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An American National Standard implies a consensus of those substantially 
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is intended as a guide to aid the manufacturer, the consumer, and the 
general public. The existence of an American National Standard does not 
in any respect preclude anyone, whether or not he or she has approved the 
standard, from manufacturing, marketing, purchasing, or using products, 
processes or procedures not conforming to the standard. American 
National Standards are subject to periodic review and users are cautioned 
to obtain the latest editions. 

CAUTION NOTICE: This American National Standard may be revised 
or withdrawn at any time. The procedures of the American National 
Standards Institute require that action be taken periodically to reaffirm, 
revise, or withdraw this standard no later than five years from the date of 
publication. Purchasers of American National Standards may receive 
current information on all standards by calling or writing the American 
National Standards Institute. 
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  i 

 

Foreword (This introduction is not a normative part of ANSI Z136.5-2009, American 
National Standard for Safe Use of Lasers in Educational Institutions.) 
 
In 1968, the American National Standards Institute (ANSI) approved the 
initiation of the Safe Use of Lasers Standards Project under the 
sponsorship of the Telephone Group. 
 
Prior to 1985, Z136 standards were developed by ANSI Committee Z136 
and submitted for approval and issuance as ANSI Z136 standards. Since 
1985, Z136 standards are developed by the ANSI Accredited Standards 
Committee (ASC) Z136 for Safe Use of Lasers. A copy of the procedures 
for development of these standards can be obtained from the secretariat, 
Laser Institute of America, 13501 Ingenuity Drive, Suite 128, Orlando, FL 
32826 or viewed at www.z136.org. 
 
The present scope of ASC Z136 is to protect against hazards associated 
with the use of lasers and optically radiating diodes.  
 
ASC Z136 is responsible for the development and maintenance of this 
standard. In addition to the consensus body, ASC Z136 is composed of 
standards subcommittees (SSC) and technical subcommittees (TSC) 
involved in Z136 standards development and an editorial working group 
(EWG). At the time of this printing, the following standards and technical 
subcommittees were active:  
 

SSC-1 Safe Use of Lasers (parent document) 
SSC-2 Safe Use of Lasers and LEDs in  
 Telecommunications Applications  
SSC-3 Safe Use of Lasers in Health Care Facilities  
SSC-4 Measurements and Instrumentation 
SSC-5 Safe Use of Lasers in Educational Institutions 
SSC-6 Safe Use of Lasers Outdoors 
SSC-7 Eyewear and Protective Barriers 
SSC-8 Safe Use of Lasers in Research, Development, and Testing 
SSC-9 Safe Use of Lasers in Manufacturing Environments 
SSC-10 Safe Use of Lasers in Entertainment, Displays, and  
 Exhibitions 

 
TSC-1 Biological Effects and Medical Surveillance 
TSC-2 Hazard Evaluation and Classification 
TSC-4 Control Measures and Training 
TSC-5 Non-Beam Hazards 
TSC-7 Analysis and Applications 

 
EWG Editorial Working Group 
 

 
 

Full document details: LIA Z136.5 2009

http://www.avadocuments.com/doc/lia-z136-5-2009
http://www.avadocuments.com/doc/lia-z136-5-2009


P
ro

vi
de

d 
by

 : 
w

w
w

.s
pi

c.
ir 

   
 

ii   

The six standards currently issued are: 
 

ANSI Z136.1-2007, American National Standard for Safe Use of 
Lasers (replaces ANSI Z136.1-2000)  

ANSI Z136.3-2005, American National Standard for Safe Use of 
Lasers in Health Care Facilities (replaces ANSI Z136.3-1996)  

ANSI Z136.4-2005, American National Standard Recommended 
Practice for Laser Safety Measurements for Hazard Evaluation (first 
edition) 

ANSI Z136.5-2009, American National Standard for Safe Use of 
Lasers in Educational Institutions (replaces ANSI Z136.5-2000) 

ANSI Z136.6-2005, American National Standard for Safe Use of 
Lasers Outdoors (replaces ANSI Z136.6-2000) 

ANSI Z136.7-2008, American National Standard for Testing and 
Labeling of Laser Protective Equipment (first edition) 
 

This American National Standard provides guidance for the safe use of 
lasers and laser systems in educational institutions. The provisions of this 
standard are applicable to educational facilities ranging from grade school 
through college and university. In general, the methodology used in this 
standard is based upon procedures previously established in ANSI Z136.1. 
General procedures have been adapted for the unique environment of 
educational institutions. Engineering and administrative control measures 
appropriate for typical educational activities associated with lasers are 
supplied to assist users in establishing a sound laser safety program in the 
educational environment. 
 
This standard has been published as part of the ANSI Z136 series of laser 
safety standards. The basic document is the ANSI Z136.1, American 
National Standard for Safe Use of Lasers. For the most part, this standard 
may be used independently of ANSI Z136.1; however, the user should be 
familiar with and have access to ANSI Z136.1. Instances where additional 
guidance contained in ANSI Z136.1 is required are noted in this 
document. 
 
This standard is expected to be periodically revised as new information 
and experience in the use of lasers is gained. Future revisions may have 
modified methodology, and use of the most current document is highly 
recommended. 
 
While there is considerable compatibility among existing laser safety 
standards, some requirements differ among state, federal, and international 
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  iii 

standards and regulations. These differences may have an effect on the 
particulars of the applicable control measures. 
 
Suggestions for improvements of the standard are welcome. They should 
be sent to ASC Z136 Secretariat, Laser Institute of America, 13501 
Ingenuity Drive, Suite 128, Orlando, FL 32826. 
 
This standard was processed and approved for submittal to ANSI by ASC 
Z136. Committee approval of the standard does not necessarily imply that 
all members voted for its approval. 
 
 Ron Petersen, Committee Chair  
 Sheldon Zimmerman, Committee Vice-Chair 
 Robert Thomas, Committee Secretary 
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iv   

 

Notice (This notice is not a normative part of ANSI Z136.5-2009, American 
National Standard for Safe Use of Lasers in Educational Institutions.) 

Z136 standards and recommended practices are developed through a 
consensus standards development process approved by the American 
National Standards Institute. The process brings together volunteers 
representing varied viewpoints and interests to achieve consensus on laser 
safety related issues. As secretariat to ASC Z136, the Laser Institute of 
America (LIA) administers the process and provides financial and clerical 
support to the committee.  

The LIA and its directors, officers, employees, members, affiliates, and 
sponsors, expressly disclaim liability for any personal injury, property, or 
other damages of any nature whatsoever, whether special, indirect, 
consequential, or compensatory, directly or indirectly resulting from the 
publication, use of, or reliance on this document or these standards. The 
LIA’s service as secretariat does not constitute, and LIA does not make any 
endorsement, warranty, or referral of any particular standards, practices, 
goods, or services that may be referenced in this document. The LIA also 
makes no guarantee or warranty as to the accuracy or completeness of any 
information published herein. The LIA has no power, nor does it undertake 
to police or enforce compliance with the contents of this document.  

In issuing and making this document available, the LIA is not undertaking 
to render professional or other services for or on behalf of any person or 
entity. Nor is the LIA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely 
on his or her own independent judgment or, as appropriate, seek the advice 
of a competent professional in determining the exercise of reasonable care 
in any given circumstances. 
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  v 

 

Participants At the time it approved this standard, ASC Z136 had the following 
members:  

 
 Organization Represented Name of Representative 

 Academy of Laser Dentistry Joel White 
 Altos Photonics, Inc. Lucian Hand 
 American Academy of Dermatology Mark Nestor 
 American College of Obstetricians & 

Gynecologists 
Ira Horowitz 

 American Dental Association Joel White 
 American Glaucoma Society Michael Berlin 
 American Industrial Hygiene Association R. Timothy Hitchcock 
 American Society for Laser Medicine & 

Surgery 
David Sliney 
Jerome Garden (Alt) 

 American Society of Safety Engineers Thomas V. Fleming 
Walter Nickens (Alt) 

 American Veterinary Medical Association Kenneth Bartels 
 American Welding Society Mark McLear 
 Association of periOperative Registered 

Nurses 
Evangeline Dennis 

 Buffalo Filter Daniel Palmerton 
 Camden County College Fred Seeber 
 Corning, Inc. C. Eugene Moss 
 Delphi Corporation Paul Daniel Jr. 
 Health Physics Society Thomas Johnson 

David Sliney (Alt) 
 High-Rez Diagnostics, Inc. Richard Hughes 
 Institute of Electrical and Electronics 

Engineers, Inc. (SCC-39) 
Ron Petersen 

 International Imaging Industry 
Association (I3A) 

Joseph Greco 

 Kentek Corporation William Arthur 
 L*A*I International Thomas Lieb 
 Laser Institute of America Gus Anibarro 
 Laser Safety Consulting, LLC. Darrell Seeley 
 LASERVISION USA Richard Greene 
 LFI International Roberta McHatton 
 Lawrence Berkeley National Laboratory Ken Barat 
 Lawrence Livermore National Laboratory Robert Ehrlich 
 Los Alamos National Laboratory Connon Odom 
 National Aeronautics and Space 

Administration 
Guy Camomilli 
Randall Scott (Alt) 

 National Institute of Standards and 
Technology (NIST) 

Shao Yang  

 Power Technology, Inc. William Burgess 
 Rockwell Laser Industries William Ertle 
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 Organization Represented Name of Representative 
 Underwriters Laboratories, Inc. Peter Boden 

David Dubiel (Alt) 
 University of Texas,  

Southwestern Medical Center 
John Hoopman 

 US Department of Health and Human 
Services, Center for Devices and 
Radiological Health 

Richard Felten 
Robert Faaland (Alt) 

 US Department of Labor, Occupational 
Safety & Health Administration 

Jeffrey Lodwick 

 US Department of the Air Force,  
Air Force Research Laboratory 

Benjamin Rockwell 
Robert Thomas (Alt) 

 US Department of the Air Force, 
Surgeon General’s Office 

Krista Wenzel 
Robert Rogers (1st Alt) 
Scott Braley (2nd Alt) 

 US Department of the Army, Medical 
Research & Materiel Command 

Bruce Stuck 

 US Department of the Army,  
US Army CHPPM 

Jeffrey Pfoutz  
Penelope Galoff (Alt) 

 US Department of the Navy,  
Naval Air Systems Command 

James Sheehy 

 US Department of the Navy,  
Naval Sea Systems Command 

Sheldon Zimmerman 
Mary Zimmerman (Alt) 

 Individual Members Robert Aldrich  
  Prem Batra 
  Gary Bower 
  Richard Crowson 
  Jerome Dennis 
  Ben Edwards 
  Robert Handren, Jr. 
  Ami Kestenbaum 
  David J. Lund  
  Wesley Marshall 
  Jay Parkinson 
  Randolph Paura 
  William P. Roach 
  Penny J. Smalley 
  Nikolay Stoev 
  Paul Testagrossa 
  Thomas Tierney 
  Stephen Trokel 
  Robert Weiner 
  Anthony Zmorenski 
   
 Emeritus Members Sidney Charschan 
  David Edmunds 
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AMERICAN NATIONAL STANDARD Z136.5-2009 

  1 

American National Standard for  
Safe Use of Lasers in Educational Institutions 

 

1. General 

1.1 Scope. 
This standard addresses laser safety concerns and situations characteristic of the educational 
environment. This standard is not a substitute for ANSI Z136.1-2007, which is required for a 
full understanding of laser safety officer duties and laser hazard evaluation. Environments 
characteristic of educational institutions wherein lasers may be found include teaching 
laboratories, classrooms, lecture halls, science fairs, museums, and student projects on and 
off campus. This standard is intended for faculty and students using lasers at primary, 
secondary, and college levels of education excluding graduate level research laboratories 
(these laboratories should comply with the latest version of ANSI Z136.1). The wavelength 
range of interest includes the ultraviolet, visible, and infrared regions of the electromagnetic 
spectrum, specifically the wavelength range from 0.18 micrometer (µm) to 1 millimeter 
(mm). 

1.2 Purpose. 
The purpose of this standard is to provide reasonable and adequate guidance for the safe use 
of lasers in educational environments by evaluating and minimizing hazards associated with 
laser radiation. That educational environment excludes the graduate level research 
laboratory; graduate level research laboratories should comply with the latest version of 
ANSI Z136.1. The hazard evaluation procedure used in this standard is based on the 
classification (Class 1 through Class 4) of the laser or laser system, which is related to the 
ability of the laser beam to cause biological damage to the eye or skin during intended use. 
The amount of laser radiation emitted from Class 1 lasers and laser systems is considered to 
be non-hazardous; Class 4 lasers and laser systems possess the highest potential hazard.  

1.2.1 Laser Classification.  Lasers and laser systems are classified by their potential hazard 
in ANSI Z136.1-2007 by using a scheme of Class 1 through Class 4. The scheme is based on 
the laser beam’s ability to cause biological damage to the eye and skin, and pose a fire 
hazard. Class 1 lasers and laser systems’ beams are considered non-hazardous while Class 4 
lasers possess the highest potential hazard. This laser hazard classification scheme is outlined 
in Section 3 and detailed in ANSI Z136.1-2007. Hazard controls relative to the class of the 
laser or laser system are discussed in Section 4 of this standard. Lasers placed into commerce 
after 1976 are classified by the manufacturer in accordance with the Federal Laser Product 
Performance Standard (FLPPS) 21 CFR Part 1040.10. 

Classification of a laser or laser system that was either developed at the academic institution 
or has been modified such that the class may change is the responsibility of the laser safety 
officer (LSO) (see Section 1.2.2). 
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1.2.2 Laser Safety Officer (LSO).  The LSO is an individual who shall be designated by the 
administration of the educational institution to administer and manage the laser safety 
program. The LSO shall have the authority and responsibility to monitor and enforce the 
control of laser hazards, to effect the training of individuals who are involved with the use of 
laser technology and applications, and to enforce the knowledgeable evaluation and control 
of laser hazards. Since many persons under the direction of the LSO are encountering laser 
technology and applications for the first time, the person designated for this position shall 
possess a sense of duty to the “laser novices” under his or her administration. The LSO 
position may be a part-time appointment. 

An LSO shall be designated in all educational institutions involved with the operation, 
maintenance or service of Class 3B and 4 lasers or laser systems (see Section 3 for hazard 
class designation). Operation, maintenance, or service of Classes 1, 1M, 2, 2M and 3R (some 
former 3a) lasers and laser systems normally does not require an LSO. However, for Classes 
1, 1M, 2, 2M or 3R laser systems that contain an embedded Class 3B or 4 laser, it shall be the 
responsibility of the organization, such as the service company, to designate a representative 
to act as a temporary LSO if access to an embedded laser is required. Although primary and 
secondary educational institutions using only laser systems below Class 3B normally do not 
require the designation of an LSO, when large groups of students are using lasers in an 
insufficiently controlled environment informed supervision may be required. The 
administration shall have the authority to require the power level of a laser or laser system be 
reduced if it is determined to be excessive for the intended purpose. For example, a Class 2 
or 3R laser or laser system may be used instead of a visible or invisible Class 3B laser or 
laser system. In all instances, the lowest power level required for the project should be used. 
In recognition of the fact that an LSO may not be present in primary and secondary schools, 
all lesson plans or demonstrations involving lasers should be reviewed by a knowledgeable 
individual for laser safety controls. These controls are a required part of the laser plan and 
demonstration.  

The following table summarizes when an LSO is required based on the highest class laser or 
laser system present in an educational institution. 

Table 1.  LSO Requirements for Laser Classes 
 

Class LSO 

1 and 1M Not Required 
2 and 2M Not Required 

3R Not Required 
3B Required 
4 Required 

 

 

In addition to the above responsibilities, the LSO has the following specific responsibilities: 

1.2.2.1 Classification.  The LSO shall be responsible for effecting the classification or 
verification of the classification of Class 3B and 4 lasers and laser systems used under the 
LSO’s jurisdiction. Unmodified lasers or laser systems classified by the manufacturer in 
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accordance with FLPPS may be considered as fulfilling all classification requirements of this 
standard. In cases where the laser or laser system classification is not provided or where 
classification may change due to the addition or deletion of engineering controls, the laser or 
laser system shall be classified in accordance with the procedures prescribed in ANSI 
Z136.1-2007 or IEC 60825-1 Ed. 2.0 (2007). 

1.2.2.2 Hazard Evaluation.  The LSO shall be responsible for the hazard evaluation of laser 
work areas, as prescribed in ANSI Z136.1-2007. The hazard evaluation shall consider the 
level of maturity and ability of each person who is to be permitted within the nominal hazard 
zone (NHZ) (see Section 3). The LSO shall inspect all teaching setups involving the use of 
lasers and shall have the responsibility to immediately notify the teacher or administrator of a 
potentially hazardous condition in order to discontinue, cancel, or postpone a demonstration 
or research project until the condition has been rectified. 

1.2.2.3 Controls.  The LSO shall be responsible for ensuring that the prescribed controls are 
in effect (see Section 4), recommending or approving substitute or alternate controls when 
primary controls are not feasible or practical, and periodically auditing the functionality of 
the controls in use. 

1.2.2.4 Procedural Approvals.  The LSO shall approve a lesson plan involving the 
demonstration of a laser product. Once approved, this lesson plan can be reused without 
review by the LSO, so long as two conditions are met. First, the control measures required in 
the plan shall be followed. Second, no changes to the laser system including changes in 
output or collimation of the beam may be made that would result in an increased hazard. 

1.2.2.5 Personal Protective Equipment (PPE).  The LSO shall recommend or approve 
required PPE (e.g., eyewear, clothing, barriers, or screens) to ensure protection from laser 
beam hazards. The LSO shall be responsible for inspections and periodic audits of protective 
equipment to ensure that it is in proper working order. The LSO can defer to industrial 
hygiene and/or safety professionals for recommendation or approval of non-beam hazard 
PPE. 

1.2.2.6 Signs and Labels.  The LSO shall approve wording on area signs and equipment 
labels. The LSO shall be responsible for appropriate wording and labels on lasers or laser 
systems that are constructed at the institution or on any altered commercially manufactured 
device that emits laser radiation (see Section 4). It is critical that the laser user check warning 
signs and labels to see that the information is current for the laser activity. 

1.2.2.7 Facility and Equipment.  The LSO shall approve laser installations and laser 
equipment prior to initial use. This also applies to the modification of existing facilities or 
equipment (see Appendix H for examples of how laboratories may be designed for different 
laser classifications). 

1.2.2.8 Safety Features Audits.  The LSO shall be responsible for periodic examination of 
the safety features of laser equipment, installations, and laser facilities to ensure their safe 
operation and usage.   

1.2.2.9 Training.  The LSO shall ensure that adequate safety training is provided to staff, 
students, and others using Class 3B and 4 lasers and laser systems (see Section 5). The LSO 
shall maintain records for each of these persons, indicating that appropriate training has been 
provided (see Appendix F).  
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1.2.2.10 Medical Surveillance.  The LSO shall identify the personnel that require medical 
surveillance. These personnel shall include anyone who is suspected of having received a 
laser injury or eye exposure, and shall include but are not restricted to administration, faculty, 
staff, and students who work with Class 3B and 4 lasers or laser systems. If an injury or 
accidental exposure is suspected, urgent medical attention shall be provided. The LSO shall 
ensure that applicable medical examinations are scheduled and performed, and shall maintain 
records of these examinations (see Section 6 and Appendix G for further information on 
medical surveillance). 

1.2.2.11 Accidents.  Upon notification of a known or suspected accident resulting from the 
operation of a laser or laser system, the LSO shall perform an investigation of the accident 
and initiate appropriate action. This may include preparation of reports to appropriate 
agencies (see ANSI Z136.1-2007, Appendix D2 References [7] for federal reporting 
requirements).  

1.2.2.12 Additional Duties.  Additional recommended duties of the LSO are included in 
ANSI Z136.1-2007, Appendix A.  

2. Definitions  

The definitions of the terms listed below are based on a pragmatic approach. The terms 
defined are limited to those actually used in this standard and its appendixes and are intended 
to be a reference for the reader. 

absorption.  The transformation of radiant energy to a different form of energy by interaction 
with matter. 

accessible emission limit (AEL).  The maximum accessible emission level permitted within a 
particular laser hazard class (see the latest version of ANSI Z136.1 for detailed examples). 

accessible optical radiation.  Optical radiation to which the human eye or skin may be exposed 
for the condition (operation, maintenance, or service) specified. 

aperture.  An opening, window, or lens through which optical radiation can pass. 

attenuation.  The decrease in the radiant flux as it passes through an absorbing or scattering 
medium. 

average power.  The total energy in an exposure or emission divided by the duration of the 
exposure or emission. 

aversion response.  Closure of the eyelid, eye movement, pupillary constriction, or movement 
of the head to avoid an exposure to a noxious or bright light stimulant. In this standard, the 
aversion response to an exposure from a bright, visible, laser source is assumed to limit the 
exposure of a specific retinal area to 0.25 s or less.  

beam.  A collection of light/photonic rays characterized by direction, diameter (or dimensions), 
and divergence (or convergence). 
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beam attenuation.  The reduction of beam intensity (irradiance). Beam attenuation can be 
accomplished in at least two ways, e.g., placing a filter in the path of the beam or the use of 
a system of lenses or mirrors to expand the beam.  

beam diameter.  The distance between diametrically opposed points in that cross-section of a 
beam where the power per unit area (irradiance) is 1/e (0.368) times that of the peak power 
per unit area. 

beam stop.  An opaque device used to absorb the laser beam at a predetermined location. The 
beam stop must be robust enough to absorb the laser beam without damage to itself. 
Examples of beam stops include shutters or stops that permit operators to block the laser 
beam without actually turning off the laser. Shutters or stops may be simple mechanical 
devices such as an output aperture cover of non-transparent, non-reflective material that can 
be placed over the beam exit aperture. Other shutters or stops may be placed within the laser 
enclosure, but are controlled from outside the enclosure. 

classroom environment.  A classroom or a closed room in which most if not all students are 
seated and one or more instructors are present to provide supervision.  

collateral radiation.  Any electromagnetic radiation, except laser radiation, emitted by a laser 
or laser system as a consequence of its operation. 

college.  An institution of higher learning offering a course of general studies usually leading to 
an associate or bachelor degree.  A college can be a stand-alone institution or a division 
within a university.  

collimated beam.  Effectively, a “parallel” beam of radiant energy with very low divergence or 
convergence. 

continuous wave (CW).  The output of a laser which is operated in a continuous rather than a 
pulsed mode. In this standard, a laser operating with a continuous output for a period greater 
than or equal to 0.25 s is regarded as a CW laser. 

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

cornea.  The transparent outer element of the human eye which is separated from the iris and 
the crystalline lens by the aqueous. The cornea is the main refracting element of the eye. 

diffraction.  Deviation of part of a beam determined by the wave nature of radiation. 
Diffraction can occur when radiation passes through an aperture or passes by the edge of an 
opaque object. 

diffuse reflection.  A reflection from a “rough” surface that causes incident radiation to reflect 
randomly in all directions.  
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educational research laboratories.  For purposes of this standard educational research 
laboratories means laboratories at colleges and universities primarily devoted to continuing 
research projects using Class 3B and 4 lasers or laser systems. 

electromagnetic radiation.  The transport of energy in the form of electric and magnetic fields. 
X-ray, ultraviolet, visible and infrared radiation, and radio waves are all forms of 
electromagnetic radiation with each occupying different portions of the electromagnetic 
spectrum and differing only in frequency, wavelength, and photon energy. 

embedded laser.  An enclosed laser with an assigned class higher than that of the laser system 
in which it is incorporated, where the system’s lower class is appropriate due to the 
engineering features that limit accessible emission. 

enclosed laser.  A laser that is contained within a protective housing of itself or of the laser or 
laser system in which it is incorporated. Opening or removal of the protective housing 
provides additional access to laser radiation above the applicable MPE than possible with 
the protective housing in place. (An embedded laser is an example of one type of enclosed 
laser.) 

energy.  The capacity for doing work. Energy is commonly used to characterize the output from 
pulsed lasers. The SI unit of energy is the joule (J). 

extended source.  A source of radiation that can be resolved by the eye into a geometrical 
image, in contrast to a point source of radiation, which cannot be resolved into a geometrical 
image. 

failsafe interlock.  An interlock where the failure of a single mechanical or electrical 
component of the interlock will cause the system to go into, or remain in, a safe mode. 

fire retardant.  A material which does not support combustion without an external source of 
heat such as a laser. 

focal length.  The distance from the secondary nodal point of a lens to the secondary focal 
point. For a thin lens imaging a distance source, the focal length is the distance between the 
lens and the focal point. 

focal point.  The point toward which radiation converges or from which radiation diverges or 
appears to diverge. 

hertz (Hz).  The unit which expresses the frequency of a periodic oscillation in cycles per 
second. 1 hertz = 1 cycle per second. 

high school.  High school typically refers to grades nine through twelve. 

infrared radiation (IR).  In this standard, electromagnetic radiation with wavelengths that lie 
within the range 0.7 µm to 1 mm. 

intrabeam viewing.  Direct or nearly direct viewing of a laser beam.  
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ionizing radiation.  Electromagnetic radiation having sufficiently large photon energy to 
directly ionize atomic or molecular systems with a single quantum event. Electromagnetic 
radiation at wavelengths shorter than approximately 100 nm is considered ionizing 
radiation. 

irradiance.  Quotient of the radiant flux incident on the element of the surface containing the 
point at which irradiance is measured, to the area of that element. The unit of irradiance in 
this standard is watts per square centimeter (W·cm-2). 

joule.  The unit of energy in the international system of units (SI). 1 joule = 1 watt·second. 

laser.  A device which 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 demonstration.  A display using a laser, or a laser system, for teaching purposes or 
concept development. 

laser electro-optic training program.  A two-year associate degree program usually taught at a 
community college or vocational technical school. 

laser generated airborne contaminants (LGAC).  Airborne contaminants generated when a 
laser beam of sufficient irradiance or radiant exposure interacts with target materials. The 
materials include, but are not limited to, plastics, metals, ceramics, glasses, wood, and tissue. 
LGAC may be in the form of gases, vapors, or aerosols and often are a complex mixture of 
substances in all three states. 

laser pointer.  A Class 2 or 3R (3a) laser product (less than 5 mW) that is usually hand held and 
emits a low divergence visible beam. The laser pointer is intended for designating specific 
objects or images during discussions, lectures, or presentations. 

laser radiation.  Highly coherent and most often highly collimated radiation emitted by a laser. 
This should not be confused with ionizing radiation. 

laser safety officer (LSO).  One who has authority to effect the knowledgeable evaluation of 
laser hazards, and the authority to monitor and enforce the control of laser hazards. This 
individual has the training and experience to administer a laser safety program.  

laser system.  An assembly of electrical, mechanical, and optical components which includes a 
laser. 

laser teaching laboratory.  A laboratory devoted to teaching students concepts and techniques 
using laser or laser systems as the primary tool of instruction. This laser teaching laboratory 
can be at the high school, undergraduate, or graduate school level. 

lecture hall environment.  A large room in which there is a well-defined student seating area 
and a separate demonstration area where an instructor has control of any demonstration that 
may be presented. 
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maintenance.  Performance of those adjustments or procedures specified in user information 
provided by the manufacturer with the laser or laser system, which are to be performed by 
the user to ensure the intended performance of the product. It does not include operation or 
service as defined in this section. 

maximum permissible exposure (MPE).  The level of laser radiation to which an unprotected 
person may be exposed without adverse biological changes in the eye or skin. 

meter.  A unit of length in the international system of units (SI) currently defined as the length 
of a path traversed in vacuum by light during a period of 1/299792458 seconds. Typically, 
the meter is subdivided into the following units: 

centimeter (cm) = 10-2 m 
millimeter (mm) = 10-3 m 
micrometer (μm) = 10-6 m 
nanometer (nm) = 10-9 m 

 
monochromatic radiation.  Electromagnetic radiation that contains only one or a very narrow 

range of wavelengths. 

nominal hazard zone (NHZ).  The space within which the level of the direct, reflected, or 
scattered laser radiation during operation exceeds the applicable MPE. Exposure levels 
beyond the boundary of the NHZ are below the applicable MPE.  

nominal ocular hazard distance (NOHD).  The distance along the axis of the unobstructed 
beam from the laser to the human eye beyond which the irradiance or radiant exposure 
during operation is not expected to exceed the appropriate MPE. 

non-beam hazard.  A class of hazards that result from factors other than direct human exposure 
to a laser beam. 

operating instructions.  Instructions for the safe use of lasers or laser products that are supplied 
by the manufacturer, or laser safety instructions for an educational laboratory, or a 
demonstration provided by the laser safety officer or the teacher/administrator in charge. 
Used for Classes 1M, 2, 2M, and 3R (3a) lasers and laser systems. 

operation.  The performance of the laser or laser system over the full range of its intended 
functions (normal operation). It does not include maintenance or service as defined in this 
section. 

optical density (D(λ) or Dλ or OD).  The logarithm to the base ten of the reciprocal of the 
transmittance: Dλ = 10 log10 (1/τλ), where τλ is transmittance. The optical density 
(attenuation) at a specific wavelength(s) shall be specified for laser protective eyewear.  

optical fiber.  Any filament or fiber made of dielectric materials, that guides optical radiation, 
whether or not it is used to transmit signals. 
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