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Faculty of Science

Laser Safety Procedures
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1.0 Overview

The purpose of these procedures is to provide reasonable and adequate guidance to Faculty of Science staff, students and visitors for the safe use of lasers and laser systems.

These guidelines should be read with reference to:

· AS/NZS IEC 60825.14:2011 : Safety of laser products - A user's guide
· AS/NZS IEC 60825.1:2011 : Safety of laser products - Equipment classification and requirements
· AS/NZS IEC 60825.2:2011 : Safety of laser products - Safety of optical fibre communication systems (OFCS)
· AS/NZS 2211.9:2002 Safety of Laser Products – Compilation of maximum permissible exposure to incoherent optical radiation
· AS/NZS 2211.10:2004 Safety of Laser Products – Application guidelines and explanatory notes to AS NZS 2211.1.

These documents can be accessed from any PC within the University by opening the website http://www.saiglobal.com/online/autologin.asp and searching for the word ‘laser’ “Within subscription only”.
Related policies and guidelines, which the reader must consult, include:

· The Faculty of Science Hazardous Substances Procedures 

· The Faculty of Science Laboratory Safety Guidelines 
The following requirements are based on the current standards (AS/NZS IEC 60825.14:2011) interpreted to ensure the safety and wellbeing of all Faculty personnel working with lasers or laser systems.

2.0 Glossary

Refer to Part 2 “Terms & definitions” in AS/NZS IEC 60825.14:2011 available online (see above).
3.0 Accountability & Responsibility

Lasers used in the Faculty of Science at Macquarie University are governed by the guidelines encapsulated in this document as approved by the Faculty of Science Executive Dean, Faculty of Science HoD’s and Faculty of Science Laser Safety Officer. Accountabilities and responsibilities align with Faculty Roles and Responsibilities as outlined at:
http://web.science.mq.edu.au/for/staff/ohs/ohsms/documents/OHSRoles_Responsibilities.doc
Specific accountabilities and responsibilities relating to use of lasers include:
3.1 Faculty of Science Executive Dean

The Executive Dean is responsible for ensuring that the practices and procedures in this document are implemented throughout the Faculty and to ensure that Heads and supervisors are accountable for managing health and safety of personnel using or exposed to lasers within the Faculty. 
3.2 Heads of Departments 

The Heads of Departments have responsibility for ensuring that the practices and procedures in this document are implemented within their department and to ensure that supervisors are accountable for managing health and safety of personnel using or exposed to lasers within the Faculty. 
3.3 Supervisors (including Heads, Research Centre Directors, Research Student Supervisors, Undergraduate Lab Managers and other line-supervisors) 

Supervisors who are responsible for the operation of one or more lasers or laser systems must have the requisite knowledge and authority to ensure that lasers are operated safely, experiments using lasers are planned and conducted safely, personnel (including students and visitors) are properly trained, and controls are in effect to minimise exposure of personnel to the laser beam and its associated hazards. The supervisors must ensure to the best of their knowledge that personnel comply with safety instructions and procedures. 

3.4 Laser Operators

Any person using or operating a laser or laser system in the Faculty is accountable and responsible for:

· Reading safety instructions in relevant laser equipment operator’s manuals and for following laboratory administrative, alignment and Safe Operating Practice while using and operating lasers
· Undertaking a risk assessment for the work to be performed and keeping the supervisor fully informed of any departure from established safety procedures. This includes notification of an exposure incident using the Macquarie University Register of Hazards and Dangerous Incidents form at
http://web.science.mq.edu.au/for/staff/ohs/forms/index.htm
· Reading the Faculty’s Laser Safety Procedures, AS/NZS IEC 60825.14:2011 and AS/NZS 2211.10:2004 and becoming familiar with their contents
· Complying with all other aspects of the requirements of the Faculty as directed by the LSO or Supervisor.

4.0 Laser Safety Officer (LSO)
The Faculty will appoint a Laser Safety Officer to provide training, support for and advice to personnel designing, implementing and using lasers. The Laser Safety Officer role will include: 
· First point of contact for staff questions about Laser safety issues
· Licensing of Faculty Lasers and Faculty Laser Operators and maintenance of associated registers 

· Review and sign off on risk assessments prepared by Lab Managers (lab managers and supervisors will review and sign off on all other risk assessments); maintenance of risk assessment database & review of standard operating procedures as required
· Investigation of hazard reports involving lasers. To be undertaken with the Departmental Health & Safety Representative (HSR), the Head of Department and the relevant supervisor
· Develop and undertake a schedule of audits in areas using lasers. The schedule will include unannounced audits in high-risk areas. The LSO will normally be accompanied by the nominated laboratory manager and a member of the Faculty OHS Committee. The LSO will take note of the actions identified in the audits, identify a nominated person to complete the action and monitor that it is undertaken within the specified timeframe. The nominated person will normally be the lab manager, a lab user, the director of the relevant research group, the Head of Department or the Executive Dean. The LSO is not expected to carry out the actions for compliance
· Notify staff of updates in legislation, regulations, guidance notes, safety alerts, Faculty policy and processes, etc.
· Facilitate changes to Faculty Laser Procedures and lab audit checklists arising from changes in legislation, from audit outcomes and recommendations of Departmental HSRs.
· On an 'as needs' basis run the laser safety induction for personnel and record attendance. Supervisors will provide training for, and supervision of, staff and students working in specific labs, on specific equipment
· Review and update the safety induction training as required.
5.0 Consultation

The Faculty will provide a mechanism for staff consultation on laser safety matters through the Departmental HSRs and the LSO. The laser safety procedures and guidelines will be regularly reviewed and opportunity will be provided for staff comment. The Departmental HSR will also participate in the laser audit program on a regular basis. 
6.0 Classification of Lasers

All lasers in the Faculty, whether commercial, built or modified, shall be classified according to the criteria in AS/NZS IEC 60825.1:2011. A summary description of the classifications is provided on the Faculty website (http://web.science.mq.edu.au/intranet/hr/ohs/lasers/index.htm).

Any laser/laser system built or modified and operated by members of the Faculty must be classified and the classification checked and confirmed by the LSO.

7.0 Registration of Lasers

All lasers or laser systems that include a laser classified as Class 3B or Class 4, whether commercial, built or modified, must be registered with the LSO. Registering of a laser is accomplished by submitting a completed “Laser Registration” form (Appendix I) to the LSO on purchase or on completion of a ‘homebuilt’ laser or on modification of purchased or homebuilt lasers of these classes, prior to their arrival and/or commissioning in the Faculty. A list of all registered lasers will be maintained by the LSO and placed on the Faculty OH&S website. 

Acceptance by the LSO of the application and subsequent recommendation supporting the use and application of the laser will also take into account the following supporting information:

· Adequate training and experience of the applicant
· Proper and sufficient equipment and facilities
· Adequate plans and procedures for the use of the laser/system (including SOPs)
· A complete description of the laser, or laser system, and its use (usually in the form of a Users Manual and research plan/proposal).

8.0 Licensing Laser Operators 

All operators of Class 3B, Class 4 or Class 1 systems with embedded Class 3B or 4 lasers (e.g. confocal microscopes) must be licensed as a registered operator of the laser/laser system. Registration of Licensed laser operators is accomplished by submitting a completed “Faculty of Science Laser Operator License Form” (Appendix II) to the LSO. Licensing of laser operators involves training and safety induction. Licenses may also be revoked if warranted (e.g. irresponsible behaviour). 
A list of all current licensed operators of each laser/laser system will be maintained by the supervisor(s) for each facility in which laser/laser systems are operated. A copy of the list of current licensed operators will be attached to the door of the facility. The LSO will also maintain a copy of all respective licensed laser operators. Undergraduate lab managers and/or student supervisors will coordinate the licensing of undergraduate students.
9.0 Standard Operating Procedures

All supervisors or lab managers are required to write Standard Operating Procedures for all laser operations involving Class 3B, Class 4 and Class 1 laser systems with embedded Class 3B or 4 lasers (for the latter systems the SOP must cover service and maintenance procedures). A copy of the Faculty of Science Laser Standard Operating Procedure (SOP) pro forma is found in Appendix VII. Guidelines for preparing SOPs are provided in Appendix VIII.

Standard Operating Procedures must be located in a red folder labelled “Laser/Laser Systems Standard Operating Procedures” in each facility where a Class 3B, Class 4 or Class 1 system with embedded Class 3B or 4 laser is operated. All SOPs for a Facility must be stored in a clearly identified location within the facility.
The SOP must include the following information:

· Description of the laser including classifications
· Assessment of Hazards and Controls

· Control Measures used in the facility

· Personal Protective Equipment (PPE) requirements.
· Operating and Maintenance Procedures
· Emergency Procedures and Contacts

· List of Licensed Operators
10.0 Risk Assessment

All operators undertaking experiments involving Class 3B or Class 4 lasers must undertake a risk assessment of the procedure/process/experiment prior to starting the work. The risk assessment must be approved by the supervisor and LSO prior to any work being undertaken. 
In the case of undergraduate students, undergraduate lab managers and/or student supervisors will undertake a risk assessment of all experiments involving lasers and provide SOPs to all students undertaking these respective experiments.

The Risk Assessment form is provided in Appendix XI.
11.0 Training

All Faculty personnel who use, work in an area of, maintain, service or align any laser or laser system classified as Class 3B or Class 4 must complete the Faculty of Science Laser Induction Module prior to gaining access to or working in any facility in the Faculty containing a laser or laser system.

Only qualified and licensed personnel are permitted to operate a registered laser.
All laser training, including the Faculty of Science Laser Induction Module, must be approved by the LSO.

Additional training (for licensing purposes) for operators of registered laser will consist of:

· Reading the Faculty of Science Laser Safety Procedures
· Reading AS/NZS IEC 60825.14:2011 and AS/NZS 2211.10:2004
· Review of standard operating procedures and emergency procedures
· Review of the SOP for use, set-up and alignment (if applicable)
· Selection and use of correct PPE (Personal Protection Equipment)
· Identification and proper use of engineering controls
· Identification of administrative controls, including warning signs and lights
· Identification of any non-laser safety hazards associated with the laser system
· Required medical surveillance
· Undertaking risk assessments.

Undergraduate lab managers and/or student supervisors will coordinate the training of undergraduate students.
Hosts of visiting academics or students who will be working with Class 3B or 4 lasers should ensure that the visitor’s home establishment has an adequate laser safety training program. Such visitors are not required to undergo an eye test but should still complete a hazard assessment for the systems they will be using to ensure they are cognizant of local safety systems.
12.0 Labels, Signs and Warnings

Every laser (including lasers and laser systems built in the Faculty) and laser laboratory must have a specific label or warning that meets the requirements of AS/NZS IEC 60825.1:2011. The labels must be permanently fixed, legible and clearly visible at all times during normal operation of the laser. The labels must be positioned so they can be read without unnecessary exposure to laser radiation. All labels must have text and borders in black on a yellow background.
12.1 Lasers and Assemblies That Include Lasers

All laser(s)/laser systems must have a label that complies with AS/NZS IEC 60825.1:2011. Labels are to be fixed to the laser enclosure or optical table and laser apertures. Specific details of the information requirements for each class of laser/system are discussed in Appendix III.
12.2 Laser Use Locations

Each area/laboratory containing a laser/laser system must be labelled as per the requirements of AS/NZS IEC 60825.14:2011. Specific information is discussed in Appendix III.

All laser facilities must be labelled conspicuously to warn workers and other individuals of the potential hazard and PPE requirements. Warning signs are to be posted at all doors to laser hazard zones.

Temporary laser setups must be clearly labelled with signs to prevent individuals/laboratory workers from inadvertent exposure to stray beams.
12.3 Protective Equipment

See Appendix III for protective equipment labelling.

13.0 Exposure Limits/Maximum Permissible Exposures (MPE)

Maximum Permissible Exposures (MPE) for eye and skin are dependent on many factors including:

· Wavelength of the emitted radiation
· Beam size
· Duration of the pulse (exposure)
· Pulse energy.

Refer to section 5 of AS/NZS IEC 60825.14:2011 for specific details on calculating MPE’s for commonly used lasers.

14.0 Medical Surveillance

Baseline eye examinations must be performed prior to the start of working with any Class 3B or Class 4 laser (not required for operators of Class 1 systems with embedded Class 3B or 4 lasers or undergraduate students). 
Baseline eye examinations are outlined in the Laser Operator Eye Examination Form (Appendix XIII). This form must be signed prior to examination by the laser operator’s supervisor and an authorised Faculty representative. The nominated optometrist (listed on the Laser Operator Examination Form) from Macquarie Shopping Centre must perform the examination.

The Faculty will pay for baseline eye examinations. 

Baseline eye examinations must be undertaken before starting work and whenever a laser injury/incident is reported.
15.0 Engineering Controls
A protective enclosure/housing is recommended for all lasers that are in operation. Operation of a Class 3B or Class 4 laser outside of its protective housing requires:

· A Risk Assessment of the procedure/operation/process; and

· Approval from the LSO.
For all other lasers prior approval from the LSO is required.
If using a laser without an enclosure/housing, the operator in charge must use appropriately designed beam stops to ensure that the laser beam remains confined to the experimental area at all times.
Where practical, Class 3B and Class 4 laser systems should be protected by key control or be located and used in a secure environment.
As a laser operator, if you leave the laser lab, you must ensure that the laser systems you are using and the laser lab you are leaving are left in a safe state at all times, i.e. laser systems are enclosed with all beams confined to the optical table.
Laser Laboratory Entry Requirements are listed in Appendix XII.

Regardless of the level of training, experience and/or familiarity you have with any of the laser labs, entry to a laser lab can only be in accordance with the lab’s door sign. If the door sign indicates the laser is switched on, you must wait to be let in by the laser operator. If no one is present in the laser lab, you may enter the lab (although you are not advised to) provided you adhere to the safety requirements outlined on the lab door.
Upon gaining entry to a laser lab, any hazards that you encounter (meaning the lab was not left in a safe state) must be removed immediately and reported to the appropriate lab supervisor. NB: This may include switching off the laser system.
16.0 Maintenance and Repairs

Only authorised individuals are to perform maintenance and repairs on laser systems. Additional appropriate precautions include:

· The person must have training and education appropriate to the laser/laser system in question
· Follow any instructions contained in the SOP for the laser/laser system (Class 3B or Class 4 laser)
· Use appropriate lockout/tagout procedures to manage electrical hazards
· Undertake a risk assessment if the repair/maintenance involves the use/handling of hazardous substances.

17.0 Eye Protection

Eye protection is required when there is a potential for eye injury due to projectiles, chemicals, the laser beam itself and/or scattered or reflected radiation. For an individual who routinely needs to wear prescription glasses, the required eye protection shall accommodate the prescription glasses or be equipped with prescription lenses. 
17.1 Laser Eye Protection (e.g. Laser Goggles)
Laser eye protection must be worn whenever any Class 3B or Class 4 laser/laser system is operating in the laboratory/work area. The laser eye protection must be appropriate for the wavelength(s) and maximum intensity of the laser(s) being used and suitable for the work being done (see Appendix X for a sample calculation).
For aligning purposes, eye protection with less optical density than required may be used, subject to risk assessment and with caution as they offer less protection.

Selection and fitting of appropriate laser eye protection will be provided by the supervisor as part of the laser induction module. An appropriate storage location will also be ascertained and provided.
17.2 Eye Protection for Visitors

All visitors to a laboratory housing a Class 3B or Class 4 laser system must wear appropriate safety/laser eye protection. If no eye protection is available, the laser/laser system must not be operated.
The only exception to this clause is when the laser system is being used in a safe demonstration for PR and promotional purposes. In this case a risk assessment of all hazards must be undertaken prior to visitors gaining entry to the lab. 
Under no circumstances is the laser system to be used to perform experiments whilst visitors are in the laser laboratory without the appropriate safety/laser eye protection. 
18.0 General Safety Considerations Regarding Laser Usage

The principle hazards associated with laser equipment may best be grouped into five categories:

· Damage to the eye

· Skin burn

· Electrical hazards
· Chemical hazards
· Miscellaneous hazards (fire, noise, toxic, cryogenic and incidental X-rays).
A summary of good practices for laser operators that will help minimise the above listed hazards can be found in Appendix IV.
18.1 Electrical Safety

High voltages and electrical currents that may be associated with lasers present a serious hazard to personnel if proper safety precautions are not followed. The following basic principles apply:

· All lasers and related power supplies must be subjected to a predetermined schedule of electrical testing. For an instrument whose mains connection undergoes frequent flexion or plugging/unplugging the tests should be performed annually
· Only authorised and appropriately trained personnel can repair, maintain or modify the electrical circuitry of a laser or laser system. All changes or modifications which affect the output properties or operating procedure of the laser must be recorded and reflected in the laser SOP and training manuals. A re-classification should be performed where the output properties of the laser are significantly changed. All electrical circuit breakers must be clearly identified and accessible and each authorised operator must be instructed as to the location and correct procedure for isolating specific electrical circuit breakers in an emergency situation
· All modifications to power lines or power supplies must be performed with the instrument disconnected from the mains power supply
· If for any reason inspection of the power supply requires live high currents or voltages (for example to isolate a problem), two members must be present at all times in the laboratory. In this case both members must also be trained in emergency procedures involving electrical hazards.

18.2 Hazardous Material/Biohazard Safety

Use of hazardous substances including biohazardous substances must comply with the Faculty of Science, Macquarie University and OH&S requirements at all times.
19.0 Using Lasers for Displays for the General Public
Only Class 1 or Class 2 laser products should be used for demonstration, display or entertainment in unsupervised areas. The use of other classes of lasers for such purposes should be permitted only when the laser operation is under the control of an experienced, well-trained operator and/or when spectators are prevented from exposure to levels exceeding the applicable MPE.

All displays involving lasers for the General Public must be approved by the LSO.

For public displays involving Class 3B or Class 4 Lasers the following general requirements should be adhered to:
19.1 Isolate the laser and laser beam path from access by members of the public
19.2 The laser product shall not permit human access to laser radiation in excess of the accessible emission limits of Class 1 or Class 2 as applicable

19.3 Undertake a risk assessment to establish the potential for spectators to be exposed to hazardous conditions
19.4 Ensure that a person appropriately trained in the use of the laser is available to supervise the display area at all times the laser is turned on

19.5 Ensure that the laser has appropriate key interlocks or an “Emergency Isolate” switch to isolate the laser when not in use or to isolate the laser in the event of an emergency
20.0 References
· http://web.science.mq.edu.au/intranet/hr/ohs/lasers/index.htm
· Laser Safety training from LIA
· AS/NZS IEC 60825.14:2011 : Safety of laser products - A user's guide

· AS/NZS IEC 60825.1:2011 : Safety of laser products - Equipment classification and requirements
· AS NZS 2211.10:2004 Safety of laser products - Application guidelines and explanatory notes to AS NZS 2211.1 (IEC TR 60825-10:2002, MOD) 

· AS/NZS IEC 60825.2:2011 : Safety of laser products - Safety of optical fibre communication systems (OFCS) 

· AS NZS 2211.9:2002 Safety of laser products - Compilation of maximum permissible exposure to incoherent optical radiation
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