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Introduction
Florida Tech is committed to providing a safe and healthful environment for all employees,
students, and visitors.

The purpose of the Florida Tech Laser Safety Plan is to ensure that there are no laser radiation
exposures beyond the maximum permissible exposure (MPE) limits (to the human eye or skin)
and to protect against non-
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1.0 Responsibilities
1.1 Laser Safety Officer (LSO)
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X Obtaining approval from the LSO before permitting operation of new, modified, or
manufactured Class 3B or 4 lasers and registering lasers within 30 days with the Florida
Department of Health.

X Ensure all laser users under PI's authority are properly trained in the safe operation of

lasers and the hazards of operating lasers before they are authorized to operate Class

3B or 4 lasers.

Keep a list of current laser users and provide the LSO with a copy of the list.

Ensure availability, proper maintenance, and use of PPE for laser operations.

Developing, maintaining, and updating SOPs for all Class 3B and 4 laser activities.

Notify LSO and Supervisor of incidents, accidents, injuries, and near misses related to

the operation of a laser and help personnel injured by lasers in obtaining appropriate

medical attention (if needed).

X Work with the LSO during investigations of incidents and implement the LSO’s
recommendations.

x Contact the LSO before transfer or disposal of Class 3B and 4 lasers and laser systems.

X X X X

1.4 Laser Users

Laser users are employees and students who are authorized and trained to operate lasers and
laser systems requiring control methods (such as Class 3B and Class 4 lasers). Laser users must
follow safety procedures as outlined in Florida Tech’s Laser Safety Plan and the SOPs associated
with specific laser operations. Laser users are responsible for the following:

X Ensure they have completed approved laser safety training before operating Class 3B
and 4 lasers.

x Be compliant in the rules of the Laser Safety Plan and procedural rules under the
authority of the LSO, Supervisor, and PI.

x Inform their Pl and the LSO of any possible safety issues concerning the operation of the
laser.

X Immediately report any incident, accidents or injuries to the Pl and seek medical
treatment immediately if needed.

2.0 Laser Classes

Per ANSI Z-136.1-2014, lasers are classified by their potential hazards to eyes and skin and their
ability to start fires whether from direct beam exposure or diffuse and specular reflections. All
lasers should be labeled to identify their class, and safety precautions should be followed that
are specific to laser class.

Post August 1976 manufacturers of commercial lasers and systems classify and label lasers in
accordance with 21 CFR Part 1040. However, if a laser or laser system is modified or altered, it
will need to be reclassified and registered anew. Lasers and laser systems are classified on the

3|Page



maximum output available for intended use. Lasers that emit multiple wavelengths will be
classified by their most hazardous operation. Pulse lasers require correction factors for
classification (see ANSI 2136.1-2014 for information).

2.1 Class 1 Lasers

These are incapable of producing damaging radiation levels and are considered non-hazardous.
Class 1 applies to any laser or laser system appropriately designed to assure that accessible
laser radiation levels do not exceed the accessible emission limit (AEL) for a Class 1 las@rable
1in 21 CFR 1040).

Examples include embedded higherclass laserconfigured to prevent laser radiation hazards,
laser printers, CD players, and DVD players.
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2.3.1 Class 3R

Class 3R lasers have outputs between 1 to 5 times Class | AELs for wavelengths below 400
nanometers and above 700 nanometers or less than 5 times the Class 2 AELs for the visible
spectrum (400 to 700 nanometers): output powers range from 1 milliwatts to 5 milliwatts.
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3.1 Beam Hazards
Class 3B, Class 4, and optically modified lasers may be hazardous to eyes and skin depending on
the factors listed below.

3.1.1 Eyes:

Damage to the eye from exposure to the laser beam is the most prominent safety hazard. The
type of damage and threshold at which damage occurs is dependent upon the wavelength,
power, and duration of the laser. Damage can come from acute and chronic laser exposures.
The important areas of the eye most affected by laser hazards are the retina, cornea, and lens.
Never look directly into a laser beam!

3.1.1.1 Retina

Injury to the retina of the eye can occur instantaneously with Class 3B and 4 lasers. The
wavelengths that focus on the retina are visible (400 — 700 nm) and near infrared (700 — 1400
nm). Possible injuries to the retina include scotomas (blind spots), thermal burns, acoustic
damage, and photochemical damage.

3.1.1.2 Cornea

The cornea can be damaged at UV-B and UV-C (100 - 315 nm) and far infrared (>1400 nm)
wavelengths. Possible injuries to the cornea include photokeratitis (a painful cornea burn also
called “flash burn” or “welder’s flash”) and thermal burns.

3.1.1.3 Lens
The lens of the eye can be damaged at UV-A (315 — 400 nm) and IR-A and IR-B (760 — 3000 nm)
wavelengths. Possible injuries to the lens include cataracts.

3.1.2 Skin:

Class 4 lasers can potentially damage the skin. The higher the energy of the beam, the greater
the possibility of injury. The wavelength of the laser beam determines the type of damage to
the skin and depth in the skin. Infrared wavelengths can cause severe thermal burns, and UV
wavelengths can cause erythema (sunburn) and an increased risk for skin cancer.

3.2 Non-Beam Hazards
Lasers can pose hazards unrelated to the beam itself.

3.2.1 Electrical Hazards

Electrical hazards pose the greatest risk for injury and fatalities due to the high voltage
components of a laser. Always follow the Control of Hazardous Energy Lockout/Tagout Plan
when servicing or maintaining a laser’s high voltage components.

3.2.2 Chemical Hazards

Chemical hazards are a result of the media used in laser radiation such as dyes and excimers.
These chemicals may be toxic, corrosive, flammable, or otherwise hazardous. A Safety Data
Sheet (SDS) must be available and accessible for every chemical handled in the laboratory.
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Consult the SDS for hazard, handling, storage, and PPE requirements. The Chemical Hygiene
Plan should also be consulted whenever chemicals are handled or stored at Florida Tech.

3.2.3 Compressed Gas and Cryogenic Hazards

Compressed gas and cryogenic fluids may be used in some laser applications. SOPs should
contain references to the safe handling of compressed gases, hazardous gases, and cryogenic
fluids. Please consult the Compressed Gas Safety Plan for information and reference.

3.2.4 Fire Hazards

Fire is a hazard associated with Class 4 lasers. Barriers and enclosures for these lasers should
be made from non-flammable materials. Flammable and combustible materials must be kept
outside the Nominal Hazard Zone (NHZ).

3.2.5 Explosion Hazards

Explosion hazards include high-pressure arc lamps, filament lamps, and capacitor banks. All
possible explosion hazards should be enclosed in housing that can withstand high pressure
from explosive forces.

3.2.6 LGACs

Laser Generated Air Contaminants (LGACs) refers to contaminants in the air associated with the
use of Class 3B and 4 lasers. The type of air contaminant is determined by the target material,
cover gas, and beam irradiance. Ensure that laser operations are conducted under adequate
ventilation to keep contaminant levels below worker permissible exposure limits.

3.2.7 Collateral Radiation

Collateral radiation refers to ionizing and non-ionizing radiation hazards of a laser system other
than the beam itself. Lasers with power supplies over 15 kilovolts may produce ionizing X-rays
due to either the high voltage vacuum tubes of laser power supplies or from electric discharge
lasers. UV and Visible radiation at hazardous levels may be generated by laser discharge tubes
and pump lamps. Consult the LSO or the Radiation Safety Officer (RSO) for assistance with
mitigating these hazards.

3.2.8 Plasma Radiation

Plasma radiation may be produced when target materials are hit with very high-power laser
beams. This radiation typically contains “blue light” and UV emissions that can cause
conjunctivitis, photochemical damage, and erythema to the skin. Screens and shielding should
be used to attenuate this radiation.

4.0 Control Measures

Hazard control measures include engineering controls, administrative controls, and personal
protection equipment (PPE). When feasible, engineering controls are always the preferred
method to provide for safety in a laser laboratory followed by administrative controls: PPE
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should be the last control method considered. Control measures are established in the ANSI
7136.1-2014 standard, 21 CFR 1040, and 64E-4 F.A.C.

4.1 Engineering Controls
Engineering controls place barriers between the laser user and the laser hazards. The following
are engineering controls for Class 3B and 4 lasers:

4.1.1 Beam Enclosures
Use beam enclosures whenever practical. These are the most effective engineering controls for
lasers and laser systems.

4.1.2 Laser-Controlled Area
Nominal Hazard Zones (NHZ) shall be established for all open beam paths. The NHZ is a laser-
controlled area, and appropriate control methods must be established in this area.

4.1.3 Protective Housing
Protective housing shall be available for each laser system.

4.1.4 Safety Interlocks

Protective housing shall be interlocked so that removal of the protective housing prevents laser
beam exposure greater than the MPE. Remote interlock connectors should be available for
Class 3B lasers and shall be available with Class 4 lasers. Interlocks shall not be defeated or
overridden during normal operation of the laser.

X For pulsed lasers, interlocks shall prevent unintentional firing such as by dumping stored
energy into a dummy load.

X For CW lasers, interlocks shall turn off the power supply or shutter the beam. Service
access panels shall be interlocked with a special tool for removal and have warning labels.

4.1.5 Key Access
Class 3B lasers should and Class 4 shall have a key controlled master switch. The PI has
authority for key access. The laser should be disabled by removing the key when not in use.

4.1.6 Activation Warning Systems

Class 3B laser and Class 4 laser-controlled areas shall have a visible area warning device (such as
a lighted laser warning sign) that is visible at the entrance to the controlled area. Within
controlled areas, Class 3B laser controlled-areas should and Class 4 laser controlled-areas shall
have an emission indicator visible warning device. Audible warning systems may also be used:
the distinctive and clearly identifiable sounds that arise from auxiliary equipment (such as a
vacuum pump or fan) and that are uniquely associated with the emission of laser energy are
also acceptable as audible warnings. Emission warnings shall activate in a manner to give a
laser user adequate response time to act in avoiding exposure to laser radiation.
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4.1.7 Viewing Optics
All viewing portals, display screens, and collecting optics shall be designed to prevent exposure
to the laser beam above the applicable MPE for all conditions of operation and maintenance.

4.1.8 Barriers

All windows and doorways shall be either controlled or restricted in such a manner as to
prevent escape of potentially hazardous laser radiation. Lasers with open beam configurations
shall have laser safety curtains for doorways and windows.

4.1.9 Beam Stops

Class 3B lasers should and Class 4 lasers shall have permanent beam stops in place. While most
lasers come with permanent beam stops in place that lower the MPE at the aperture from the
protective housing, additional beam stops may be needed to keep beam hazards limited to the
area of the experiment.

4.1.10 Remote Operations
Whenever possible, Class 4 lasers should be operated/fired from a remote location.

4.2 Administrative Controls
Administrative
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4.2.6 Service Personnel

Whenever access to the beam is possible during service or maintenance of laser equipment,
control methods must be in place to prevent exposures to laser radiation above the MPE. Pls

must require service personnel to have training and education specific to the hazard class of
laser embedded in the protective housing.

A temporary laser controlled-
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4.4 Requirements for Control Measures
Control method requirements are determined by laser class.

4.4.1 Class 1 Lasers
Class 1 lasers and laser systems are exempt from requiring controls.

4.4.2 Class 1M Lasers
Class 1M lasers and laser systems are exempt from requiring controls
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training program for all staff and students working with or potentially exposed to the lasers or
laser systems under their authority. The lesson plan should incorporate beam and non-beam
hazards, specific hands on instruction in the use of laser systems, safety precautions associated
with the laser, and the proper use of protective eyewear. This safety training must be
documented and included in the PI's records. The LSO will evaluate this safety training during
inspections and audits. Regular refresher training may be required by the LSO on a case by case
basis.

5.2 Acquisition, Transfers, and Disposal of Lasers

Pls must notify the LSO if they plan to purchase, manufacture or otherwise acquire a Class 3B or
Class 4 laser. The LSO will review with the PI the hazards of the proposed operation and make
recommendations regarding the specific safety requirements that pertain to the proposed use
of the laser system.

Contact the LSO before transferring Class 3B and Class 4 lasers or laser systems to another on-
campus Pl or off campus site. Transfer of lasers and laser systems to a person who does not
have laser safety training, laser use training, and the appropriate PPE is prohibited.

Contact the LSO before disposing of Class 3B and Class 4 lasers or laser systems. Uncertified
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Figure 1. Sample ANSI Z535.2 Compliant Warning Sign (EBastd Class 4 LCAS)

Figure 2. Sample ANSI Z535.2 Compliant Danger Sign (Class 4 LCAS)

A Noticesign must also be posted for temporary laser control areas where acceptable MPEs are
exceeded (such as during laser system servicing that requires removal of protective enclosures

or disabling of safety interlocks).
NOTICE

Figure 3. Sample Notice Signal Word

Class 2 or higher lasers and laser systems require appropriate labels. Manufactured lasers must
not have their labels removed. Modified and constructed lasers must be provided with labels
that are visible during operation and affixed to the housing or control panel (or both if these are
separated more than 2 meters).

Class 2 lasers: “Laser Radiation — Do Not Stare into Beam”
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Class 2M lasers: “Laser Radiation — Do Not Stare into Beam or View Directly with Optical
Instruments”

Class 3R and 3B lasers: “Laser Radiation—Avoid Eye Exposure to Beam”

Class 4: “Laser Radiation—Avoid Eye Exposure to Direct or Scattered Radiation; Avoid Skin
Exposure to Direct Radiation”

5.4 Alignment Procedures

Most laser beam incidents in research occur during alignment procedures. Alignment of laser
optical systems shall be performed in such a manner that the primary beam, a specular
reflection of the beam, or a diffuse reflection of a beam does not expose the eye to levels
above the MPE.

Written SOPs of alignment procedures shall be approved by the LSO for Class 3B lasers and
Class 4 lasers. When embedded lasers of Class 3B or Class 4 hazard must be exposed for
alignment procedures, an SOP shall be available as well.

Use lower hazard class or reduced power visible lasers for path simulation when performing
alignment procedures on Class 3B or Class 4 lasers.

Only personnel trained in laser safety should perform alignments. Laser controlled areas for
Class 3B and Class 4 lasers shall be established. The following actions should also be taken:

Exclude unnecessary personnel from the laser-controlled area during alignment.
Use lower hazard class visible lasers for path simulation of invisible lasers and high-
powered lasers whenever possible.

X Use beam display devices (such as phosphor cards or image converter viewers) when
aligning invisible beams.
Use the lowest possible power level when performing alignments.
Wear PPE to the extent practical.
Use shutters, beam blocks, and barriers to block or terminate high power beams at their
source when not needed, down range of optics being aligned, behind turning mirrors, and
wherever beams could stray into an uncontrolled area.

5.5 Audit Requirements and Inspections

Reg6.0P
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The LSO will annually audit active Class 3B and Class 4 laser labs (in association with the PI) to
ensure compliance with the standards and regulations. A report for Pls will be available when
the audit is complete. Any corrective action requested by the LSO shall be completed in a
timely manner.

5.6 Recordkeeping and Documents
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Appendix A — Definitions
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Demonstration laser:any laser manufactured, designed, intended, or used for purposes of
demonstration, entertainment, advertising display, or artistic composition.

Diffuse reflection: the change of the spatial distribution of a beam of radiation when it is
reflected in many directi
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Laser Safety Officer (LSO): any individual, qualified by training and experience in the
evaluation and control of laser hazards, which is designated by the registrant and has the
authority and responsibility to establish and administer the laser protection plan for a facility.

Laser system: an assembly of electrical, mechanical, and optical components that includes a
laser.

Lens:a curved piece of optically transparent material which, depending on its shape, is used to
either converge or diverge light.

Maintenance: the performance of those adjustments or procedures by the user to keep
equipment in its intended operating condition. Maintenance does not include operation or
service as defined in these rules.

Maximum Permissible Exposure (MPE): the level of laser radiation to which a person may be
exposed without hazardous effect or adverse biological changes in the eye or skin. Exposure

levels should be maintained as far below the MPE values as practicable.

Nominal Hazard Zone (NHZdhe space
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Pulse duration:the “on” time of a pulsed laser, it may be measured in terms of milliseconds,
microseconds, nanoseconds, picoseconds and femtoseconds as defined by half-peak-power
points on the leading and trailing edges of the pulse.

Pulse interval the time duration between identical points on two successive pulses.

Radianceradiant power per unit area of a radiating surface per unit solid angle of emission,
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Ultraviolet (UV) radiation:

vi|]Page



Appendix B — Self-Audit Checklist

vij]Page









