	SCHOOL OF CHEMISTRY UNIVERSITY OF BRISTOL

RISK ASSESSMENT 

This form must be completed by a competent assessor for any procedure/system of work before an attempt is made at carrying out the procedure/system of work. Please refer to the instructions for making a Risk Assessment in the School of Chemistry Safety Manual (http://www.chm.bris.ac.uk/safety/nfrass.htm).

	Name and Status of the Assessor: Ben Truscott (PDRA)
Date: 27/09/13 (reviewed 01/10/14)

	Activity/procedure being assessed:

Microplasma characterization (measurement of electrical properties and diagnosis by optical spectroscopy)


	Known or expected hazards associated with the activity:

1. Electric shock, including from high voltage test equipment
2. Compressed gases & gas cylinders (explosion, gas escape, mishandling of gas cylinders)

3. Vacuum apparatus (implosion hazard)

4. Ultraviolet light (risk of damage to eyes and skin)

5. Organic solvents (highly flammable)
6. Silicon/diamond (or similar) substrates (sharp)

For operations involving chemicals have you consulted Bretherick’s “Handbook of Reactive Chemical Hazards”?

Not applicable, because no reactions are being performed; the only chemicals involved are solid diamond, noble gases, and various inert ceramics and metals used in the construction of the apparatus. As such, the possibility of hazardous substances being produced is conclusively ruled out. This is to be reviewed in case of any changes to the working gas mixture that may contradict the above.


	The risk of injury and its severity likely to arise from these hazards:

1. Risk of injury from electric shock in normal operation is low if suitable care is taken, but unsafe working could lead to a high risk. The potential severity is high (death). This is the principal hazard associated with the experiment.
2. Risk of injury from escape of compressed gases is low with properly fitted and serviced regulators, and with fittings properly secured and in good condition. The potential severity of this injury is low in the case of reasonably small releases of gas (<10L); the potential severity of injury due to transporting the cylinders is medium (heavy, unstable objects), but the risk of this injury is low if sensible handling procedures are followed. The risk of explosion due to chamber overpressure is extremely small since a relief valve is fitted, although if this is damaged or disabled, the consequences have a high potential severity.
3. The risk of injury from implosion is negligible since the entire apparatus is solidly constructed from stainless steel and designed to withstand a positive pressure of 10 atm, so will not implode under 1 atm differential pressure. As such, no useful comment can be made on the severity of such injury.
4. The risk of eye injury from UV light emitted by the plasma is minimal (low power, isotropic source, no need to observe for extended periods). The severity is likely to be limited to, at most, minor eye irritation.

5. The risk of injury due to a solvent fire is low. The severity of this injury is likely to be low to medium in view of the application of the solvent only for cleaning samples, chamber fittings, and optics, which requires only very small quantities. The solvents usually concerned are ethanol and acetone, so they pose only negligible toxic hazard. The potential severity of injury by methanol (sometimes used for cleaning optics) is greater on account of its toxicity, but even smaller quantities are needed in this case, so that the overall impact is limited.
6. Substrates are normally handled with tweezers to avoid contaminating or damaging them; thus, the risk of cuts is low. Since the sharp objects in question are very small, the potential severity of a cut from them is inherently limited.


	Who is at risk?

Primarily, research workers using the apparatus. There is a small chance that people nearby in the laboratory may be affected.


	Measure to be taken to reduce the level of risk:

1. All electrical items will normally be operated with no hazardous voltages accessible to users, and repair and maintenance of equipment will be performed by a competent person, with the electrical power completely disconnected wherever possible. Exposed parts of the apparatus will be bonded to earth at all times to guard against possible short circuits. It is critically important that users understand the proper use of the high voltage power supplies, especially the operational amplifier, which poses unique risks and can be unexpectedly, and lethally, hazardous. Users will be trained in its safe use and close supervision will be provided until each user is absolutely confident that they are working safely.
2. Standard safe working procedures will be followed for the handling and use of gas cylinders, and special care will be taken when moving or transporting them. Only persons physically capable of handling cylinders will attempt this procedure. It is particularly important that regulators be checked for proper operation before use, since failure could lead to an overpressure condition, and hence may result in an explosion. In order to further mitigate this risk, the apparatus has been designed with a small internal volume and is bolted to the bench.
3. No further measures deemed necessary, as risk is negligible.

4. Care will be taken not to stare at the plasma for unreasonably long periods. Although these plasma devices are known for their particularly strong UV emission, most harmful radiation will be blocked by the glass observation window.
5. Solvent bottles will not be stored or used close to potential sources of ignition (e.g. electrical apparatus) and cleaning of apparatus and optics will be performed using a reasonable (i.e. few ml) quantity of solvent, away from high voltage apparatus. Spills will be cleaned up promptly in order to avoid later accidental ignition.
6. No further measures deemed necessary. If a cut is sustained, it will be sufficient to wash with water (optionally ethanol/isopropanol) and apply a sticking plaster.


	Training prerequisites:

Training in the safety aspects of operating the apparatus is intrinsic in the training required in order to operate it in other respects, i.e. without damaging equipment and in order to collect meaningful data. Untrained persons will not be working on the experiment.


	Level of risk remaining:

Very slight, barring unforeseeable accidents or negligent behaviour.


	Action to be taken in an emergency:

In case of injury, contact a first aider (list is provided on the whiteboard in the adjoining diamond group office). In the highly unlikely event of gross escape of gas, the situation should be dealt with by evacuation of the laboratory until the gas has dispersed in order to prevent asphyxiation due to displacement of oxygen. Any potential fires will be small and hence most likely safe to tackle with a fire extinguisher—however, carbon dioxide, not water, must be used due to the presence of high voltage apparatus in the experiment.


	References if any:

The following constitute an integral part of this risk assessment and must be reviewed along with the above.

Standard School of Chemistry risk assessments (see http://www.chm.bris.ac.uk/safety/compform.htm):
a. Use of standard electrical equipment

b. Transport and Use of Compressed Gas Cylinders
c. Use of Reduced Pressure or Vacuum
d. Use of Ultra-Violet Light Sources
e. Visual Display Equipment
f. Manual Handling
g. Transport, Storage and Use of Solvents and other Flammable Liquids
h. Disposal of Waste solvents
i. Use of Flammable, Explosive and Toxic Gases


	Signature of Assessor:
Supervisor’s signature:
B. S. Truscott
P. W. May


