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Foreword

The term “Laser” is an acronym, which stands for: “Light Amplification by Stimulated Emission of Radiation”. Albert Einstein first conceived the notion of “stimulated emission” in 1917. Since the late 1950’s the use of Laser systems has grown to encompass a wide variety of services and applications. Lasers can now be found in items ranging from grocery market scanners to guidance systems to laser light shows. Many complex medical procedures are completed using laser technology. 

In the academic area, Laser systems are used to complete a wide variety of research and product development. Laboratory applications may require the use of high-powered lasers which sometimes must be operated with exposed beams to gain the desired effect. Laser systems present potential hazards, which must not be ignored or underestimated. This program is designed to outline the requirements for Laser users at Rensselaer. Laser use at Rensselaer is governed by a combination of regulations set forth by the Occupational Safety and Health Administration (OSHA- adopted ANSI standards) as well as Part 50 of the New York State Department of Labor code rule.    

Section 1. Responsibilities

1.1 Administrative Control/Personnel Directory
Organization Chart

The following chart shows the current organization of Rensselaer's laser safety program:
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1.2 Personnel Directory

          Name  
Phone (E-mail)

Office Location
1.  Office of Environmental Health and Safety (EH&S)
Director: Ms. Cecile Mars   

X 6114
(marsc@rpi.edu)
              BK II 111A

Env. Compliance Specialist: 

Mr. Steve Lee



X 6666
(lees@rpi.edu)

BK II  111B

Training and Program
Development Specialist, 

Mr. Will Fahey   



X 2318 (faheyw@rpi.edu)                 BK II   106

Safety Compliance Specialist

Ms. Judy Kays



X2092 (kaysj@rpi.edu)
             BK II   106A


2.  Laser Safety Officer 


Mr. Will Fahey                                               X 2318 (faheyw@rpi.edu)                 BK II   106


3.  Laser Safety Committee

Dr. Arthur Fontijn                                          X6508 (fontia@rpi.edu)                  Ricketts 205A

Chemical Engineering

Mr. John Barthel                                            X2975 (jbarthel@unix.cie.rpi.edu)   CII 6015 


CIE

Mr. Scott Herkenham                                    X4844 (herkes@rpi.edu)                   SV245 

CP&FD
Mr. Norris Pearson                                       X6121 (pearson@rpi.edu)               Houston Field               

Conference Services                                                                                                    House



Mr. Bill Mielke                                              X6881 (mielke@rpi.edu)
                JEC 2049

MANE

Dr. Gerald Korenowski                                 X8480 (Koreng@rpi.edu) 
               SC 2W14

Chemistry

Dr. Xi-Cheng Zhang                                      X3079 (zhangxc@rpi.edu)              SC IC20

Physics

1.3 Laboratory Supervisor

Each Laboratory Supervisor is responsible to insure that all experiments/analysis conducted under his/her direction do not pose undue risks to individuals performing the work, and that all aspects of this Laser Safety Program are adhered to in their laboratory(s). Examples of components of this program that fall into this category include:

· Ensuring Laser users have completed appropriate training as outlined in Section 6 of this document

· Following Rensselaer’s Laser System Registration and Approval Program as outlined in Section 2

· Ensuring that appropriate Personal Protective Equipment is available and used

· Ensuring that appropriate warning signage and applicable engineering controls are in place and remain operational. 

· When applicable, ensuring that Standard Operating Procedures are conspicuously located in the work area

· Report known or suspected accidents to the Laser Safety Officer (LSO)

The Laboratory Supervisor is also responsible to insure that all individuals working under his/her direction are informed and familiar with the location of all emergency equipment, routes of egress, and the specific safety rules and requirements of the Laser System in use and laboratory protocols. 

1.4 Laboratory Worker/Laser User

It is the responsibility of each Laboratory Worker/Laser User at Rensselaer to abide by the general safety requirements set forth in this Laser Safety Program, as well as additional procedures and requirements that may exist in the laboratory in which they work. (Alignment Procedures etc.) Laboratory Workers/Laser Users have the responsibility to complete the Laser safety training requirements as outlined in Section 6., prior to initiating work with lasers. Laboratory Workers/Laser Users must recognize that their actions may affect the safety of others at the Institute.

1.5 Laser Safety Officer

The Laser Safety Officer is responsible for the administration of Rensselaer’s Laser Safety Program, as well as ensuring compliance with the Occupational Safety and Health Administration’s (OSHA- adopted ANSI standards-Z136.1 and Z-136.5) as well as Part 50 of the New York State Department of Labor code rule. The LSO, or his/her designee, will approve all new Laser system installations, as well as any modifications to existing systems. Further, the LSO is responsible for the following activities:

· Annual Laser Inventory/Registration as required in NYS Code Rule #50

· Bi-Annual Laser System Personal Protective Equipment Audit

· Approving/Establishing Laser system specific control measures

· Effecting Hazard Analysis of new and existing Laser systems

· Coordinating Administrative and Management Requirements

· Approve documents associated with Rensselaer’s Laser System Registration and Approval Program

The LSO has the authority to suspend Laser system operation in any work area, at any time, if in the judgment of the LSO, elements of this program are not being met by that specific Laser system. Work may resume using such systems only with the written approval of the LSO.

1.6 Laser Safety Committee 

The Laser Safety Committee is responsible for setting campus policy regarding Laser Safety, within the scope of this Laser Safety Program. The Laser Safety Committee with meet periodically and discuss new Laser Installations approved by the LSO, and any program issues that may arise. The Laser Safety Committee will offer comments to the LSO regarding program improvements and suggestions and complete pro-active discussions regarding upcoming projects, installations and new technologies. The Laser Safety Committee is appointed by and reports to the Vice President of Human Resources. Members must have experience in the use of laser systems and in some aspect of laser safety. The Laser Safety Officer is an ex officio member of the Committee. 

The Chairperson of the Committee is appointed by the Vice President of Human Resources.  The Chairperson's responsibilities include:

(1)
Calling meetings of the Committee.

(2)
Making recommendations to the Vice President of Human Resources concerning the size and composition of the Committee.

(3)
Preparing reports of Committee activities for the Vice President of Human Resources.

Under recommendation of the Chairperson, or LSO and approval of the Vice President of Human Resources, the Committee may seek the advice of a consultant having special expertise in some aspect of laser safety. 

The Committee is charged with:

(1)
Setting Institute policies for laser safety.

(2)
Giving such advice and assistance as may be requested by the Laser Safety Officer.

(3)
Evaluating the Institute's overall laser safety program and the effectiveness of the administration of this program on an annual basis.  Evaluation results should be presented in a brief written annual report to the Vice President of Human Resources.

The Committee meets at least 2 times a year, once during the Spring semester and once during the Fall semester. The committee may also be called at any time during the calendar year whenever matters of urgency arise, as determined by the Vice President of Human Resources, the Chairperson, or the Laser Safety Officer.  Guests may attend meetings at the invitation of the Chairperson.  In the event that meetings are held in the absence of the Chairperson, a Chairperson pro tem will be selected from the attending members. A quorum consists of at least half of the Committee members and includes the Laser Safety Officer and the Director of Environmental Health and Safety; or their representatives. Minutes of meeting are distributed to the members, the Vice President of Human Resources,  (or his/her designated representative), and the Director of Environmental Health and Safety.
Section 2. Laser System Registration and Approval Program

2.1 Initial Installation

It is the responsibility of the Laboratory Supervisor to contact the Laser Safety Officer regarding new laser installations at Rensselaer. The Laser Safety Officer must approve all laser installations. The laser system registration and approval process at Rensselaer is as follows:

Step #1: The Laboratory Supervisor or his/her designee must submit a Laser System Registration Form (Included in Appendix A) either electronically or via campus mail to the LSO. Sections one, two, three, seven and eight must be completed in their entirety and the form must be submitted at least thirty business days prior to the anticipated system start up date of the system, unless otherwise approved by the Rensselaer Laser Safety Officer.

Step#2:  The LSO will receive and review the Laser System Registration Form. The LSO will initiate a meeting with the involved Laboratory supervisor to discuss installation requirements, control measures, personal protective equipment, signage, user training and the proposed standard operating procedure for the laser system.

Setp#3: Once all of the system requirements are met, both the LSO and the Laboratory Supervisor will sign the Laser System Registration Form. At this time the system will be considered approved for operation. This approval is contingent upon laboratory personnel following all of the requirements of the Laser System Registration Form and is subject to amendment based on the recommendations of the Laser Safety Committee. 

Step#4: The LSO will provide the Laser Safety Committee with the details of all new laser installations. 

2.2 Modifications 

It is the responsibility of the Laboratory Supervisor to contact the Laser Safety Officer regarding any system modifications that deviate from the original Laser System Registration Form. Notification regarding system modification must be done at least 15 business days prior to any modifications being made.

2.3 Annual Review

The LSO or his/her designee will audit each laser system at least annually. The audit will focus on safety items and personal protective equipment use. 

2.4 Dismantling Procedures

It is the responsibility of the Laboratory Supervisor to notify the LSO of his/her intention to dismantle any laser system under their control, either permanently or on a temporary basis within fifteen days of actually dismantling the system. 

Section 3. Laser Basics

3.1 Laser Components

Lasers may be of the solid, gas or liquid type and are configured utilizing the following components:




















































































































































1. Laser Active Material: Laser Active Materials can consist of solid crystals such as ruby, neodymium –yttrium aluminum garnet (Nd:YAG), gas lasers such as helium-neon, carbon dioxide and argon, or liquid dye lasers. Laser active material can also consist of metal vapors or diodes. The type of active material used determines the wavelength of the light produced by the laser and the laser’s functionality. It is the manipulation of electrons within these active materials (producing metastable states) that allows the increased power levels associated with laser systems to exist and function. 

2. Output Coupler Mirror (OC): The output coupler mirror must be “tuned” to the specific wavelength of light being produced by the laser, and is somewhat less reflective than the High Reflectance (HR) mirror, allowing light to be released when a specific amplification target is met. OC mirrors generally allow between 2 and 10 percent of the light balance to escape the feedback mechanism. 

3. High Reflectance Mirror (HR): Like the OC mirror, the HR mirror must be “tuned” to the specific wavelength of light being produced by the laser. Generally, HR mirrors are 99.99%+ reflective, however some light does escape. 

4.  Excitation Mechanism: All laser systems require an excitation mechanism to promote the active material to achieve the required metastable state, which is needed to produce intense light. In solid-state lasers, this mechanism is generally a very intense light source, while in gas lasers and other types of lasers it may be an electrical current passed through the active material.

3.2 Characteristics of Laser Light

Laser light is different form “ordinary light” in three important ways. Laser light is Monochromatic, highly Directional and Coherent whereas “ordinary light” is not.   

Monochromatic means that laser light consists of one 

single color or wavelength of light as opposed to ordinary 

light, which consists of many different colors, and 

wavelengths. Some lasers cane be “tuned” or 

manipulated to produce several different wavelengths 

of light, but each one is extremely “pure”.



Directional indicates that the laser beam travels a 

long distance with very little ‘spread” as 

compared to ordinary light. A measure of this spread

is called the divergence angle. This angle affects the 

irradiance, or power/area measurement of the laser

beam. 


Coherent refers to laser light being “in phase”, meaning 

that the light waves move together over long distances. 

Much like a water wave this phenomenon results in

magnitudes much greater than non-coherent sources. 


3.3 Types of Lasers/Common Wavelengths

As was previously outlined, the type of laser and resulting wavelength of light produced define the functionality of the laser system. These characteristics also identify the potential hazards associated with each laser system. Many different types of lasers are used at Rensselaer. It is important for laser users to understand the electromagnetic spectrum, and where the equipment that they are using is located on that spectrum. Lasers light generally has a wavelength of between (10)-7 and  (10)-3 meters. Contained within this area are the visible wavelengths between 400 and 700 nanometers(nm). The following page contains a graphic of common laser wavelengths.    

Types of Lasers/Common Wavelengths

















































































































































































































































































































































































































































































































3.4 Laser Classifications

Laser systems at Rensselaer are classified utilizing the following criteria: (presented in ANSI standards)

Class 1: Laser Systems that may produce visible or invisible laser radiation which under normal operating conditions are considered to be incapable of causing injury from direct viewing of the beam. It should be noted that Class 1 systems often contain higher-class lasers embedded within protective shielding and/or beam enclosures. Removal of these items may require the laser system to be re-classified by the LSO. 

Class 2: Laser systems that produce low power visible laser radiation. The output power of a Class 2 laser does not exceed 1mW.  Eye protection is normally afforded by the natural blink reflex time (.25 sec.) of the human eye. Direct beam viewing is not allowed.

Class 3a: Laser systems that produce moderate levels of visible or invisible laser radiation. The output power of a CW Class 3a laser is between 1mW and 5mW. Personal Protective Equipment, such as protective eyewear may be required when collecting and/or focusing optics are used.

Class 3b: Laser systems that produce visible or invisible laser radiation. The output power of a CW Class 3b laser is between 5mW and 500mW. They are considered medium power lasers and are capable of producing eye injuries when viewed directly, or with optics, even if viewed momentarily. For visible Class 3b lasers, the normal aversion reflex (.25 sec.) does not prevent injury. Class 3b lasers do not usually produce a hazardous diffuse reflection or fire hazard. At the upper end of the Class 3b range, skin burns may be possible.

Class 4:  Laser systems that produce visible or invisible laser radiation capable of causing injury to the eye and skin as well as producing dangerous specular and diffuse reflections. Class 4 lasers can also produce fire hazards. The output power of a CW Class 4 laser is in excess of  500mW (.5W).






The LSO has the authority to re-classify any Laser system at Rensselaer based on modifications made to the original system design. The laser classification determines the types of laser hazards present, required control measures, personal protective equipment and medical surveillance. These topics are discussed in detail in sections four, five and six.   


Section 4. Laser Hazards and System Evaluation

4.1 Exposure Hazards (Eye and Skin)

Exposures to laser radiation can be very harmful to the structures of the human eye and in some cases, the human skin. Directed or focused laser light has the ability to raise the temperature at the site of absorption potentially causing damage to the structures of the eye or the skin. The following information outlines potential exposure hazards to the human eye(s) and skin.

Eye Exposure Hazards

The structures of the human eye absorb varying

wavelengths of light at different regions, as Figure 2

illustrates. At certain wavelengths in the near-

ultraviolet and in the near infrared region, the lens

of the eye can be damaged. However, it is the area of 

the optical spectrum known as the “retinal hazard 

region” (approx. 400nm-1400nm) that is of greatest 

concern. Within this region, the human eye focuses

light delivered to the retina. This concept is called

“optical gain”.  Light focused by the human eye in

this region is concentrated by a factor of 100,000

before delivery to the retina. It is this optical gain that 

can cause permanent damage to the retina and affect

sight. 

As with other forms of Personal Protective 

Equipment (PPE), protective eyewear will be utilized

subsequent to evaluating the laser system for 

engineering controls and other safety features. 

Protective eyewear is discussed in Section 5.2.

Skin Exposure Hazards

Since the skin has no ability to focus light or increase it’s intensity, some of the ocular hazard concepts do not apply to the skin. However, skin cancer, accelerated aging and increased pigmentation are potential effects of exposure to light in certain portions of the ultraviolet spectrum. Further, skin burns have been documented in exposure situations involving light in the infrared portion of the electromagnetic spectrum. The details of the skin related hazards for each laser system and personal protective equipment requirements will be documented by the LSO on the Laser System Registration Form.

4.2 Optics/Specular Reflection

When focusing and/or directing optics are utilized, extreme care must be taken to prevent exposure caused by reflections. Most often accidents occur during the alignment process. Alignment procedures must be documented, when required, within the Standard Operating Procedure (SOP) for each individual laser system. Standard Operating Procedures (SOP) are discussed in detail in Section 5.5. 

Reflections generally fall into two categories: Specular and Diffuse. The associated hazards and characteristics of each type are outlined below.

Specular Reflections

A specular reflection is a “mirror” type reflection. This means that nearly 100% of the light introduced to a specular surface is reflected. For this reason specular reflections are equally as dangerous as direct beam exposures. Two “laws of specular reflection” govern all specular reflections. These “laws of specular reflection” are:

1. The angle of incidence equals the angle of reflection. These angles are measured from the “normal” which is a line drawn perpendicular to the surface.



2. The incident ray, the reflected ray and the normal to the surface are all in the same plane.

The type of lens or surface creating a specular reflection is also significant. A flat surface or lens will not change the dimension of the beam, rather only it’s direction. A concave surface will first converge a laser beam to a point after which the beam will diverge. This is important, as a concave surface will produce a “spot” of beam convergence. A convex surface will cause a laser beam to diverge reducing it’s associated power/area, or irradiance. The following graphics illustrate these specular reflections. 



















































Diffuse Reflections

Diffuse reflections are caused by light striking a relatively “rough” surface. Diffuse reflections generally cause the beam to be diverged in all directions. It most be noted however, that for a surface to diffusely reflect light, it’s irregularities must be roughly equal to the wavelength of light that is striking it. For this reason it is possible that a surface could act as a diffuse reflector for some wavelengths of light and a specular reflector for others. The following graphic illustrates a diffuse reflection.






In all cases, care must be taken to control beam reflections. Reflective items such as jewelry must not be worn. Lenses should be inspected periodically for scratches and other impurities that could increase reflections. All potentially hazardous reflections associated with the laser system must be addressed.

4.3 Nominal Hazard Zones (NHZ)

The Nominal Hazard Zone (NHZ) is defined as the space in which the irradiance or radiant exposure exceeds the MPE. (The MPE or Maximum Permissible Exposure as defined in ANSI Z-136.1/5) is “the level of laser radiation to which a person may be exposed without hazardous effect or adverse biological changes in the eye or skin”.) The MPE will be discussed in detail in Section 5.1.  Individuals entering or working within the NHZ must:

1. Have received appropriate training

2. Must be familiar with the SOP for that particular laser system

3. Follow all administrative and procedural controls

4. Utilize all required Personal Protective equipment

The LSO will define the NHZ for each laser system upon installation and when any modifications are made. This determination will be documented on the Laser System Registration Form and will be observed by all laboratory workers. The LSO will consider the following four laser system scenarios when determining the NHZ for each laser system:

1. Intrabeam Nominal Hazard Zone: When the value of the irradiance over the cross-section of the narrow beam cone at a distance away from the laser is maintained at or below the MPE, then that direct on-the-beam distance is considered the intra-beam NHZ.

2. Lens-on-Laser Nominal Hazard Zone: Use of a lens can cause the laser beam to diverge more quickly and/or become focused. When the irradiance of this beam exceeds the MPE, the distance from the focal plane is called the lens-on-laser NHZ.

3. Fiber Optic Nominal Hazard Zone: The distance from the end of a fiber optic to the point in which the beam ceases to exceed the MPE is called the optical fiber NHZ.

4. Diffuse Reflection Nominal Hazard Zone: The area within the diffuse reflection zone, in the irradiance exceeds the MPE is called the diffuse reflection NHZ.

4.4.1 Electrical Hazards/Lockout-Tagout

According to national laser accident data collection, electrocution is the leading cause of laser system related deaths. There are many situations related to laser system work in which electrical shock and/or death is possible. It is critical that electrical sources within the laser laboratory are identified and understood by all laser system users and laboratory occupants. Examples of potential electrical sources and/or conductors within the Laser laboratory include: (Not an all-inclusive list)

· Electrical Power Supplies: Protective housings and other engineering controls should not be removed from electrical power supplies. Power supplies containing capacitors can retain lethal charges of electricity even after the laser has been turned off and unplugged. The only individuals that are considered “qualified” to work on energized electrical power supplies at Rensselaer are:

1. A Certified Electrician: will only test the house power connection inside the power supply 

2. Properly trained employees of the certified vendor of the power supply

· Non-energized work on power supplies is permitted, provided that appropriate Lockout/Tagout procedures are followed (See following page) and the individual or individuals involved in the procedure have completed the Lockout/Tagout safety session provided by the Office of Environmental Health and Safety.

· Wall sockets

· Improperly grounded laser systems and/or optical tables

· Condensate generated on laser tubes

· Modified or “homemade” electrical components: All electrical components utilized at Rensselaer must have been tested by a recognized testing organization, such as Underwriter’s Laboratory prior to use.

· Jewelry/Belt Buckles

· Excess moisture or water spills within the laboratory

As required by the Occupational Safety and Health Administration’s (OSHA) regulations regarding energy isolation, Rensselaer has developed a program and standard procedures for Lockout/Tagout. These Lockout/Tagout procedures apply to work with laser systems whenever the unexpected release of energy, or contact with a potential energy source, could cause injury.

Examples of such situations include, but are not limited to:

· An individual has the potential to contact energized components while performing work

· An individual is required to remove or bypass any guard, interlock, or other safety devices (ex. Equipment cover) to perform work

· An individual is required to place any portion of his/her body into an area within any portion of the laser system, where work is performed during the equipment’s operation.  

The lockout/tagout procedures for each individual laser system must be documented in section 7 of the Laser System Registration Form and approved by the LSO.

On rare occasions, equipment may need to be energized when being serviced or adjusted. These situations may require special tools, equipment and personal protective equipment. All “energized work” situations must be documented in the standard operating procedure and approved by the LSO. The SOP must identify special tool/equipment requirements, personal protective equipment, personnel qualification and engineering controls.

4.4.2 Fires

Laser light’s ability to increase the temperature of target surfaces, either intended or accidental, can cause damage to those surfaces and can cause fire when exposed to combustible materials. All flammable and/or combustible materials in the laboratory, including chemicals and packing materials must be protected from such exposures. Extreme care must be taken when aligning optics or focusing the beam. Adequate beam stops must be utilized when applicable. 

4.4.3 Chemical Exposure/Toxic Bi-Products

During the design and registration process (which is documented on the Laser System Registration Form) any chemicals to be used in association with the laser system and/or potential toxic bi-products produced by the operation must be identified and appropriately addressed. This may include engineering controls such as chemical storage cabinets, exhaust systems and waste collection devices or personal protective equipment requirements such as respiratory protection. All chemical wastes, including laser dyes must be properly labeled and disposed of in accordance with Rensselaer’s hazardous waste management procedures.

4.4.4 Noise

In some cases laser systems may generate elevated noise levels. Depending upon the extent of the noise elevation personal hearing protection devices and inclusion in Rensselaer’s Hearing Protection Program may be required. Personal hearing protection devices shall be utilized only after the use of engineering controls has been explored and deemed either impractical, cost prohibitive or ineffective. Hearing protection will be provided by Rensselaer at no cost to the employee and will be worn under the following conditions:

· An individual is exposed to occupational noise equal to or greater than an 8-hour time-weighted average of 85 decibels

· An individual is exposed to noise levels at or above the following values for less than 8-hour increments:

	Duration per day, hours
	Sound Level dB (slow response)

	6
	92

	4
	95

	3
	97

	2
	100

	1.5
	102

	1
	105

	.5
	110

	.25
	115


· Whenever an individual has experienced a “standard threshold shift” (a change in an employee’s hearing threshold relative to the baseline audiogram of an average of 10 dB or more at 2000, 3000, and 4000 Hz in each ear.)

The LSO will determine if hearing protection measures must be taken.

4.4.5 Cryogenic Coolants

All cryogenic coolants to be used in each laser system must be identified on the Laser System Registration Form and approved by the LSO. These materials can potentially cause serious skin burns and create hazardous atmospheres. 

4.4.6 Compressed Gases

Compressed gases are used in a variety of laser applications at Rensselaer. There are certain hazards that are inherent to compressed gases. Compressed gas hazards can be divided into two categories:

1. Physical Hazards: Compressed gas cylinders often contain in excess of 2500 psi of pressure. Valve damage or failure, or cylinder wall damage can cause the release of this pressure causing a very dangerous situation. To help prevent this from occurring, keep cylinders chained and/or caged in an upright position at all times. Valve caps should be in place, hand tight on cylinders at all times, unless in use, and replaced immediately after use. Regulators and gauges should not be left attached to cylinders for extended periods of time. Cylinders should be transported only on approved cylinder carts. Cylinder should never be “rolled”. Proper footwear should be worn when transporting cylinders. Steel-toed safety shoes provide the best protection.

2. Chemical Hazards: The material within the cylinder may be hazardous due to flammability, toxicity or other material characteristics. Experiments utilizing these gases should be conducted inside a fume hood. Incompatible materials, unless being used on the same piece of equipment, should always be stored separately to avoid chemical reaction. Oxygen and other oxidizing materials must be stored at least 20 feet from fuel cylinders or combustible materials unless separation is achieved in the form of a non-combustible barrier at least 5 feet high having a fire-resistance rating of at least one-half hour. Only regulators, gauges, hoses and other equipment rated for specific chemicals and applications should be used. Oxygen regulators must never come in contact with oil and/or grease. Identification labels must not be removed from cylinders. 

Never attempt to repair a leaking valve yourself. Contact Public Safety at 6611 immediately.
Section 5. Control Measures and Personal Protective Equipment

5.1 Maximum Permissible Exposure (MPE)

The Maximum Permissible Exposure Value or MPE, is defined in ANSI Z136.1/5 as “The level of laser radiation to which a person may be exposed without hazardous effect or adverse biological changes in the eye or skin”. 
The MPE value for a particular laser system is determined and/or affected by the following characteristics:

· Wavelength of the laser

· Pulse characteristics (if applicable)

· Total exposure duration

· Whether intra-beam exposure is possible

If exposures to laser light in excess of the MPE are possible for a given laser system, an adequate combination of administrative, engineering controls and personal protective equipment must be utilized. The LSO will define the MPE for each laser system as well as all required controls and PPE on the Laser System Registration Form. 

5.2 Personal Protective Equipment

The potential bio-effects of laser radiation are discussed in detail in Section 4. The LSO will determine the Personal Protective Equipment requirements for each laser system based on the proposed system characteristics provided by the applicant on the Laser System Registration Form. It is critical that each Laboratory Supervisor advise the LSO of potential system modifications within the timeline prescribed in Section 2.2 as such modifications could render the assigned personal protective equipment insufficient. 

By signing the approved Laser System Registration Form the Laboratory Supervisor assumes the responsibility of ensuring that all laser users under his/her control utilize the personal protective equipment assigned to that particular laser system as well as follow the standard operating procedure (discussed in Section 5.5) for that particular system. 

Each laser system will be inspected at least bi-annually by the LSO or his/her designee to insure that appropriate personal protective equipment is available and being utilized.

5.2.1 Selection of Laser Eye Protection

The use of laser eye protection will be subsequent to the consideration of engineering and administrative controls. If these controls are not feasible, and/or if the MPE may potentially be exceeded the LSO will assign laser eye protection. To make this determination the LSO will utilize the following rationale:

Step 1. Wavelength/Potential Exposure Determination: The wavelength in which the laser system will operate must be known. This information, along with a determination of the “worst case” scenario for an individual’s exposure (i.e. direct beam, specular, diffuse reflections possible etc.) will be used to determine an MPE value. 

Step 2. Calculation of Maximum Irradiance: The maximum irradiance is considered in the following ways:

· If the entire laser beam may enter the pupil of eye, either as a result of the use of optics or due to the beam diameter being less than 7mm in near field viewing, then the total beam output is converted to irradiance by dividing the laser output power or energy by 0.4 cm2 

· If only a portion of the laser beam can enter the pupil of the eye, appropriate calculations will be used to calculate irradiance. 

Step 3. Determine the desired Optical Density:  The Optical Density calculation is necessary to ensure that the laser beam is reduced in power, incident to the eye, to a level not exceeding the MPE, and as low as reasonably achievable. Optical Density can be expressed utilizing the following formula:





OD= log10 (Ei/Et)   Where:

OD = Optical Density

Ei = Incident beam irradiance (W/cm2) “worst case”)

Et = Transmitted beam irradiance (MPE limit in W/cm2)

Optical Density can be obtained by absorption, reflection or a combination of both. Consider this example calculation presented by the Laser Institute of America
Laser System Characteristics: Nd:YAG, 100W(CW) at wavelength 1064 nm

Intrabeam Exposure: MPE (based on 10 second exposure) is 50.6mJ/cm2



Is: OD= log 10 (100 W/0.4 cm2) / 50.6mJ/cm2)



          = log 10(250W/cm2 / 5.06 mW/cm2)



          = 4.7

Diffuse Reflection Exposure: (at 40 cm)



    OD= log 10 (19.9 mW/cm2) / 5.06 mW/cm2



          = .6 (10 sec.)     1.1 (8 hour)

All Laser protective eyewear used in Rensselaer facilities must contain the following information permanently printed or marked on the frame or in some other place on the eyewear:

· Optical Density

· Wavelength protective range

· ANSI or CE markings

· Certified vendor’s Code

It must be understood that laser protective eyewear is wavelength specific and available for protection at several optical densities. “Tunable” laser systems or modifications in which any of the output factors of the laser system may be changed could affect the protective nature of the assigned eyewear. Protective eyewear must be inspected before each use for signs of damage, cracks and/or scratches. 

Occasionally beam viewing and other special operating needs are required for system alignment purposes. Alignment eyewear is available with reduced optical densities that will allow for beam viewing and still provide a reduced level of protection. If alignment eyewear is utilized, care must be taken by the Laboratory Supervisor to ensure that all laboratory personnel understand the difference between alignment eyewear and operating eye protection. The alignment procedures and associated protective controls must be documented in the laser system’s standard operating procedures and approved by the LSO.

5.2.2 Selection of Laser Skin Protection

Although not generally considered as having the degree of associated hazards as ocular effects, certain laser light wavelengths are capable of causing damage to the human skin. During the Laser installation permitting process at Rensselaer, the LSO will determine if Personal Protective Equipment will be required when using each specific laser system. Personal Protective Equipment will be required if there is a potential for an individual to be exposed in excess of the MPE for that specific laser system. 

5.3 Engineering Controls

Engineering Controls are safety features incorporated into a laser system that limit access to or remove the hazard for the work area. Typical engineering controls include:

· Protective Housings: limit access to the laser system. Removal of such housings may require the laser system to be reclassified by the LSO (See Section 3.4) and is not permitted unless approved by the LSO or his/her designee.

· Interlocks: act to shut off, reduce the power or otherwise interrupt the functioning of a laser system

· Service Access Panels: may only be removed by qualified service personnel

· Key Controls: master switch linked to key-pad or key to limit operation of the laser system

· Viewing Portals

· Beam Path enclosures/Beam Stops

The LSO will determine the appropriate engineering controls, if any, for each laser system during the registration request process. This determination will largely be based on the requirements outlined in ANSI standard Z136.1/5. The following table summarizes these requirements. 

	Control
	Class 1
	Class 2
	Class 3a
	Class 3b
	Class 4

	Protective Housing
	Must Use
	Must Use
	Must Use
	Must Use
	Must Use

	Interlocks on Housing
	Per LSO
	Per LSO
	Per LSO
	Must Use
	Must Use

	Service Access Panel 
	Per LSO
	Per LSO
	Per LSO
	Must Use
	Must Use

	Key Control
	Not Required
	Not Required
	Not Required
	Must Use
	Must Use

	Viewing Portals
	Not Required
	If Over MPE
	If Over MPE
	If Over MPE
	If Over MPE

	Collecting Optics
	If Over MPE
	If Over MPE
	If Over MPE
	If Over MPE
	If Over MPE

	Totally Open Beam Path
	Not Required
	Not Required
	Not Required
	NHZ Required
	NHZ Required

	Limited Open Beam Path
	Not Required
	Not Required
	Not Required
	NHZ Required
	NHZ Required

	Remote Interlock Connector
	Not Required
	Not Required
	Not Required
	Per LSO
	Must Use

	Beam Stop or Attenuator
	Not Required
	Not Required
	Not Required
	Per LSO
	Must Use

	Activation Warning System
	Not Required
	Not Required
	Not Required
	Per LSO
	Must Use

	Emission Delay
	Not Required
	Not Required
	Not Required
	Not Required
	Must Use

	Laser Controlled Area
	Not Required
	Not Required
	Not Required
	NHZ Required
	NHZ Required

	3b Laser Controlled Area
	Not Required
	Not Required
	Not Required
	Must Use
	Not Required

	4 Laser Controlled Area
	Not Required
	Not Required
	Not Required
	Not Required
	Must Use

	Laser Outdoor Controls
	Not Required
	Not Required
	Not Required
	NHZ Required
	NHZ Required

	Laser in Navigable Airspace
	Not Required
	Not Required
	Per LSO
	Per LSO
	Per LSO

	Remote Firing & Monitoring
	Not Required
	Not Required
	Not Required
	Not Required
	Per LSO

	Labels
	Must Use
	Must Use
	Must Use
	Must Use
	Must Use

	Area Posting
	Not Required
	Not Required
	Per LSO
	NHZ Required
	NHZ Required


5.4 Laser Identification Labeling/Signage

The purpose of laser identification labeling/signage is to alert individuals in the work area, or who may potentially enter the work area of the specifics and potential hazards associated with specific laser systems. In most cases, laser systems at Rensselaer require some degree of labeling/signage. The required style and verbiage of the sign is dependent upon the characteristics of each specific laser system. (ie. Maximum Power, Wavelength, Type of Output etc.) and the definition of the Nominal Hazard Zone (NHz). During the laser system approval process, the LSO will determine the necessary labeling/signage for each laser system. The specifics of this determination will be documented in Section 6 of the Laser System Registration Request Form. Also documented in this section will be special labeling/signage requirements for non-routine tasks such as servicing and/or maintenance. It is the responsibility of the Laboratory Supervisor, both functionally and financially, to ensure that the prescribed signage/labeling is utilized.   

5.5 Standard Operating Procedures

Written Standard Operating Procedures are required for all Class 2, Class 3a, Class 3b and Class 4 laser systems at Rensselaer. The SOP’s should address the specific hazards and laboratory procedures associated with the use of the corresponding laser system. Since the majority of laser accidents occur during the laser alignment process, specific laser alignment procedures should be addressed in the SOP where applicable. The SOP must be included in the Laser System Registration Request Form, and be approved by the LSO. Once approved by the LSO, the SOP must be readily accessible to laser users within the associated laboratory. It is the responsibility of the Laboratory Supervisor to insure that all laser users within his/her control are familiar with the SOP’s relating to the laser system(s), which they are using. Sample Laser System SOP’s are available from the LSO.

5.6 Laser Incident Reporting

All incidents involving laser systems resulting in any of the following must be reported to the LSO within 24 hours of the incident:

· Injury to any person

· Damage to Rensselaer Property

· Personal exposure to laser light in excess of the calculated MPE

· Any “Near Miss” situations in which an unsafe act or condition could potentially have lead to any of the items listed above 

Following a Laser Incident, laser use may resume in the laboratory involved at the discretion of the LSO. 

Section 6. Laser User Training and Medical Surveillance

6.1 Training Requirements Before Use

All individuals engaging in work with laser systems of Class 2, Class 3a, Class 3b or Class 4 must complete laser safety training prior to initiating work with the laser system. This training will include, at a minimum:

· Fundamentals of Laser Operation
· Biological effects of laser radiation on the eye and skin
· Standard Operating Procedures
· Laser Protective Equipment
· Laser Signs and Labels

· Emergency Procedures in the case of an accident
Currently, Rensselaer offers an on-line training course designed to provide the user with this information. To access the on-line course users should:

From a standard web browser go to 
1. http://www.lasersafety.org/onlinetraining/courses/LSEI/
2. Once at the site you may need to download the free version of real player

3. Select “Login Now”

4. Use the following login information:
User ID: RPI
Password: Lasers
5. Complete the Course Materials and associated quizzes

6. Once you complete the quiz in section 5, make sure to click on the link on the bottom of the page to submit feedback on the course. This is required to receive course credit

Once users have successfully completed the course a certificate of completion will automatically be forwarded to the LSO from the training vendor. The LSO will, in turn, forward the certificate of completion to the appropriate Lab Supervisor for distribution to the user. It is the responsibility of the Lab Supervisor to ensure that users under his/her control complete all appropriate training. The LSO or his/her designee will complete a review of the training and user records at least annually as part of the laser system review process. 

6.2 Refresher Training

Laser system users are required to complete refresher training under the following circumstances:

· Following a laser incident

· After being observed by the Laboratory Supervisor or LSO completed work with the laser system in a manor that is inconsistent with safe laser system procedures

· Whenever deemed necessary by the LSO

6.3 Awareness Level Instruction for Casual Observers

Casual observers and/or laser laboratory visitors must be afforded the same level of protection as regular laser users. It is the responsibility of the Laboratory Supervisor to insure that:

1. Casual observers and/or laser laboratory visitors are escorted by a qualified/properly trained laser user at all times while within the laser laboratory

2. Appropriate Personal Protective Equipment is provided to casual observers and/or laser laboratory visitors and that those individuals are instructed on its proper use.

3. Casual observers and/or laser laboratory visitors must be given basic safety instructions and SOP requirements for the laser system being utilized

6.4 Medical Surveillance

Eye examinations are required for laser users of Class 3b and Class 4 laser systems at Rensselaer who have a reasonable potential for exposure to those laser beams. The LSO will determine if eye examinations are applicable to each specific laser system at the time of initial registration. 

Eye examinations must be provided to affected laser users:

· Prior to initial work with Class 3b and/or Class 4 laser systems

· Immediately following a laser exposure incident

· At the discretion of the LSO

The department/center/project director in which the laser is to be used is financially responsible for all eye examinations. Currently, the medical provided associated with Rensselaer’s Laser Safety Program is:

Empire Vision Center

Walmart Plaza-Hoosick Street, Troy

(518) 272-3330 

The LSO or his/her designee will maintain a list of all laser users who have received eye exams.
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