cax 107
Helium-Selenium 0.460 - 0.500
Dye 0.550 - 0.700
Helium-Neon 0.632
InGaAIP 0.670 <4x107
Ti:Sapphire 0.350 - 0.500
Krypton 0.6471, 0.6764 j J
Near Infrared
0.700 to 1.400  GaAlAs 0.780 <5.6x10* \
GaAlAs 0.850 L% 10*
GaAs 0.905 <9.9x 107
Neodymium: YAG 1.064 <1.9x10%
Helium-Neon 1.080 <1.9x10°
1152 <2.1x10?
InGaAsP 1.310 <1.5x 107
Far Infrared
1.400 to 10° InGaAsP 1.550 > None >Class 1 but <0.5 >0.5
Holmium 2.100
Erbium 2.940
Hydrogen Fluoride ~ 2.600 - 3.00 <9.6 %107
Helium-Neon 3.390 only
Carbon Monoxide 5.000 - 5.500
Carbon Dioxide 10.6
Water Vapor 118 } <9.5x 107 j /
Hydrogen Cyanide 337

*

Tmax = 8 hours (one workday); otherwise the Class 1 AEL could be larger than tabulated.

** See 3.3.3.1 for definition of Class 3R.

Assumes no mechanical or electrical design incorporated into laser system to prevent exposures from lasting up to




Table B-6 ANSI Table C3a. Maximum Permissible Eye Exposure by Laser Type
[image: image6.jpg]Table C3a. Point Source MPE for the Eye for Selected CW Lasers

Exposure
Laser Type Wavelength DLE‘Z;OH Maximum Permissible Exposure

(um) (s) (J-em™) (W-em™)
Argon 0.275 10to 3 x 10°* 307 -
Helium-Cadmium 0.325 10t0 3 x 10* 1 -
Argon 0.351 10t0 3 x 10* 1 =
Helium-Cadmium 0.4416 0.25 - 2:5%10°
Argon 0.488 100 58 = 1x10?

0.488 5810 10° 5.8x 107

0.488 >10° - 58x10*

0.5145 0to3x 10° - 1x10°?
Helium-Neon 0.632 0.25 - 25x 107
Helium-Neon 0.632 10to 3 x 10* = 1x10%
Krypton 0.647 0.25 - 25x10°
Krypton 0.647 0to3x 10 = 1x10?
InGaAlP 0.670 0.25 - 2.5 10°
GaAs 0.905 0to3x10* 5 26107
Neodymium: YAG 1.064 0to3x10* - 5% 107
InGaAsP 1.310 10to 3 x 10 - 4x107?
InGaAsP 1.550 10to0 3 x 10* ” 0.1
Carbon-Dioxide 10.600 0to3x10* " 0.1





Table B-7 ANSI Table C3b. Maximum Permissible Skin Exposure by Laser Type
[image: image7.jpg]Table C3b. Point Source MPE for the Skin for Selected CW Lasers

Exposure

Laser Type Wavelength Duration Maximum Permissible Exposure
(um) ©) (-em?) (W-cm?)
Argon 0.275 3% 10* 3x10° =
Helium-Cadmium 0.325 10 to 1000 1 -
0.325 >1000 1x10°
Argon 083l 10 to 1000 1 -
0.351 >1000 - 1x10?
Helium-Cadmium 0.4416 >10 - 0.2
Argon 0.488 >10 & 0.2
Argon 0.5145 >10 = 0.2
Helium-Neon 0.6328 >10 - 0.2
Krypton 0.647 >10 = 0.2
GaAs 0.905 >10 - 0.5
Neodymium: YAG 1.064 >10 = 1.0

Carbon-Dioxide 10.600 >10 == 0.1





APPENDIX C
LASER SIGNAGE

Each laser must bear an appropriate warning sign in a location where the user will see it during use.  Any laser in an enclosure must also have an appropriate warning sign on the enclosure in a location where the user will see it during use.  Any Class 3B or 4 laser must also have an appropriate warning sign on the outside of every door leading into the room (or rooms) in which the laser will be used.  The signs shown in this Appendix are illustrative of the appropriate colors and configurations of the signs; however, the wording shown in black on each sign must be appropriate to the particular laser in use, and so you will not necessarily be able to use the specific signs shown here.  Appendix C contains a list of distributors of laser safety equipment including signs specific to many different types of lasers.
Class 4 Laser – a sign similar to this must be used for any Class 4 laser.  The text in black must reflect the specific laser in use; the manufacturer should provide this information at the time of purchase, or it can be determined using the tables in Appendix B.
[image: image8.png]INVISIBLE LASER RADIATION

AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED RADIATION

DIODE LASER
5W MAX OUTPUT at 780-980 nm
CLASS IV LASER PRODUCT





Class 3B Laser – a sign similar to this must be used for any Class 3b laser.  The text in black must reflect the specific laser in use; the manufacturer should provide this information at the time of purchase, or it can be determined using the tables in Appendix B.
[image: image9.png]LASER RADIATION

AVOID DIRECT EYE EXPOSURE

HELIUM-NEON LASER
25 mW MAX OUTPUT at 632.8nm
CLASS lllb LASER PRODUCT





Class 3R (3A) Laser – a sign similar to this must be used for any Class 3a laser that exceeds the MPE. The text in black must reflect the specific laser in use; the manufacturer should provide this information at the time of purchase, or it can be determined using the tables in Appendix B. 
[image: image10.png]LASER RADIATION

AVOID DIRECT EYE EXPOSURE

DIODE LASER
5 mW MAX OUTPUT at 670 nm
CLASS llla LASER PRODUCT





Some lower-irradiance Class 3A lasers may use Caution signs, instead.  The text in black must reflect the specific laser in use; the manufacturer should provide this information at the time of purchase, or it can be determined using the tables in Appendix B. 
[image: image11.png]Laser Radiation:
DO NOT Stare Into Beam or View
Directly with Optical Instruments

LASER TYPE POWER/ENERGY WAVELENGTH
LASER IN OPERATION |CLASS A j




Class 2 Laser – a sign similar to this must be used for any Class 2 laser.  The text in black must reflect the specific laser in use; the manufacturer should provide this information at the time of purchase, or it can be determined using the tables in Appendix B.   
[image: image12.png]CAUTION

LASER RADIATION

DO NOT STARE INTO BEAM

DIODE LASER
1 mW MAX OUTPUT at 635-670 nm
CLASS Il LASER PRODUCT





APPENDIX D
SELECTED DISTRIBUTORS OF LASER SAFETY EQUIPMENT
The RSO does not endorse or require the use of any of these vendors; these are examples offered for convenience.
Elvex Corporation - (800) 888-65 
Laser safety glasses - (203) 743-2488 
http://www.elvex.com/laser-spectacles.htm
Glendale, Inc – (800) 500-4738
Laser safety glasses

http://glendale-laser.com
Laser Safety Systems - (757) 229-6109   

Total laser safety systems and examples of how to equip different kinds of laser labs http://www.lasersafetysystems.com/products.htm

Yamamoto Kogaku Co., Ltd. – 81-6-6783-1104

Laser safety glasses

http://www.yamamoto-kogaku.co.jp

Thor Labs – 1-973-579-7227     
IR and UV laser viewing cards, laser glasses, barriers, blackout materials, beam dumps, safety signs, shutters, controllers, enclosure systems, anti-static systems http://www.thorlabs.com/Navigation.cfm

RT Technology - 770-332-0092  

Laser enclosures, blinds, curtains, screens, barriers, interlock systems, shutters, different types of protective eyewear 
http://www.rtlasersafety.com/

Rockwell Laser Industries - (800) 945- 2737 

Safety eyewear, protective barriers, windows, publications - (513) 271-1568 
http://www.rli.com/

NoIR Laser Co. - (800) 521-9746 

Safety glasses, barriers, shields - (734) 769-5565 
http://www.noirlaser.com/

Philips Safety Products - (888) 440-9797 

Laser Safety glasses, barrier and window sheeting 
http://www.phillips-safety.com/store/index.php?cPath=30

Kentek – (800) 432-2323 
Laser safety glasses and more

http://www.kenteklaserstore.com/category.aspx?categoryID=45

Medical Safety Glasses – (800) 814-8784 

Lasermet -  01202 770 740

Laser shutters, screens, blinds, curtains, enclosures, partitions, filter windows, beam dumps, illuminated laser warning signs, interlock systems, warning labels, safety software, goggles http://www.lasermet.com/laser-safety-equipment.php
My Safety Sign – 800-952-1457
Laser safety signs 

http://www.mysafetysign.com/Safety-Signs/Laser-Safety-Signs-Warning-Labels.aspx
Laservision USA – (800) 393-5565

Laser safety glasses, signs and labels, safety windows, barriers

http://www.lasersafety.com

Directed Light Inc. – (800) 468-2326

Laser safety glasses, laser components, support services

http://www.directedlight.com

Wilson Industries, Inc. – (800) 423-4277

Laser safety glasses, signs and labels, barriers, beam stops
http://www.wilsonindustries.com
Laser Institute of America – (407) 380- 1553

Laser safety publications and education

http://www.laserinstitute.org
Appendix E-1:  Laser Inventory Form
University of Oklahoma

Note:  Electronic equipment with embedded lasers (i.e.: laser printers: computers, DVD players, etc.) do not need to be included in the laser inventory.
	PI/Instructor Name:

	College / Department:

	Building / Room number:

	Telephone #:

	OU Asset Tag #:

	Laser Specific Data

	Manufacturer:

	Model:

	Serial Number:

	Hazard Class    (1            (2                  (3R/3A                       (3B                      (4          [check one]

	Technical Specifications

	Type [laser media]

	Wavelength(s) (nm):

	Pulsed                                                     ( No
	( Yes:

	
	Pulse Energy (J):

	
	Pulse Length (s):

	
	Repetition Rate (Hz):

	Administrative Procedures

	Is the manufacturer’s operational manual available                      ( Yes                ( No

	Standard operating available, including:                                 

Authorized users:      ( Yes       ( No                            General Safety Precautions:     ( Yes     ( No

Start-up, use and shut-down procedures:                        Alignment Procedures:            ( Yes     ( No

                                 ( Yes       ( No

	Personal Protective Equipment

	Manufacturer:

	Model:

	OD / Wavelength:

	Number of pairs:


Appendix E-2:  Class 3B Laser Evaluation
This form must be used for the initial and annual audit at OU of any Class 3B laser.

[American National Standards Institute reference; reference to this document]
	Principal Investigator
	     

	Division
	     
	Laser Location
	     

	Date
	     
	Evaluator
	     

	Manufacturer
	     
	Output Power
	     

	Model No.
	     
	Laser Type
	     

	Serial No.
	     
	Wavelength
	     

	Fixed
	 FORMCHECKBOX 

	Scanning
	 FORMCHECKBOX 

	Pulsed
	 FORMCHECKBOX 

	Continuous Wave
	 FORMCHECKBOX 

	
	


 FORMCHECKBOX 
 This laser is enclosed and interlocked in an opaque housing so that no part of the beam may emerge from the housing; skip sections 5, 7, and 8.
1. Controlled Area


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser is operated in a Controlled Area. [ANSI 4.3.10]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Controlled Area is posted with appropriate warning signs. [ANSI 4.3.10.1; VA6, VB6, App C]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Temporary Controlled Area is posted with a notice sign. [ANSI 4.3.12]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser Controlled Area is under the supervision of individual knowledgeable in laser safety. [ANSI 4.3.10.1; IVA2, IVB2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Windows have an appropriate filter, barrier, or screen to reduce transmitted laser radiation to levels below the MPE. [ANSI 4.6.3; VB10, Table 5a]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

A barrier, screen, or curtain at the Controlled Area entryway is used to prevent laser radiation from exiting the area at levels in excess of the MPE, if an opaque,  interlocked housing is not used. [ANSI 4.6.4; VB10, Table 5a]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Spectators should not be permitted in a Controlled Area unless the area supervisor approves the entry, hazards and protective actions have been explained to the spectators, and appropriate protective measures are taken. [ANSI 4.3.10.1; IVB4]

2. Labels and Signs


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Class 3b lasers are labeled “Laser Radiation – Avoid direct exposure to beam.” [ANSI 4.7.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser is labeled with maximum output, pulse duration (if applicable), and laser medium or wavelength. [ANSI 4.7.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Lasers operating at wavelengths less than 400 nm or greater than 700 nm are labeled with the phrase “invisible laser radiation”. [ANSI 4.7.4.2; Appendix C]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Warning signs are posted on both the laser housing and control panel if they are separated by more than 2 meters. [ANSI 4.3.14; Appendix C]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Signs and labels are conspicuously displayed in locations to best warn onlookers. [ANSI 4.7.4.3; IVB6&7]

3. Protective Housing


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser has a protective housing. [ANSI 4.3.10; IVC]

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each portion of the protective housing or enclosure that is designed to be removed during maintenance has a failsafe (redundant series-connected) safety interlock. [ANSI 4.3.2; VB12]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Defeated safety interlocks require appropriate administrative controls. [ANSI 4.3.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Service does not render safety interlocks inoperative when the laser is returned to its operational condition. [ANSI 4.3.1.1; VB12]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each non-interlocked portion of the protective housing or enclosure which is designed to be removed during normal operation, maintenance, or service is labeled to indicate the relative hazard of laser radiation within the housing. [ANSI 4.3.14.2; VB7]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Service access panels are interlocked or require a tool for removal and are labeled. [ANSI 4.3.3; VB7b]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Service panels cannot be replaced with interlock defeated. [ANSI 4.3.3; VB12]

4. Engineering Controls


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 3b laser should have a (removable) key-actuated master switch and should be inoperable when the key is removed/disabled. [ANSI 4.3.4] 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The laser should have a remote interlock connector. [ANSI 4.3.7]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The laser should have a permanent beam stop or attenuator. [ANSI 4.3.8; VB10b]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser should have a visual or audible indication immediately before and during operation. [ANSI 4.3.9.4.1&2; IVB9]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The electrical input to the laser and control system permits lockout/tagout as required by OSHA. [ANSI 4.3.4] 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Potentially hazardous beams are terminated in an appropriate beam stop. [ANSI 4.3.10.1; IVB10b]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Only diffuse reflective materials should be in the beam path. [ANSI 4.3.10.1; IVB10c]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Beam path should not be at eye level. [ANSI 4.3.10.1; IVB10e]

5. Walk In Protective Housing


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Walk in protective enclosures have an area warning system activated upon entry. [ANSI 4.3.1.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Walk in protective enclosure area warning systems are interlocked to prevent access to laser radiation above the MPE when personnel are within the enclosure. [ANSI 4.3.1.2]

6. Administrative Controls


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Lasers should be stored or disabled when not in use to prevent unauthorized use. [ANSI 4.3.10.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Education and training commensurate with the hazard is provided to operating, maintenance and service personnel. [ANSI 4.4.3; VB2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Lasers are operated, serviced, and maintained only by authorized personnel. [ANSI 4.3.10.1, 4.4.4]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Written standard operating, maintenance, and service procedures should be maintained with the laser for reference. [ANSI 4.4.1; IVB1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Written alignment procedures should be approved by the RSO. [ANSI 4.4.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Alignment of optical systems is done in such a manner that eye exposure to the primary beam or the reflected beam at levels in excess of the MPE is prevented. [ANSI 4.4.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Alignment should be done using low power (Class 1 or Class 2) visible lasers. [ANSI 4.4.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Excessive power is not used. [ANSI 4.4.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The RSO reviews safety measures following service, repair, or modifications which may affect the output power or operating characteristics of a laser. [ANSI 4.8, 4.9]

7. Optical Fibers


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Connection or disconnection of a laser optical fiber transmission system during operation is done within a Controlled Area if the MPE is exceeded. [ANSI 4.5.2.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Connection or disconnection of a laser optical fiber transmission system during maintenance or service is done within a Temporary Controlled Area if the MPE is exceeded. [ANSI 4.5.2.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Connection or disconnection of a laser optical fiber transmission system via a connector requires use of a tool. [ANSI 4.5.2.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Disconnection of a laser optical fiber is done only after termination of the beam. [ANSI 4.5.2.2]

8. Protective Equipment


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Personnel inside the Controlled Area should have appropriate eye protection when other measures are inadequate to eliminate potential exposure in excess of the MPE. [ANSI 4.6.2.1; VB4]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Protective eyewear is labeled with optical density and wavelength. [ANSI 4.6.2.7]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Protective eyewear is periodically cleaned and inspected for frame and filter integrity. [ANSI 4.6.2.8]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Protective gloves, clothing, and shields are used if repeated exposures at or near the MPE for the skin are expected. [ANSI 4.6.5]

9. Records


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

A list of authorized laser personnel are maintained and made available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser training are maintained and made available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser inventories are maintained and made available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser receipt, transfer, and disposal are maintained and made  available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser audits are maintained. 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser incidents or injuries reported to the RSO are maintained. 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The RSO is notified immediately of any known or suspected incident or injury involving a laser.

Recommendations
Appendix E-3:  Class 4 Laser Evaluation

This form must be used for the initial and annual audit at OU of any Class 4 laser.

[American National Standards Institute reference; reference to this document]
	             Principal Investigator
	     

	Division
	     
	Laser Location
	     

	Date
	     
	Evaluator
	     

	Manufacturer
	     
	Output Power
	     

	Model No.
	     
	Laser Type
	     

	Serial No.
	     
	Wavelength
	     

	Fixed
	 FORMCHECKBOX 

	Scanning
	 FORMCHECKBOX 

	Pulsed
	 FORMCHECKBOX 

	Continuous Wave
	 FORMCHECKBOX 

	
	


 FORMCHECKBOX 
 This laser is enclosed and interlocked in an opaque housing so that no part of the beam may emerge from the housing; skip sections 5, 6, and 8.
1. Controlled Area


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser is operated in a Controlled Area. [ANSI 4.3.10]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Controlled Area is posted with appropriate warning signs. [ANSI 4.3.10.1; VA6, VB6, App C]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Temporary Controlled Area is posted with a notice sign. [ANSI 4.3.12, 4.7.3.3, 4.3.9.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser Controlled Area is under the supervision of individual knowledgeable in laser safety. [ANSI 4.3.10.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Class 4 laser Controlled Areas have non-defeatable safety latches or area interlocks, in combination with training and personnel protective equipment, or training and protective equipment in combination with an entryway barrier and an entryway laser status indicator. [ANSI 4.3.10.2, 4.3.10.2.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Windows have an appropriate filter, barrier, or screen to reduce transmitted laser radiation to levels below the MPE, if not in an opaque, interlocked housing.. [ANSI 4.6.3; VB10, Table 5a]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

A barrier, screen, or curtain at the Controlled Area entryway is used to prevent laser radiation from exiting the area at levels in excess of the MPE. [ANSI 4.6.4; Table 5a]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Spectators are not be permitted in a Controlled Area unless the area supervisor approves the entry, hazards and protective actions have been explained to the spectators, and appropriate protective measures are taken. [ANSI 4.3.10.1; IVB4]

2. Labels and Signs


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Class 4 lasers are labeled “Laser Radiation – Avoid eye or skin exposure to direct or scattered radiation.” [ANSI 4.7.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser is labeled with maximum output, pulse duration (if applicable), and laser medium or wavelength. [ANSI 4.7.5; VB6]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Lasers operating at wavelengths less than 400 nm or greater than 700 nm are labeled with the phrase “invisible laser radiation”. [ANSI 4.7.4.2; Appendix C]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Warning signs should be posted on both the laser housing and control panel if they are separated by more than 2 meters. [ANSI 4.3.14.1; Appendix C]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Signs and labels are conspicuously displayed in locations to best warn onlookers. [ANSI 4.7.5.1, 4.7.4.3; Appendix C]

     

3. Protective Housing


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each laser has a protective housing. [ANSI 4.3.10; IVC]

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each portion of the protective housing or enclosure that is designed to be removed during maintenance has a failsafe (redundant series-connected) safety interlock. [ANSI 4.3.2; VB12]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Defeated safety interlocks require appropriate administrative controls. [ANSI 4.3.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Service does not render safety interlocks inoperative when the laser is returned to its operational condition. [ANSI 4.3.1.1; VB12]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each non-interlocked portion of the protective housing or enclosure which is designed to be removed during maintenance or service is labeled to indicate the relative hazard of laser radiation within the housing. [ANSI 4.3.14.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Service access panels are interlocked or require a tool for removal and are labeled. [ANSI 4.3.3; VB7b]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Service panels cannot be replaced with interlock defeated. [ANSI 4.3.3; VB12]

4. Engineering Controls


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 4 laser has a (removable) key-actuated master switch and is inoperable when the key is removed/disabled. [ANSI 4.3.4] 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 4 laser has a clearly marked “Panic Button” to deactivate the laser or reduce emission to less than the MPE. [ANSI 4.3.10.2.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 4 laser has a remote interlock connector. [ANSI 4.3.7]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 4 laser has a permanent beam stop or attenuator. [ANSI 4.3.8]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 4 laser has a visual or audible indication immediately before and during operation. [ANSI 4.3.9.4]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The electrical input to the laser and control system permits lockout/tagout as required by OSHA. [ANSI 4.3.4] 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Beam path is not at eye level [VB10e]. 

5. Walk In Protective Housing


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Walk in protective enclosures have an area warning system activated upon entry. [ANSI 4.3.1.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Walk in protective enclosure area warning systems are interlocked to prevent access to laser radiation above the MPE when personnel are within the enclosure. [ANSI 4.3.1.2]

6. Optical Fibers


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Connection or disconnection of a laser optical fiber transmission system during operation is done within a Controlled Area if the MPE is exceeded. [ANSI 4.5.2.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Connection or disconnection of a laser optical fiber transmission system during maintenance or service is done within a Temporary Controlled Area if the MPE is exceeded. [ANSI 4.5.2.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Connection or disconnection of a laser optical fiber transmission system via a connector requires use of a tool. [ANSI 4.5.2.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Disconnection of a laser optical fiber is done only after termination of the beam. [ANSI 4.5.2.2]

     

7. Administrative Controls


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Lasers are stored or disabled when not in use to prevent unauthorized use. [ANSI 4.3.10.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Education and training commensurate with the hazard is provided to operating, maintenance and service personnel. [ANSI 4.4.3; IVB2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Lasers are operated, serviced, and maintained only by authorized personnel. [ANSI 4.4.4, 4.3.10.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Written standard operating, maintenance, and service procedures are maintained with the laser for reference. [ANSI 4.4.1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Written alignment procedures are approved by the RSO. [ANSI 4.4.1; IVB1]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Alignment of optical systems is done in such a manner that eye exposure to the primary beam or the reflected beam at levels in excess of the MPE is prevented. [ANSI 4.4.5;  IVB3]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Alignment should be done using low power (Class 1 or Class 2) visible lasers. [ANSI 4.4.5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Each Class 4 laser should be fired or monitored from a remote position. [ANSI 4.3.13]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Excessive power is not used. [ANSI 4.4.2]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The RSO reviews safety measures following service, repair, or modifications which may affect the output power or operating characteristics of a laser.  [ANSI 4.8, 4.9
8. Protective Equipment


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Personnel inside the Controlled Area have appropriate eye protection when other measures are inadequate to eliminate potential exposure in excess of the MPE. [ANSI 4.6.2.1; IVB4]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Protective eyewear is labeled with optical density and wavelength. [ANSI 4.6.2.7]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Protective eyewear is periodically cleaned and inspected for frame and filter integrity. [ANSI 4.6.2.8]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Protective gloves, clothing, and shields are used if repeated exposures at or near the MPE for the skin are expected. [ANSI 4.6.6; IVB5]


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Laser protective barriers are not an integral part of the system, are labeled with Threshold Limit (TL) and exposure time. [ANSI 4.6.5.4]

9. Records


Sat.
Unsat.
N/A
Requirement


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

A list of authorized laser personnel are maintained and made available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser training are maintained and made available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser inventories are maintained and made available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser receipt, transfer, and disposal are maintained and available to the RSO.

 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser audits are maintained. 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

Records of laser incidents or injuries reported to the RSO are maintained. 


 FORMCHECKBOX 

 FORMCHECKBOX 

 FORMCHECKBOX 

The RSO is notified immediately of any known or suspected incident or injury involving a laser.

Recommendations:       
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