Laser Device Use at the Weizmann Institute of Science	Comment by Author: In the absence of style guidelines, this translation has retained the formatting, heading and numbering style of the original. There appears to be considerable inconsistency in these matters which may reflect your intentions, or which can be addressed. The inconsistency contributes to some confusion.
The Weizmann Institute of Science uses both open laser systems and confined laser systems. 
Open laser systems: Optical systems with direct access to the laser beams on optical tables. The laser beam’s movement is generally parallel to the plane of the optical table.
Confined (closed) laser systems: Systems built so that the laser beam is locked and protected inside the device, using safety mechanisms that prevent uncontrolled access and exposure to the laser beam, including the FACS (fluorescence-activated cell sorting) system and most confocal microscopes.

A The fact that a laser beam’s accidental contact with a human body may cause significant harm.  must be taken into consideration, and Ttherefore, everything possible should be done to prevent such an occurrence. On this site, we will present the laser beam’s primary attributes, how it interacts with biological tissue, and the safety systems built at the Weizmann Institute of Science. The information is designed to provide laser system users with tools for preventing exposure to potential risks from the laser beam.

2. The laser and its use
2.1 Properties of the laser beam
The term LASER stands for Light by Amplification Stimulated Emission of Radiation; that is, light amplification obtained from the process of forced emission of radiation. This process gives the laser beam two important qualities: coherence and monochromaticity.
The laser beam is a "light" beam with a defined color, sent in a defined and identified direction in space. The practical result is the ability to perform efficient work with a laser beam which cannot be performed (or is very difficult to do) with other light sources. When passing laser light through an This is due to the laws of optics that govern light rays passing through an optical lens, the . As stated, a lens is capable of focusing light rays passing through it are focused into a spdot with a very small minimal diameter , projecting the beams onto a target located aton the focal plane of the lens. The density of power (or energy) of the ray on the target is directly proportional to the power (or energy) of the light ray passing through the lens, and inversely proportional to the square of the focal diameter. Therefore, all components of the laser beam, having the same wavelength and lens impact angle, will be focused on the focal length defined for the lens. , producing a dot of minimal diameter. The practical result is that the focused power density will be a lens enables the gathering of the entire output of the laser beam, and projecting it upon a target placed on the focal plane of the lens, with muchan immeasurably higher power density than n the power density wthat can be achieved from other light sources.

Energy density and laser beam power	Comment by Author: Please note that the formatting of the headings is not clear or consistent in the original – should this be subheading 2.1.1?

One of the features that distinguishes the laser beam from other light sources is its ability to emit extremely high power density (or energy). This feature is effectively applied to cutting materials, but it also makes the laser beam dangerous in the event of contact with the human body, especially the eyes.
The power density expresses the intensity of the power supply, and is measured in units of watts per square centimeter (W/cm2). A nominal 10 W laser beam can be focused into a tiny dot, only 0.2 mm in diameter, with a massive power density of 3∙104 W/cm2. Pulsed lasers can easily reach a power density (peak power within the pulse) in the range of 109 W/cm2 and even higher.

The nature of the laser beam	Comment by Author: Please note that the formatting of the headings is not clear or consistent in the original – should this be subheading 2.1.2?


Laser radiation, in all its forms, belongs in the sphere of electromagnetic radiation, where the electric field and magnetic field propagate when they are coupled and orthogonal. 
The laser systems with relevant applications produce radiation in the optical spectrum, including ultraviolet radiation, infrared radiation and the visible spectrum between them.
Ultraviolet (UV) radiation has the shortest wavelengths in the optical spectrum, from 400nm (near ultraviolet) to 10nm (deep ultraviolet).
Wavelengths in the visible spectrum range from 400nm (purple) to 700nm (red).
In the infrared spectrum, the wavelengths are longer, ranging from 700nm (near infrared) to 1mm (the limit of distant infrared).
The electromagnetic wave containing the basic energy unit in the optical spectrum can be expressed via a light particle that is called a photon. The photon carries an energy value (a basic "radiation packet") that depends on its specific frequency (f).
This energy value (Ep) can be calculated by the following equation: Ep = h·f = h(c/l)
where h represents the value 6.626x10-27 erg∙sec, known as the Planck constant (named after the physicist Max Planck).
The significance of this connection is that the energy contained in a photon increases as the photon’s oscillation frequency (f) increases. Similarly, it can be said that a photon’s energy increases as the wavelength (l) decreases. Photons in the ultraviolet range carry the most energy in the optical spectrum, and therefore , like IR light, pose serious potential risks requiring that safeguards to be taken.	Comment by Author: This line is problematic -- it is true that UV light is more dangerous for skin and DNA damage.  But I wouldn't want people to read this and think that IR light is somehow "safer".  	Comment by Author: Does this change help

2.2 Laser beams in research laboratories
The main motivation for developing various types of lasers is achieving wavelengths that suit specific uses. In fact, wavelength is the primary parameter that distinguishes the various lasers and determines their application. Most lasers produce a beam characterized by a single wavelength, a function of the energy levels at the laser’s center. In the center of some lasers, conditions are created for the production of two wavelengths, and sometimes more. In addition, existing and other wavelengths can be obtained through harmonic multiplication (HG) and parametric oscillators (OPO).	Comment by Author: On page 1, the laser was defined as monochromatic.  Could this confuse some people?

Laser beams and optical components in the laboratory	Comment by Author: See previous comments about subheadings – 2.2.1?
The inherent risk of a laser beam stems from its capacity to produce an especially high power density. When a laser beam hits optical components, such as a lens or mirror, thean interaction occurs between them, thereby changing the characteristics of the laser beam may change, thereby affecting. This may affect itsthe direction of the beam’s continued progress and /or change the power density within the beam. Therefore, in assessing the laser beam’s risks, it is important to be aware of the changes in the ray’s properties due to that would result from it coming into contact with optical components in the beam paththat may exist in the laboratory. 

Reflective and diffusive surfaces	Comment by Author: Subheading  2.2.2?
The laser beam may come into contact with surfaces that block its progress in its original direction, diverting or scattering it in a different direction (or directions). The results of the contact between the laser beam and the surface depend on the laser beam’s wavelength and the nature of the surface. There are two types of reflection, Specular Reflection and Diffuse Reflection.

Specular reflection 	Comment by Author: 2.2.3? or 2.2.2.1?
Specular reflection, in essence, a mirror image, is obtained when the reflecting surface is well polished, so that the size of the surface's irregularity is less than the laser beam’s wavelength. Typically, polishing is required to a degree of irregularity lower than l/4, i.e., approximately 0.15 mm for a laser beam in the visible spectrum. In the infrared spectrum, it is common to use polished metallic mirrors coated with a thin layer of silver or gold to improve reflection efficiency.

Diffuse reflection
Diffuse reflection is obtained when the non-regularity of the reflecting surface is greater than the laser beam’s wavelength. For a laser beam in the visible spectrum, an irregularity of about 5 mm is sufficient to cause diffuse reflection. The reflected beam is scattered into the half space around the surface, with its intensity proportional to the cosine function.

3. Laser risks
3.1 Risks of working with lasers
The directionality feature of laser beams makes them able to produce an extremely high power density (W/cm2). This feature, together with the laser beam’s specified wavelength (or several discrete and defined wavelengths), enables the laser beam , with the help of a common lens, to be focused into a smalltiny spdot with the use of a lens.  in which Tthe power density, which is already high, can increases significantlyseveralfold.
The laser's ability to concentrate intense power levels intoat a tiny spotpoint is the basis for laser uses in many fields of science. It also enables lasers to be used as a powerful cutting tool for metals, hard ceramic materials and even diamonds. However, the high power density raises safety concerns for the working environment where laser systems are used, since the nominal outputs of most laser systems are significantly higher than the threshold levels allowed for exposure to the eyes or skin.


Biological laser risks	Comment by Author: 3.1.1?
Exposing eyes to a laser beam can often result in severe visual impairment, and contact with the skin can also result in a deep and painful burn. Therefore, it is important to know the potential damage that can be caused by a laser beam, and how these dangers are associated with different characteristics of the laser beam, such as wavelength, intensity, duration of exposure and more. Armed with such information, a scale of increasingly severe risks can be formulated. Subsequently, any given laser beam or equipment can by analyzed and its position mapped on the risk scale. The specific wavelength of a given laser, together with its position on the risk scale, enables us to determine, with a fairly high degree of certainty, the protective measures needed to work safely with and around the particular laser equipment.
Momentary (or longer) exposure of any tissue to laser beams may result in actual injury caused by one or more of the following three potentially harmful mechanisms:
1. Photothermal damage: The laser beam causes vibrations in molecules in biological tissue, thus creating heat in the tissue. The damage to the tissue ranges from alterations in protein properties (albumin) to burns, and tissue vaporizing until it carbonizes.
2. Photo-acoustic damage: High power density results in high local temperatures, causing the fluids in the tissue cells to change their state and become gases, thus altering their volume and creating a mechanical shock wave that spreads to the adjacent cells and is liable to cause them to tear.
3. Photochemical damage: Certain wavelengths in the UV spectrum and blue light in it cause reactions between organic molecules, or can destroy chemical connections in molecules. The effect is long - lasting.
In practice, the dominant damage mechanism in each individual case depends both on the characteristics of the laser beam and the characteristics of the tissue.

Physical risks of the laser	Comment by Author: 3.1.2?
Fire and explosion: High-intensity lasers can cause flammable materials (fabric, paper, plastic, wood, etc.) to explode upon contact with flammable liquids and gases.
Risk of electrocution: Caused by the high input voltage for laser systems.
UV (non-ionizing) radiation risks: Radiation in this spectral field originates from flash lamps and continuous laser discharge tubes (CW), especially when using piping or mirrors to transfer UV radiation beams (such as quartz).
Risks of ionizing and non-ionizing radiation:
An excimer laser uses electronic gas discharge tubes (gas electron tubes) that operate with a high voltage between their electrodes. The voltage between the anode and cathode in the tube can be over 5 kilowatts and its operation can cause the following symptoms:
· Plasma creation (ionized gas aggregation mode)
· Emission of non-ionizing radio frequency (RF) radiation and electrical radiation (ELF)
· Emission of X-ray radiation.

Chemical risks of lasers	Comment by Author: Subheading no?
1. Evaporation of toxic substances: The laser beam’s contact with chemicals can cause evaporation of toxic substances into the surrounding area.
2. Chemical risks from the particular laser source:
· Color lasers containing toxic chemicals
· Lasers containing toxic gasses such as fluorine
· Leakage of the laser’s cooling liquids
· Risk of oxygen displacement when using lasers with inert gases (nitrogen, helium)


3.2 Damage from lasers to skin and eyes
Of all the body’s organs, the skin and eyes are the only ones that could be directly exposed to harmful laser radiation. The source of the damage to these organs may involveconsist of the three previously described damage mechanisms (thermal, acoustic and chemical), but the relative contribution of each of these to damage of each may be influenced by the anatomy and the particular tissue components of the skin or eye. In addition, when discussing the nature of the potential damage, the body’s natural defense mechanisms that help us under certain conditions should be taken into account, and could reduce the severity of the damage in the following ways:
· The painful feeling that develops at the beginning of a burn causes us to move the organ exposed to the laser beam away from the beam, thereby reducing the severity of the possible burn. The painful feeling is felt mainly on exposure to laser beams in the visible and infrared spectra with a relatively large power density.
· The eyelid reflex (eyelid closure), activated when the eye is exposed to the intense brightness of light in the visible spectrum, helps reduce the amount of possible damage from the eye’s exposure to a laser beam in this spectrum. The eyelid’s maximal response time is estimated at a quarter of a second, so it provides partial protection only against exposure that lasts longer than that time.
Determining the specific damage to the skin or eyes therefore entails considering the specific structure of the tissues in each organ separately, and the location of the possible laser damage.

Damage to skin	Comment by Author: Subheading no?
The thickness of the outermost skin layer, the epidermis, is 0.1-0.2 mm. This layer contains a high level of water content and granules of melanin. Beneath the epidermis is the dermis layer, which can measure up to 2 mm in thickness. Consisting of collagen and elastin fibers, the dermis also has a high water content. In this layer of the skin can be found the small capillary blood vessels and blood vessels with larger diameters. The subcutaneous (below the outer skin) skin layer contains mostly fat. In practice, because of the components found in the skin tissue, laser beams can cause multiple types of skin damage: thermal, acoustic and chemical, with the nature of the damage in each case depending on the given wavelength of the laser beam, its intensity and the size of the exposure area. For thermal and acoustic damage, it should be noted again that the damage is relative to the power density of the beam (W/cm2) where it came into contact with skin.
Damage to eyes	Comment by Author: Subheading no?
Regarding potential laser damage to the eyes, it is important to emphasize the following:
1. The cornea and lens together form the eye’s optical imaging alignment, with a total optical power of approximately 50 diopters. To perform their functions, the cornea and lens must have a high degree of transparency so that the image they create on the retina is sharp and clear. Physical harm to the corneal tissue and lens, or impairment of their transparency, can be considered damage.
2. Vitreous fluid gives the eyeball its round, ball-like structure. In addition, like the cornea and the lens, the eyeball must have a high degree of transparency. Impairment of vitreous fluid transparency can be considered damage.
3. The retina serves as a light-sensitive surface where the image of the observed object is created. Here the optical image is transmuted into electrical signals transmitted to the brain to process the image. The retina is located on the focal plane of the optical imaging alignment, and for normal functioning, it must remain close to the inner wall of the eyeball. Separation of the retina from the eyeball’s inner wall or damage to part of its surface can be considered damage.
4. The visual center of the retina, (the macula, or the lighter central patch) plays a crucial role in the function of vision, since only this area has the ability to distinguish between colors. It is only at the center of this area (the fovea, with a diameter of only about 0.25 mm on the imaging alignment’s optical axis) that a sharp image produced. In many cases, damage to the visual center ends in severely impaired visual ability.
Because of the high directionality of the laser beam, it appears to the eye’s optical imaging alignment as an object located at infinity (or at a great  distance).  Its , whose image is focused to a  appears as a tiny spotdot on the retina, where the . power density can be over 100,000 times higher than that of the unfocused beam.  Furthermore, Wwhen looking directly at a laser beam, this tiny image falls exactly in the center of the retina's vision,  and the power density is 122,500 times greater, thus posing a high riskchance of severe visual impairment and , even blindness.
3.3 Threshold values for biological damage
[bookmark: _GoBack]The variety of biological risks resulting from exposure to a laser beam were presented in the previous section in qualitative terms only, without linking the laser beam’s parameters (wavelength, intensity, etc.) to the expected extent of damage. In reality, the amount of expected damage must be quantified and linked to the laser beam’s parameters. A quantitative analysis of the extent of the damage, and a determination of how to address the various levels of damage, are carried out as follows:
1. Determining the permissible exposure levels that have no risk; 
2. Dividing the higher exposure levels into several categories of risk;
3. Determining the necessary safeguards to prevent exposure to the various degrees of risk.
Exposure levels that have no biological risk are those that cannot be detected using conventional diagnostic measures, such as an ophthalmoscope, immediately following exposure to the laser beam or later. Permissible exposure levels that are applicable across all populations cannot be determined because of the natural range of anatomical characteristics among people (different skin pigmentation levels, epidermal thickness, etc.), and because the damage will vary according to these properties in the exposed area. Instead, threshold levels can be set that use statistical averages. Therefore, setting the permissible threshold levels is carried out as follows:
1. Determining the Exposure Dose ED50;
2. Determining the Maximum Permissible Exposure (MPE).
The exposure value ED50 indicates the level of exposure likely to cause minimal damage in 50% of those exposed to this level. This value includes statistical consideration of the range of values for anatomical characteristics. Of course, this level of exposure is dangerous for half the total population. Therefore, to protect the majority of the population, a lower exposure level is defined:
MPE - Maximum Permissible Exposure, according to the following relationship: MPE = (ED50)/10.
This value specifies the maximum permissible exposure level at which there is no risk. It is frequently assumed that limiting exposure to a tenth of the value capable of causing minimal harm to 50% of the population has a large enough security coefficient to protect the general population. However, it is important to emphasize that such a sweeping assumption cannot actually be made, and, in fact, some (admittedly a small percentage) of the population is likely to still be harmed by exposure to the value defined by MPE. This is because the MPE value is based on a statistical mean. Therefore, for any given level, however low, there may always be an individual harmed, even at values less than the prescribed threshold. That is, lowering the MPE to a hundredth of the value of ED50 (or less) does not guarantee protection for the entire population. Furthermore, setting MPE to a value equal to ED50/100 or less would make it very difficult to use laser technology without first ensuring full protection for the general population. The trade-off between risks and needs was accounted for in defining the value of MPE, in addition to the general provision warning: "Do not take unnecessary actions, even if they involve exposure to values lower than permitted."	Comment by Author: This accurately reflects the Hebrew, but it is not clear to what “the general provision” refers. This document? A legal safety requirement?

Categorization of laser systems’ risk levels	Comment by Author: Subheading no?
A laser's risk level is categorized according to the laser beam’s Accessible Emission Limit (AEL), allowing a "safety package" to be adapted to the laser. Categorization is made according to the degree of potential damage that the laser beam is capable of causing, applying the following criteria:
· The laser beam’s power relative to the maximum permissible exposure (MPE);
· The direct or dispersed beam’s ability to damage the eye;
· The direct beam’s ability to damage the skin or ignite flammable materials.
[image: Laser Radiation Class 4 Laser Product Label, SKU: LB-0412][image: Laser Radiation Class 3B Laser Product Label, SKU: LB-0411]

Risk Level 1: (Class 1)	Comment by Author: The different colors in this section reflects the colors in the original – do htey need to be retained?
This risk level refers to a laser product with a radiation level that is not dangerous. There may also be a situation where a dangerous laser is located inside a casing with safety systems that prevent any penetration of a  dangerous laser beam. Any failure to fully engage the safety systems can increase the laser’s risk level.
Risk Level 1M: (Class 1M)
This risk level refers to a laser product with a radiation level that is not dangerous under normal circumstances. However, such a product’s beam can be dangerous to the eyes when viewed using a focused optical system.
Risk Level 2: (Class 2)
This level includes laser products that emit visible light (400-700 nm). Their  radiation levels put the eye at risk only if exposure lasts more than 0.25 seconds (the longest response time for the blink reflex).
Risk Level 2M: (Class 2M)
This level refers to a laser product that emits visible light (nm 400-700). Its radiation level is not dangerous to the eye if exposure lasts less than 0.25 seconds (the longest response time for the blink reflex); such a product’s beam can be dangerous to the eyes when viewed using a focused optical system.
Risk Level 3R: (Class 3R)
This risk level includes laser products that pose a danger to the eye when there is direct contact with the beam’s radiation. The accessible emission limit for this risk level is up to five times that of  Risk Level 2 in the visible light spectrum and up to five times that of Risk Level 1 in other spectra. It is dangerous to the eyes in the invisible spectrum from 0.7mW.	Comment by Author: This accurately reflects the Hebrew, but it is not clear to what “it” refers.

Risk Level 3B: (Class 3B)
This risk level refers to a laser product from which the radiation from a direct beam or reflected by a mirror is dangerous to the eye during any exposure, but is generally not dangerous to the skin.
Risk Level 4: (Class 4)
This risk level includes laser products whose contact with the eyes and skin is dangerous, whether with a direct, reflected or diffused beam. The beam of such a product can ignite flammable materials. Also, the laser beam, when interacting with matter, can create plasma and toxic volatile materials.



4. Directives and Procedures

4.1 Instructions for the safe operation of laser systems with risk factor 3B/4 	Comment by Author: The formatting of the original has not been changed.
Definition: "Works with laser risks" – A person who works in an environment where they may be in an area of laser risk. This includes a student, researcher, volunteer and anyone regularly in this physical space for their professional work or training.
1. Be familiar with the risks and safety procedures of the laser systems in the lab, and follow the manufacturer's instructions and safety procedures.

2. Entry to the laboratory is possible only using an entrance code.

3. Laser Risks
*A Class 4 laser beam, whether direct, reflected from a polished surface, or diffused by a rough surface, can ignite flammable materials, burn skin, damage eyes, and seriously impair vision.
** The direct beam of a Class 3B laser can damage the eyes and seriously impair vision.

4. Operating the laser system
4.1 The laser system should be operated only by employees who were trained less than a year ago by a Laser Safety Officer, and who were instructed by the laboratory manager on how to operate all the laser system’s components.

4.2 Prior to operating the system, the following must be verified:

4.2.1 The warning light situated above the laboratory entrance is on.

4.2.2 The laboratory’s windows are covered.

4.2.3 Every person in the laboratory is wearing protective glasses suitable for laser beams.

4.2.4 When working with a Class 4 risk laser in the ultraviolet spectrum only, it is recommended to wear a long-sleeved lab coat and gloves.

4.3 Beam adjustment operations should be performed at the lowest possible laser power, using designated goggles suitable for the laser beam.

4.4 While performing adjustments, a beam blocker should be used, and should be placed behind the optical segment in the adjustment process each time.

4.5 During a long experiment that requires that the system be left running without the operator present, the door must be closed and the warning light at the entrance to the laboratory must remain on. This is to ensure that a person without the necessary training cannot enter the room (including cleaning workers). Also, video cameras must be installed to monitor the experiment remotely.

4.6 Following the laser’s operation, the warning lamp above the front door must be turned off. 


5. Emergency scenarios and responses

5.1 In the event of a suspected eye injury from a laser beam, report to the 2999 hotline. An eye injury requires immediate evacuation to the Kaplan Medical Center emergency room for a medical examination.

5.2 In the event of a skin burn caused by the laser beam, cover the burn area with burn treatment ointment from the first aid kit in the room, and immediately report to the 2999 hotline.

5.3 In the event of igniting flammable material, use a fire extinguisher and immediately report to the 2999 hotline.

5.4 In the event of a malfunction/suspected failure in operating the laser system, the power must be turned off immediately by pressing the emergency breaker or disconnecting the main power supply on the electrical panel. The Laser Safety Officer must be notified immediately.	Comment by Author: What kind of malfunction?  The requirements for bypassing all other protocols and pressing the emergency breaker are not so clear.  

6. Safety warnings
6.1 Disabling or bypassing existing safety devices in the laser system is absolutely prohibited!!!
6.2 Any procedure or modifications made to the laser system, or plans to use a system that has not been operated for a long period of time must be reported to the Laser Safety Officer. Resuming the use of the laser system requires a certified laser test before operation, in coordination with the Laser Safety Officer.
6.3 The Laser Safety Officer must approve in advance any unusual operation of the laser system. The annual approval relates only to routine operation of the laser system, and any other action requires special written approval.


4.2  Safety guidelines for laser beam adjustment 	Comment by Author: All the heading numbers reflect the original Hebrew, but are somewhat confusing. Do you want a consistent heading/numbering system used throughout?

1.Objective
Preventing accidents when adjusting the laser beam as a result of exposure to the beam.
2. Method
2.1 Indicate the risks involved when adjusting the laser beam.
2.2 Prepare and perform the laser beam adjustment in laboratories with open laser systems of the Class 3B/4 and Class 3R risk factor in the invisible spectrum.
3. Limiting access
3.1 Only employees performing the laser beam adjustment are allowed entry into the laboratory. 
3.2 When exceptional conditions exist at the time of adjustment, a warning sign should be placed at the entrance to the laboratory (Entry Forbidden/Beware of Danger — Laser under Adjustment).
3.3 Verify that the warning and safety measures at the laboratory entrances, such as the interlock, warning lamp, etc., are working and that the employees know where the laser emergency breaker is located.
3.4 Ensure that the laboratory door is closed, the curtains surrounding the staging area are shuttered, and the beam is prevented from penetrating beyond the lab.

4. Preparing the equipment
4.1 Prepare and identify all necessary equipment and materials for the adjustment before beginning work, such as tools, targets, beam blockers, power meter, means of determining the beam’s profile, protective goggles suitable for laser risks, a fire extinguisher and first aid equipment.
4.2 Any questions or suggestions relating to laser safety information or measures should be addressed by email to: Yehuda.moshayev@weizmann.ac.il

5. Optical table safety
5.1 Before beginning the adjustment, remove any jewelry (watches, rings, tags, chains) from the body and any accessory that may reflect the laser beam. Non-reflective tools must be used.
5.2 Remove any unnecessary equipment that is not needed in the adjustment, such as tools (screwdrivers, spanners, electronic components, optics), to minimize the possibility of reflecting a beam.
5.3 Clear access points around the optical table and remove hazards such as cables, fiber optics, sharp corners, and hazardous materials.
5.4 Use beam blockers to prevent direct contact with the laser beam and reflected beam.
5.5 While performing the adjustment, avoid wearing flammable synthetic attire. It is recommended to wear a cotton lab coat.
5.6 Static electricity prevention in the laboratory should be considered (friction in curtains, lack of moisture, etc.).
          
6. Protective goggles for lasers
6.1 Ensure that the protective goggles conform to the laser being used.
6.2 Everyone present in the laser hazard zone must wear protective goggles.
6.3 The laser hazard zone, during the adjustment, is the entire area of the laboratory containing the laser. Violation of this provision poses an immediate danger to those present in the laboratory.)

7. Detecting the laser beam
7.1 Direct observation by the eye (intra beam) in the direction of the beam is prohibited. Observation is only allowed using viewing accessories, such as fluorescent devices.
7.2 When using beam imaging tools, reach towards the beam slowly and carefully with a card tilted slightly downward to see the scattered beam’s reflection. The optics must be adjusted so that the beam hits the card just before the component surface.
7.3 When observing invisible radiation using IR cards, the adjuster should be aware that there may be reflections and specular reflections off some of these implements.

8. Instructions for adjusting the beam
8.1 Adjusting the laser beam should be performed at the minimum possible beam intensity.
8.2 Follow the directions according to the laser service manual.
8.3 Block any laser beam that is not in use or reflected.
8.4 Insert optical elements only when the beam is blocked. Fasten the elements, consider possible reflection and scattering, and address the resulting risks. Add a blocker behind the optical element, and then move the beam to the next optical element.
8.5 If possible, ensure that the beam is horizontal and parallel to the optical table.
8.6 If it is necessary to increase the beam’s intensity, beware of the possibility of ignition from the laser beam.


9. Completing the adjustment
9.1 At the end of the adjustment, return the system to normal operation mode (pay attention to the protective cover, interlock and blocks).
9.2 Ensure normal operation.


10. In case of emergency:
10.1 In the event of any emergency, accident or near-accident, report immediately to the emergency line 08-9342999, to the Laser Safety Officer, Moshayev iab Yehuda, Tel. 050-9001995, 08-9345155, and to the direct supervisor.	Comment by Author: Please check the correct spelling of his name in English.

In case of injury or suspected injury from a laser, the subject must be immediately evacuated to a hospital emergency room.	Comment by Author: This correctly reflects the Hebrew. However, clause 5.1 specifies Kaplan Hospital – should this also be the case here? 



4.3 Safety instructions for working with embedded (closed) laser systems

1 

1 Objective
To indicate the risks of working with a laser in an embedded/closed system (confocal microscope, FACS devices, etc.) and to prevent damage from exposure to a laser beam in an embedded laser system.

1. Definitions
1.1 Laser risk zone: An area in which laser radiation is produced and the expected exposure in routine activity, malfunction, or accident may exceed the Maximum Permissible Exposure.
1.2 Laser product: An apparatus, device, or machine that emits laser radiation, including non-finished products.
1.3 Embedded laser product: A laser product with engineering measures installed that limit the maximum accessible laser radiation emission level. 
The laser is classified at a lower risk level than that which was assigned to it.
1.4 Hazardous laser product: A laser product classified at risk level 3R that emits laser radiation not in the visible light spectrum, or a laser product with risk level 3B or 4.
1.5 Protective goggles for laser products: Protective goggles according to Israeli Standard 4141, Section 10.
1.6 Laser radiation: Coherent, directional light radiation, concentrated in a narrow range of wavelengths, produced or amplified through a controlled process of forced radiation emissions.
1.7 Risk level: Categorization of a laser product’s risk according to its Accessible Emission Limit.
1.8 Risk level 1 (Class 1): A laser product whose radiation level is not dangerous.
1.9  Risk level 3B (Class 3B): A laser product where radiation from a direct beam endangers the eye at any duration of exposure, but is generally not dangerous to the skin.
1.10 Risk level 4 (Class 4): A laser product whose risk to the eyes and skin is dangerous with both a direct beam and a scattered reflected beam. Such a product’s beam can ignite flammable materials.

2. Background

The Weizmann Institute of Science works with various laser systems. Some laser systems are constructed so that the laser beam is embedded and protected by a number of safety devices that prevent exposure to the laser beam.

Confocal microscope: Confocal microscopy uses filters which block out-of-focus light that interferes with the formation of a clear image in the microscope. This feature allows higher quality viewing than a standard microscope.

FACS (Fluorescence Activated Cell Sorting): Sorting by size characteristics, flow cytometry. This method takes the examined cell population and injects it into a thin stream of liquid. The cells pass in front of several light sources and lasers, and the dispersion of light/fluorescence is measured and recorded.

2.1 The light source is a laser typically categorized at a Class 3B, or Class 4, risk level.

2.2 A confocal microscope has shielding measures installed, such as a door and interlock, which prevent the laser beam from exiting the microscope, so that its risk level drops to Class 1 (an Embedded-1 type system). Therefore, when used normally according to the manufacturer's instructions, there is no danger from the laser, so employees do not need to take special protective measures.

2.3 During servicing (repair, adjustment, etc.), when bypassing the interlock and exposing the beam, the system’s risk level is determined according to the risk level of the laser, i.e. level 3B or 4. 
When servicing, use all appropriate safety requirements for the laser risk level as detailed below.


3. Authority and responsibility

3.1 It is the responsibility of the head of the laboratory/facility to ensure that every user of a closed laser system and/or confocal microscope has done the following:

	3.1.1 Performed annual safety training (a new user will be trained upon starting work) about the risks of laser radiation and protection (confocal microscope – instructions for safe work).

	3.1.2 Read the safety instructions from the device’s instruction manual.
	3.1.3 Signed a commitment form pledging to follow all safety instructions when working with a confocal microscope.

	3.1.4 Examined, at least once every six months or after any maintenance or inspection by a technician, whether the laser source’s interlock is intact (opening the door stops the laser). The details and date of the examination must be recorded in the microscope service log.

3.2 In the event of a malfunction or a need for a change in the system, the head of the laboratory/facility is responsible for the following:

	3.2.1 Inviting a service representative or certified technician of the closed laser system provider and/or microscope to repair the malfunction or to make changes.

	3.2.2 Ensuring that the maintenance of the closed laser system and/or confocal microscope was performed as necessary, and the safety devices were not impaired.


4. Method
The provider of the closed laser system and/or microscope must provide the following:

	4.1.1	A sticker on the closed laser system and/or microscope that defines the laser’s risk level according to the requirements of Israeli Standard 60825, section 1.

	4.1.2 A fail-safe interlock above the laser compartment connected to the laser system that halts its operation as soon as the door or lid is opened.



5. Safety requirements for users of embedded laser systems

· Before starting the work or using the microscope, you must receive guidance from the laboratory or unit head on the structure of the microscope, how it is operated, the risks, including laser risks and safety requirements at work.	Comment by Author: Note  that this section uses bullet points, while other sections use a numbering system – do you want consistency?
· Read (as a new user or for review once a year) the safety tutorials on laser radiation risks and protection from them, and safety instructions with a confocal microscope.
· Read (as a new user or for review once a year) the safety instructions in the device’s instruction manual.
· Sign a commitment form to follow all safety instructions when working with a confocal microscope.
· It is forbidden to disassemble or open the microscope’s lids.
· The direct supervisor/responsible technician must be informed about any malfunction or concerns about the system.
· The operator/user must not make any changes to the optical path components of the system.
· When servicing the system, no entrance to the room where the system is located is permitted for Weizmann Institute employees of any status.


6. Procedure for performing maintenance on embedded laser products (Class 1) that have a laser beam with a risk factor of 3B or 4

6.1 Maintenance and service work will be performed only by the manufacturer's representatives, who are authorized to do so and who are well acquainted with the laser system and all the associated risks.

6.2 The service provider must present a valid authorization to work with dangerous lasers.

6.3 The service provider must sign a declaration form (hereinafter: "Appendix A – statement of service provider for laser/laser-inclusive system") in which the provider undertakes to work in accordance with regulations and safety instructions for working with lasers.

6.4 The service provider will use personal protective equipment against laser beams according to Israeli Standard 4141, sections 10 and 11 (EN207, EN208).

6.5 The service provider will use only the service provider’s own equipment and not equipment belonging to the Weizmann Institute of Science.

6.6 The fenced-off area must be signposted with the following signs: "Danger! Entrance for authorized personnel only" and a laser radiation warning sign with a caption indicating the laser risk level.

6.7 While the work is being carried out, no one will be allowed into the room/hall except for the abovementioned service person/personnel.

6.8 Before carrying out maintenance work, place protective screens between the system and the front doors of the room/hall, or place a laser beam-resistant curtain over the front door. All windows in the room must be draped with a fireproof curtain.

6.9 Ensure that all the room’s doors are locked and the warning lights are on, and there is no possibility of entering the room.

6.10 If the laser system does not need to be operating during the maintenance work, it must be turned off. If the laser beam is necessary for work, then the operating time and beam intensity should be reduced to the minimum necessary.

6.11 Protective measures must be used, including protective goggles suitable for the laser type.

6.12 The ray will target only controlled areas within the system. Under no circumstances should the laser be operating when aimed at other areas such as the operator's body, the entrance door, or windows.

6.13 No flammable or explosive materials will be allowed into the work area.

6.14 Service and maintenance work and the employees who perform such work are subject to the approval of a Laser Safety Officer.

6.15 Only persons who have undergone appropriate safety training and are equipped with appropriate protective measures (protective goggles suitable for the laser type, clothing, etc.) may remain in the laser risk zone.

6.16 When the servicing is completed, the technician must return the system to normal working conditions, including all its safety devices.

6.17 At the end of the work, check to ensure that the interlock and other safety systems, if any, are working properly. This must be recorded in the microscope's service log.


7. In an emergency

7.1 Follow emergency instructions and report to the Institute’s hotline 08-9342999.	Comment by Author: This is a different hotline number than written  in section 5 – should there by consistency? 

7.2 Any laser-related accident or near-accident must be reported immediately to the Institute’s hotline 08-9342999, the Laser Safety Officer Moshayev iab Yehuda (tel. 050-9001995, 08-9345155), and the direct supervisor.	Comment by Author: Please check the spelling of his name

7.3 In case of laser injury or suspected injury, contact the hospital emergency room immediately.


5. Declaration form for service provider for laser/laser-inclusive systems


Name of company providing the service: _____________

Job classification: _________________

Duration of work: From date: __________ To date: ____________


I, the undersigned, hereby declare that I have a valid authorization from the company in which I am employed to engage with laser devices and/or products, including familiarity with laser operation instructions and safety measures from the manufacturer and the company, at the laser risk level at which I provide the service. 

I hereby agree to follow the Work Safety Regulations (occupational hygiene and safety when dealing with laser radiation, 5745―2005*) and any law or regulation in Israel, and that these provisions do not detract from my responsibility under any law.

I agree to apply safety measures in accordance with Israeli standards, particularly Standard 60825, section 1 and personal protection measures in accordance with Israeli standards 4141, sections 10 and 11 (EN207 and EN208), and have the equipment to perform the service including personal protective equipment.

I, the undersigned, employed on the grounds of the Weizmann Institute of Science, hereby declare that the accepted provisions and safety procedures of the Weizmann Institute of Science have been brought to my attention, as well as the potential risks in its grounds and facilities.

I hereby agree to comply with all the safety and hygiene requirements, work arrangements, and disciplinary requirements of the Weizmann Institute of Science, and to follow all instructions of the Weizmann Institute of Science Safety Unit personnel issued to me from time to time.

I am aware that if I do not meet the safety requirements, various measures will be taken against me, such as temporarily stopping work until I am removed from the workplace. In such a case, I will not be entitled to any payment or compensation for this. 

Signed, the service provider:
Name: __________
ID number: _______________
Company name: ___________
Address: _______________
Signature: ______________
Date: _____________




 

6. Protective goggles and optical filters for laser beams

An optical filter combined with protective goggles should reduce the power of a laser beam that strikes it, to a value lower than the value of the defined MPE for the given laser. 

According to the European Standard EN 60825, adopted in the Israeli Standard 60825, requirements for protective goggles are set for all types of lasers: DL for continuous lasers, IL for pulsed lasers in which the pulse duration is measured in milliseconds and microseconds, RL for pulsed lasers in which the pulse duration is measured in nanoseconds, and ML for pulsed lasers in which the pulse duration is measured in picoseconds or shorter. These values appear on the goggles. 

The DL, IL, RL and ML values are determined by the laser’s power, i.e., the power density or energy density of the beam. The higher the laser’s power, the higher the above values. The numeric values that appear adjacent to DL, IL, RL or ML express the strength of the goggles’ attenuation. If the goggles are suitable for the laser, this assumption should reduce the beam's intensity to values lower than the MPE.

For example, a fiber laser with a wavelength of 1550 nm, for a continuous beam with a power density of 2 x105 W/m2, requires a 1550 nm @ DL 3, while for a continuous beam with a power of 5 x109 W/m2, goggles with 1550 nm @ DL 7 are required.

In another example, for protection from a Nd:YAG green laser at a 532 nm wavelength with 3 nsec  pulses for 3 nsec and 4 J/m2 energy density, RL 3 @ 532 nm goggles are required, while protection from a pulse intensity of 7 x105 J/m2 requires RL 9 @ 532 nm goggles. These values are provided in the standards table, based on the power density and energy at the beam’s different wavelengths.

For continuous lasers, DL values are determined by the beam’s power density and wavelength. Pulse lasers have IL, RL and ML values determined by the beam's energy density, pulse duration and the laser’s wavelength.

The above values appear on the goggles when taking into account for which wavelength zones the goggles provide the above protection. Goggles that provide protection from lasers in a certain wavelength zone can be transparent with other wavelengths. Therefore, users must be aware of the wavelength range in which the goggles provide the protection, and not use goggles appropriate for one system when working with another. Also, users must not transfer goggles between laboratories without a Laser Safety Officer’s approval.
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