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1) Introduction to the Laser Safety Plan

1.1) Elements of the KU Laser Safety Plan
The KU Laser Safety Plan conssts of the following components:

1.1.1) The requirements, conditions and procedures of the "University's Safety and Hedlth
Manud" apply to dl universty personnd, sudents and visitors and are, therefore, part of the
Laser Safety Plan. See the Kansas University (Lawrence) Safety Plan.

1.1.2) The requirements, conditions and procedures of Part |: Genera Laboratory Safety Plan
marked with an asterisk or by LS gpply to al laboratory users/occupants in laboratories with
non-exempt lasers and are, therefore, part of the Laser Safety Plan.

1.1.3) The requirements, conditions, and procedures of this part (Part V) apply to all
laboratory users/occupantsin laboratories with non-exempt lasers. For Laser Safety Levels
Il and 1V (see Glossary) additional requirements, conditions, and procedures based upon the
characterigtics of the laser systern may be necessary for the use of such lasers. See Section
3.9.3 of this Part.

1.1.4) ThisPart V in conjunction with the items specified in 1.1.1, 1.1.2, and 1.1.3, above,
make up the University's Laser Safety Plan.

1.2) Laser Safety Considerations

Lasers emit intense coherent el ectromagnetic radiation that is potentidly dangerousto the eye
and skin. The laser operator must so comply with safety requirementsthat address dectrical,
fire and chemical hazards associated with the operation of the laser. The KU laser safety plan
isdesigned to provide for the safety of dl laboratory users/occupants and visitors. It is based
on the latest edition of the American National Standards Ingtitute, Inc. (ANSl) Z136.1,
"American National Standard for the Safe Use of Lasers," which is the generaly accepted
safety standard for laser use.

Part V isintended to provide specific requirements and guidelines based on ANSI Z136.1 to
provide for the safety of laser operators and other individuas likely to be exposed to laser
hazards. In practice, the hazard classfication of alaser isfirst determined, and then the
gppropriate controls are gpplied taking into account the laser environment and the potentia for
excessve exposure of |aboratory users/occupants and vidtors. Training and medica
surveillance requirements are aso included.
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Note: When chemica hazards are associated with laser use, the Chemica Safety Plan (Part 11)

of the Laboratory Safety Plan is automatically applicable and Authorized Users shal be trained

in both components.

Part V-Chapter 8 contains a glossary of terms that are common in laser usage and gpplications.
1.3) Organization of Part V

1.3.1) Laser Safety-specific operating procedures and/or emphasized universal safety standard
operating procedures are addressed in Part V-Chapter 2.

1.3.2) Laser Safety-specific aspects of hazard communication and control are addressed in
Part VV-Chapter 3.

1.3.3) How to obtain authorization for use of lasers at Laser Safety Levelslll and 1V is
described in Part V-Chapter 3 section 3.9.

1.3.4.) Laser Safety-specific information and training requirements are outlined in Part
V-Chapter 4.

1.3.5) Medicd factors that may need to be consdered for Laser Safety are listed in Part
V-Chapter 5.

1.3.6) Disposal of |aser-associated hazardous wastes and/or transfer of laser ownership are
addressed in Part V-Chapter 6.

1.3.7) Laser Safety-specific recordkeeping is addressed in Part V-Chapter 7.

1.3.8) Appendices for the various chaptersin this Laser Safety Plan are provided in Part
V-Chapter 8.

1.4) Summary of KU Laser Safety Plan Requirements

Reguirement Laser Classes (defined in Part V 3.9)
Manufacturer’sWarning label 1 2 3a 3b 4
Warning Sgn 2 3a 3b 4
Regigtered with LS Office 2 3a 3b 4
Laser Safety Training 3a 3b 4
Laser Safety Operating Procedures 3b* 4
Medicd Survellance 3b* 4

(*if invisble to the eye, and if cw laser, visble beams > 15 mW power)

V:1-2
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2) Standard Operating Procedures (SOPs) and Practices for
L abor atories Using Non-exempt Lasers

2.1) Genera Principles for Working Safely with Laboratory Non-exempt Lasers
All authorized users and authorized laboratory supervisors using non-exempt lasers shal:

2.1.1) Avoid laser exposures in excess of limits established in ANSI Z136.1

2.1.2) Avoid underestimation of |aser-related risks.

2.1.3) Comply with the requirements of this KU Laser Safety Plan.

2.2) Review of Universal Standard Operating Procedures for Non-Exempt Lasers
Note: This section provides references baek-to the Universal Standard Operating Procedures
in Laboratories with Hazardous Materid SRadiation Generating Equipment provided in Part |,
as goplicable, for achieving Laser Safety. Referencesto Part | are given.

All individuas, authorized users, and authorized laboratory supervisors using non-exempt lasers shall:

2.2.1) Responsihilities under Standard Operating Procedures

2.2.1.1) Fulfill their respongibilities as identified under Standard Operating Procedures
in Part I: Section 2.1, specifically Sections 2.1.1 through 2.1.4.

2.2.2) Procurement of non-exempt lasers

2.2.2.1) Procure non-exempt lasers in accordance with the procedures given in Part |:
Section 2.2 marked with an asterisk.

2.2.3) Genera Lab Safety Practices and Conduct with non-exempt lasers
2.2.3.1) Comply with and enforce the access redtrictions applicable to visitors,

non-laboratory personnd, and/or non-laboratory authorized occupants in rooms with
non-exempt lasers asidentified in Part |: Section 2.5.1.

V:2-1
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2.2.3.2) Comply with and enforce the access restrictions applicable to individuas who
are authorized occupants in rooms with non-exempt lasers as identified in Part |:
Section 2.5.2.

2.2.3.3) Follow the generd |ab safety practicesidentified in Part I: Section 2.5.3.
(marked with an asterisk or super-script L) when working with non-exempt lasers.

2.2.4) Specialized Safe Laboratory Practices
2.2.4.1) Adhere to each of the specidized safe laboratory practices when working with
non-exempt lasers, as gpplicable. These are identified in Part |: Section 2.6 (marked
with an asterisk or superscript L).

2.2.5) Hazard-Specific Safety Procedures

2.2.5.1) Follow hazard-specific safety procedures as identified in Part |: Section
2.7.11.

2.2.5.2) Follow laser-specific safety procedures as identified in this Part V, Section 2.5
below.

2.2.6) Laboratory Specific Standard Operating Procedures

2.2.6.1) Develop and implement |aboratory-specific Standard Operating Proceduresin
accordance with Part |: Section 2.8.

2.2.7) Emergency Procedures

2.2.7.1) Adhere to the general emergency proceduresidentified in Part |: Section 2.9,
specificaly Sections 2.9.1 through 2.9.6.

V:2-2

<-- Previous Page Next Page -> Home A



< Fit Width > Fit in Window <>
11/20/2000

2.3) Hazardous Material (HM) Receipt and Distribution
All individuas, authorized laboratory supervisors, and authorized users shdl:

2.3.1) Follow the requirements of Part I, 11, 111 or 1V, as gpplicable, if alaser ingtdlation
requires the introduction of hazardous materias into the laser [aboratory.

2.4) Hazardous Materias Storage

All individuas, authorized laboratory supervisors, and authorized users shdll:

2.4.1) Follow the requirements of Part I, 11, 111 or 1V, as gpplicable, if alaser ingdlation
requires the introduction of hazardous materiasinto the laser laboratory.

V:2-3
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2.5) Laser Safety - Standard Procedures
2.5.1) Generd Standard Operating Procedures
Authorized Users and Authorized Occupants shdl:

2.5.1.1) Avoid gtaring into a laser beam (class 2 or higher) or pointing such abeam
toward an individua. Avoid looking at the pump source.

2.5.1.2) Wear approved laser eyewear specified for the type and class of laser beam
as required whenever the laser isin operation (or follow safety procedures providing
equivaent protection as specified in written laboratory-specific Sandard operating
procedures. See section 3.6.1.3))

Note: Personnel should be especidly cautious around lasers with invisble light
frequencies.

Authorized Usars shdll:;

2.5.1.3) Not operate lasers a eye level unless specific permission has been granted by
the Laser Safety Officer.

25.1.4) Warn dl individuds present, verify thet dl required safety measures are
satisfied, and certify that al personnd are cleared from the path of the beam before
energizing the beam.

2.5.1.5) Not leave an active laser unattended unlessit is part of an approved and
controlled environment designed for unattended operation.

2.5.1.6) Exercise extreme care in al procedures that might result in inadvertent
reflections of the laser beam. (All procedures with such a potentid must have been
evauated for safety by the Authorized Laboratory Supervisor and provided in writing
together with appropriate training.).

Note: This includes good housekeeping with specid emphasis on verifying that no
device, tool or other reflective materids are left in the path of the beam.

2.5.1.7) Not wear bright, reflective jewelry or other reflective objects.

2.5.1.8) Use enclosed beams and/or with appropriate beam stops whenever it is
feasble to do so.

V:2-4
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2.5.1.9) Keep occupancy as low as possible consstent with the required work when
open laser beams arein operation and verify that al occupants present are either
Authorized Occupants or Authorized Users.

2.5.1.10) Not remove the protective housings of the laser system.

2.5.1.11) Secure the laser against unauthorized use based upon approved written
laboratory-specific standard operating procedures when the laser is not in operation or
under the control of an Authorized User.

2.5.1.12) Not over ride or by-pass |laser safety system interlocks unless specific
permission is granted by the Laser Safety Officer.

2.5.1.13) Report dl accidents or suspected eye injuries to the Laser Safety Officer.

2.5.2) Restricted or controlled access to Laboratory during operations with accessble laser
beams

The Authorized Laboratory Supervisor shal:
25.2.1) Evduate the need for restrictions on access to the laboratory during critical
laser operations within the [aboratory. This evaluation should include the need for
interlocked entrances and/or annunciators and flashing "beam on" lights (See Section
3.4.2, Section 8.5,and ANSI standards)
2.5.2.2) Indruct the Authorized Users and Authorized Occupants concerning the nature
of those regtrictions, including the ingtructionsin the laboratory specific Standard
Operating Procedures.

Note: Thisincludes an evauation of the need to inform vigitors, authorized occupants,
and even authorized users of specid risk factors.

2.5.2.3) Implement dl access restrictions specificaly required by any applicable
L aboratory-Specific Safety Plan.

Authorized Users and Authorized Occupants shall:

2.5.2.4) Follow the ingtructions given by the Authorized Laboratory Supervisor
concerning access redtrictions.

V:2-5
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2.5.3) Location of Non-exempt Lasers and Associated Warning Devices:
The Authorized Users shdl:
2.5.3.1) Not move lasers to a new location unless the appropriate hazard evauation
has been performed by the Authorized Laboratory Supervisor and/or Laser Safety
Officer, as applicable.

2.5.3.2) Maintain warning signs, interlocks and darms in accordance with the
requirements specified in Section 3.4.2 of this Part.

2.5.3.3) Not by-pass required interlocks unless written procedures for by-passing an
interlock have been approved by the Authorized Laboratory Supervisor/Laser Safety
Officer and the user has been specificadly trained in the procedure.

All occupants of alaser [aboratory shdl:

2.5.3.4) Follow the safety precautions and/or regtrictions specified by any sign,
annuncigtor, or warning light.

2.5.4) Disposal of laser associated hazardous materials and/or transfer of laser ownership.
Authorized Users and Authorized Laboratory Supervisors shal:

2.5.4.1) Comply with the requirements identified in Part V: Chapter 6 .

V:2-6
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3) Laser Hazard Communication & Control

This chapter provides guidance on meeting the hazard communication and hazard control requirements
of Chapter 3 of Part | and further detailed procedures for laboratories working with non-exempt lasers.
This chapter should be used together with Chapter 3 of Part I.

3.1) General Laser Hazard Control

The Authorized Laboratory Supervisor or Authorized User shdll:

3.1.1) Utilize and comply with the genera hazard control methods specified in Part |: Chapter
3-Section 3.1 (marked with an asterisk) for addressing laser radiation hazards in their [ab.

3.1.2) Not conduct any laser-rdated activitiesin alab that has not been properly designed for
such activities, nor where gppropriate and functiona engineering controls are missing, nor
where required persona protective equipment and/or safety equipment are not available.

3.2) Non-Exempt Laser Hazard Control Responsibilities

3.2.1) The genera hazard control responsibilities specified in Part 1: Chapter 3-Section 3.2 are
applicable for addressing Laser Safety.

3.3) Lab Hazard Registration/Safety Authorization Application (LHRSAA)
The Authorized Laboratory Supervisor (ALS) shdl:

3.3.1) For each lab under hisher jurisdiction, perform an assessment to identify laser hazards
present in their 1ab in accordance with Part | Chapter 3-Section 3.3.

3.3.2) Complete the LHRSAA form and submit it to EHS according to the procedures
identified in Part I: Chapter 3-Section 3.3. The form can be found in Part I: Chapter 8.

3.3.2.1) Attach a copy of the laboratory's laser inventory list to the LHRSAA form.
(Note: Thisinformation will be used by Laser Safety Office to determine the

laboratory's Laser Safety hazard leve (1, 11, [11 or 1V), to fulfill emergency response
information needs, and to prepare laboratory entrance postings.)

V:3-1
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3.3.3) Update the LHRSAA information whenever conditions change significantly and as
required under Part |: Chapter 3-Section 3.3 and Section 3.8, and obtain an approved
amendment for such changesin the Laboratory-Specific Safety Plan for the specific laser
system, if needed.

3.3.4) Appropriatdly train and/or inform al Authorized Users, Authorized Occupants and
Vidgtors with respect to the hazards identified on this form.

3.3.5) A copy of the appropriate LHRSAA formisavailablein Part |: Chapter 8.
3.4) Communication of Laser Hazards in the Laboratory
3.4.1) Inventory of Hazardous Non-exempt lasers (Use with Part [-3.4.1)

The Authorized Laboratory Supervisor shdl:

34.1.1) Edtablish and maintain an up-to-date inventory of al non-exempt lasers being
used in the laboratory.

a) Incude the fallowing information in the inventory for each laser:

* |dentity of Laser - (Type and class of laser)

* Laser's Manufacturer

* Location Information - (Building, Department, and Room)
b) Not operate unlessit has been added to the inventory, the appropriate EHS
Safety Authorization, if required, has been obtained, and al Authorized Users
and Authorized Occupants have been appropriatdy trained and informed with
respect to the new laser.

3.4.1.2) Keep the inventory list readily available to any person entering the laboratory
should they request to seeiit. (Repesat of Part 1-3.4.1.3).

3.4.1.3) Submit acopy of the laser inventory list to Laser Safety Office in accordance
with the requirements of 3.4.1.1 above for required registration with the state.

V:3-2

<-- Previous Page Next Page -> Home A



< Fit Width > Fit in Window <>
11/20/2000

3.4.2) Laser Hazard Warning Labels, Signs, Annunciators and/or Warning Lights
The Authorized Laboratory Supervisor shal:

3.4.2.1) Provide and maintain laser warning signg/labels that meet the standards of
ANS Z136.1. Anexampleisin Part VV-Chapter 8.

Notes on specific requirements:

Class1 lasars: Do not require asgn but
manufacturer's labels must be
maintained.

Class2 and 3alasars;  Theword CAUTION shall be used.

Class3band Class4 laserss Theword DANGER shdl be used.

a) Pogtion 1. Precautionary ingtructions and protective actions, such asthe
following examples, shdl be printed a Position 1. (See Chapter 8)

Class 2: Laser Radiation - Do Not Stare Into Beam. Do Not Direct
the Beam Towards the Eye of Individuds.

Class 3: Laser Radiation - Avoid Direct Exposure to Beam.

Class 4: Laser Radiation - Avoid Eye or Skin Exposure to Direct or
Scattered Radiation.

Additiond precautionary instructions and protective actions that may be
required & Postion 1 are: “Invisble Laser Radiation,” “Knock Before
Entering,” “Do Not Enter When Light IsOn,” “Restricted Area,” €tc,.

b) Postion 2. Laser information is printed at Position 2. Thisincludes the type
of laser (Ruby, HeNe, etc.) or the emitted wavelength, pulse duration (if
appropriate), and the -maximum output.
¢) Pogtion 3: The Class of the laser is printed at Position 3.
3.4.2.2) Digplay and maintain dl warning signs and label's conspicuoudy in locations
where they best will serveto warn individuas of potentia safety hazards. Normadly,

warning signs are posted at entryways (e.g., on doors) to laser controlled aress.
Warning labels are affixed to the lasers in a congpicuous location.

V:3-3

<-- Previous Page Next Page -> Home A



< Fit Width > Fit in Window <>
11/20/2000

3.4.2.3) Remove laser warning signsiif the laser has been removed from the room or
area.

3.4.2.4) Provide and maintain safety interlocks, annunciators and/or warning lights as
specified by ANSI Z136.1 or equivaent safety warnings and protection.

Note: Regulations require that areas where certain compounds or laser hazards are
present be identified by warning Sgns, tags, etc. Contact Laser Safety Office for
assigance in identifying gppropriate Ssgns.

The Authorized User shdll:

3.4.2.5) Post the gppropriate hazard warning signs before initiating any operation or
activity indde the lab that may present alaser hazard.

3.4.3) Laboratory Entrance Posting
The Authorized Laboratory Supervisor shdl:

3.4.3.1) Assist Laser Safety Officein establishing the appropriate |aboratory entrance
posting(s) that identifies the laser hazards present in the lab. Thiswill be donein
accordance with the procedures identified in Part |: Section 3.4.6.

a) Thiswill consggt of submission of the completed Hazard Regigtration form
and the laser inventory list to the Laser Safety Office and consultation with
Laser Safety Officer to determine laser hazard levels.

3.4.3.2) Maintain reedily visble |aboratory entrance postings with up-to-date laser
hazard warning information.

3.4.3.3) Post Appropriate Access Restrictions.

Guidance Note: Access regtrictions are to be evauated by the Authorized Laboratory
Supervisor for any Laser Safety Leve | or |1 Laboratories. Access might be restricted
only during certain specificaly identified procedures within the laboratory. Inthis case,
temporary sgns may need to be used that forbid entrance during those times. In other
cases, access might be restricted just asit isfor Levels 1l and V.

3.4.3.4) Post requirements for any required medica status. exclusion of or specia
protection for persons with specia susceptibilities-might include alergy senstivities,
etc.

V:3-4
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3.5) Engineering Controls for Laser Safety
The Authorized Laboratory Supervisor and Authorized Users shdl:

3.5.1) Utilize and comply with the generic engineering control measures specified in Part
|:Chapter3-Section 3.5 when working with non-exempt lasers. Thisincludes:

3.5.1.1) Process Modifications (Part |: Section 3.5.1)
3.5.1.2) Physicd Isolation/Containment (Part |: Section 3.5.2)
The Authorized Laboratory Supervisor shal:

3.5.2) Verify that dl applicable engineered safety standards of ANSI Z136.1 (or equivaent
leve of safety) for the type and kind of laser involved are incorporated in the system and fully
functional before the laser is placed in use. See chart in chapter 8, Section 8.6.

Additiona notes of guidance:

The basic system shdl satisfy dl gpplicable dectrica codes and the evauations of the
Laser Safety Officer that are documented in the Laser Standard Operating Procedures.
They provide acceptable methods of compliance with the dectrica requirements of
ANSl Standard Z136.1. Examplesinclude:

Fail-safe Control Systems

Barriers and Safety Interlocks

SAfety interlocks for Transmisson Lines
Remote-control Interlocks

Laser Activation Warning Systems and Annunciators
Grounding Methods

Temporary By-passng of Safety Interlocks

Safety Watch and CPR certified personnel

Although the arrangements and power levels of lasers used at KU may not result in the
potentia hazards listed below, the safety review shdl verify that such non-beam hazards
are not relevant before alaser is placed in use and shall address protection againgt any
hazards of the following typesif they exist by incorporating the gppropriate engineered
controls and/or Standard Operating Procedures.

V:3-5
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a) Atmospheric Contamination

1. Vaporized target materid: Materids may include carbon monoxide,
ozone, lead, mercury, and other metals.

2. Gasesfrom flowing gas lasers or byproducts of laser reactions such
as fluoring, chlorine, hydrogen-cyanide, and many others.

3. Gases or vapors from cryogenic coolants.

b) Chemicds- Chemicas, including dyes and solvents, from certain dye lasers
have been shown to be carcinogenic, toxic, or otherwise hazardous.

¢) Cryogenic Coolants - Cryogenic liquids, such asliquid nitrogen or
hydrogen, may cause burns.

d) Electrical Hazards - The potentia for ectrica shock is present in most
laser systems. Pulsed lasers utilize capacitor banks for energy storage and cw
lasers generdly have high voltage DC or RF dectrica power supplies.

€) Explosive Hazards - The potential exigts for explosions at capacitor banks
or optica pump systems during the operation of some high power lasars.
Explosive reactions of chemical laser reactants or other gases used within the
laser |aboratory could cause damage to equipment or injury to personnel.

f) Jewdry - The use of jewelry (watches, rings, etc.) is often an overlooked
source of exposure to abeam reflected by a mirror-like surface.

g) Ultraviolet Radiation - Either direct or reflected beams from flash lamps and
cw laser discharge tubes may cause eyeinjury. Usudly, ultraviolet radiation is
a problem only when quartz tubing or windows are used.

h) Visble Radiation (non-laser) - High luminance radiation emitted from
unshielded pump lamps may cause eyeinjury.

i) X-rays- Potentidly hazardous X-rays may be generated from high voltage
(over 15 kV) power supply tubes.

Note: If alaser isto be built or modified at KU, dso see the Design Criteriain
Chapter 8.

V:3-6
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3.6) Personal Protective Equipment for Laser Safety
The Authorized Laboratory Supervisor and Authorized Users shall:

3.6.1) Adhere to the persond protective equipment control measures specified in Part I
Chapter 3-Section 3.6 when working with non-exempt lasers. Thisincludes.

3.6.1.1) Genera PPE Measures (Part |: Section 3.6.1)
3.6.1.2) Head Protection (Part I: Section 3.6.2)

Normally not needed for protection againgt laser beams at KU but might be necessary
if lasers with sufficient power to produce burns are introduced.

3.6.1.3) Eye & Face Protection Measures (Part I: Section 3.6.3)

Normally, al personnel who work in areas where there is radiation from Class 3b or
Class 4 |lasers shdl wear laser eyewear approved for the type of beam and class of the
laser if the potentid exists for exposure in excess of the MPE. Exceptions may be
approved if wearing protective eyewear produces a greater safety hazard than when it
is not worn. Exceptions shal be noted in written procedures or otherwise be approved
by the Laser Safety Officer and shall be appropriately justified. See Standard
Operating Procedures--section 2.5.1 above.

The Laser Safety Officer shall review and approve protective eyewear to assure that is
gppropriate for the use for which it isintended. The eyewear to be used will depend on
the wavelength(s) and intengity of the accessible radiation.

Note: Engineering controls such as enclosed beam paths and enclosures are preferable
to using filter goggles and spectacles for eye protection. However, safety goggles and
gpectacles are often an effective safety measure when engineering controls are not
possible. It should be noted that the user must be careful that the filter materid and sde
shidds can withstand the maximum irradiance encountered in the laser environment for
at least 3 seconds, and thefilter is of the required optica density. Goggles may be
damaged by lasers and lose their protective power.
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3.6.1.4) Hand & Body Protection Measures (Part |: Section 3.6.4)

Normally not needed for protection againgt laser beams at KU but might be necessary
if lasers with sufficient power to produce burns are introduced.

3.6.1.5) Foot Protection Measures (Part |: Section 3.6.5) -- usudly not needed for
protection againgt laser beams, but may be necessary if other foot hazards are present
in the lab.

3.6.1.6) Hearing Protection Measures (Part |: Section 3.6.6)--usually not needed for
protection against laser beams, but may be necessary if other noise hazards are present
in the lab.

3.6.1.7) Respiratory Protection Measures (Part |: Section 3.6.7)

Might be needed under some circumstances--See a) under 3.5.2 above.
3.7) Safety Equipment for Laser Safety

The Authorized Laboratory Supervisor and Authorized Users shall:

3.7.1) Adhere to the safety equipment control measures specified in Part |: Chapter 3-Section
3.7 when working with non-exempt lasers. This includes:

3.7.1.1) Safety Shidlds/Containment (Part I: Section 3.7.1)

Note: A laser inddlation shdl be evaluated for the need for "beam stops’,” shields,
safety interlocked beam enclosures and/or interlocked doors, and "'beam annunciators'
according to ANSI recommendations. If ANSI recommendations for the type and
class of laser are not followed, very clear specifications for equivaent protection must
be provided.

If needed, windows to hallways and other outsde areas shall be appropriately provided
with shades or covers.

Conditions that have a reasonable potentid for specular reflections shal be minimized to
the degree possible consistent with the required use.

SeePart |, sections 3.7.2 - 3.7.7 for controls that may be needed that are not specific
to the hazards of the laser beam itsdlf.

See dso section 3.5.2, and the Guidance on Control Measures in Chapter 8.
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3.8) Laboratory Inspections/ Reviews for Laser Safety

3.8.1) Laboratory Ingpections/Reviews shal be conducted as specified in Part |: Chapter
3-Section 3.8.1.

3.8.2) Ddficiencies, Violations and Corrective Actions shall be handled in accordance with Part
|: Chapter 3-Section 3.8.3.
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3.9) Prior Hazard Registration of Laser Systems and Safety Authorizations for
Leve |1l and IV Laser Systems

3.9.1) Introduction

The assgnment of laser classesto particular hazard levels used with the KU Laboratory Safety
Plan is based on the premise that the level of scrutiny and care that needs to be introduced in
the establishment of controls and procedures that will adequately protect against accidenta
injury of eyes (and, in some cases, skin) needs to become greater as the potentia for such
injury incresses.

3.9.2) Laser Sofety Levels
Thefollowing Laser Safety Levels have been established to identify the severity of laser

hazards present in the lab and to facilitate the prior registration, and/or the process for obtaining
EHS Safety Authorizations, if required.

3.9.2.1) Laser Safety Leved: Exempt

a) Class 1 denotes exempt lasers or laser systems that cannot, under normal
operating conditions, produce ahazard. Equipment such aslaser printers that
completely enclose the laser and laser beam are normally specified as Class 1.

b) Class 1 lasers must be labeled (manufacturer’ s label), but are exempt from
other requirements.

Note: Class 1 lasers that are used as designed and on which no maintenanceis
performed by KU personnel that would expose any laser beam that has been
enclosed by the manufacturer are exempt from the Laser Safety Plan. The
Universty Hedlth and Safety Manud has adequate guidelines for such use,

) All embedded lasers that require onsite maintenance or services with
interlocks by-passed are subject to the KU Laser Safety Plan. Otherwise, dl
embedded lasers are exempt from the KU Laser Safety Plan.
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3.9.2.2) Laser Safety Level: Leved | Laser Hazards

a) Class 2 lasers as defined in ANSI Z136.1 are assigned to the Level | hazard
category on the KU campus and are subject to this Laser Safety Plan.

Note: Class 2 denotes low power visible-radiation lasers or laser systems.
Visble cw HeNe lasers above Class 1, but not exceeding 1 mW radiant
power, are common examples of this class. Because of the norma human
averson responses, these lasers normaly do not present a hazard, but may
present some potentia for hazard if viewed directly for extended periods of
time (like many conventiond light sources).

b) Class 2 lasers must be labeled and registered with the Laser Safety Officer,
but are exempt from other requirements. Thewarning labd or sgn shdl caution
usersto avoid garing into the beam or directing the beam toward the eye of
individuas, and shdl be placed on or near the laser in a conspicuous location.
(HeNe lasers used as pointersin the auditorium or classroom at KU are
redtricted to be no higher than Class 2.)

Authorized Laboratory Supervisors shal:
¢) Provide the LHRSAA Form and Laser Inventory to EHS.
d) Provide the required documented training and approve dl laser users. This

can be accomplished by meeting the laser safety-specific information and
training requirementsin Part V : Chapter 4-Section 4.2 and 4.3.
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3.9.2.3) Laser Safety Level: Levd Il Laser Hazards

a) All class 3alasers (as defined in ANSI 136.1) are assigned to KU hazard
Leve Il and are subject to the KU Laser Safety Plan.

Note: Class 3adenotes lasers or laser systems that normally would not
produce a hazard if viewed for only momentary periods with the unaided eye.
They may present ahazard if viewed using collecting optics. Visble cw HeNe
lasers above 1 milliwatt (mW), but not exceeding 5 mW radiant power, are
common examples of this class

b) Class 3alasers shall be operated in alocation where access to the beam can
be controlled. The potentid for viewing of the direct or specularly reflected
beam shdl be minimized. The operator of the laser shdl inform personnd
entering the area of the presence of the laser beam and the precautions they
need to follow.

Authorized Laboratory Supervisors shal:
c) Providethe LHRSAA Form and Laser Inventory to EHS.
d) Provide the required documented training and approve dl laser users. This

can be accomplished by meeting the laser safety-specific information and
training requirementsin Part \VV-: -Chapter 4-Section 4.2 and 4.3.
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3.9.24) Laser Safety Leve: Levd 11l Laser Hazards

a) All class 3b lasers as defined in ANSI 136.1 are assigned to KU hazard
Leve Il and are subject to the KU Laser Safety Plan.

Note: Class 3b denotes lasers or laser systems that can produce a hazard if
viewed directly. Thisincludesintrabeam viewing or specular reflections.
Except for the higher power Class 3b lasers, this class laser will not produce
hazardous diffuse reflections. Visble cw HeNe lasers above 5 mW, but not
exceeding 500 mW radiant power, are examples of this class.

b) Class 3b lasers shall be used in areas where entry by unauthorized
individuas can be controlled. Entry into the area of individuds untrained in
laser safety may be permitted by the laser operator if they are ingtructed asto
safety requirements and are provided with protective eyewesr, if required.

Authorized Laboratory Supervisors shdl:
¢) Submit the LHRSAA form and Laser Inventory to EHS.

d) Provide the required documented training and approve dl laser users. This
can be accomplished by meeting the laser safety-specific information and
training requirementsin Part V-: Chapter 4-Section 4.2 and 4.3.

€) Provide the Laser Safety Officer with a copy of the laboratory-specific
standard operating procedures for the laser(s) and adescription of the location
of the laser and dl engineered safety controls gpplicable to the laser(s) as part
of the proposed L aboratory-Specific Safety Plan. The procedure of Part I:
section 3.9 isto befollowed in obtaining EHS Safety Authorization thet is
required before the laser is energized.

Note: The submisson of the LHRSAA form congtitutes an gpplication for
permission to operate the laser. The procedures specified in Part |: section 3.9
areinitiated upon receipt of the LHRSAA form. Upon receiving authorization
from the Laser Safety Officer/Laser Safety Subcommittee, the laser may be put
into use subject to the conditions specified in the approved submitted
procedures and controls specified in the approved Laboratory-Specific Safety
Plan. If changes are to be made in those procedures or controls that might
impact protection againgt potentiad hazardous exposure to laser beams, those
changes shall be submitted to the Laser Safety Officer for approva. See
section 3.9.3 below and Chapter 8.
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3.9.25) Laser Safety Level: Leve IV Laser Hazards

a) Class 3b lasers (as defined in ANSI 136.1) with invisible beams or with
visble beams at power levels equd to or greater than 15 mW and dll class 4
lasers are assigned to KU hazard Leve IV and are subject to the KU Laser
Safety Plan.

Class 3b lasers are described under section 3.9.2.3 above.

Class 4 denotes lasers or laser systems that can produce a hazard not
only from direct or specular reflections, but dso from a diffuse
reflection. In addition, such lasers may produce fire and skin hazards.
Examples are visible, near IR, UV, or IR |asers that emit accessible
radiant power in excess of 500 mV.

Note: Class4 lasers shdl be operated by authorized operatorsin areas
dedicated to their use. Fail-safe interlocks shal be used to prevent
unexpected entry into the controlled area, and access shall be limited by
the laser operator to persons who have been instructed as to safety
procedures and who are wearing proper laser protection eyewear (if
required by written procedures) when the laser is cgpable of emisson.
Authorized operators are respons ble to provide information and safety
protection to untrained personnel who may enter the laser controlled
areaasvigtors.

b) For pulsed systems, interlocks shal be designed so asto prevent firing of
the laser, by dumping the stored energy into adummy load. For continuous
wave lasers, the interlocks shall turn off the power supply or interrupt the beam
by means of shutters.

) The existence of homemade lasers shall be made known to the Laser Safety
Office so that a proper hazard classification based on ANS| standards can be
made on thelaser.  Congtruction of lasers et KU shdl take into account the
requirements given in Chapter 8.

Authorized Laboratory Supervisors shal:
d) Submit the LHRSAA form and Laser Inventory to EHS.
€) Provide the required documented training and approve dl laser users. This

can be accomplished by meeting the laser safety-specific information and
training requirementsin Part V- Chapter 4 - Section 4.2 and 4.3.
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f) Provide the Laser Safety Officer with a copy of the |aboratory-specific
standard operating procedures for the laser(s) and adescription of the location
of the laser(s) and dl engineered safety controls gpplicable to the laser(s) as
part of the proposed Laboratory-Specific Safety Plan. The procedure of Part
I: Section 3.9 isto be followed in obtaining EHS Safety Authorization thet is
required before the laser is energized.

Note: The submisson of the LHRSAA form congtitutes an gpplication for
permission to operate the laser. The procedures specified in Part I: Section 3.9
areinitiated upon receipt of the Hazard Registration form. Upon receiving
authorization from the Laser Safety Officer/Laser Safety Subcommittee, the
laser may be put into use subject to the conditions specified in the gpproved
submitted procedures and controls specified in the approved Laboratory-
Specific Safety Plan. If changes are to be made in those procedures or
controls that might impact protection againgt potential hazardous exposure to
laser beams, those changes shdl be submitted to the Laser Safety Officer for
approval. See section 3.9.3 below and Chapter 8.

Note: In the event that the Laser Safety Subcommittee is unavailable to review
the procedures, the procedures may be reviewed and approved temporarily by
the Laser Safety Officer and/or Chair/designated member of the Laser Safety
Subcommittee. See section 3.9.3. See Chapter 8 for guidance in establishing
|aboratory-specific Standard Operating Procedures to be included in the
proposed L aboratory-Specific Safety Plan.

g) Arrange for the medica survelllance requirements of Part V: Chapter 5.
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3.9.3) Process for Obtaining the Required EHS Safety Authorizations for
Leve |1l or IV Laser Hazard Classfications

See Section 3.9.3 of Part | or follow the procedures specified in this part, Appendix 8.3.

a) Section 3.9.3 describes how a Laboratory-Specific Safety Plan is to be developed
including how the appropriate approvas may be obtained for the proposed
Laboratory-Specific Safety Plan. After the Laboratory-Specific Safety Plan (or more
appropriately Laser-Specific Safety Plan) has been approved, the Laser Safety Officer
will perform an ingpection to verify that al conditions have been met. After that
verification, the Laser Safety Officer will provide awritten safety authorization that will
permit the Laboratory Supervisor to begin use of the Laser System.

b) In preparing the proposed Laser Specific Safety Plan, the Laboratory Supervisor
should evauate what engineered safety controls are needed, the safest location and
placement of the laser system in the laboratory, what, if any, facility safety features need
to be included, and the types of persona protective equipment required for the safe use
of the sysem. This evauation, asa minimum, shal address the generic requirements
listed in section 3.5 through 3.6. Based upon the proposed safety features of the
system, Standard Operating Procedures shall be written that specify how the laser
system will be safely used. See Chapter 8 for an outline for Standard Operating
Procedures to be included in the proposed Laser Specific-Safety Plan.

C) The Laser Safety Officer/Laser Safety subcommittee will review the proposed plan
and verify that safety equivaent to that specified by ANSI Z136.1 and the KU Laser
Safety Plan will be met if the conditions of the Laser-Specific Safety Plan are satisfied.
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4) Laser Safety-Specific Information & Training

Federa and State regulations, as well as "prudent practice,”" require the University to provide all
faculty, staff, sudents, and vistors with information concerning the laser hazards present in their
University environments, and sufficient training to enable them to perform their tasks safely and
protect themselves from potential laser exposure.

4.1) Review of Universal (Part 1) Information & Training Requirements
Note: This section provides references back to the universal laboratory safety information and
training requirements provided in Part I-Chapter 4, as gpplicable for achieving Laser Safety.

Referencesto Part | are given.

All individuals, authorized users, and authorized |aboratory supervisors using
non-exempt lasers shal:

4.1.1) Respongbilities

4.1.1.2) Fulfill their respongbilities for universd laboratory safety informeation and
training asidentified in Part I-Chapter 4: Section 4.1 as gpplicable.

Note: For example, if the laser system and its use involves hazardous chemicals then
Part 1-4.2.1 is applicable in addition to Part 1-4.2.4.

4.1.2) Required Information

4.1.2.1) Be familiar with and make the required information specified in Part 1-Chapter
4: Section 4.2 (specificaly 4.2.1 through 4.2.4) available as applicable.

4.1.3) Required Training

4.1.3.1) Comply with the required training specified in Part I-Chapter 4 (specificaly
Sections 4.3 through 4.5) as gpplicable.

4.1.4) Frequency of Information & Training

4.1.4.1) Comply with the information and training frequency requirements specified in
Part |-Chapter 4: Section 4.6.

4.1.5) Documentation of Information & Training

4.1.5.1) Comply with the information and training documentation requirements specified
in Part [-Chapter 4: Section 4.7.
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4.2) Laser Safety-Specific Information
Authorized Laboratory Supervisors shall:
4.2.1) Genera Laser Safety Information

4.2.1.1) Inform al users of non-exempt lasersin their labs with the information required
under Part |-Chapter 4: Section 4.2.4.

4.2.2) Specific Laser Safety Information
4.2.2.1) Show the LHRSAA form for their [ab to dl authorized laser users and
authorized occupants and ask them to be familiar with it. See Part V-: Section 3.2 for
details.

4.2.2.2) Review the inventory of non-exempt lasers present in the lab with al users
and occupants. See Part V-: Section 3.3.1 for detalls.

4.2.2.3) Inform al users and occupants of the location of acopy of ANS 136.1. (See
Part V-: Section 3.3.2.) A copy will be readily available in the Laser Safety Office of
the Department of Environmental Hedlth and Safety.

4.2.2.4) Inform al users and occupants about warning Sgns, indicators and/or
annunciators and the appropriate response to them.
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4.3) Laser Safety-Specific Training

Authorized Laboratory Supervisors shall:
4.3.1) Generd Laser Safety Training

4.3.1.1) Provide dl users of non-exempt lasersin their lab with accessto initia lab
safety training pecified in Part |-Chapter 4: Section 4.5.6. Training for users shal
cover the content of Part VV and its references to other sections of the Laboratory
Safety Manual. Userswill be ingtructed to become proficient with this generd lab
safety information and will be required to pass alab safety evauation, thet will be
available online & www.ehs.ukans.edu.

4.3.1.2) Provide dl users of non-exempt lasers in their lab with access to information
on al of the “ Standard Operating Procedures and Practices for Laboratories Using
Non-exempt Lasers’ found in Part V-Chapter 2: Sections 2.1 through 2.5 with specia
emphasison section 2.5. Users will be ingdructed to become proficient with this safety
information and will be required to pass alab safety evauation, that will be available
on-line at www.ehs.ukans.edu.

Note: Any user who can demondirate prior proficiency for the required laser training
may be certified by the Laser Safety Officer.

4.3.2) Specific Laser Safety Information

4.3.2.1) Train al prospective authorized laser users about the hazards that are pecific
to the type and class of laser to be used.

4.3.2.2) Train dl users of non-exempt lasers in their lab on the Hazard Communication
Procedures found in Part VV-Chapter 3: Sections 3.1 through 3.3.

4.3.2.3) Train dl users of non-exempt lasers and authorized occupants in their [ab in the
correct use of any required personal protective equipment, such as specid laser safety
goggles, and the quality assurance checks that need to be performed to verify continued
effectiveness.

4.3.2.4) Train al users of non-exempt lasersin their lab on dl requirementsimposad
upon the lab by an gpplicable Laser Safety Regidtration and Use Approvd. (Refer to
Part V: Chapter 3-Section 3.9.)

4.3.2.5) Train al users of non-exempt lasarsin their lab concerning any medica
surveillance requirements based upon Part V-Chapter 5.
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4.3.2.6) Train dl users of non-exempt lasers in their lab on any laboratory-specific
Laser Safety procedures that have been implemented by the [aboratory supervisor that
are above and beyond those identified in Part V of this manud.

Note For Leve 11l and Leved IV, thisisaccomplished by fulfilling 4.4.2.4 above, but
4.4.2.4 does not address lab-specific procedures for Level | and Leve 1.

4.4) Laser Safety - Information & Training Frequency

Laser Safety Officer shall:
4.4.1) Provide the authorized |aboratory supervisor of non-exempt lasers with updated
information and training documents for |aboratory users at yearly intervals, as specified in Part
|-Chapter 4: Section 4.6. Typicaly, thiswill consst of very short reading materids and
documentation by which the user can indicate he or she has read them.

4.5) Laser Safety-Information & Training Documentation

Authorized Laboratory Supervisor shdl:

4.5.1) Document the training of al laser -usersin their lab accordance with the procedures
specified in Part 1-Chapter 4: Section 4.7.
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5) Medical Factorsto Consider in Laser Safety
5.1) Introduction

This chapter identifies anumber of factors (not necessarily complete) that may need to be considered
in the establishment of laboratory-specific safety requirements and/or procedures when non-exempt
lasers are being used. This chapter should be used together with Chapter 5 of Part | on exposure
assessment and medical surveillance.

5.2) Medical Factors in Evauating Access Restriction

The Authorized Laboratory Supervisor shdll:

5.2.1) Inform users that some individuas may have specid sengtivity (for example, dlergies) to
products created by the laser beam or chemicals that must be used in the operation of the laser.
In such cases, Part 11-section 5.2.1 applies.

5.3) Medical Care

5.3.1) Emergency Response to Exposure to Hazardous Non-exempt Lasers
The Authorized Laboratory Supervisor shdl:

5.3.1.1) Add laboratory-specific procedures to the genera emergency procedures
described in 1-2.9 and 1-5.3 that address any actions that need to be taken very
quickly in order to reduce the magnitude of the medica consequences of the emergency
if an evauation indicates the need. The responding and attending medica services
personnel need to know the type and level of exposure the person might have
experienced.

Note: There may be no action other than obtaining medical assistance as soon as
possible but the possbility that there are actions that could be taken needs to be
explored.

5.3.2) Effects of Acute Exposure above MPE levels

5.3.2.1) Evauate and address actions that should be taken if an individua receives a
laser beam exposure that is potentidly greater than the MPE.
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5.4) Laser Use Requiring Mandatory Medical Surveillance
5.4.1) Medicd Surveillance for Leve IV Laser Hazards
The Authorized Laboratory Supervisor shdl:
5.4.1.1) Inform authorized resdent users of their responsibility for medica surveillance
with Watkins Student Health Center as described in 5.4.2 below. The costs of such
surveillance shdl be covered by the Universty.

Authorized resdent users potentialy exposed to laser beams assigned to Leve IV shdll:

5.4.1.2) Participate in the medica surveillance program arranged for them by the
authorized laboratory supervisor.

5.4.2) Nature of the Medica Surveillance Program

a) The purpose of laser medica surveillanceistwofold. Thefirst purposeisto establish a
basdine of ocular conditions before exposure to laser radiation.

b) The second purposeisto detect and document, as early as possible, ocular damagein the
event of a suspected exposure incident. Both purposes serve to assess the effectiveness of
control measures and to promptly ingtitute appropriate thergpeutic measures.

Note: Laser medicd surveillance includes a preliminary basdine eye exam. Additiond eye
exams may be required in the event of exposure or suspected exposure to laser radiation above

the MPE. An eye exam dso is required upon termination of laser work or upon termination of
employment at KU. Other routine laser eye exams are not required.
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6) Safe Disposal of Hazar dous L aser-Associated Waste and
Transfer of Laser Ownership

6.1) Introduction

There may be laboratories with lasers that do not use other hazardous materids. The authorized
|aboratory supervisors of such laser laboratories are, however, responsible for any hazardous materids
produced by laser beams or used in the laser system itsdlf.

Because laser systemsthat are potentialy operable must remain under the responsbility of an
authorized laser supervisor, laser systems cannot be permitted to be abandoned or discarded as junk.

6.2) Disposal and Transfers of Lasers and Associated Materials
6.2.1) Disposa of Laser-Associated Hazardous Waste
Authorized Laboratory Supervisors and Authorized Users shdl:

6.2.1.1) Follow the procedures specified in Chapter 6 of Parts1, 11, Il and IV as
gpplicable for any hazardous materid waste generated from laser activities.

Note: All individuas who handle such materids are not authorized users until they have
been trained at the level required under Part 11 for that materid.

6.2.2) Transfer of Laser Ownership
Authorized Laboratory Supervisors shdl not:

6.2.2.1) Transfer responsibility for a non-exempt laser unless prior gpproval has been
obtained from the Laser Safety Officer.

Note 1. Asindicated above, thisincludes discarding the laser in trash or abandoning it.

Note 2. Temporary transfer of responsibility to the Laser Safety Officer isan option
that may be arranged.
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The Laser Safety Officer or EHS gaff shall:

6.2.2.2) Verify that alaser system has been so disabled that potentiad use of the system
has been destroyed and that any associated hazardous waste has been properly
processed prior to gpproving the placement of such asystemin thetrash. The laser
ghdl then be removed from the university inventory.

6.2.2.3) Accept responsibility for alaser system if aproposed transfer of thelaser isto
another employee who is not an authorized user and shdl transfer that responsibility
when the perspective owner has been certified as an authorized |aboratory supervisor.

6.2.2.4) Approve the transfer of the unit to a non-university owner if gppropriate and
remove the laser from the university inventory or to an authorized |aboratory supervisor
who has the gppropriate approva, and change the inventory information.

6.2.2.5) Document the actions that have been taken and place these in the records.
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7) Laser Safety-Specific Recor d-K egping
7.1) Auditable Records

7.1.1) Egtablish and maintain auditable records in accordance with the requirements of Part I:
Chapter 7-Section 7.1.

7.2) ldentification and Dating of Records

7.2.1) Identify and date records in accordance with the requirements of Part |: Chapter
7-Section 7.2.

7.3) Retention of Records

7.3.1) Retain records in accordance with the requirements of Part |: Chapter 7- Section 7.3.

7.4) LSO Records

7.4.1) LSO shdl establish and maintain the appropriate records in accordance with the
requirements of Part I: Chapter 7-Section 7.4.
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8) Laser Safety-Appendices

8.1)
8.2)
8.3)
8.4)
8.5)
8.6)
8.7)
8.8)

8.9)

Glossary of Terms Used in Laser Methodology

Summary of KU Laser Safety Plan Requirements
Registration and Use Approval for Lasers and Laser Systems
Standard Operating Procedures for Laser Systems

Outline for Written Laser Safe Operating Procedures
Examples of Laser Signs

ANSI Guidance on Control Measures

Brief Overview of Biologica Effects

Selected Design Criteriafor Constructing Lasers
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Appendix 8.1
Glossary of Terms Used in Laser Methodology

Authorized (Laser) Laboratory Supervisor. The authorized laser user who assumes respongbility
for the control and safe use of alaser or laser system.

Authorized (Laser) User. Anindividua who has met dl gpplicable laser safety training, and approva
requirements for operating alaser or laser system.

Authorized Resident (Laser) User. Anindividua who has met dl gpplicable laser safety training,
and gpprova requirements for operating a laser or laser system and who is a user of the laser facility on
aregular bassfor aperiod of at least three months.

Aversion response. Movement of the eyelid or the head to avoid an exposure to a noxious stimulant
or bright light. It can occur within 0.25 s, including the blink reflex time.

Continuous wave (cw). The output of alaser which is operated in a continuous rather than a pulsed
mode. For purposes of safety evaluation, alaser operating with a continuous output for a period >
0.25 sisregarded asacw laser.

Controlled area. An areawhere the occupancy and activity of those within is subject to control and
supervision for the purpose of protection from laser radiation and related hazards.

Diffusereflection. Change of the spatia distribution of abeam of radiation when it isreflected in
many directions by a surface or by amedium.

Embedded Laser. An enclosed laser with an assigned class number higher than the inherent capability
of the laser system in which it isincorporated, where the systems lower classification is gppropriate due
to the engineering features limiting accessble emission.

Energy (Q). The capacity for doing work. Energy content is commonly used to characterize the
output from pulsed lasers and is generaly expressed in joules (J).

Exempt Laser. Class 1 lasers which are used as designed and on which no maintenance is performed
that would expose any laser beam which has been enclosed by the manufacturer are exempt from the
Laser Safety Plan. These lasers are covered by guiddinesin the University Hedlth and Safety Manudl.

Failsafe interlock. Aninterlock where the failure of asingle mechanica or eectrical component of
the interlock will cause the system to go into, or remain in, a safe mode.

Infrared radiation. Electromagnetic radiation with waveengths which lie within therange 0.7 mto 1
mm.
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I ntrabeam viewing. The viewing condition whereby the eyeis exposed to dl or part of alaser beam.

Irradiance (E) (at a point of a surface). Quotient of the radiant flux incident on an dement of the
surface containing the point at which irradiance is measured, by the area of that ement. Unit: watt per
cm2.

Laser. A device which produces an intense, coherent, directiond beam of light by stimulating
electronic or molecular trangtions to lower energy leves. An acronym for Light Amplification by
Stimulated Emisson of Radiation.

Laser Operator. See Authorized Laser User.

Laser Safety Officer (LSO). Onewho has the authority to monitor and enforce the control of laser
hazards and effect the knowledgeable eva uation and control of laser hazards.

Laser System. Anassembly of dectrical, mechanical, and optical components which includes one or
more lasers.

Maximum Permissible Exposure (MPE). Thelevd of laser radiaion to which a person may be
exposed without hazardous effect or adverse biological changesin the eye or skin. MPE is expressed
in terms of ether radiant exposure (joules/cm?2) or irradiance (watts'cm?2). The criteriafor MPE are
detailed in Section 8 of ANSI Z136.1.

Nominal Hazard Zone (NHZ). The nominad hazard zone describes the space within which the level of
the direct, reflected or scattered radiation during normal operation exceeds the applicable MPE.
Exposure levels beyond the boundary of the NHZ are below the appropriate MPE level.

Non-Exempt Lasers. All lasarsexcept for Class 1 lasers which are used as designed and on which
no maintenance is performed that would expose any laser beam which has been enclosed by the
manufacturer.

Optical Density (D). Logarithm to the base ten of the reciproca of the transmittance: D, =-log T,
where T is the tranamittance.

Power. Therate a which energy is emitted, transferred, or received. Unit: watts (joules per second).
Also called radiant power.

prf. Abbreviation for pulse repetition frequency. (See repetitively pulsed laser.)

Pulsed laser. A laser which ddiversits energy in the form of asngle pulse or atrain of pulses. The
duration of apulseisregardedto be<0.25s.

Q-Switched Laser. A laser that emits short (~30 ns), high-power pulses by means of a Q-switch.
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Radiant Exposure (H). Surface dendty of the radiant energy received. Unit: joules per cm2.
Radiant Flux (). Power emitted, transferred, or received in the form of radiation. Unit: joule (J).

Repetitively Pulsed Laser. A laser with multiple pulses of radiant energy occurring in sequence with
aprf>1Hz

Specular Reflection. A mirror-like reflection.
Transmittance. (T) Theratio of totd transmitted radiant power to total incident radiant power.

Ultraviolet Radiation. Electromagnetic radiation with waveengths smdler than those of vishble
radiation; for the purpose of this section on laser safety, 0.2t0 0.4 m.

Visible Radiation (Light). Electromagnetic radiation which can be detected by the human eye. This
term is commonly used to describe wavedengths which liein therange 0.4 to
0.7 m.

Wavelength (I). The distance between two successve points on a periodic wave which have the
same phase.
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Appendix 8.2
Summary of KU Laser Safety Plan Requirements

Requirement ...... Laser Class
Manufacturers Warning label 1 2 3a 3b 4
Warning Sgn 2 3a 3b 4
Regigtered with LSO 2 3a 3b 4
Laser Safety Training 3a 3b 4
Laser Safety Operating Procedures 3b* 4
Medicd Survellance 3b* 4

(*if invisble to the eye, and if cw laser, visble beams > 15 mW power)

Exempt Lasers

Class 1 lasers which are used as designed and on which no maintenance is performed by KU
personnel/studentsivigitors that would expose any laser beam which has been enclosed by the
manufacturer are exempt (thus exempt laser s) from the Laser Sefety Plan. The University Hedlth
and Safety Manua has adequate guiddines for such use.

Embedded Lasers

Embedded lasers are enclosed lasers with an assigned class number higher than the inherent
capability of the laser system in which it is incorporated, where the systems lower classfication is
appropriate due to the engineering features limiting accessible emisson. All embedded lasers that require

ongte maintenance or services with interlocks bypassed are subject to the KU Laser Safety Plan.
Otherwise, al embedded lasers are exempt from the KU Laser Safety Plan.
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Procedures for Obtaining Authorization for Leve 111 and IV Operations

The prospective Authorized Laboratory Supervisor is encouraged to discuss plans with the
Laser Sefety Office very early in the planning stages.

The Laboratory Supervisor shdl complete and submit an updated Lab Hazard Regidtration
Safety Authorization Application (LHRSAA) form to EHS, 140 Burt Hal, whenever plans for a change
inthe type and/or level of activitiesat Leve 111 or IV are being made. Upon receipt of the LHRSAA
form, EHS shdl provide the Laser Regidtration and Laser-Specific Safety Plan to the Laboratory
Supervisor. Thisform provides ingtructions concerning the types of safety information (engineered
contrals, facilities, SOP's) that need to be addressed.

The Laboratory Supervisor shal complete and submit one copy of the proposed Laser-
Specific Safety Plan to the LSO for Leve 11 lasers and six copiesfor Leve IV lasers. Only the Laser
Safety Officer needsto review Leve 111 Safety Plans. Both the LSO and the Laser Safety
Subcommittee review the Safety Plan for Leve 1V lasars.

The LSO/Laser Safety Subcommittee shall review the proposed L aser-Specific Safety Plan for
adequacy in safety at the level of activitiesrequested.  This evaluation will be based upon the proposed
safety facilities/equipment and appropriate standard operating procedures taking into account any
gpplicable federd, state and local regulations and the requirements of this Manual.

If deficienciesin the proposed L aser-Specific Safety Plan (s) are identified by the LSO or
Laser Safety Subcommittee, the Laboratory Supervisor shal plan gppropriate changes which will then
be resubmitted by the Laboratory Supervisor for approval.

Upon approva of the proposed Safety Plan, EHS shadl notify the Laboratory Supervisor of that
approval. Upon receiving agpproval, the Laboratory Supervisor shdl prepare the |aboratory to meet dll
conditions specified in the gpproved plan and then request an ingpection by EHS. Laser procurement
and ingdlation shdl be accomplished in collaboration with the LSO and shal not be energized until the
LSO issues the Safety Authorization described in 3.9.3.8 below. No individua may use Leve 111/1V
lasers until they have satisfactorily documented dl required training. This includes the Laboratory
Supervisor and al other potential users. The Laboratory Supervisor is urged to address these issuesin
conaultation with EHS as soon as plansfor aLeve 111 or 1V |aboratory are anticipated.

When dl the conditions of the approved L SSP(s) have been met as verified by EHS, awritten
Safety Authorization shall be issued to the Laboratory Supervisor which references al documents
associated with the approved Laser Specific Safety Plan.

Upon receiving the Safety Authorization from EHS, the Laboratory Supervisor may initiate use

of the materid sequipment under the conditions of the applicable Laser Specific Safety Plan and this
Manud.
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LASER REGISTRATION

and
LASER-SPECIFIC SAFETY PLAN

Instructions

Class 2, Class 3a and 3b, and Class 4 laser systemsand all embedded lasers (a laser with a
higher classthan thelaser system) must beregistered with the Laser Safety Office. In addition,
approval for procurement and installation of Class 3b and 4 lasers must be coordinated with the L aser
Safety Office/Committee prior to obtaining the laser system. Engineering controlswill be evaluated to
verify that special safety featuresfor the facility meet current requirements. Information that is not
known at the time of registration may be completed at a later date.

Please submit only the “Registration” (Part A) for embedded laser systems and for Class 2
and Class 3a lasers systems. Please submit the “ Registration and L aser-Specific Safety Plan” (Part A
and Part B) for Class 3b and Class 4 laser systems.
Regidration - Part A

1. Name of Laboratory Supervisor:

Principle Operator (if appropriate):

2. Department:

3. Campus address:

4. Phone #: E-mail:

5. L ocation of unit (building and room):

6. Laser a) Type: b) Laser Class:

c) Laser System Class:
d) Manufacturer/(homemade):
e) Model: f) Serial #:
g) Beam Wavelength (nm): h) Beam at Aperture (mm):
i) Power (maximum/used):
j) Continuous/Pulsed:

7. The Standard Operating Procedures serve asthe written laboratory specific standard
operating procedures for embedded laser systems, and for Class 2 and Class 3a |laser s systems.
Any additional restrictionsfor this specific system - operating, access, security, or special
health/medical susceptibilities - should be included with the registration and submitted to the
Laser Safety Office.

Date: Signed:
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8.

10.

11.

12.

Laser-Specific Safety Plan for Class 3b and Class 4 Lasers - Part B
Provide the following infor mation on experimental design:
a) Isthebeam exposed or enclosed? (circleone.)

b) A diagram of the room with the location of thelaser. Identify thelaser control area
and the nominal hazard zone.

c) A brief description of the proposed use of the laser system. Include sufficient detail
to permit Committee evaluation of the adequacy of engineering controls.

Provide the following special considerations, if applicable:

a) Procedures for alignment, maintenance, and/or service, including procedures for
bypass of safety interlocks.

b) Description of planned equipment modifications/updatesto the system.

Identify and evaluate the hazards as described below:

___electrical (shock) ___target area ___chemical (dyes, gas, solvents)
___absorbing media ___atmospheric contaminants ___beam path
__fireprotection ___severity of potential accidents __ noise/explosive/cryogenic

Specify the personnel protective equipment that will be used.

Use the following check list to identify additional controlsthat might be needed for the laser
system.
Access controls
__door interlocks Eye Protection
__signs __typeof eyewear
___signals ___optical density requirementsfor
Beam Controls beam
___key-lock
__enclosures Room Design
___shutters ___ventilation
___stops __reflective surfaces
Electrical Controls ___windows/viewing area limited
__light on power supply ___water/electrical supply
__HVs€igns ___potential fire hazards
___security

13. Note: a) Certification for training must be documented to operate or maintain the laser system. A current

Date:

list of trained individualswill be kept on the appropriate form.
b) Any actual or suspected exposure must bereported immediately tothe Laser Safety Officer and

followed by appropriate medical surveillance.

c) Theposting requirementswill be met in cooperation with the Laser Safety Officer.

d) Nounit may betransferred to another individual or destroyed without prior consultation with the
Laser Safety Officer.

e) A logshould beused to document the actual timethat the equipment isbeing used.

Signed:
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14.

15.
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SOP7/98
Appendix 8.4
Standard Operating Proceduresfor Laser Systems

One should never look directly into any laser beam, and the beam should never be pointed at
anindividud.

Approved eyewear should be worn as specified for the type/class of laser whenever it isin
operation.

Lasers should not be operated at eye level.
Only authorized users shal operate the laser system.

All individuds present should be warned when the beam is operating, and dl required safety
measures shdl be satisfied.

An active laser should not be left unattended unless it is part of an approved and controlled
environment and designed for such an operetion.

Extreme care should be exercised in dl procedures which might result in inadvertent reflections
of the laser beam. Individuas should not wear bright, reflective jewdry or other objects.

Beam stops (diffuse/non-reflective), collimators, and barriers should be used whenever feasible
to do so.

The lowest possible beam power should be used for dignments.

Occupancy should be kept as low as possible, and al occupants should be authorized
users/occupants.

The protective housings of the laser system should not be removed.
The laser should be secured againgt unauthorized use.

The Laser Safety Officer should be informed of any new, modified, relocated, disposa or
transfer of alaser system.

Laser safety system interlocks should never be by-passed or over-ridden.
All accidents or suspected eye injuries should be reported to the Laser Safety Officer.

V:8-9

<-- Previous Page Next Page -> Home A



< Fit Width > Fit in Window <>
11/20/2000

Appendix 8.5
Outline for Written Laser Safety Operating Procedures

All Authorized Users and Occupants shdl be informed of gpplicable hazards and trained in the
gpplicable laboratory-specific operating procedures and shal follow them as specified in section
4.3.2.4. Of course, they shall aso be trained in the content of Part V and its references.

The following outline is to be followed in preparing written |laser safe operating procedures. A
written procedure isto include dl lasersin alaser system, including dignment of lasers. This LSOP
must be reviewed for adequacy yearly and is done viaa smple email from the Laser Safety Officer to
the Laboratory Supervisor. Usudly thiswill require no more than a smple response that there have
been no changes in the laboratory.

I. INTRODUCTION

1. Location of laser or laser system (Site, building, room).

2. Diagram of ared layout (attachment).

3. Destription of (each) laser, including classification, laser medium, and beam
characterigtics (divergence, aperture diameter, pulse length, repetition rate, and
maximum output, as applicable).

4. Purpose/application of beam(s).

II. HAZARDS

1. Identification of the hazards (beams, eectrica, chemicd, etc./).
2. Andysis of hazards (target area, absorbing media, beam path, severity of potential
accidents, etc.).

I1l. CONTROLS

1. Access controls (door interlocks, Signs, Ssgnas).

2. Beam controls (key-lock, enclosures, shutters, stops).

3. Electrica contrals (light on power supply, HV signs).

4. Eye protection (medica surveillance requirements, type of eyewear, optical
density required for beam).

5. Other.
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V. OPERATING PROCEDURES

1. Initid preparation of laboratory environment for norma operation (key position,
warning lights on, interlock activated, identification personnd).

2. Personnd protection requirements (eyewear, protective barriers).

3. Target area.

4. Countdown procedures.

5. Shutdown procedures.

6. Specid procedures (dignment, safety tests, interlock bypass, emergency, etc.).

V. TRAINING
1. Laser Safety Orientation Requirements.
2. Laser-specific safety training requirements.
3. Traning maintenance and repair personnd.

V1. RESPONSIBILITIES

1. Supervisory (include emergency contact).
2. Operators and support personnel.

VII. MISCELLANEOUS
1. Rulesfor vigtors during laser operation.

2. Proceduresin case of accident.
3. Other (maintenance, adjustment, specia precautions, tc.).
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Appendix 8.6
Examples of Laser Signs

Authorized Users and Occupants shall follow any instructions placed on laser Sgns.
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Appendix 8.7
ANSI Guidance on Control Measures

Authorized Users and Occupants shdl be ingtructed in the control measures applicable to lasers
being used in their [aboratories.
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Appendix 8.8
Brief Overview of Biologica Effects

1) Effectsin Skin

Skin damage from laser radiation is not as great a concern as eye damage; such skin injury can be
treated similarly to treatment for atherma burn or wound. Also, for those beams which the power or
energy dengty is high enough to cause skin damage, the beam is usudly enclosed, or some type of
physical control is provided for laboratory users/occupants.

2) Minimd Effectsin Eyes
2.1) Introduction (summary of ANSI Z136.1-1993 Appendix G)

Thereis no evidence that exposure at levels equd to or below gpplicable Maximum Permissble
Exposures (MPE) cause any damage. MPE's are generally set afactor of 10 below exposure
levels known to cause damage of the types described. However, users must remember that
exposures ingde any Nominal Hazard Zones are above the MPE's. In such zones, even
reflected beams from structures in the beam may produce exposures above the MPE's.

The brightness of alaser can exceed al known natura and man-made light sources. The
focusng effect of the corneaand lens of the eye can concentrate parale rays from laser light by
afactor of 100,000. Therefore, it isnot surprising to discover that the eyes are the most
susceptible organ to laser light. Wavedengthsin the infrared (IR) and ultraviolet (uv) range can
cause corned damage. Extremey low dengties of pulsed lasers can cause retind damage.

2.2) Cornedl damage

A minima cornedl leson isaamdl white areainvolving the epithdium. It appears within 10
minutes after the exposure. Such aleson will hedl within 48 hours without visible scarring.

2.3) Minima damage from infrared lasers (1.4 - 1000 m)

Excessve infrared exposure causes aloss of trangparency or produces a surface irregularity in
the cornea based upon experience with CO2 lasers. Extrapolation to other wavel engths should
be made with care.

Damage reaults from absorption of the energy by tears and tissue water in the cornea. The

critica temperature for this effect is not much above norma body temperature and appears to
be a function of exposure duration.

V:8-16

<-- Previous Page Next Page -> Home A



< Fit Width > Fit in Window <>
11/20/2000

2.4) Minimal damage from UV lasers (0.18 - 0.4 m)

Excessive exposure in this region " produces photophobia accompanied by surface redness,
tearing, conjunctiva discharge, and corned exfoliation and stroma haze' (quoted from ANSI
Z136.1-1993). The action is photochemical rather than thermd.

2.5) Minima retind damage (0.4 - 1.4 m)

Theminimd retind leson has been defined as the smallest ophtamaoscopicaly visble changein
the retinawhich isa smal white patch which occurs within 24 hours of the time of exposure,
Mog serious effectswill occur for damage in the centra portion of the retina, the macula
(There are no data for long exposures and small spot sizes but such exposures are not likely.)

For wavelengths that are transitional, both types of damage may occur.

Note on continuous wave (cw) vs. pulsed lasers

A cw laser causes eye damage by therma processes that overhesat the absorbing tissue. The
steady stream of photons is absorbed by tissue until the temperature rises above that of the
eye's cooling method. Eye surgeons use this therma effect (under controlled conditions) when
they "spot weld" detached retinas using argon or ruby lasers.

Pulsed lasers are more hazardous to the eye than cw, especially when the wavelength isin the
ocular focus region. Pulsed lasers cause "blast (mechanica) damage” if the pulse duration is

low. The pulse durations are so short that little or no thermal conduction occurs during the
length of the pulse.

V:8-17

<-- Previous Page Next Page -> Home A



< Fit Width > Fit in Window <>
11/20/2000

Appendix 8.9
Selected Design Criteriafor Constructing Lasers

Ancillary gpparatus for lasers shal be designed and constructed in accordance with gpplicable
safety requirements.

A. A fal-safe control sysem maintains the desired protective function when the sysem's find
control element returns to the safe position upon activation of itsinitia control device and upon
failure of its power source.

B. Fail-safe control sysems shdl have been successfully andlyzed using the Single Failure
Criterion of IEEE Standard 379 before completion of the design.

C. Energy barriers, where required in the Laser Safe Operating Procedures (LSOP) and
where readily removable, shal have their positions monitored by initid control devices, such as
limit, photocell, or proximity switches, which shal be consdered part of the personnd-safety
interlock system for the laser.

D. Personnd, equipment, and service access-door positions shall be monitored where required
in the LSOP by initid control devices having hardwired find control éements arranged to
de-energize the power supply for the laser upon unauthorized access attempts.

E. Where transmission-line enclosures are used, plug and receptacle or pin and socket
connectors having one end shorted should be run pardld to transmisson-line enclosures and
across breaks to ensure continuous enclosure while the beam is operating.

F. Remote control of Class 3b or Class 4 beam operation shall be delegated by
sequentialy-keyed locd remote control stations. The sequentid keying shdl be considered part
of the personnd-safety interlock system for the Laser.

G. Visud indicator used in Laser activation warning systems and annunciators shdl have
self-checking features, such as push-to-test lights, included in the system design.

H. Laser control elements and devices and emisson delay periods shdl be listed in the LSOP,
Part 111, together with any exceptions to the applicable safety-related design criteria accepted
by the Laser Safety Officer.

|. Where single-point grounding systems are used with Laser power supplies, systems or
structures, (troublesome areas), their design criteria shall be documented and approved by
Facilities Operations. Covered copper braid or flat copper bar shdl be considered for use as
grounding conductorsin circuits having fast rise-times.
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