ANSI Z136.7—2008

American National Standard
for Testing and Labeling of
Laser Protective Equipment

ponerican Nation,,

. Laser Institute &% o,
\  of America @
® Laser Applications and Safety

®)
. -
(O
_O
C
O
el
)
©
C
O
—
(O
Z
C
(O
O
. -
D
&
<C




American  An American National Standard implies a consensus of those substantially

National concerned with its scope and provisions. An American National Standard

Standard 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 he or she has approved the
standard or not, 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or withdrawn at any time.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.

Published by

Laser Institute of America
13501 Ingenuity Drive, Suite 128
Orlando, FL 32826

ISBN: 978-0-912035-91-8

Copyright © 2008 by Laser Institute of America.
All rights reserved.

No part of this publication may be copied or reproduced in any form, including
an electronic retrieval system, or be made available on the Internet, a public network,
by satellite or otherwise, without the prior written permission of the publisher.

Printed in the United States of America



Foreword

(This introduction is not a normative part of ANSI Z136.7-2008, American
National Standard for Testing and Labeling of Laser Protective
Equipment.)

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 ANSI Accredited Standards
Committee (ASC) Z136. A copy of the procedures for development of
these standards can be obtained from ASC Z136 Secretariat, Laser
Institute of America, 13501 Ingenuity Drive, Suite 128, Orlando, FL
32826 or viewed at www.z136.org.

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. 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

The five 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)



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 College of Obstetricians and Ira Horowitz

v

Gynecologists
American Dental Association Joel White
American Glaucoma Society Michael Berlin
American Industrial Hygiene Association R. Timothy Hitchcock
American Society for Laser Medicine and ~ David Sliney
Surgery 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
William Arthur (Alt)
Association of periOperative Registered Penny J. Smalley
Nurses
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 Ron Petersen
Engineers, Inc. (SCC-39)
International Imaging Industry Joseph Greco
Association (I3A)
L*A*I International Thomas Lieb
Laser Institute of America Richard Greene
Laser Safety Consulting, LLC. Darrell Seeley
Lawrence Livermore National Laboratory Ken Barat
LFI International Roberta McHatton

Los Alamos National Laboratory

National Aeronautics and Space
Administration

National Institute of Standards and
Technology (NIST)

Power Technology, Inc.

Rockwell Laser Industries

Underwriters Laboratories, Inc.

University of Texas,
Southwestern Medical Center

Connon Odom
Guy Camomilli
Randall Scott (Alt)
Shao Yang

William Burgess
William Ertle
Peter Boden
David Dubiel (Alt)
John Hoopman
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A

absorption 2,4, 15-16, 31-32, 37

absorption band 2, 15

absorptive materials 15

accessible emission limit (AEL) 2

accessible optical radiation 2

acuity 2, 4, 8-9,22

alpha (o) 2, 50

angular coverage 13, 38-39, 43,45, 52,
54

aperture 2-3,5,7, 35,49, 55

apparent visual angle 2

astigmatism 2

as-worn 2

attenuation 2, 13, 15

average power 2

B

band pass filter 36

bandwidth 2

barrier (laser safety) 1,2, 16, 18, 20, 55

barrier threshold level (BTL) 1,2, 16

base curve 3, 44

beam 1-3,5-7,10, 14-17, 35-36, 41-45,
47,49, 55

beam diameter 3, 14, 16, 36, 42, 45, 49,
55

blemishes 17

C

calorimeter 3

center of eye rotation 3

coherent 3,5

collimated beam 3

conformal filter 3

continuous wave (CW) 1, 3, 14, 34, 44,
47,55

cornea 3-9, 38

INDEX

cross fire 3

cycles/degree (c/deg) 22
cycles/milliradian (c/mrad) 22
cylindrical power 3

D

decimal acuity 22

defects 10, 17

design eye point 3
dielectric stack 5, 17, 46, 51
diffuse reflection 3

diopter 3,7, 46

divergence (®) 2-3,7,15

E

electromagnetic radiation 3-5

energy 2-5,7,9, 14-15,31-32,34-37, 44
eye centered 4

eye movements 13, 39, 42

eye relief 4, 13, 16, 18, 38-39, 45, 51, 54

F

face form angle 4, 38, 40, 51, 54
face shield 4, 7,44

field of view 4,9, 11,13, 18, 22
filter center 4, 17

filter relief 4

first visible damage (FVD) 16
fit tolerance 40, 42-43, 45
fluorescence 4

focal length (f,) 3-4, 55

focal point 4

fovea 4,43

frame center 4

frame eye wire 4

fringe plane 3-4, 6

G
goggles 4,7,34,44
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INDEX

H

half A — B point 4
half-power point 5, 7
haze 5

hertz (Hz) 5,7
hologram 5, 17
hybrid filter 5, 16

I

incidence angle 6, 9-10, 16-17, 36, 38-39,
47,49, 52

infrared radiation 5

interpupillary distance (IPD) 5, 39, 46

intrabeam viewing 5

iris 3,5,7

irradiance (E) 2-3, 5-6, 8, 10, 13-16, 31-
32,35-37, 46, 48, 55

L

Lambertian surface 5

laser damage 5, 34

laser protective windows 2, 5,9, 20

laser system 1,5

light induced damage thresholds (LIDT)
30- 33

line of sight (LOS) 2, 4-6, 13, 36, 38-39,
42-45

line pairs/mm (Ip/mm) 22

luminous transmittance 5, 9-11, 13, 27,
29

M

macula 4,6

maximum permissible exposure (MPE)
5-6, 30

modulation transfer function (MTF) 6

mrad 6, 22

N

nasal incidence angle 6
nonconformal filter 6, 43

0]
OD 2,6,19,35,37,43,46-47

58

optical center 6

optical density (D,) 1-3,5-6, 8, 10-11,
13-16, 18-19, 30, 35-38, 41, 43, 47, 49,
51-52, 54

P

pantoscopic tilt 6, 38, 44, 54

penetration threshold level (PTL) 6, 16

photobleaching 6, 14

photopic luminous transmittance (7;,) 6,
10, 12, 25, 27, 29

plano 6

polarization 6, 36

power 3,5, 7-10, 14-16, 33, 35-36, 44,
47,52, 55

prism power 7

protective eyewear 4,7

pulse duration () 1, 7, 35-36

pulsed laser 3-4, 6-7

Pupil 3-7, 9-10, 15-17, 38-39, 41-45, 49-
50

pupil plane 4,7

Q
Q-switch 1, 7,15, 23,37

R

radian 6-7

radiance 5,7

radiant energy 2, 5, 7-8

radiant exposure 3, 7-8, 10, 14-15, 17,
30, 32-33, 35-37

radiant flux 2, 7-9

radiant intensity (/) 8

radiant power 2, 7-8

radiometry 8

reflectance 8§, 36

reflection 3, 8-9, 44-45, 49

reflective filters / materials 5, 10, 15-17,
49

refractive power 2-3, 8

rejection bands 38

repetitively pulsed laser 8

retina 6, 8, 44-45

retinal hazard region 8



rugate 17

S

safety zone 8, 16,19, 47

saturable absorption 8§, 15, 30

scotopic luminous transmittance (75) 8,
10, 12-13, 25, 27, 29

shard 8

solid angle 7-9

spatial frequency 6, 8

spectacle 4,8, 43-44

spectral transmittance 5, 9-10, 12-13, 25,
47,52

specular reflection 3,9

spherical power 9

steradian (sr) 7-9

surface normal 9, 38-39, 51

Sy 12,25-27

T

t see pulse duration

temporal incidence angle 9

threshold limit 20

T, see photopic luminous transmittance

INDEX

transmission 2, 5,9, 12, 17, 36-37, 42,
45-46, 55

transmittance 6, 8-10, 12-13, 15, 49, 54

Ts see scotopic luminous transmittance

T, 12-13,25-27

U
ultra short pulse 9, 15, 23, 37
ultraviolet radiation 8-9

\%

viewing window 9
visible radiation (light) 9
visor (laser safety) 9
visual acuity 6, 9

visual field 6,9

Vi 12-13,25-28

Vo 12,25-28

A%

watt (W) 3,5,7-9,17, 34

wavelength 1, 3-4, 6, 8-11, 13, 15-17, 19,
25, 31-32, 35-36, 38, 46-47, 55

window 1,2,9, 13,20
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