[image: ]Laser Safety Manual
Document No: EHS-SOP-01 Revision No: 1 (Initial Issue) Effective Date: 2/12/2021











Trinity College


Laser Safety Manual

March, 2021


Table of Contents

1.	Introduction	3
2.	Roles and Responsibilities	3
2.1	Laser Safety Committee	3
2.2	Laser Safety Officer (LSO)	4
2.3	Principal Laser User	4
2.4	Department Chair	5
2.5	Individual Laser User	5
3.	Authorized Laser Users	6
3.1	Laser Safety Training	6
3.2	Laser Eye Exams	6
4.	Laser Hazards and Classification	7
4.1	Beam Hazards	7
4.2	Non-Beam Hazards	8
4.3	Laser Classification	8
4.4	Laser Pointers and Lasers which Resemble Laser Pointers	10
5.	Control Measures	10
5.1	Terminology	11
5.2	General laser control measures applicable to all laser classes	11
5.3	Classes 1 and 2	12
5.4	Classes 1M & 2M	12
5.5	Class 3R	12
5.6	Classes 3B & 4	12
5.7	Alignment	15
5.8	Required Warning Signs and Labels	16
6.	Personal Protective Equipment	18
6.1	Determination of Proper Eye Protection	18
6.2	Skin Exposure	19
7.	Laser Accidents and Incidents	19
7.1	What to do if a laser accident or suspected laser accident occurs	20
8.0 Record Retention	20
9.0 Associated Documents	20
APPENDIX A: Control Measures for the Four Laser Classes	22
Appendix B: Laser Registration Form	24
Appendix C: Laser Inventory	25



[bookmark: _Toc68517153]Introduction
The goal of the laser safety program at Trinity College is to protect laser users at Trinity from the potentially serious hazards associated with lasers and laser systems.  These hazards include the risk of eye and skin damage due to exposure to laser radiation as well as non-beam hazards such as electric shock from high-voltage laser power supplies, fire, and chemical injuries from toxic laser chemicals and materials vaporized from laser targets.

Despite the risks, laser systems can be operated safely if the dangers are recognized and proper precautions are taken.  This manual describes the fundamental hazards associated with laser operations, establishes the rules and procedures governing the safe use of lasers, and outlines the responsibilities of the laser users, the Laser Safety Officer, and the Laser Safety Committee in mitigating those hazards. The Trinity laser safety program is based on the recommendations of ANSI Z136.1-2007, the American National Standard for Safe Use of Lasers developed by the American National Standards Institute.
[bookmark: _Toc68517154]Roles and Responsibilities
The responsibilities for using lasers safely are shared among the Laser Safety Committee and Laser Safety Officer, who establish and enforce policy, and the faculty staff and students who use lasers.
[bookmark: _Toc68517155]Laser Safety Committee

Members:
Kyle Coughlin- EHS Manager
Barbara Walden- Laser Safety Officer
Michelle Kovarik- Laser User
Lindsey Hanson- Laser User
Clay Byers- Laser User

The Laser Safety Committee establishes and maintains policies and procedures for the evaluation and control of laser hazards, including the recommendation of appropriate laser safety training programs and materials.  It has jurisdiction over all safety issues related to lasers and laser equipment at Trinity College.  Membership of this committee consists of faculty and/or staff with expertise in laser technology and in the assessment of laser hazards: (a) the Laser Safety Officer, (b) a representative from the Office of Environmental Health and Safety, and (c) one or more faculty or staff laser users.  Detailed information on the control of laser radiation hazards is available from the Laser Safety Committee and the Laser Safety Officer (LSO) with support from the College’s Environmental Health and Safety Office.  

The Committee meets at least once every academic year to review policies, assess accidents and violations of policies, review appeals from laser users to modify rules, and consider any other aspect of campus laser safety as needed.

The primary responsibilities of the Laser Safety Committee are to:

1.	Establish policies in all relevant areas of laser safety including environmental controls, site inspections, user training, and eye exams.

2.	Ensure compliance with federal, state and local agencies governing safe work practices regarding laser use.

3.	Act as a resource, to provide safety advice and support to laser users on campus.

4.	Provide direction and advice to the Laser Safety Officer on matters related to laser safety.
[bookmark: _Toc68517156]Laser Safety Officer (LSO)
The Laser Safety Officer (LSO) disseminates and enforces the policies established by the Laser Safety Committee.  The LSO has the authority to suspend, restrict, or terminate the operation of any Trinity laser or laser system if he/she deems that laser hazard controls are inadequate. The primary responsibilities of the LSO are to:

1.	Implement the policies established by the Laser Safety Committee.

2.	Maintain an inventory of all class 1M, 2M, 3R (with the exception of laser pointers), 3B, and 4 lasers being used on campus.

3.	Perform periodic laser safety inspections of all class 3B and class 4 laser equipment and facilities.

4.	Generate specific recommendations on the control of laser hazards, including personal protective equipment such as eyewear and environmental controls such as signage, beam blocks, and safety interlocks.

5.	Determine the maximum permissible exposure (MPE) associated with each class 3B and 4 laser and ensure that adequate training and safety information is provided to all personnel who may be exposed to laser energy levels above the MPE.

6.	Approve the designation of a nominal hazard zone (NHZ) in laser work areas.  The NHZ is the area within which the potential for exposure to laser radiation is above the maximum permissible exposure.

7.	Coordinate baseline eye exams for users of class 3B and class 4 lasers.

8.	Maintain a list of “Authorized Laser Users” who have completed the required training and obtained a baseline eye exam.

9.	Provide assistance in investigating accidents or suspected accidents involving laser equipment, report these to the Laser Safety Committee, and make recommendations for corrective action.

10.	Immediately shut down any laser operation found to be an immediate threat to health or safety.

11.	Maintain the written Trinity College Laser Safety Manual.
[bookmark: _Toc68517157]Principal Laser User
The faculty or staff member in charge of a class 1M, 2M, 3R (excluding laser pointers), 3B or class 4 laser at Trinity College is the primary person responsible for the safe operation of that laser.  A student cannot be a principal laser user.  Specifically, these principal laser users are responsible for:
	
1.	Maintaining an up-to-date inventory list of class 1M, 2M, 3R (excluding laser pointers), 3B, and 4 lasers in their laboratory or under their jurisdiction at Trinity College, and registering that information with the LSO.

2.	Informing the LSO and the Environmental Health and Safety Office of new class 1M, 2M, 3B, 3R (excluding laser pointers), or 4 laser installations or major changes within such a laser installation.

3.	Developing and posting Standard Operating Procedures (SOPs) for the class 3B and 4 laser systems under their authority.

4.	Providing the necessary equipment and work environment for the safe use of lasers, in accordance with the requirements established by the Laser Safety Committee for signage, access control, eyewear, and other personal protective equipment.

5.	Ensuring that prior to initial use of a class 3B or 4 laser or work in a laser area nominal hazard zone, they and anyone working in their laboratory have:
(a) taken the online laser safety course
(b) obtained the required baseline eye examination, and 
(c) been cleared for laser use as a “Authorized Laser User” by the LSO.

6.	Providing hands-on lab-specific training to students or others working with lasers in their laboratory or within a nominal hazard zone, and familiarizing students with the SOPs for their laboratory laser systems.

7.	Ensuring that personal protective equipment is worn when necessary and that all other laser safety protocols are followed.

8.	Ensuring that no visitors, guests, or others who are not on the list of “Authorized Laser Users” enter the nominal hazard zone around a class 3B or class 4 laser in their laboratory unless special precautions are taken, as detailed under “Control Measures” below.

9.	Reporting to the Laser Safety Officer any laser-related accident or suspected accident.
[bookmark: _Toc68517158]Department Chair
The Chairperson of each department in which there is a class 1M, 2M, 3R (excluding laser pointers), 3B or 4 laser is responsible for:
	
1.	Ensuring that each there is a faculty or staff member in charge of each laser in the department who will take on the responsibilities listed above under “Principal Laser Users.”
[bookmark: _Toc68517159]Individual Laser User
Each laser user (whether student, faculty, or staff) is responsible for:

1.	Complying with all requirements of the Trinity College Laser Safety Program, including obtaining a baseline laser eye examination if required, and satisfactorily completing the required laser safety training (both general and lab-specific) before beginning lab work with a class 3B or 4 laser or within a laser nominal hazard zone.

2.	Wearing appropriate laser eyewear and other protective equipment.

3.	Conducting all laser activities in accordance with the posted Standard Operating Procedures (SOPs) in their lab, this laser manual, and accepted good safety practices.
[bookmark: _Toc68517160]Authorized Laser Users
The LSO maintains a list of students, faculty, and staff who have completed the requirements listed below to become an authorized laser user.
[bookmark: _Toc68517161]Laser Safety Training
All persons working with class 3B or 4 lasers or working in a location within the nominal hazard zone (NHZ) of such a laser are required to receive laser safety training prior to beginning work.  There are two parts to this training.  First, general laser safety training will be offered via an online course or by a person designated by the Laser Safety Committee.  Second, the principal laser user must provide hands-on training specific to the particular lasers and laser systems under their responsibility.  Because anyone working within the NHZ is at risk of exposure, this training requirement applies to everyone within the NHZ, not just those who operate the laser directly. 

Laser safety training requirements for users of 1M and 2M lasers will be established on a case-by-case basis.

All laser safety training is to be documented and sent to the EHS Manager and Laser Safety Officer for our records.
[bookmark: _Toc68517162]Laser Eye Exams
Anyone who will be operating a class 3B or 4 laser or working in a location within the nominal hazard zone (NHZ) of a class 3B or 4 lasers must obtain a baseline eye exam before beginning work.  The purpose of this exam is to establish a baseline against which future eye damage may be measured, should that be necessary.  The laser safety officer can help to coordinate these exams, and records are kept by the College infirmary. The cost for the eye exam is borne by the department of the principle laser user.  Potential laser users will also be asked if they have any medical conditions or are taking any medications which increase the photosensitivity of their skin.

Students or employees that need to get a baseline exam can acquire a test from Lenscrafters at the Westfarms mall.  Campus shuttle transportation is available if needed. 

No follow-up eye exams are required unless there is a laser accident in which eye damage is suspected.  Should such an accident occur, a thorough retinal eye examination should be conducted as soon as possible. 


[bookmark: _Toc68517163]Laser Hazards and Classification
A laser is a device which when energized can emit a highly collimated beam of extremely intense monochromatic electromagnetic radiation.  This radiation can be emitted over a wide range of the electromagnetic spectrum from the ultraviolet region through the visible to the infrared region.  The range of commonly available lasers is from 200 nanometers to 10.4 micrometers.  Laser radiation may be emitted as a continuous wave or in pulses.

Lasers produce nonionizing radiation.  The primary mechanism of beam damage for most lasers is thermal.  Both thermal and photochemical damage may occur when dealing with lasers operating in the ultraviolet region.  The onset of thermal damage is usually quite rapid, even explosive in the case of microsecond (10−6 second) or shorter laser pulses, whereas photochemical damage can accumulate over a period of many hours.  Extremely short laser pulses on the order of a femtosecond (10−15 second) or less can produce nonlinear optical effects which make them more hazardous than longer pulses of the same energy.  The intensity of the radiation that may be emitted and the associated potential hazards depend upon the type of laser, the wavelength of the energized beam, and the proposed uses of the laser system.

Although hazards associated with laser radiation are the most obvious concerns, non-beam hazards associated with laser systems also pose significant risk of injury.

Hazards associated with lasers are, in brief: 
[bookmark: _Toc68517164]Beam Hazards
Eye:  The location and extent of the injury is dependent upon the wavelength and classification of the laser.  Corneal or retinal burns are possible from exposure to the beam.  Corneal opacities (cataracts) or retinal injury may be possible from both chronic exposures low power densities as well as momentary exposure to excessive levels.  For class 3B and 4 lasers, both reflections as well as direct-beam viewing can be hazardous.  Eye hazards are easily controlled with the use of appropriate engineering safety controls or laser safety eyewear.  

Skin:  Skin burns are possible from exposure to laser radiation in the infrared spectral region.  Erythema, skin burns, skin cancer, and accelerated skin aging are possible in ultraviolet wavelength range.

Beam hazards are summarized below in Table 1.

Table 1: Summary of adverse eye and skin effects of laser exposure

Spectral Region
Eye effects
Skin Effects
100 – 280 nm  (ultraviolet C)
Photokeratitis (corneal burn)
Erythema (reddening)
Skin cancer                  (chronic exposure)
280 – 315 nm  (ultraviolet B)
Photokeratitis (corneal burn)
Cataract
Accelerated skin aging (chronic exposure)
Skin burn
315 – 400 nm  (ultraviolet A)
Cataract
Skin burn
400 – 700 nm  (visible)
Retinal burn
Degradation of color & night vision
Skin burn
700 – 1,400 nm  (infrared A)
Retinal burn
Cataract
Skin burn
1,400 – 3,000 nm (infrared B)
Corneal burn
Caratact
Skin burn
3,000 – 10,000 nm  (infrared C)
Corneal burns
Skin burn


[bookmark: _Toc68517165]Non-Beam Hazards
Electrical Hazards
Many lasers contain high-voltage electrical components which can generate potentially lethal electrical shocks.
Chemical Hazards
Some substances used in laser systems (excimer, dye, chemical lasers) may be hazardous or toxic.  Also, laser-induced reactions may produce hazardous particles or gases around the laser system, which must be properly vented.
Fire Hazards
Solvents used in dye lasers may be extremely flammable.  Ignition may occur via high voltage pulses or flash lamps.  Direct beams and unforeseen specular reflections of high-powered lasers are capable of igniting flammable materials during laser operation.  Other potential fire hazards are electrical components and the flammability of class 4 laser beam enclosures.
Associated Hazards
Associated hazards can include cryogenic coolant hazards, excessive noise from high-powered systems, and radiation from high-voltage power supplies.  Most laser dyes are hazardous materials and should be handled with care.
[bookmark: _Toc68517166]Laser Classification
Lasers are classified according to their potential to cause personal injury.  The standard classification system established by the American National Standards Institute (ANSI) consists of four main classes, in which class 3B and class 4 lasers are of sufficient power output to be of paramount concern to operators and bystanders.  Eye exposure to a direct or specularly reflected beam from a class 3B or 4 laser can cause serious injury, and for a class 4 laser even diffuse reflections can be hazardous.  Additionally, a class 4 laser beam may burn the skin, may be a fire hazard, may produce toxic laser-generated air contaminants, and may operate at high voltages.  It is important for users to know the classification of the laser they are operating and to understand the dangers associated with that class.

Class 3B and 4 lasers are regulated at Trinity College; lasers of lower classification are not, with the exception of class 1M and 2M lasers.  1M / 2M lasers have expanded beams which present a danger if viewed with magnifying optics.  These expanded-beam lasers are not as common as the 3B and 4 lasers.  Controls for 1M and 2M lasers will be established on a case-by-case basis.

Laser manufacturers in the U.S. are required to determine the hazard classifications of lasers they produce, and to affix labels to the lasers to identify them appropriately.  Users can determine the classification of the laser they are operating by looking at the label attached to the laser. 

The following is a summary of the ANSI classification scheme and the hazard(s) associated with each class of laser:

Table 2: ANSI Laser Hazard Classes

	Laser Class
	Hazard Description

	Class 1
	A Class 1 laser is safe under all conditions of normal use because its power output is too low to cause eye or skin injury.

	Class 1M
	A Class 1M laser produces a divergent or large-diameter beam. The radiation may be invisible. This light is safe under all conditions of normal use unless passed through magnifying optics such as microscopes and telescopes which can increase the power density sufficiently to create a danger. A laser can be classified as Class 1M if the total output power is below class 3B but the power that can pass through the pupil of the eye is too low to cause injury. (M=Magnification)

	Class 2
	A Class 2 laser produces visible radiation (400–700 nm).  It is safe because the blink reflex will limit accidental exposure to no more than 0.25 seconds. Class 2 lasers have a maximum power output of 1 mW continuous wave, or more if the emission time is less than 0.25 seconds or if the light is not spatially coherent. Deliberately suppressing the blink reflex could lead to eye injury. Many laser pointers are class 2.

	Class 2M
	A Class 2M laser produces a divergent or large-diameter beam in the visible part of the spectrum (400–700 nm). A Class 2M laser is safe because of the blink reflex if not viewed through optical instruments. The amount of light passing through the pupil cannot exceed the limits for class 2. (M=Magnification)

	Class 3R
	A Class 3R laser is considered safe if handled carefully, with restricted beam viewing. While direct and specular reflections of a beam from a class 3R laser are potentially harmful, the risk of injury is low. These lasers do not pose a fire or diffuse-reflection hazard. The power output of continuous-wave lasers in class 3R are limited to 5 mW in the visible, and up to 5 times the class 1 power limit at wavelengths shorter than 400 nm (UV lasers) or longer than 700 nm (IR lasers). For pulsed lasers other limits apply. Many higher-power laser pointers are class 3R. (R=Reduced Requirements compared to class 3B)

	Class 3B
	A Class 3B laser is a medium-powered laser. Light from a Class 3B laser is hazardous if the eye is exposed to the direct beam or to specular reflections, but diffuse reflections such as from paper or other matte surfaces are usually not harmful. Continuous lasers in the wavelength range from 315 nm to far infrared have a power output of 5 mW - 500 mW. For pulsed lasers between 400 and 700 nm, the limit is 30 mW. Other limits apply to pulsed lasers and to continuous lasers at other wavelengths.  Protective eyewear is typically required where direct viewing of a class 3B laser beam may occur. Class 3B lasers must be equipped with a key switch and a safety interlock. A Class 3B laser is not normally a fire hazard.

	Class 4
	Class 4 lasers are high power lasers with beam power greater than Class 3B. A class 4 laser can burn the skin and can cause devastating and permanent eye damage as a result of direct, specular, or diffuse beam viewing, even if that exposure is momentary. These lasers are a fire risk, as they may ignite combustible materials, they can create hazardous airborne contaminants, and have a potentially lethal high voltage power supply. Class 4 lasers must be equipped with a key switch and a safety interlock, and the beam path should be enclosed as much as possible to reduce the potential hazards.



The determination of laser class for a laser which has been modified or was classified under an older or alternate classification system should be made by the principal laser user with assistance from the LSO using tables found in the ANSI standard.
[bookmark: _Toc68517167]Laser Pointers and Lasers which Resemble Laser Pointers
Laser pointers are small hand-held lasers which output light in the visible part of the spectrum.  By law (FDA regulation), the maximum power output of a laser pointer can be no more than 5 mW, which places the brightest laser pointers in the class 3R category.  Eye exposure to one of these high-power laser pointers is unlikely to cause permanent retinal damage but can cause flash blindness from direct exposure.  The ANSI standard recommends that wherever feasible, class 2 laser pointers, with a maximum energy output of 1 mW, be used instead of class 3R laser pointers.

Of particular concern is the ease with which small but high-powered battery-operated lasers may be bought over the internet.  These may have the size and shape of a laser pointer, but in fact be much higher-power class 3B lasers.  Depending on the lasing medium, both infrared and visible light can be emitted from these lasers, and inexpensive lasers of this sort manufactured outside the U.S. regulatory system may lack the necessary filter which blocks emission of the infrared beam.  This infrared light is invisible, and may be many times more intense than the visible light output, rendering these lasers extremely dangerous.  Eye protection designed to protect against visible light exposure will not work at other wavelengths.  Consult with the LSO if you have such a laser.
[bookmark: _Toc68517168]Control Measures
The purpose of putting into place laser safety control measures is to reduce eye and skin exposure to laser radiation to levels below the levels considered dangerous and to minimize the potential of injury due to non-beam hazards.  These measures may be “engineering” controls such as interlock switches, beam blocks, and signs, or “administrative and procedural” controls such as a set of standard operating procedures and policy requirements about wearing eye protection.  The ANSI standard states that wherever possible it is preferable to mitigate hazards using engineering controls since these are built into the system or environment.

This section identifies the control methods required for each laser class; a summary can be found in Appendix A.  The Laser Safety Officer can require controls which may exceed, but cannot be less stringent than, the ANSI laser safety standards.  Should laser users be unable to comply with any of the following then the LSO can help develop alternate control measures.
[bookmark: _Toc68517169]Terminology
Maximum Permissible Exposure: Determining the level of radiation above which eye or skin damage can occur is of fundamental importance.  This threshold is called the “maximum permissible exposure,” or MPE.  The MPE for a given laser is dependent on wavelength, expected exposure time, and pulse characteristics.   MPE values are given either as a power density (in W/cm2) or as an energy density (in J/cm2).  One of the duties of the Laser Safety Officer (LSO) is to make a calculation of the MPE using tables in the ANSI standard.  

Nominal Hazard Zone: Whenever a class 3B or 4 laser is operated with an exposed beam there exists a region within which the level of direct or scattered laser radiation is above the MPE.  This region is known as the “nominal hazard zone,” or NHZ.  Exposure levels beyond the boundary of the NHZ are below the appropriate MPE level; appropriate precautions must be taken within the NHZ where radiation levels present a hazard.  The size of the NHZ depends on laser characteristics such as laser power, beam divergence, emergent beam diameter, and on the properties of focusing lenses and target surfaces.  The NHZ is often the entire laboratory within which the laser operates, but with appropriate control measures can be restricted to a smaller region.

Laser Controlled Area: Access to the lab in which a class 3B or 4 laser operates is restricted so that exposure to direct, scattered, and reflected laser radiation can be controlled.  This restricted area is the “laser controlled area,” (LCA).  Signs will be posted at the entry to the LCA to warn those entering of potential laser hazards.  Often the laser-controlled area and the nominal hazard zone are one and the same, but it might be possible with the use of barriers and curtains to limit the NHZ to a section of the LCA.
[bookmark: _Toc68517170]General laser control measures applicable to all laser classes
· Use the minimum possible radiation level required for the application.

· Do not aim the laser at an individual’s eye.

· Maintain the beam height above or below the normal eye height of a person who is standing or sitting.

· Use a protective housing on all lasers and laser systems whenever possible.

· Perform alignment procedures using the lowest possible setting so that the primary beam, specular, or diffuse reflection does not expose the eye to light levels above the applicable MPE limit.

· Evaluate non-beam hazards and incorporate control procedures into the SOP.
[bookmark: _Toc68517171]Classes 1 and 2
These lasers are generally exempt from control measures and medical surveillance. However, as a matter of good practice, follow the general laser control measures above for all lasers.
[bookmark: _Toc68517172]Classes 1M & 2M
Light emitted by a class 1M or 2M laser can be dangerous if magnifying optics are used to collect the light.  Users working under these conditions must receive laser safety training.  As a matter of good practice, follow the general laser control measures above for all lasers. 
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Baseline eye exams are not needed for users of class 3R lasers.  An area in which a class 3R laser is used should be posted with the appropriate signage – see “Required Warning Signs” below.  Laser pointers are exempt from this requirement.  As a matter of good practice, follow the general laser control measures above for all lasers.
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In addition to the general guidelines above, users of class 3B and class 4 lasers must obtain a baseline eye exam and apply the following control measures:
Laser Enclosures: Engineering controls
If possible, the laser should be enclosed within a protective housing having a fail-safe safety interlock that activates when the housing is removed, preventing access to laser radiation above the MPE.  These interlocks shall not be defeated during normal and maintenance operations.  Service access panels, intended to permit service personnel access to the beam through the protective housing, must either be interlocked or require a tool and have an appropriate warning label on the panel.

A class 3B or 4 laser that operates within this kind of protective housing, and whose beam path is fully enclosed, is considered to be an embedded laser and can be treated as a laser having a lower hazard class.  If the LSO verifies that class 1 conditions are met, then no further controls are needed under normal operating conditions.

If the interlocked protective housing surrounding an embedded class 3B or 4 laser is removed temporarily, for instance during alignment or servicing, then the laser reverts back to its original class 3B or 4 designation.  A temporary control area must be established (see below), the appropriate signs posted, and additional safety precautions used, as determined by the LSO.

If the laser enclosure is not safety interlocked then it is considered to be only a barrier, and not a protective cover, and other safety controls are required, as described below.

If the nature of the laser use is such that it is necessary to operate the laser without a protective housing then other safety controls are required, as described below.
Beam Path: Engineering controls
· The laser must have a master switch which is operated by a key or code.  The principal laser user responsible for the laser should restrict access to the key or code to the authorized laser users.  The master switch should be deactivated (key removed) when not in use to prevent unauthorized use.

· Class 3B lasers should, and class 4 lasers must, have a permanently-affixed beam stop or attenuator which can reduce the accessible radiation to levels below the MPE when the beam is not in use (for instance when the laser is warming up).

· Viewing windows, display screens, and collecting optics (lenses, microscopes, etc.; not eyeglasses) must incorporate measures such as interlocks, filters, or attenuators to maintain laser radiation at the viewing position to levels at or below the applicable MPE.  The beam or its reflection should never be directly viewed with optical instruments such as binoculars or telescopes without sufficient protective filters.

· Video monitoring or other remote viewing techniques should be chosen when feasible.

· The beam path should be well-defined.  Enclose as much of the beam path as possible.  Even a transparent enclosure will prevent individuals from placing their head or reflecting objects within the beam path.

· Non-flammable beam blocks made of the appropriate material should be used at the end of the useful paths of the direct beam and any secondary beams.  Backstops should be diffusely reflecting where feasible.  Remember that the reflectivity of an object is a function of the wavelength of the laser beam.

· The exposed part of the beam should follow a path which is well above or below the eye level of a person who is seated or standing.  The laser and its associated optics should be mounted firmly to assure that the beam travels only along its intended path.

· Remove unnecessary reflective surfaces from the vicinity of the beam path.

· If the laser beam irradiance is sufficient to be a serious skin or fire hazard, a suitable shielding should be used between the laser beam and any personnel or flammable surfaces.
Laser Controlled Areas: Engineering controls
A completely exposed or partially exposed beam path from a class 3B or 4 laser or laser system requires the LSO to conduct a hazard analysis to determine the nominal hazard zone (NHZ); based on this a laser controlled area will be established.  Most often the controlled area will be the lab in which the laser is located.

· The laser and laser controlled area will be posted with appropriate warning signs which must meet the ANSI standards.  See the section below on “Required Warning Signs” for more information.

· Illuminated “Laser in use” signs which light up automatically when the laser is turned on are required for class 4 lasers, and strongly recommended for class 3B lasers.  The signs can flash, but this is not necessary.  Most laser power supplies have connectors designed for the purpose of interfacing with automatic signs.

· A visible or audible activation warning device within the laser area which indicates when the laser is active is required for class 4 lasers and are strongly recommended for class 3B lasers.  A built-in audible warning device signals that the laser is on or, for single-pulse lasers, charged and ready to discharge.  This signal might be a characteristic and unmistakable noise intrinsic to the laser itself or its auxiliary equipment.  A visible warning sign is a light that turns on automatically when the laser is powered on, and might for instance be part of the power supply.  The activation warning system must be visible or audible to users within the laser area even if they are wearing eye protection.

· Class 3B lasers should, and class 4 lasers must, be equipped with a remote interlock connector which will reduce the accessible radiation to levels below the MPE when someone enters the laser controlled area unexpectedly.  This interlock might, for instance, connect a pressure-sensitive floor mat or a door sensor to the laser power supply or an attenuating filter.

· The entryway to the laser controlled area must permit rapid those inside to exit rapidly and rescue workers to enter in case of emergency.  The College requires Locknetics access for the laboratories that use class 3B and 4 lasers. These rooms should be accessible only to those who have received the proper training and are authorized to be in a class 3B or 4 laboratory facility.  Locknetics access will be regulated by the appropriate academic department, and shall be updated each semester, or as needed to insure appropriate access and proper security. 

· In case of emergency there should be a clearly marked “emergency stop” button which when pressed will turn off the laser or reduce the accessible radiation to levels below the MPE.  This is required for class 4 lasers and recommended for class 3B lasers.

· The beam must be contained within the laser controlled area.  Windows and entryways should be covered or restricted so that any transmitted light is below the MPE.
Laser Controlled Areas: Administrative and procedural controls
· Only persons trained in laser safety and in lab-specific procedures will be permitted to enter and to operate lasers within the laser controlled area.

· Class 3B/4 lasers must at all times be operated under the direct supervision or control of an experienced, trained operator who is both knowledgeable in laser safety and has a thorough understanding of the lasers present in the lab.  This operator must be able to see the entire laser controlled area and verify conditions of safe use while the laser is in operation, and should be prepared to shut down the system should equipment malfunction or any unsafe condition arise.

· All individuals within the laser controlled area must be provided with the appropriate eye protection even if they themselves are not operating the laser.

· Spectators may enter the laser controlled are ONLY if 
	- the principal laser user approves and personally supervises
- the degree of hazard and the procedures which must be followed to reduce that hazard have been explained to the spectators
	- appropriate protective measures are taken.
General Administrative and Procedural Controls
· The principal laser user is responsible for developing a set of written laser-specific Standard Operating Procedures (SOPs) for each laser or laser system for which he or she is responsible.  The SOP should detail the procedures for normal operation, maintenance, alignment, and service of the laser.  It should include information about the laser beam and associated non-beam hazards as well as procedural information such as who is authorized to use, maintain, and align the laser.  A copy of the SOP will be provided to the LSO for approval and maintained with the laser safety program and near the laser itself for easy reference. 

· The principal laser user must notify the LSO when any new class 3B or 4 lasers are acquired or old class 3B / 4 lasers disposed of.

· The LSO will maintain a list of “authorized laser users” who will be permitted to use class 3B or 4 lasers.  To become an authorized user, a faculty member, staff member, or student must (1) receive a baseline eye exam, (2) complete a laser safety training course, and, if not principal laser user, (3) receive hands-on lab specific training. 
(1) Eye exam:  Trinity College requires all potential laser users to receive an eye exam prior to beginning work in order to establish a baseline against which ocular damage can be measured in the event of an exposure or injury.  This eye exam can be part of a routine eye exam by the user’s regular ophthalmologist, or can be coordinated through the College.  Records will be maintained by the infirmary.  No follow-up eye exams are required except in the case of a laser accident.  See section 3.2 for guidance on obtaining a laser eye exam.
(2) Laser safety training.  This training will either be provided by someone designated by the Laser Safety Committee or will be an online course identified by the Committee.  Users should take a refresher course every five years.
(3) Lab training:  This training is provided by the principal laser user, who will instruct users on the specific procedures and safety issues needed in the lab.  This training will include such things as instructing users on the use of eyewear, and familiarizing them with the appropriate SOPs for the work they will be doing.
Special considerations
Additional restrictions apply if a laser is to be operated outdoors.
[bookmark: _Toc68517175]Alignment
Accident reports show that the risk of eye damage is highest when alignment procedures are being performed.  Ensure that SOPs specify the alignment procedures.  Adhere to the following alignment guidelines:

· Alignments should be performed only by those who have a thorough understanding of the laser system in use.

· Exclude all unnecessary personnel from the laser area during alignment

· Use the lowest possible beam power

· Wear protective eyewear to ensure that potential light exposure remains below the MPE

· Use low-power visible lasers to simulate the path of high power or invisible lasers if possible

· Use beam display cards or devices to locate beams.  This is particularly important when the laser light is outside the visible spectrum. Do not use reflective objects such as credit cards to check beam alignment.

· Locate and block all stray reflections.  Use barriers to protect uninvolved personnel from unintended alignment beams.

· Block high-power beams at their source, rather than downstream, until actually needed for alignment

· Block high-power beams downstream of the optics being aligned.

· Post appropriate warning signs when aligning lasers which are normally embedded into protective class 1 housings.

· Proper laser eye protection must be worn within the nominal hazard zone whenever the potential exposure to laser light is above the MPE.

· If any laser accident or suspected accident occurs, the LSO and Environmental Health and Safety Office must be notified in order to assure that proper follow up occurs.  Follow-up may include medical attention to exposed personnel, or a change in procedure or laboratory setup.  See the appendix for emergency procedures. 
[bookmark: _Toc68517176]Required Warning Signs and Labels
Area signs
Laser areas must be posted with specific warning signs.  These signs alert those entering the area to the presence of laser radiation, indicate the severity of the hazard, and specifies the procedures which must be followed to reduce that hazard.  Signs should be displayed at the entry to laser areas in a location where they will easily be seen.  Most often this will be a laboratory door.  Take care when placing signs on doors that they are not hidden when the door is open.  Where appropriate, nominal hazard zones, barriers, and laser curtains should also be labeled.

The specific sign, i.e., design, size, and labeling required must be in accordance with ANSI Z535 series, “American National Standard Specification for Accident Prevention Signs.”  Examples are shown in Figures 1a, 1b, and 1c below.

Signal word

Precautionary instructions or protective action required

Type of laser or emitted wavelength, pulse duration, and maximum output

Laser hazard class
Fig. 1a  Danger sign and the general layout of laser signage.




Laser signs all contain a specific signal word and sections for precautionary instructions, information identifying the characteristics of the laser beam, and the laser hazard class.  The signal word “Danger” indicates an extreme hazard which has the potential to cause serious injury or death.  Danger signs are used with class 3R, 3B, and 4 lasers which exceed the MPE.  These signs are recommended for areas with class 3R lasers and required for areas with class 3B and 4 lasers.  If eyewear is required in this area then the warning sign should indicate the necessary OD and the wavelength. Fig. 1b  Caution sign
 
 
Fig. 1c  Notice sign
 
 


The signal word “Caution” indicates a laser hazard which has the potential to cause moderate injury.  Caution signs are used with class 2 and 2M lasers which do not exceed the MPE.  If eyewear is required in this area then the warning sign should indicate the necessary OD and the wavelength.

The signal word “Notice” indicates a policy related to laser safety and is not to be used in place of “Danger” or “Caution.”  Notice signs are used outside the temporary laser controlled areas established when embedded class 3B or 4 lasers are aligned or serviced.  The appropriate Danger sign is also required within the temporary laser controlled area.
Illuminated laser signs
“Laser in use” signs which light up automatically when the laser is turned on are required for class 4 lasers, and strongly recommended for class 3B lasers.  The signs can flash, but this is not necessary.  Most laser power supplies have connectors designed for the purpose of interfacing with automatic signs.
Equipment labels
Lasers and laser systems must also be labeled.  These labels should be prominently displayed on the laser housing or control panel.  Labels are required on all but class 1 lasers.

Additional labeling is required if the laser beam travels through long beam conduits.
[bookmark: _Toc68517177]Personal Protective Equipment	
The ANSI Z136.1 standard clearly indicates that protective eyewear should never be the primary protection against laser radiation.  Whenever possible, the laser beam path should be enclosed to prevent exposure of laser operators; this is the preferred method of hazard control.  When other control methods are not completely able to prevent access to hazardous direct or reflected beams due to research or work constraints, personal protective equipment, e.g., goggles, protective clothing, gloves, etc. must be considered.  Be aware that the ability of laser eyewear to protect against the beam of a high-powered class 4 laser is limited, and the eyewear may be damaged by exposure to the laser radiation.
[bookmark: _Toc68517178]Determination of Proper Eye Protection
On the basis of eye damage thresholds and concentrations of light by the lens, maximum permissible exposure limits have been set by the American National Standards Institute.  The MPE values are below known hazardous levels, but may be uncomfortable to view.  Thus, it is good practice to maintain exposure levels as far below the MPE values as is practical.  The LSO can determine the MPE for individual laser systems and determine the optical density of eyewear required to bring exposure levels down below the MPE.

The goal in selecting proper protective eyewear is to obtain the best protection from the anticipated (calculated) exposure but still permit the greatest amount of visible light to enter the eyewear for to allow the user to see.  

A list of laser safety eyewear manufacturers can be found on the Laser Safety moodle site.

Help in obtaining proper and reasonable eye protection may also be obtained from the Laser Safety Committee.  It is recommended that someone from one of this committee evaluate all protective eyewear.  The following checklist can be used for choosing the proper protective eyewear:

· Consult with the LSO to determine the MPE for each wavelength or set of wavelengths that your laser emits.  
· The MPE calculations for pulsed lasers are different than those for continuous lasers, so be sure it’s clear whether you are operating in pulsed or continuous mode. 
· Determine the time over which your eye may be exposed.  Would this be accidental exposure?  Intentional exposure, as in an alignment procedure?  Anticipated exposure time affects the MPE calculation.

· Determine the maximum irradiance (or radiant exposure) that your eye may be exposed to.  This is typically the maximum energy or power output of the laser – eyewear protects against a worst-case scenario.  Again, consult with the LSO.

· Will the laser output multiple wavelengths at the same time?  Eyewear that protects at one wavelength may be entirely inadequate at another.

· Determine the minimum optical density (OD) of the eyewear needed at a particular wavelength

,
where E is the area energy density of the beam averaged over the appropriate limiting aperture specified in the ANSI standard.  Select eyewear with an actual OD greater than the minimum OD calculated above.  The LSO can make this calculation.

· Choose eyewear which has side shields with no openings

· Do you need prescription glasses?  It’s possible to buy prescription eyewear, or eyewear which fits over glasses.

· Consider the degree to which the eyewear is nonflammable, and its mechanical strength.

· Be aware that flat-faced eyewear can produce a hazardous specular reflection.

· Choose eyewear which is comfortable and fits well, so that you won’t be tempted to leave it off.

All laser safety eyewear is properly marked with the wavelength and OD by the manufacturer.  It is most important to verify this upon receipt of new eyewear and before donning a pair for use.
 
Vendors should also indicate the exposure time over which the eyewear will remain protective (typically 10 seconds).  Be sure to use eyewear in such a way that this threshold is not exceeded.

For users of femtosecond pulsed lasers: Materials used as filters in laser eyewear may exhibit nonlinear effects when exposed to ultrashort laser pulses.  Request test data from eyewear manufacturers before purchasing and using.

Persons working with lasers emitting in the visible region are often unwilling to wear protective eyewear during alignment procedures due to difficulty in seeing the beam.  Laser alignment goggles are available which provide acceptable protection during reduced power alignment procedures while allowing some of the beam to be seen.

Eyewear maintenance:  Inspect and clean laser eyewear at least once per year.  Check for cracks or pitting.  Has the filter material degraded of undergone photobleaching?  Are there light leaks?  Discard suspicious eyewear.
[bookmark: _Toc68517179]Skin Exposure
Acute exposure of the skin to large amounts of energy from the laser may cause burning of the skin.  Injury of the skin depends on the wavelength of laser light, exposure time, and degree of skin pigmentation.  Skin carcinogenesis may occur at some specific ultraviolet wavelengths (290-320nm).  It is also possible to cause undesirable chemical reactions in the presence of UV radiation.

For users of UV lasers: Wherever possible use engineering controls to block UV radiation.  To the extent that this is not possible, minimize exposure to UV radiation using protective clothing as well as protective eyewear.
[bookmark: _Toc68517180]Laser Accidents and Incidents
Most incidents involving lasers, laser beams, and laser systems adversely affect the eyes and skin. The types of situations in which accidents occur most frequently are: 

· Exposure to the beam during alignment 
· Improperly directed beams 
· Improper engineering controls 
· Misaligned optics 
· Personal protective equipment issues 
· Eye protection – improper or not worn

Other adverse conditions might include 

· Electrical hazards 
· Fires 
· Equipment malfunctions 
· Equipment use - improper 
· Inhalation of air containments, gases, or particles 
· Untrained, unauthorized personnel using equipment 
· Failure to follow standard operating guidelines 

75% of all laser incidents in laboratories occur during beam alignment. 
[bookmark: _Toc68517181]What to do if a laser accident or suspected laser accident occurs
If any incident occurs, the Laser Safety Officer and the Environmental Health and Safety Office must be notified in order to assure that proper follow up occurs.  Follow-up may include medical attention to exposed personnel, or a change in procedure or laboratory setup.

If a laser injury occurs or is suspected then a medical evaluation should be performed as soon as possible, usually within 48 hours.  In case of suspected eye damage from a laser operating in the retinal hazard region (400 – 1400 nm) an examination should be performed by an ophthalmologist. 

[bookmark: _Toc68517182]8.0 Record Retention

All records pertaining to medical surveillance will be kept with Trinity’s Health provider. All documents pertaining to laser registration, laser set-up, risk assessments and SOP’s must be sent to the EHS Manager and LSO. These documents will be stored in the Laser Safety Binder for ease of access. 


[bookmark: _Toc68517183]9.0 Associated Documents

None.
[bookmark: _Toc68517184]APPENDIX A: Control Measures for the Four Laser Classes
Table 3. Summary of Laser Control Measures at Trinity.  See Section 5 for details

	Control Measures
	Classification

	Engineering Controls
	1
	1M 
	2
	2M 
	3R
	3B
	4

	Protective Housing 
	Required; otherwise Laser Safety Officer establishes alternative controls

	Interlocks on removable protective housing 
	Required if housing encloses class 3B/4 laser

	Required

	Service Access Panel Interlock or Access Tool
	Required if housing encloses class 3B/4 laser
	Required

	Key or Code Control 
	--
	-- 
	--
	--
	--
	Recommended
	Required

	Viewing Windows, Display Screens, Collecting Optics 
	Assure viewing limited < MPE

	Fully Open or Limited Open Beam Path 
	--
	--
	--
	--
	--
	NHZ

	Enclosed Beam Path 
	No additional controls required if protective housing and interlocks in place 

	Remote Interlock Connector 
	--
	--
	--
	--
	--
	Recommended
	Required

	Attached Beam Stop or Attenuator 
	--
	--
	--
	--
	--
	Recommended
	Required

	Activation Warning Systems 
	--
	--
	--
	--
	--
	Recommended
	Required

	Laser Controlled Area 
	--
	LSO determines
	--
	LSO determines
	--
	Required
NHZ

	Temporary Laser Controlled Area 
	Required for enclosed 3B/4 systems 
Required of MPE exceeded 
	--
	--

	Equipment Labels 
	Required

	Laser Area Warning Signs 
	--
	--
	-- 
	--
	Required

	
Administrative and Procedural Controls

	Written Standard Operating Procedures
	--
	--
	--
	--
	--
	Required

	Output Emission Limitations 
	--
	--
	--
	--
	--
	LSO Determines

	Education and Training 
	--
	Recommended
	Required

	Authorized Personnel 
	-- 
	LSO determines
	-- 
	LSO determines
	--
	Required

	Alignment Procedures in this manual
	Required for enclosed 3B/4 systems
	Required

	Spectators
	-- 
	LSO determines
	-- 
	LSO determines
	--
	Special precautions required

	Service Personnel  Training
	Required for enclosed 3B/4 systems
	Required

	Demonstration with Public
	-- 
	Special precautions required

	Laser Fiber Optic Systems 
	Required if MPE exceeded
	Required

	Protective Eyewear 
	--
	-- 
	--
	--
	--
	Required ??
	Required

	Window Protection 
	--
	-- 
	--
	--
	--
	Required
	Required
NHZ

	Protective Barriers and Curtains 
	--
	-- 
	--
	--
	--
	Recommended

	Skin Protection 
	-- 
	-- 
	-- 
	-- 
	-- 
	Required
	Required
NHZ

	Other Protective Equipment
	May be required

	Warning Signs and Labels
	-- 
	-- 
	Recommended
	Required
NHZ analysis required

	LEGEND
	-- = no requirement    NHZ = NHZ analysis required 
MPE = shall if MPE is exceeded 

	
	
	
	
	
	
	
	
	





[bookmark: _Toc68517185]Appendix B: Laser Registration Form
LASER REGISTRATION FORM
[bookmark: _Toc197765022]
Instructions: All class 1M, 2M, 3R (excluding laser pointers), 3B, and 4 lasers must be registered.  Please complete this form for each laser to be registered and forward to the Laser Safety Officer


Principal Laser User (faculty/staff)
	Name:
	
	Department:
	

	Phone:
	
	Email:
	
	Office:
	




[bookmark: _Toc197765023]
Laser System Description
	Location of laser (room & building):
	

	Manufacturer:
	
	Model:
	
	Manufacture Date:
	

	Hazard class:
	
	Serial number:
	

	Lasing medium (Nd:YAG, etc):
	
	Wavelength(s) (nm):
	

	Mode:
	
	

	      ☐ Continuous wave
	Average power (Watts):
	

	             - OR -
	

	      ☐ Pulsed
	Pulse energy
(Joules/pulse):
	
	Pulse repetition frequency (Hz):
	
	Duration (sec):
	

	Emerging beam divergence (mrad):
	
	Emerging beam diameter (mm):
	

	
Has laser been modified from the original?
	☐No
☐Yes
	Description of changes made:
	

	Status of unit:  
	☐ Operable   ☐ Inoperable   ☐ Stored

	Date:
	
	









[bookmark: _Toc68517186]Appendix C: Laser Inventory
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