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California State University Fresno
Laser Safety Manual

SECTION 1
I ntroduction

Program Intent

The Laser Safety Program is intended to provid#,sesearchers, students and visitors
with a safe laser use environment. The manuahwiien to provide laser safety policy
and guidance on maintaining and documenting thgram. The manual also serves as a
reference source for laser users.

Regulatory Requirements

Regulation of laser hazards fall under the Catii@iCode of Regulations (CCR), Title 8,
Subchapter 7 General Industry Safety Orders, Se8203 (Injury and lliness Prevention
Program). Section 3203 requires that every employeclude a system for ensuring that
employees comply with safe and healthy work prastic’ Enforcement of the regulations
falls to the California Occupational Safety and HeAdministration (CAL-OSHA). At

this time, CAL-OSHA has not developed specific tasafety regulations, but they train
their inspectors in the ANSI Z136.1 - 2007 Standardhe Safe Use of Lasers as the
accepted “...safe and healthy work practice..rige in inspecting laser facilities.

ANSI Z7136.1 - 2007 Standard for the Safe Uskaskers

The Laser Safety Program is based on the ANSI 2138007 Standard for the Safe Use
of Lasers. Copies of the standard are availabla the Office of Environmental Health &
Safety, Risk Management and Sustainability (EH&SHM

Program Authority

The Laser Safety Program was developed in accoedaith the campuswide lliness and
Injury Prevention Program. The policies set fortlhis manual were developed and
approved by EH&S/RMS. The campus Laser Safetyc®fffLSO) is responsible for the
implementation of the Laser Safety Program.



SECTION 2
Laser Safety Program

Responsibilities and Program Administration

Laser Safety Officer

The Laser Safety Officer (LSO) is responsibletfe day to day program implementation,
and compliance. The LSO works with the Office avEEonmental Health and Safety to
set laser safety policy and is responsible forrlaaéety policy enforcement. The LSO is
required to classify all constructed or modifiesdasystems, review and file all LRFs,
investigate laser incidents, and maintain all rds@ssociated with the Laser Safety
Program.

Office of Environmental Health and Safety

The Office of Environmental Health & Safety, Riglanagement and Sustainability shall
set campuswide laser safety policy and have tla &uathority in assuring that all lasers on
campus are operated in a safe manner. The OffiEel&S/RMS is responsible for
providing resources to assist the LSO in programpieémentation.

Department Chairs

Department chairs are responsible for assurinig ldeer using Pls operate those lasers
safely and implement the Laser Safety Program.

Principal Investigators

Principal Investigators (Pls) are directly respblesfor implementing the Laser Safety
Program. This includes the implementation of dpEtihazard controls, oversight and
management of non-laser hazards, and informing 8@ of any changes which affect the
laser users. It is also the responsibility of iéo assure that all laser users operating
under his or her project have met the training ireqouents.

Laser Users

Laser users are responsible for their own safetle laser facility. All users must meet
the laser safety training requirement within 30=daiyjoining the project. All laser users
are responsible for following the specific hazandtcols and notification requirements.

Scope of the Program

The Laser Safety Program primarily addresses GBsand 4 lasers. All lasers of these

classes, excepting laser pointers, must have IRegistration Forms (LRFs) filed, which

describe the laser, its use, hazard class, andssogciated laser safety measures. Laser
pointers are covered under Appendix D. The LR&ifilmaintained by the LSO.



Acquisition, Modification, Sale or Transfer chders

The LSO must be informed of the acquisition, migdifon, sale, or transfer of Class 3B or
4 lasers. The procurement office normally supghesLSO with copies of laser purchase
order documents. However, it is the responsibditthe PI to inform the LSO whenever
acquisition, modification, sale, or transfer ohadr or laser system occurs.

The Laser Registration Form (LRF)

A Laser Registration Form (Appendix A) must bedilwith the LSO prior to any use of a
Class 3B, or 4 laser on campus. The LRF will dgabie manufacturer, model, class, type
and power output of the laser, as well as the ndéoastorage location, the name of the PI
and any other such person(s) responsible for ge,land a short description of the
intended use for the laser, as well as any possdilty considerations. The LSO must be
notified of any changes in the information providedthe LRF.

Laser Safety Training

All laser users, where appropriate, must read_#ser Safety Training Guide and fulfill

any other specific safety training requirementss the responsibility of the Pl to ensure
that all users complete the required safety trginiformal laser safety training
presentations are available from the LSO upon r&quehe LSO may direct a Pl to obtain
this training for his/her users. The LSO maintalosumentation on all formal training
presentations. The PI shall also, where necesgaryide and document that all laser users
operating under his/her project have received fipd@nds-on instruction in use of the
laser system, safety precautions associated wethaer, any SOPs relating to the laser,
and proper use of laser protective eyewear.

Laser Safety Inspections

Periodically, all laser facilities are inspectgdthe LSO to assure that the laser is being
operated in a safe manner. Copies of any recomedesafety corrections are provided to
the PI for his/her action. The Pl is responsibledrrect unsafe conditions. The LSO will
inform EH&S of any uncorrected unsafe conditions.

Eye Examinations

Laser eye exams may be required for Class 3B dask4 users depending on the
circumstances of the laser use. Additionally, l&y@ exams may be required after any
actual or suspected eye injury. The Universityltheand Psychological Services Center,
Saint Agnes Occupational Health Center or suchratesignated health provider will
determine the content of the examinations andmalintain records of any eye exams
performed. See Appendix C for more information.



Personal Protective Equipment

The PI shall provide his/her laser users with appate laser protective eyewear whenever
necessary. Protective eyewear must be used fan bBgnments if the viewed beam
exceeds the ANSI Z136.1 — 2007 MPE (maximum peiiblesgxposure) value. Intrabeam
viewing of lasers is not allowed. Some UV lasezsusiay require skin protection. Any
needed skin protection will be provided by the Bliteria for selection of protective
eyewear is discussed in Appendix B.

Beam Management

Laser beams must be restricted to the immediatgitm of use. Beams should be
enclosed whenever practical. Beam blocks mussbd to terminate beams. The use of
shutters, collimators, curtains, and other beantrobdevices is strongly encouraged. It is
the responsibility of the Pl to assure that appetprbeam management is being practiced.

Posting and Labeling

All access points to the laser facility must beked with ANSI standard laser hazard
signs. Laser enclosures must be labeled to adersuo laser hazards as per the ANSI
standard. Labels and laser hazard signs are bleaftam the LSO. See Appendix E for
examples of laser hazard signs.

Access Control

Whenever the laser is in operation, access to fasdities is restricted to laser users or
persons being escorted by laser users. Accesstonist be maintained by positive
means such as locked doors. Laser warning signe @re not considered sufficient to
control access.

Laser Incidents

The LSO and PI must be informed immediately of sungpected laser incidents.
Following the incident, the Pl is responsible idin§ the appropriate report of injury form.
The LSO is responsible for investigating laserdeaits, providing a report to the Pl and
EH&S/RMS, and maintaining records on incidentse 8ppendix F for laser accident
emergency procedures.



SECTION 3
Laser Hazard Classification

Determining Hazard Class Through RadiometricaRuaters

The hazard class of the laser is extremely importadetermining the appropriate hazard
controls to make the laser system safe. The LS0Ores that all lasers are properly
designated as to their appropriate hazard claiscofmmercially manufactured lasers
come marked with the hazard class as required uhddtDA Center for Devices and
Radiological Health (CDRH) regulations. Lasers ofantured or modified on campus
will need to be evaluated by the LSO and approgigyatlassed. It is the responsibility of
the PIto assist the LSO by supplying the appréogradiometric parameters of the laser
system. The LSO uses the ANSI Z136.1 — 2007 stdrtdadetermine the appropriate
hazard class. See Appendix H for information orahé classes for typical lasers.

Class 1 and 1M (Eye Safe Lasers)

Class 1 lasers are lasers which cannot cause ifnumn viewing the accessible laser
radiation for the maximum possible duration inhérarthe design; provided the maximum
duration does not exceed 30,000 seconds. Verydsevs are Class 1, however many laser
systems can be made into Class 1 systems by tetatlpsing the laser beam and
interlocking the enclosure. Class 1M lasers apsdhwhich it is possible to exceed the
Class 1 standard when viewed with optical aidsas€ll lasers do not require a LRF.

Class 2 and 2M (Safe Through the Aversion Respon

Class 2 lasers are defined as visible lasersatifiatot cause injury to the eye when viewed
for 0.25 seconds or less. The human aversion nsgp@linking or turning away from the
beam) is triggered by the bright glare of the Jesibeam entering the eye, and is estimated
to occur in no more than 0.25 second. Eye injary accur if collecting optics are used in
viewing the beam or if an individual overrides theersion response and continues to stare
into the beam path. As with all lasers, DO NOT KOINTO THE BEAM. Class 2 lasers
may not exceed a radiant power of 1 mW. Class&drk are those which it is possible to
exceed the Class 2 standard when viewed with d@tida. Class 2 lasers do not require a
LRF, Class 2M lasers may be required to have an d#&tfending on the conditions of use.

Class 3R and 3B (Intrabeam/Specular Reflectiandrd)

Class 3 lasers are defined as lasers which maeaajury through intrabeam viewing or
through viewing a specular reflection for less tBa2b second. Viewing a diffuse
reflection from a Class 3 laser generally will satise injury to the eye. Class 3R lasers
are defined as; an invisible laser with a radiawer which does not exceed 5 times the
Class 1 AEL or a visible laser with a radiant powdich does not exceed 5 mW. Class
3B lasers exceed the radiant power of Class 3Rddme cannot exceed the upper power
limit of 500 mW. Class 3R lasers may be requietdave an LRF depending on the
conditions of use, all Class 3B lasers require LRFs



Class 4 (Diffuse Reflection and Fire Hazard)

Class 4 lasers possess the same hazards as Blases but, because of their increased
beam power (greater than 500 mW), they may alssecenjury to the eye when viewing a
diffuse reflection. They may present a hazardheoskin and because of their power
density, they may also present a laboratory fimalé All Class 4 lasers require LRFs.



Section 4
Appendices



Appendix A
LASER REGISTRATION FORM (LRF)
(Please complete a form for each Class 3B or 4)lase

Date:

Name of Principal Investigator:

Phone No: Office No. Dept.:

Names of Laser Users:

Building and Room Location of Laser Use:

Laser Storage Location (if different from above):

Make/Model of Laser:

Laser Serial Number:

Type of Lasing Medium:

LASER INFORMATION

Laser Classification Marked on Laser (circle one)3B 4 none

Cw Pulsed

Wavelength(s): (nm) Wavelength(s): (nm)

Max. Op. Power: (W) Pulse duration: (sec)

Avg. Op. Power: (W) Pulse frequency: (Hz)
Max. Op. Energy: J)
Avg. Op. Energy: J)

Beam diameter at aperture: (mm)

Beam divergence: (mrad)

Laser Use (describe briefly):

Safety Considerations (describe briefly):




Appendix B
Selection of Laser Safety Eyewear
ANSI Z136.1 -4.6.2.4

The following factors shall be considered in seterthe appropriate laser protective eyewear to

be used:
1. Laser power and/or pulse energy.
2. Wavelength(s) of laser output.
3.  Potential for multiwavelength operation.
4. Radiant exposure or irradiance levels for wipnbtection (worst case) is required.
5. Exposure time criteria.
6. Maximum permissible exposure (MPE)
7. Optical density requirement of eyewear filtelager output wavelength.
8.  Angular dependence of protection afforded.
9. Visible light transmission requirement and ass&nt of the effect of the eyewear on the
ability to perform tasks while wearing the eyewear.

10. Need for side-shield protection and maximumpperal vision requirement.

11. Radiant exposure or irradiance and the cooredipg time factors at which laser safety
filter characteristics change occurs, includingsiant bleaching especially for ultrashort
pulse lengths.

12. Need for prescription glasses.

13. Comfort and fit.

14. Degradation of filter media, such as photothézg.

15.  Strength of materials (resistance to mechatremama and shock).

16. Capability of the front surface to produceaadrdous specular reflection.

17. Requirement for anti-fogging design or coating



Appendix C
Laser Eye Examination Policy and Procedure

Statement of Policy

Laser eye examinations may be performed to idettifge laser users which may have a
predisposition for vision related injury and to ro#ee medical monitoring requirements of the
ANSI Z136.1 — 2007 Standard for the Safe Use ottsas

Requirement for Examinations

Those laser users who have a significant poteotiale exposure to Class 3B or Class 4 laser
beams may be required to have eye examinationsidejgeon the circumstances of the laser
use. Eye examinations may also be performed wiggraelaser eye injury occurs or is
suspected.

Responsibilities

The Office of Environmental Health & Safety, RiskaWagement and Sustainability is
responsible for developing and periodically reviegvihe laser eye examination policy.
EH&S/RMS shall also maintain a database of lasersusye examinations.

The Laser Safety Officer (LSO) is responsible fapiementing the laser eye examination
policy. The LSO and the Principal Investigator) (&e responsible for identifying those laser
users who need to have examinations.

The Pl is responsible for assuring that laser userdified as needing examinations make
appointments either through the University or vitbir own physician. Pls are not responsible
for costs associated with examinations performesdid® of the University.

Laser users are responsible for making and attgrappointments with either the University
Health and Psychological Services Center, Sainte8ddccupational Health Center or such
other designated health provider, or with their gvaysician. Examinations performed by
private practitioners are the financial respongibdf the laser user.

Eye Examination Criteria

The content of eye examinations is determined byuthiversity Health and Psychological
Services Center, Saint Agnes Occupational Healtite€®r such other designated health
provider, or the private practitioner, but shoutmally include the following:

Medical history of the eye and photosensitivity
Visual acuity (far and near) for both eyes
Macular function (Amsler grid)

Color vision assessment

Dilated retinal examination of both eyes

Retinal photographs of both eyes (while dilated)
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Examinations will be performed by professionallyalijied personnel. Patients whose results
fall outside of acceptable criteria will be referfer a comprehensive examination.

Records

The University Health and Psychological Serviceat€g Saint Agnes Occupational Health
Center or such other designated health providéimidrm the LSO of the names and dates of
laser users receiving examinations. If the exatidnas performed by a private practitioner, it is
the responsibility of the user to inform the LSO.

Medical records of examinations performed by thévehsity Health and Psychological Services
Center, Saint Agnes Occupational Health Centeuohn sther designated health provider and
any records returned from private practitionersraaintained by the University Health and
Psychological Services Center or Saint Agnes Odoupa Health Center. It is the
responsibility of the person examined to see thgtreecessary records of examinations by
private practitioners are forwarded to the propealtin care provider. Results of examinations
become the property of the proper health care gemand the person examined. Results of
examinations are confidential except that EH&S/RMBbe notified if an examinee did not
meet acceptable criteria.

The Office of Environmental Health & Safety, RiskaWagement and Sustainability will
maintain a database of laser users and the datekioh they received any examinations.

11



Appendix D
Laser Pointer Safety Guidelines

Applicability

All Class 2 or 3R laser pointers used for classraastruction or presentations shall be operated
under the guidelines established in this documé#éns. not required to file a Laser Registration
Form for Class 3R laser pointers. These guidelmesot applicable to any Class 3B and 4
laser devices, nor shall such devices be usedstruiction or presentations without prior
notification of the Laser Safety Officer.

Rationale
By definition, a Class 3R laser can cause eyeynjttowever, the intended use of laser pointers
carries a very low probability of injury. For thisason, EH&S has approved the use of Class 3R

pointers for their intended use as instruction predentation aids.

Labeling of Pointers

The manufacturer is required by the FDA Centeffevices and Radiological Health (CDRH)
to provide correct labeling for their laser poisteiThis includes the laser hazard symbol, laser
classification, maximum power output and laser i@wgth. This information should be clearly
visible on the laser pointer. Operating and safegfructions should also be provided by the
manufacturer.

If the laser is fabricated in-house or does noehée required labeling, contact the Laser Safety
Officer (LSO) before using the pointer. The LSOl wlassify and provide labels for the pointer.

Equipment Purchase Considerations

If possible, purchase a Class 2 laser pointer (poles not exceed 1 mW). Class 2 lasers are
designed to be safe if the beam accidentally etitersye for a short period. The aversion
response (blinking or turning the head) is fastugioto prevent injury.

The operating switch should be a momentary conyaet (designed to shut off the pointer when
released). The switch should not have a lockingcaeto keep the beam on when direct pressure
is removed from the switch. Pulsed laser pointbedl not exceed the Class 3a hazard class.

Since the human eye perceives light at mid-rangeelgagths more brightly, short and long
wavelength lasers require more power to maintarsime brightness. For this reason, it may
be better to purchase laser pointers that opetrata\aelengths closer to the mid-range.

Authorized Users

University employees handling laser pointers onmasrare required to follow these guidelines.

12



Access to laser pointers should be limited to rasfime persons who have been informed of
these guidelines by the owner or user. The lagietgr should be kept in a secure place when
not in use.

Persons visiting the University who wish to opelater pointers are expected to abide by these
guidelines. Generally, the person acting as Hustlgl inform the visitor of these guidelines.

The owner of the laser pointer is responsiblet®use at the University.

Operating Safety Guidelines

No person should ever intentionally stare intol#ser beam.

The laser beam should never be intentionally dactdward oneself or directed toward another
person. The beam should be directed towards teers@and directed away from the audience.

The beam should be turned off when not in immediate

Mirror like surfaces (such as glass, metal andrdtighly reflective materials) should be
avoided when directing the laser beam.

Use of Class 3R laser pointers should be limitethéantended purpose. Indiscriminate use may
present an eye hazard.

Class 3R laser pointer use is prohibited when aliyi@ided viewing of the beam is probable.
Optical aids include telescopes, binoculars, vigvaptics, and similar devices.

Exceptions
Exceptions to the above guidelines should be coatdd with the Laser Safety Officer.

Legal Implications of Laser Pointer Misuse

The California Penal Code has several sectionshwihiticate the willful misuse of a laser
pointer can be considered either a misdemeanofaomy. In particular, directing any laser
beam at another person may constitute assaultéstigg the use of a laser gunsight) and
directing any laser beam at an aircraft may cautstitnalicious mischief. Persons convicted of
these crimes may be subject to stiff fines andibispntences.

Emergencies

Although the potential for injury from a laser ptanis very slight, notify your immediate
supervisor and get medical attention if an eyerinftom laser use is suspected. Also notify the
Laser Safety Officer @ 8-7394 as soon as possibtntact the University Health and
Psychological Services Center or Saint Agnes Odoupal Health Center for emergency
medical assistance.

13



Appendix E
Laser Hazard Signs

CAUTION

LASER RADIATION -
DO NOT STARE INTO BEAM

CLATL 3a LASE R

ANSI sign to mark doors to laser labs with Class 2 & 2M lasers.

VISIBELE AND/OR INVISIBLE
LASER RADIATION -

AVCID EYE OR SKIN EXPOSURE
TO MRECT OR SCATTERED
RADIATION

1 aSLom L ARCR PR T

ANSI sign to mark doors to laser labs with Class 3R & 3B lasers.

NOTICE

Laser Alignment in Progress

D0 NOT ENTER
EYE PROTECTION REQUIRED

Door sign to indicate laser alignment/maintenance.
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HIGH
VOLTAGE

Sticker to mark high voltage hazard power supplies and laser enclosures.

DANGER
VISIBLE andror INVISIBLE LASER RADIATION
WHEN OPEN AND INTERLOCK FAILED OR DEFEATED.
AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED RADIATICN,

Sticker to mark laser enclosures.

VISIBLE and/aor INVISIBLE LASER

RADIATION-AVOID EYE OR SKIN

EXPOSURE TO DIRECT OR
SCATTERED RADIATION

CLASS IV LASER PRODUCT

ANSI sign to mark doors to laser labs with Class 4 lasers.

AVOID EXPOSURE
VISIBLE andfor INVISIBLE
LASER RADIATION. IS EMITTED
FROM THIS APERTURE

Sticker to mark apertures where laser light is emitted.

15



Appendix F
Emergency Procedurefor Laser Accidents

In the event of a laser accident immediately dofoflewing:

1) Shut down the laser system.

2) Provide for the safety of personnel (first adacuation, etc.) as needed.
NOTE: If a laser eye injury is suspected, havenheed person keep their head upright
and still to restrict any bleeding in the eye. drasye injuries should be evaluated by a
physician as soon as possible.

3) Obtain medical assistance for anyone who mampjhed.
Emergency Medical Assistanc#1
University Health Service (non-urgent medical ca8e2734
Saint Agnes Occupational Health Center (non-urgesdical care) 450-7777

4) If there is a fire, leave the area, pull the fitarm, and contact the University Police
Department by calling 911. Do not fight the findless it is very small and you have

been trained in fire fighting techniques.

5) Inform the Office of Environmental Health & SafeRisk Management and
Sustainability as soon as possible.

During normal working hours:

EH&S/RMS Office 8-7422
Laser Safety Officer 8-7394

Other than normal working hours, call 8-8400 tateet the University Police
Department (they have an EH&S/RMS emergency c)l li

6) Inform the Principal Investigator as soon assgms. If there is an injury, the Pl must
submit a report of injury to EH&S/RMS.

7) After an accident, do not resume use of the Isgstem until the Laser Safety Officer
and/or EH&S/RMS has reviewed the incident.

16



Appendix G
Laser Applications Outside the Laboratory

Introduction

The use of a laser outside of a controlled aregyoasent special hazards to the campus
community and to the general public. This appemdicdresses the control of any laser (Class
3B, or 4) used outside the normal laboratory emwitent. These applications may include:
laser use for instructional purposes, laser rebdagiong performed outdoors, lasers used for
telecommunications, and lasers used for entertanhorepublic viewing.

Applicability

Any laser system (Class 3B, or 4) used outdoorggiructional purposes, research projects or
for telecommunication applications (excluding lageinters) shall have a current Laser
Registration Form (LRF) on file with the Laser Sgf®fficer. Specific SOPs for outdoor use of
the laser system may also be required.

Any laser (Class 3B, or 4) used for entertainmeisplays, demonstrations, or any related use
intended for public viewing (indoors or outdoorealt be operated in accordance with federal,
state, local, and campus regulations or requiresnent

All Class 3B, or 4 laser systems being used on &sity property must be used in accordance
with the campus Laser Safety Program. Any vanmtiivom the Laser Safety Program must be
approved by EH&S.

Procedures

The Principal Investigator (P1) shall inform the@Q®f any lasers (excluding laser pointers) used
outdoors for instructional purposes or researclepts. Such laser uses will need to be noted en th
LRF. The department Safety Coordinator will bepmessible for informing the LSO of any indoor

or outdoor telecommunication applications beingspad by that department. In both cases, the
application and operation of the laser system(a)l dle evaluated by the LSO to ensure that
appropriate safety measures are in place priopéoation.

The University Student Union, campus departmemtettter officially recognized groups shall
notify the LSO of any laser light show (indoor art@oor) to be performed on University
property. The LSO will request from the light shoperators a copy of the CDRH required
“Report on Laser Light Show Display” (or varianagcdment) prior to the show. Upon receipt,
the LSO shall review the description of the show #re operator’s safety procedures. The LSO
may require additional safety measures to assersdfety of the operators, performers, or
audience.

17



Laser Safety Requirements - Outdoor Uses of Laser

. Meet any specified SOP safety requirements.

. The PI must ensure users are properly trainedhvae®t the campus laser safety training
requirements.

. The PI must ensure only authorized personnehidoe/ed to operate the laser.

. The Pl must ensure the use of any required agtrative/engineering controls.

. The LSO will, if necessary, establish a Nominakzdrd Zone (any area where the
maximum permissible exposure (MPE) is exceedetle NHZ must be posted and/or
restricted as directed by the LSO.

. The PI must ensure that only trained personnielréhe NHZ, and that appropriate PPE
(personal protective equipment) is issued and used.

. Laser beams shall not be directed toward strasflautomobiles, aircraft, or other vehicles
unless specifically included in the project proaesuand approved by the LSO.

. The laser beam path shall not be maintainedeatessel without LSO approval.

. Additional safety requirements as needed maypkeiied by the LSO.

Laser Safety Requirements - Laser Light Shows

. The CDRH and ANSI requirements specified by t®Lmust be met.

. Any audience exposure to laser radiation museroéed the ANSI Class 1 limit.

. Operators, performers, and employees must betalplerform their duties without having
to directly view laser radiation exceeding the ANIB4ss 1 limit, and without being
exposed to laser radiation exceeding the ANSI (2dsnwit.

. All laser scanners (including mirror balls) mustorporate proper scanning safeguards.

. If the laser is not under continuous operatottimdnany Class 3B, or 4 level of laser
radiation cannot be closer than 6 m vertically &2 horizontally from any standing
surface or standing position where the audiencelmedgpcated.

. If the laser is under continuous operator conanl Class 3B, or 4 level of laser radiation
cannot be closer than 3 m vertically or 2.5 m hatally from any standing surface or
standing position where the audience may be located

. An operator with an accessible control to terrtertae beam if conditions become unsafe
must be available.

. Additional safety requirements as needed maypkeiied by the LSO.

Policy Exceptions

Any exceptions to this policy must be approved Bi&ES/RMS. Contact the LSO if you need
exemption from this policy.

Emergencies

The potential for injuries from a laser light shdplay is minimal if the operators observe the
CDRH requirements. In the event that an individiepects an eye injury, the operators of the
laser system shall be notified immediately so thatlaser beam(s) can be terminated. The event
staff shall also be notified and medical attensball be provided to the injured individual if
needed. The LSO shall be informed as soon asljestiould any laser injury be suspected.
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Appendix H
Electrical Safety Guidelinesfor Laser Users

Laser systems and power supplies often may retjunesands of volts and tens of amperes to
operate. The electrical needs associated with lesepresent inherent electrical safety hazards.

These hazards are normally mitigated by the engimgeontrols (enclosures, interlocks,
grounding, etc.) built into the laser systems. ldoer, if these engineering controls are defeated
during tuning or maintenance, live contacts cadibectly accessed. Contact with these may
cause any number of adverse bioeffects, up torasidding death by electrocution.

It is essential that laser users be aware of aoiggrthemselves from the electrical hazards
found in laser facilities. Good work practices glaobe followed at all times while operating
and performing maintenance on laser systems.

Work on electrical equipment should only be perfed by “qualified” personnel (Cal-
OSHA requirement). These personnel must be prppaihed in electrical safety
practices and procedures and must be approvecebydépartment to work on electrical
equipment. It is essential that you do not worletattrical equipment if you are
unfamiliar with electrical devices or if you aretrained in electrical safety.

Established Lockout/Tagout procedures to allomtlie safe installation, service,
maintenance, adjustment, or other handling of lagstems and other powered
equipment should be followed at all times. These@dures apply whenever the
unexpected energizing of the equipment or releadstoced energy (such as from
charged capacitors) could cause injury. Equipmémnth has the potential to be
energized must be properly locked and/or taggednoatcordance with the campus
procedure.

If the equipment can only be serviced or adjustbde energized, special “energized
work” procedures, testing equipment, special tambgl personal protective equipment
may be required. Special controls such as: theotiground fault circuit interrupter
(GFCI); insulated tools; and/or trained stand-bgspenel may also be required.

All electrical hazards should be properly marked/or labeled. Proper switching and

grounding techniques must be learned and practitéd. Cal-OSHA required work
clearances around energized panels must be maidtain
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Appendix |
Laser Laboratory Visitor Policy

A laboratory visitor is any person who is presenthe laboratory as an invited guest of any
University employee or student researcher.

It is the policy of the University to require thanse level of laser laboratory safety for all vissto
as is required for laser users. All visitors aré¢é escorted by an authorized laser user.

It is the responsibility of the Principal Investigato assure that his/her laser users are informed
of, understand, and follow this visitor policy.

It is the responsibility of the visitor’s laser usscort to provide the visitor with an appropriate
safety orientation covering the hazards in therlkd®ratory. The escort shall also provide
appropriate safety equipment and require the visise the safety equipment.

It is the responsibility of the Principal Investigato assure that persons who are not invited into
the laser laboratory or who fail to follow direat®regarding safety policy or the use of safety
equipment are immediately escorted from the |aesality.

Although it is primarily the responsibility of thescort to provide a safe environment for
laboratory visitors, consideration should be gitethe following:

. Unless it is absolutely necessary to have ther lasergized during the visit, it is
recommended that all lasers and laser power sigpdi¢urned off and the activation
keys removed during the visit.

. Research environments can prove very hazardoctsltren. It is recommended that
persons under the age of 14 not be allowed intdagratory.

. It is recommended that any laser demonstratiotobeucted so that the laser beam is
directed away from any visitor, regardless of émel eye protection being used.
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Appendix J

Table of Typical Laser Classes
ANSI Z136.1 - Table C1

Typical Laser Classification - Continuous Wave (C8¥all Source Lasers

Wavelength Laser Type Wavelength Class 1* Class 2 Class 3** Class 4
(um) (um) (W) (W) (W) (W)
Ultraviolet
0.180 to 0.280 Neodymium: YAG 0.266 only <9.6x 1@ > Class 1 but 0.5 >0.5
(Quadrupled) for 8 hours
Argon 0.275 > Class 1 but 0.5 >0.5
Ultraviolet
0.315to 0.400 Helium-Cadmium  0.325 only <32x1¢ > Class 1 but 0.5 >0.5
Argon 0.351,0.363 <3.2x10° > Class 1 but 0.5 >0.5
Krypton 0.3507,0.3564 <3.2x1¢ > Class 1 but 0.5 >0.5
Visible
0.400 to 0.700 Helium-Cadmium  0.4416 only <4 x10° > Class 1 but > Class 2 bg0.5 >0.5
Argon 0.457 <5x10° <1x103 > Class 2 but 0.5 >0.5
0.476 <1x10* > Class 2 but 0.5 >0.5
0.488 <2x10* > Class 2 but 0.5 >0.5
0.514 <4x10* > Class 2 but 0.5 >0.5
Krypton 0.530 <4x10* > Class 2 buk 0.5 >0.5
Neodymium: YAG 0.532 <4 x10* > Class 2 but 0.5 >0.5
(Doubled)
Helium-Neon 0.543 <4x10* > Class 2 buk 0.5 >0.5
Dye 0.400-0.500 <0.4 G x10* > Class 2 but 0.5 >0.5
Helium-Selenium 0.460-0.500 <0.4 Gx 104 > Class 2 but 0.5 >0.5
Dye 0.550-0.700 <4x10* > Class 2 buk 0.5 >0.5
Helium-Neon 0.632 <4x10* > Class 2 but 0.5 >0.5
InGaAIP 0.670 <4x10* > Class 2 but 0.5 >0.5
Ti:Sapphire 0.670 <4 x10* > Class 2 but 0.5 >0.5
Krypton 0.6471,0.6764 <4 x10* > Class 2 but 0.5 >0.5
Near Infrared
0.700 to 1.400 GaAlAs 0.780 <5.6x10 > Class 1 but 0.5 >0.5
GaAlAs 0.850 <7.7x106 > Class 1 buk 0.5 >0.5
GaAs 0.905 <9.9x10 > Class 1 buk 0.5 >0.5
Neodymium: YAG 1.064 <19x 16 > Class 1 but 0.5 >0.5
Helium-Neon 1.080 <19x16 > Class 1 buk 0.5 >0.5
1.152 <2.1x1G > Class 1 but 0.5 >0.5
InGaAsP 1.310 <15x1® > Class 1 but 0.5 >0.5
Far Infrared
1.400to 18 InGaAsP 1.550 <9.6x 16 > Class 1 buk 0.5 >0.5
Holmium 2.100 <9.6x 1C° > Class 1 but 0.5 >0.5
Erbium 2.940 <9.6x 1¢° > Class 1 but 0.5 >0.5
Hydrogen Fluoride  2.600-3.000 <9.6x 1C° > Class 1 but 0.5 >0.5
Helium-Neon 3.390 only <9.6x 1C° > Class 1 buk 0.5 >0.5
Carbon Monoxide  5.000-5.500 <9.6x 16 > Class 1 buk 0.5 >0.5
Carbon Dioxide 10.6 <9.6x 16 > Class 1 buk 0.5 >0.5
Water Vapor 118 <95x 1@ > Class 1 but 0.5 >0.5
Hydrogen Cyanide 337 <95x 1@ > Class 1 but 0.5 >0.5

*  Assumes no mechanical or electrical design incafed into laser system to prevent exposures fasting toTmax = 8 hours (one workday);
otherwise the Class 1 AEL could be larger than|tbd.

**  See 3.3.3.1 for definition of Class 3R.
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Table of Typical Laser Classes
ANSI Z136.1 - Table C2

Typical Laser Classification - Single-Pulse Smalu&e Lasers

Wavelength Laser Type Wavelength Pulse Duration as€l Class 3B Class 4
(um) (um) (s) Q) ) )
Ultraviolet
0.180 to 0.400 Excimer (ArF) 0.193 20 x40 <2.4x10* > Class 1 buk 0.125 >0.125
Excimer (KrF) 0.248 20x 19 <2.4x106* > Class 1 buk 0.125 >0.125
Neodymium: YAG 0.266 20x 10 <2.4x106* > Class 1 buk 0.125 >0.125
Quadrupled (Q-sw)
Excimer (XeCl) 0.308 20x 10 <5.3x 106> > Class 1 buk 0.125 >0.125
Nitrogen 0.337 20 x 19 <5.3x10* > Class 1 buk 0.125 >0.125
Excimer (XeF) 0.351 20 x 10 <5.3x10* > Class 1 buk 0.125 >0.125
Visible
0.400 to 0.700 Rhodamine 6G 0.450-0.650 1%10 <1.9x 106 > Class 1 but 0.03 >0.03
(Dye Laser)
Copper Vapor 0.510,0.578 2.5x90 <1.9x 106 > Class 1 but 0.03 >0.03
Neodymium: YAG 0.532 20x 10 <1.9x 106 > Class 1 but 0.03 >0.03
Doubled (Q-sw)
Ruby (Q-sw) 0.6943 20x 10 <1.9x 106’ > Class 1 but 0.03 >0.03
Ruby (Long Pulse) 0.6943 1x30 <3.9x1¢ > Class 1 but 0.03 >0.03
Near Infrared
0.700 to 1.400 Ti:Sapphire 0.700-1.000 610 <1.9x 106 > Class 1 but 0.03 >0.03
Alexandrite 0.720-0.800 1x %0 <7.6x106’ > Class 1 but 0.033 > 0.033*
Neodymium: YAG 1.064 20x 10 <19x1¢f > Class 1 buk 0.125 >0.15
(Q-sw)
Far Infrared
1.400to 10 Erbium:Glass 1.540 10 x 0 <79x 16 > Class 1 but 0.125 >0.125
(Q-sw)
Co: Magnisium- 1.8-2.5 80 x 0 <7.9x106 > Class 1 buk 0.125 >0.125
Fluoride
Holmium 2.100 250 x 10 <7.9x106 > Class 1 buk 0.125 >0.125
Hydrogen Fluoride 2.600-3.000 0.4 x80 <1.1x16 > Class 1 buk 0.125 >0.125
Erbium 2.940 250 x 10 <5.6 x 10 > Class 1 but 0.125 >0.125
Carbon Dioxide 10.6 100 x f0 <79x 16 > Class 1 but 0.125 >0.125
(Q-sw)
Carbon Dioxide 10.6 1x 10 <7.9x106 > Class 1 buk 0.125 >0.125

*  Assuming that both eye and skin may be exposed,i.0 mm beam (area of limiting aperture = 719X cn).

**  Class 3B AEL varies from 0.033 to 0.480 J copasding to wavelengths that vary between 0.7200a800um.



