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	ACTIVITY: Sutter Movable Objective multiphoton microscope

	Assessor: Nick Barry / Erika Dona
	Division/Department: LMB Neurobiology

	Date: 16/07/2019
	Location of Operation Assessed: 1N360

	Emergency Action: Turn off lasers:  
Turn off and remove key on front panel of Ti Sapphire laser power supply. Isolate power at main switch.
If any over exposure to skin or potential eye damage is suspected, accompany the individual as quickly as possible to Addenbrookes A&E stating the nature of the work with class 3b / 4 lasers.  Refer the individual to Occupational Health for follow up Health Surveillance.

	Who might be affected:  Staff √ Contractors √

	OPEN BEAM WORK BY LMB STAFF                                                                               YES                
OPEN BEAM WORK BY CONTRACTORS OR MANUFACTURERS REPRESENTATIVE      YES                





	Laser Registration
	Laser 1
	Laser 2
	Laser 3
	Laser 4

	Type
	Ti- Sapphire (NIR)
	
	
	

	Manufacturer
	Coherent
	
	
	

	Model
	Ultra2
	
	
	

	Serial no:
	
	
	
	

	Max power
	3.5w (manufactures data)
	
	
	

	Max pulse energy
	45 nJ
	
	
	

	Wavelength range
	700nm- 1050nm tunable
	
	
	

	Wavelength used
	all
	
	
	

	Power Used
	Up to full, 3.5 W
	
	
	

	Pulse Energy Used
	45 nJ
	
	
	

	Pulse Length
	140 fsec
	
	
	

	Pulse Repetition Rate
	80MHz
	
	
	

	Beam Diameters (x, y)
	1.2 mm
	
	
	

	Beam Shape e.g. ellipse, box, circular
	circular
	
	
	

	Beam Divergence (x, y)
	Not stated
	
	
	

	Laser Classification
(without shielding)
	CLASS 4
	
	
	





	Describe the beam delivery system





	The Ti sapphire laser has separate power supply located on the floor under the optical table. The front panel display and control switches are easily visible. This power supply contains two high power pump diode laser arrays directly coupled into armoured fibres (each 40 watts CW, wavelength not specified). These fibres are routed to the Ti Sapphire laser head via an umbilical cable assembly.

The laser is also equipped with a power unit and cooling system, both positioned on the floor under the optical table.

The Ti Sapphire Laser itself is bolted down onto table. The laser head emission warning light has been covered over. Beam height is approx 121 mm above table top. The beam passes through a number of optical components and turning mirrors prior to entering the microscope enclosure. Optical components are bolted to the table top. There is a beam expansion telescope that may be swung into or out of the beam (rotation about a horizontal axis).

The table top beam path leading to the microscope enclosure is fully enclosed in a light tight box.

The microscope enclosure forms a light tight box around the microscope. The microscope consists of a series of optical components with free space propagation of the laser beam between them. The microscope has no eyepieces. 

The microscope enclosure has an entrance hole for the laser beam and a moveable (raising) front panel that forms the access door to the microscope allowing the operator access to the sample stage. 
Within the microscope enclosure the beam height above the table is increased to about 500mm above the table top using a periscope mirror assembly. The beam then reflects off a pair of scanning mirrors and enters the moving objective optical assembly. Between these last two components, the beam is travelling directly towards the removable front panel however a metal shield prevents the beam from exiting the microscope head assembly.

At the movable objective assembly the laser beam is turned in a downwards direction and exits the microscope via the objective. The laser focussed onto the sample.


	Describe the laser process



	Lasers are focussed and raster scanned over the sample to excite fluorescence emission. Area scanned is of the order of a few mm maximum. Excitation is by two photon absorption. Other nonlinear optical processes such as second harmonic generation are also possible, dependent upon the sample properties. 



	Describe the environment






	Designated laser microscopy room 1N360
The door is locked and access is by badge reader. There is a Laser warning light outside the room. 
The room contains two optical tables, one large, one small. On the large table is mounted the Ti Sapphire laser, and two microscope heads as described above each mounted within a large enclosure with a front panel. The output beam from the Ti Sapphire laser is split and routed into these two microscopes. Located adjacent to the optical table are some equipment racks, computer monitors and odour delivery systems. On the other table is mounted a Zeiss 880 confocal microscope. There is a movable fabric curtain between the two tables. When the 2p laser microscope systems is operated the main room is illuminated by a red light. There are shelving units in the room for storing replacement parts for the microscope. There are no windows in the room. 





	Activities
	Hazards
	Current Controls and Working Practices
	Estimated Risk following controls
(S x L = Total)
	Actions (Due date)

	
	
	
	Severity
	Likelihood
	Total
	

	Laser
	Unshielded beams.
Permanent eye and skin damage from exposure to beam. 
[bookmark: _GoBack]
Unshielded beams during laser maintenance/servicing.
Permanent eye damage from exposure to stray reflections. 

	Training of users, door appropriately labelled.
Designated Laser Area
1N360
Engineering Controls
i) Interlocks
Key operated interlock.
Room card reader access control
Key press 
ii) Mechanical Shielding
The laser is fully enclosed up to the emission aperture. 
Administrative Controls
Use of the LMB Contractor Passport Scheme.

Training
Competent service personnel from recognised service organisation.
All users must have attended a laser safety course for class 4 lasers (e.g.  Laser safety for class 3B and 4 Laser users and research supervisors course by University of Cambridge).
Working Practices
Restricted access to the room during service operations.
Laser Warning signs and stickers
Stickers on enclosures
MPE and Nominal Ocular Hazard Distance (Attach calculations on a separate sheet if required)

P.P.E.
Laser safety goggles will be available available

	4



4
	1



1
	4



4
	Shield the beam.
Include info in SOP about how to identify if the laser is on.
Write SOPs for ,1) normal use, 2) Aligment and service/ maintenance operations

Make a warning sign for use during service/maintenance.
Uncover the laser ‘on’ light
Laser aligners must attend a laser safety lecture and operate the laser in alignment mode (i.e. low power visible red wavelength).
Obtain and review the list of those with badge access to 1N360

NB will do the NOHD calculations

NB will order Ti Sapphire goggles

	Beam Delivery
	Permanent Eye and skin damage from exposure to beam.
Permanent eye damage from exposure to stray reflections. 

	Partial shielding
Designated Laser Area

Engineering Controls
i) Interlocks
As above
ii) Mechanical Shielding
Beam path is fully shielded up to point of entrance to the enclosure
Administrative Controls
As above
Training
As above
Working Practices
As above
Laser Warning signs and stickers
As above
MPE and Nominal Ocular Hazard Distance (Attach calculations on a separate sheet if required)
As above
P.P.E.
As above

	4
	1
	4
	Fully Shield the beam.
Write SOPs for ,1) normal use, 2) Alignment and service/ maintenance operations 
Detail the procedures for blocking stray reflections and for changing the telescope.
Laser beam aligners must attend a laser safety lecture.

Look into the possibility of adding a laser stop into the point of entrance to the enclosure

	Laser Process
	Permanent eye and skin damage from exposure to beam exiting objective

Permanent eye and skin damage from exposure to beam exiting microscope if no objective is in place.

Permanent eye damage from exposure to stray reflections.

Permanent eye and skin damage from exposure to beam during alignment operations.

	Microscope enclosure
Beam is highly divergent upon exit of objective. Beam is directed downwards.
Stray reflections are divergent
Designated Laser Area
As above
Engineering Controls
i) Interlocks
As above
ii) Mechanical Shielding
As above
Administrative Controls
As above
Training
As above
Working Practices
As above
Laser Warning signs and stickers
As above
MPE and Nominal Ocular Hazard Distance (Attach calculations on a separate sheet if required)
As above. NB to do NOHD calclulations.
P.P.E.
As above
	4



4




4


4
	1



1




1


1
	4



4




4


4
	

Write SOPs for ,1) normal use, 2) alignment and service/ maintenance operations.
DONE

SOP to detail steps to be followed during alignment operations particularly those taking place when standing at the open side of the enclosure. 
SOP to state no operation without the objective attached. SOP to state do not put hand (or other parts of the body)  into beam
SOP to state always place samples flat onto the stage. No inclined reflective substrates to be used


	Environment & People
	Slip, Trip or Fall in the dark






Exposure of other users of the room to stray beams from this system 
	Use red light illumination when operating Ti Sapphire system

Trailing cables are under the table and/or anchored to the table top.  
Training in the importance of good housekeeping.

	1
	1
	1
	
SOP to state keep additional equipment items off the floor and to keep area tidy and clutter free.



Include the room in the safety inspection scheme.


	Non beam hazards
	Electrical
	
	1
	1
	1
	

	
	Laser Dyes
	None
	
	
	
	

	
	Compressed & Toxic Gases
	The anti-vibration table requires compressed air. It is common practice to set the pressure at the wall regulator to the minimum necessary to float the table. This is managed by the instrument services department.
	1
	1
	1
	

	
	Cryogenic Fluids
	None
	
	
	
	

	
	Fumes / Vapours / Laser generated contaminants
	None
	
	
	
	

	
	UV / Vis radiation / Plasma Emissions
	None
	
	
	
	

	
	Ionising Radiation
X-rays can be produced from two main sources, high voltage vacuum tubes of laser power supplies such as rectifiers, thyratrons, and electric discharge lasers. Any power supplies that require more than 15 kV may produce x-rays.
	None
	
	
	
	Seek advice from specialist e.g. HPA

	
	Explosion

	None
	
	
	
	





	Acknowledgements & Signatures

	Risk Assessor: By signing this risk assessment, I acknowledge my responsibility as the Risk Assessor for conducting this risk assessment. 
	Management: By signing this risk assessment, I acknowledge my responsibility as the department management for reviewing and approving this risk assessment and communicating controls and any improvements to staff.

	Risk Assessor Name and Signature: 

	Date: 

	Laser Safety Officer Name and Signature: 

	Date: 


	Named Equipment Owner: By signing this risk assessment, I acknowledge my responsibility as the named equipment owner to review this risk assessment, to implement its recommendations and to ensure that all users of this equipment understand and follow safe working practices for this equipment.
	Named Equipment Owner Signature:
	Date:

	Review date:
	
	
	





	

WORKPLACE RISK ASSESSMENT FACTORS FORM

	Severity of Harm from this Hazard

	· Total Estimated Risk = Severity x Likelihood
· Hazards with significance factors equal to or greater than 16 or a Severity Rating of 4 or 5 warrants the use of additional controls and an action plan that has been reviewed and signed by EH&S.

	Score
	Severity / Consequence
	Effects

	1
	NEGLIGIBLE
	Personnel
	Negligible injury or health implications with no treatment or first-aid only.  No work absence and no chronic effects.

	
	
	Asset
	No likely equipment damage or function loss.

	
	
	Production
	Very minor production interruption.

	
	
	Environment
	No damage or effects to the environment. 

	2
	MINOR
	Personnel
	No-Lost Time Injury(ies) and no chronic effects, but treatment beyond first aid may be required.

	
	
	Asset
	Damage requiring minor repair. 

	
	
	Production
	Minimal production interruption of less than 1 hour.

	
	
	Environment
	Minimal impact on the natural environment with restoration expected within 1 day.

	3
	MODERATE
	Personnel
	One (1) person suffering Lost Time Injury(ies), temporary impairment, or job restriction. Non-career threatening chronic effects such as mild to moderate depression, anxiety, stress, or occupational dermatitis may occur.

	
	
	Asset
	Locally repairable damage to worksite, equipment, or vessel, possibly extensive.

	
	
	Production
	Loss of production progress of less than 2 days.

	
	
	Environment
	Short-term controllable impact on the natural environment with restoration expected within 1 day to 1 month.

	4
	SERIOUS
	Personnel
	Two (2) or more persons suffering Lost Time Injury(ies), acute or chronic health effects such as occupational asthma, severe depression, amputation, or hearing loss are likely to occur.

	
	
	Asset
	Serious damage to worksite, equipment, or vessel causing the operation to cease temporarily. 

	
	
	Production
	Loss of production progress 2 to 9 days.

	
	
	Environment
	Medium-term impact on the natural environment with restoration expected within 1 month to 1 year, or a one-off legal non-compliance.

	5
	MAJOR
	Personnel
	Fatality, multiple injuries, adverse reproductive effects, and irreversible chronic effects such as cancer, birth defects, blindness will almost certainly occur.

	
	
	Asset
	Major damage to worksite, equipment, or vessel causing the operation to cease, requiring demobilisation. 

	
	
	Production
	Loss of production 10 days or more.

	
	
	Environment
	Long-term impact on the natural environment with a restoration time likely to exceed 1 year, or ongoing legal compliance.

	Likelihood of Potential Exposure to this Hazard

	Score
	 Definition

	1
	Little or no chance of occurrence; would require an extraordinary combination of factors for the situation to result.

	2
	Conceivable, occurrence would require multiple failures of systems and controls, or a rare combination of factors.

	3
	Possible when additional factors are present but otherwise unlikely to occur.

	4
	Such an event is known to have occurred and represents a credible scenario. An additional factor may result in an accident.

	5
	Almost inevitable that an incident would result.

	Total Estimated Risk (Severity x Likelihood)

	
	







	Risk Rating 
	Severity / Consequence 

	
	1. 
Negligible 
	2.
Minor 
	3. 
moderate 
	4.
Serious 
	5.
Major 

	Likelihood 
	1.
Very unlikely 
	1 
	2 
	3 
	4 
	5 

	
	2.
Unlikely 
	2 
	4 
	6 
	8 
	10 

	
	3.
Possible 
	3 
	6 
	9 
	12 
	15 

	
	4.
Likely 
	4 
	8 
	12 
	16 
	20 

	
	5.
Probable 
	5 
	10 
	15 
	20 
	25 
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