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1. Introduction

The Electricity at Work Regulations 1989 made under the Health and Safety at Work etc Act 1974
came into force on 1st April 1990. They apply to all places of work and to all work involving the use of
electricity. The Regulations are primarily concerned with the prevention of danger and injury from electric
shock, electrical burns, fires of electric origin, electrical arcing and explosions initiated or caused by
electricity. Burns in this context include radiofrequency burns. Ultraviolet radiation due to arcing can also
produce injury to which these Regulations apply. The Regulations are supported by the Health and Safety
Executive (HSE) publication, 'Memorandum of Guidance on the Electricity at Work Regulations 1989'.

All School/Units where work on electrical systems and/or electrical equipment forms a major part of the
work activity should have a copy of the Memorandum and the HSE publication entitled, 'Electricity at
Work safe working practices’ (HSG85) available for relevant staff to consult.

The Regulations apply equally to systems of different voltages and do not distinguish between high and low
system voltages.

The Regulations impose different levels of duty. In certain cases the requirements are absolute whilst others
are qualified by the well known phrase "so far as is reasonably practicable”.

Electricity plays a part in almost everything we do and while it is a useful tool it must be treated, at all times,
with great respect. Electrical equipment, which is under the control of this University, is in daily use both
within and outwith University premises. The sensible use of such equipment will generally ensure that no
person is exposed to a significant risk to health. Nevertheless it should be recognised that, under certain
circumstances, the use of electrical equipment may become extremely hazardous to health.
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The object of this guidance is to provide local rules for Schools/Units in order to ensure compliance with the
requirements of the above legislation.

Where the word must is used in this booklet the requirements are mandatory and must be followed at all
times. Other recommendations must not be disregarded without compelling reason.

2. Summary of the Electricity at Work Regulations 1989

There are 33 Regulations in all. Regulations 17 to 28 apply only to mines and will not be considered further
here. The specific Regulations relating to electrical safety in all other work situations are contained in
Regulations 4 to 16. Certain of these deal specifically with the components of electrical systems whilst
others are concerned with electrical work and the competency of those undertaking the work. The remainder
of this section is devoted to a consideration of the individual regulations.

Regulation 4

This is a general Regulation but acts as a catch-all in the same fashion as Regulation 1 of the 1908
Regulations. The first two parts of this Regulation impose a general requirement to ensure that all electrical
systems are of such construction and maintained so as to prevent, so far as is reasonably practicable, danger.
The supporting guidance to this Regulation makes it clear that the word ‘construction’ has a very wide
meaning including matters such as the design of the system and selection of the equipment used on it. There
is no detailed comment on the design of electrical systems but reference to the existence of other sources of
authoritative guidance such as the IEE Wiring Regulations and British, European and International
Standards.

Requlation 4(2)

This Regulation describes the maintenance of electrical systems stating that regular inspection and testing is
necessary for all installations. This should also be applied to all equipment connected to the installation.
Detailed up to date records of maintenance programmes are essential. The maintenance referred to is the
maintenance required to ensure the safety of the system, not the actual activity of doing it.

The duty is set at the ‘reasonably practicable’ level. However, it is important to note that Regulation 4(4)
dealing with protective equipment is set at the absolute level: "protective equipment shall be suitable for the
purpose, suitably maintained, and properly used".

Regulation 5

This Regulation deals with the strength and capability of electrical equipment. There is an absolute duty to
ensure that no electrical equipment is put into use where its strength and capability can be exceeded in such
a way as may give rise to danger. There is thus a requirement to ensure that all equipment is properly
selected according to its intended use and adequately rated for the required duty before it is put into service.

Regulation 6

This Regulation deals with the siting of electrical equipment in adverse or hazardous environments. Such
environments include mechanical damage, the effects of weather, temperature or pressure, wet, dirty, dusty
or corrosive conditions or the presence of any flammable or explosive substance including dust, vapours and
gases. Electrical equipment which may reasonably foreseeably be exposed to these conditions must be of
such construction or as necessary protected to prevent, so far as is reasonably practicable, danger arising
from such exposure. The onus is now on the user and specifier who knows the activities undertaken and the
environment concerned, to select the appropriate equipment. This Regulation is of particular significance in
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building work (and in fieldwork or outdoor work generally) where by its very nature extremely adverse
conditions may prevail especially in the use of portable electrical equipment.

Regulation 7

This Regulation is concerned with the insulation, protection and placing of conductors. It sets out the basic
principles to prevent danger from conductors. Live conductors must either be suitably covered by insulating
material or be placed so as to minimise danger. The former includes not only the need to provide electrical
insulation but also to provide further protection as required against mechanical damage and other adverse
conditions thus reinforcing the duties imposed by Regulation 6. The second alternative includes not only
placement out of reach but also the use of siting live conductors inside enclosures and the institution of safe
working practices, instruction and warning notices, etc.

This Regulation gives guidance on situations where it is not always possible to insulate a live conductor.
Where live conductors are not insulated to prevent danger the alternative is not necessarily simply to place
them out of reach. This is only one option and in fact may form only one part of the alternative set of
precautions required to achieve safety.

Regulation 8

This Regulation deals with the requirements for earthing or other suitable precautions which are necessary to
avoid the risk of shock from conductors which may inadvertently become charged due to a fault in the
system. Although the requirement is absolute it is again subject to the defence provided for by Regulation
29.

While the main emphasis of this Regulation is on earthing, it provides for the adoption of other safety
measures such as residual current devices, all-insulated or double insulated equipment, reduced voltage
systems and earth free systems where appropriate.

Regulation 9

This Regulation seeks to preserve the integrity of ‘referenced' conductors i.e. conductors connected to earth
or any other reference point. If a circuit conductor is connected to earth or to any other reference point,
nothing which might reasonably be expected to give

rise to danger by breaking the electrical continuity or introducing high impedance shall be placed in that
conductor unless suitable precautions are taken to prevent danger.

Regulation 10

This Regulation requires that all joints and connections in a system are mechanically and electrically
suitable for use. The duty is absolute but again subject to the defence provided for by Regulation 29 .
Particular attention must be paid to plugs and sockets containing a protective conductor, portable equipment
and possible damage from electrolytic action. The requirement applies equally to both temporary and
permanent connections.

Regulation 11

This Regulation is concerned with the provision of excess current protection. The duty is absolute but again
subject to the defence provided for by Regulation 29. The Regulation requires the installation of protective
devices to guard against overload, short circuit and earth fault currents. The protection devices will include
fuses and circuit breakers. An overload may be long term condition which can exist for several hours before
danger arises, whilst short circuits and earth faults present danger immediately and therefore require prompt
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disconnection from the supply. The objective of any protective device is to detect abnormal current flows in
any of these situations and to interrupt safely the fault current before danger arises.

Regulation 12

This Regulation deals with the means for cutting off the supply and for isolation. Isolation means the
disconnection and separation of the electrical equipment from every source of electrical energy in such a
way that this disconnection and separation is secure. There is thus need for a positive air gap between the
source of electrical energy and the electrical system, the positive identification of the on/off switch, the
prevention of unauthorised operation, accessible location and for the switch to be clearly marked and
labelled.

Regulation 13

This Regulation covers the preferred method of working on electrical systems, namely that it is de-energised
before work commences. Adequate precautions must be taken to ensure that this is so. This requires
satisfactory arrangements not only for the disconnection of the system but also procedures to ensure that the
de-energised plant cannot become live again inadvertently, either through reconnecting to the supply or as a
result of electromagnetic induction, mutual capacitance or stored electrical energy.

The Memorandum of guidance on the Electricity at Work Regulations 1989 describes the precautions which
can be taken:-

1. Isolation from all points of supply.

2. Securing each point of isolation.

3. Earthing where appropriate.

4. Proving dead at point of work.

5. Demarcation of safe zone of work.

6. Where necessary, safeguarding from adjacent live conductors.

7. Release for work by the issue of a safety document e.g. a Permit to Work

Regulation 14

This Regulation sets out the limited circumstances where live working is permitted and prescribes the
precautions then required. The circumstances permitting live working centre around the question of
'reasonableness'. In all the circumstances must the plant be dead or is it reasonable in some circumstances
for the worker to be at work or near it when it is live if suitable precautions are taken to prevent injury?
These duties are absolute but subject to the defence provided for by Regulation 29. Live work is justified
only: (a) if it is impracticable to carry out the work with the conductor dead, (b) the work creates other
hazards such as to users of the system by making the conductors dead, (c) there is a need to comply with
other statutory requirements, or (d) the level of risk and effectiveness of the precautions is low when set
against economic need.
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The types of precautions that would be considered appropriate include:
1. employing trained and competent staff;

2. the provision of adequate information for such staff;

3. using suitably insulated tools, equipment and protective clothing;

4. using suitable insulated barriers or screens;

5. using suitable instruments and test probes;

6. accompaniment by another person if their presence can contribute significantly to ensuring that injury is
prevented;

7. effectively controlling the work area where there is danger from live conductors such as through
restricting access and the use of special precautions such as free work areas.

Requlation 14(c)

This section reinforces Regulation 4(4) in that where the provision of protective equipment forms part of the
suitable precautions required to be taken, then such equipment must be suitable for the use for which it is
provided, be maintained in a condition suitable for that use and be properly used. Thus, the written
procedures for live working need to state clearly what protective equipment is required and thereby forms
part of the safe system of work. A need also arises for the introduction of management systems for the
routine inspection, maintenance, repair and replacement of such equipment.

Although Regulation 14 does not automatically require accompaniment for live work, where danger may
arise the necessity for accompaniment will need to be considered in terms of what other safeguards are
adopted as part of the total package of measures specified to achieve the required level of safety. Equally
important is that where a second person is present he must clearly understand his role in the operation of the
safe system of work.

Regulation 15

This Regulation deals with a number of miscellaneous matters relevant to the safe operation of electrical
equipment namely working spaces, access and lighting. The duty is to prevent injury occurring in dangerous
circumstances.

In common with the overall style and approach of the Regulations, the duties of this Regulation are only in
general terms. An appendix to the Memorandum to the Regulations includes a note on working space
dimensions in front of exposed live conductors.

Requlation 16

This Regulation requires that no person shall be engaged in any work activity where technical knowledge or
experience is necessary to prevent danger or, where appropriate, injury, unless he possesses such knowledge
or experience, or is under such degree of supervision as may be appropriate.

The Regulation also covers those circumstances where danger is present, ie where there is a risk of injury, as
for example where work is being done on live or charged equipment using special techniques and under the
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terms of regulation 14. In these circumstances persons must possess sufficient technical knowledge or
experience or be so supervised etc, to be capable of ensuring that injury is prevented.

The object of this Regulation is to ensure that persons are not placed at risk due to a lack of skills on the part
of themselves or others in dealing with electrical equipment.

3. Aministrative Procedures for Dealing with the Safe Use of Electrical Equipment

The University Court is responsible for determining policy to be adopted for implementing all relevant
legislation including the Electricity at Work Regulations. This responsibility derives from the Health and
Safety at Work, etc., Act, 1974.

It is the duty of all Heads of Schools/Units to ensure that all aspects of the Court's Health and Safety Policy
are complied with, within the areas under their control.

Each Head must take appropriate measures to ensure that all electrical equipment is safe and suitable for the
purpose intended. All relevant persons should be made aware of the hazards associated with electricity and
of the requirement to adopt working procedures designed to keep the risks to themselves and others as low
as is reasonably achievable.

The guidance given in this publication must, wherever necessary, be supplemented by local School/Unit
Rules relating to the specific activities of the School/Unit, so that when read in conjunction with these
University Rules, the two documents form an effective means of securing the safety of persons who are
required to work with electrical equipment/systems. Where appropriate, records of action taken should be
produced and maintained.

3.1 Electrical Supplies and Equipment

The Estates Unit is responsible for the provision of safe electrical supplies within University buildings up to
and including the electrical outlet sockets. Estates is also responsible for arranging the routine
inspection/testing of all portable electrical appliances held by Schools/Units.

Where Schools/Units wish to extend the fixed wiring system within a building, the work must be carried out
through Estates. Schools/Units are responsible for any further distribution of the supply beyond the electrical
outlet, and for its own electrical equipment.

Staff with a concern regarding electrical safety should immediately bring the matter to the attention of an
appropriate member of staff e.g. the chief technician or School/Unit Safety Co-ordinator. If any doubt exists
about the safety of a piece of electrical equipment, it must be taken out of service immediately, labelled "DO
NOT USE", and sent for repair by a competent person.

3.2 Competent Persons

Persons carrying out the testing and/or repair of electrical equipment, or carrying out experimental work on
electrical equipment or its associated connections must have appropriate knowledge, training and experience
to enable them to work safely. Persons who are not thus qualified may

work on electrical equipment provided suitable and sufficient supervision is provided by an appropriately
qualified person.

General guidelines for competence are as follows:

* experience in working with electricity;
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* an adequate knowledge of the associated hazards;

* knowledge of all relevant current safety standards;

* a clear understanding of the precautions required to avoid danger;
* sufficient experience in the type of electrical work involved;

* the ability to recognise whether it is safe for work to continue, particularly in respect of unfamiliar
equipment and unfamiliar locations.

It is for the Head of School/Unit to decide whether a particular individual is competent to carry out work
with electrical equipment, on the basis of assessment of the task, the competence of the individual and the
particular job.

4. Hazards to Persons

Thedangers involved with the use of electricity are well known, these being shock, burns or other injuries
potentially with fatal results.

4.1 Effects of Electric Shock

Excessive electric current flowing through the body causes muscles to go into spasm, inhibits the respiratory
centre in the brain, causes fibrillation of the heart and destroys body tissue. Electric shock can cause cardiac
arrest or cessation of breathing, either of which can be fatal. This effect is related directly to the magnitude
and duration of the current passed through the body and to the physical path taken by the current.
Particularly dangerous paths are from hand to hand, or hand to foot, as they transverse the pacemaker system
controlling the heart. This can lead to fibrillation, that is a state of rapid, irregular contractions of the heart
muscle, which reduces the effective pumping action of the heart and impairs blood supply to vital organs,
particularly the brain.

4.1.1 Procedure for the safe treatment of an individual who has or is suspected of having suffered an
electric shock.

* Check your own safety and the safety of others before approaching casualty.

* Assess if casualty is still in contact with the supply.

If so, switch off the appliance at the mains or withdraw the plug from the outlet socket. Only if this is not
possible should an attempt be made to pull the casualty away using insulating material e.g. piece of dry
wood or scarf.

* Look for signs of life, for example, breathing, movement, cough or change in colour.

* If none of the above are evident phone for an ambulance dial 9999 and ask for the ambulance service.
Advise the controller that ' a casualty has suffered an electric shock and that he/she has had a cardiac arrest' -

do not hang up, answer any questions ambulance control asks and take advice.

If you have been trained in CPR commence 30 chest compressions followed by 2 breaths of mouth to mouth
resuscitation - continue until Emergency Service staff arrive.
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Note: Training in such techniques can be arranged through the Environmental, Health and Safety Services.
In addition, as a supplement to training, a wall chart displaying these technigues should be posted in a
prominent position in relevant areas.

4.2 Burns

Burns can occur externally or internally. External burns can be caused by the passage of an electric current
through the skin or as a result of an electric arc or a short circuit. Burns resulting from short circuits are
often made worse by pieces of molten metal, from vapourised conductors, embedding in the skin. Internal
burns are caused by the passage of electric current through blood vessels and internal organs. In addition,
some forms of electro-magnetic radiations such as radio-frequency and microwave radiation can produce
burns at a distance. The actual depth of the burn caused by the passage of an electric current is likely to be
greater than it appears, with damage to underlying tissue, although its area may be relatively small.

First-Aid

If possible, cool the burn by immersion in clean cold water for at least 10 minutes then cover with a clean
polythene bag or cling film. All cases of electrical burns require immediate medical attention.

4.3 Other Injuries

Other injuries can occur for example when a person falls from a ladder after receiving an electric shock.
Quite often the injuries from the fall can be more serious than the initial shock.

5. Hazards to Buildings and Equipment
5.1 Fire

Fires are frequently started by electrical apparatus and can be caused by sparks, arcs, short-circuits,
overloading and old wiring.

Sparks

A spark is the sudden discharge or passage of electricity through air between two conductors or from a
conductor to earth or nearby metal.

Since the current produced is usually small, sparks rarely cause serious fires except in cases where there is
an explosive gas nearby or where highly flammable material is in contact with the conductor. An explosion
can be caused by the ignition of flammable gases by a spark from an electric contact. In all cases where a
flammable or ignitable atmosphere or vapour is present, special care is necessary in the design and selection
of the electrical equipment.

Arcs

An arc is a much larger and brighter discharge in which the current flow may be very large. It usually arises
when a circuit is broken, e.g. when switch contacts separate, or when a conductor melts or fractures leaving
a gap across which electricity continues to flow. When an arc is established, the air in the vicinity becomes
ionized and forms a conductor which may allow current to continue to flow to a nearby metal framework. A
large arc can cause serious burns both to an operator nearby and to any adjoining material. It can also
produce molten metal splashes which can cause additional injury.

Short-Circuits
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A short-circuit is formed when the current finds a path from the live conductor wire to the return wire other
than the intended route through the apparatus. Since the resistance of the leads to the by-passed apparatus is
low, the current flow may be large; and because the contact is probably poor, an arc may be established.
Components can become white hot and cause the adjoining insulation to burn. The burning may then spread
rapidly to any adjacent flammable material. Accumulators wired in series can give rise to extremely
damaging high currents should a short-circuit occur; protection with circuit breakers or fuses is necessary.

Overloading and Old Wiring

Wiring is overloaded when it continuously carries an electrical current greater than it is designed to carry, as
a consequence it becomes overheated and the insulation is damaged. If the overload is heavy, the insulation
will break down and a short-circuit may be produced; if the overheating is smaller but persistent, the
continual overheating will lead to carbonizing of the insulation and a possible short-circuit.

The insulation of wiring which has been in use for a number of years can become brittle, therefore
alterations or additions must not be made to any old wiring without providing for its inspection. If wiring
enclosed in a plastic insulation is overloaded sufficiently to raise its temperature appreciably, the insulation
will become soft and lose its insulating properties. Proper consideration must be given to the load that any
conductor is to carry before apparatus is connected to the supply.

6. Electrical Fire Fighting

First of all switch off the power to the equipment; then, if necessary, use a carbon dioxide extinguisher. Do
not use water because of its electrical conductivity. Even if the appliance e.g. TV set, refrigerator, is
switched off, an electrical capacitor can still administer a dangerous shock.

Although the primary task is to extinguish the fire, the planning of fire precautions should always take into
account salvage of the damaged items. A residue-free, non-corrosive extinguishing agent is always to be
preferred, particularly where delicate apparatus or materials may be present. Powder extinguishers should
only be used as a last resort; it is almost impossible to remove the finest powder from complicated
equipment e.g. switches and relays during salvage operations.

7. General Safety Measures

7.1 Fixed WiringlInstallations

Staff should familiarise themselves with the positions of the main isolating switches for their area. In the
event of an electrocution accident, fire or flood, it may be necessary to disconnect the supply. In the case of
fire or flood never restore the supply yourself, contact Estates.

7.2 Plugs

Replacement or new plugs should have sleeved live and neutral conductor pins.Plugs which are not wired
correctly, or in which the connections have been broken or damaged can be lethal.

1. Wires must be fitted to the plug as follows:
a. The earth wire is striped green and yellow and is connected to the terminal marked E.
b. The live wire is brown and is connected to the terminal marked L.

c. The neutral wire is blue and is connected to the terminal marked N.
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2. The fuse must be of the correct rating, i.e. the lowest rating which will carry the appliance current
continuously.

3. The plug must not be used to supply more than one piece of equipment.

4. The earth wire should be the longest of the three so that it is the last to become disconnected if the cable is
excessively strained.

5. Uninsulated wires should not be visible in the plug-top.

6. Retaining screws should make good contact with the metal core of each wire and be screwed down
tightly.

7. The clamp should be over the outer insulating cover and hold the cable securely in place.

8. Damaged plugs or those showing signs of overheating must be replaced.

7.3 Multi-way Distribution Boards

Multi-way distribution boards with 13 amp shuttered outlets may be used from a socket provided the total
load does not exceed 13 amps. Wherever practicable, such distribution boards should be kept above floor
level. This requirement is most important in situations where there is a possibility of water coming into
contact with a live outlet. In no case should more than one adaptor be used in a socket.

Note: Multi-way cube adaptors are not permitted as they present a fire risk.

7.4 Cables

Cables must be of sufficient cross sectional area to carry the current that can flow through them in both
normal and abnormal conditions, be adequately insulated and protected against mechanical damage under
the prevailing service conditions e.g. armoured or double insulated cables for workshop or wet areas.

Note: Cables partly wound on drums must be de-rated to avoid overheating.

Most connections to apparatus are made by flexible cables. The minimum size of flexible cables for
different purposes are as follows.

From 1970 the correct colour code for flexible cables is:

Earth - Yellow and green stripe

Neutral - Blue

Live - Brown

The colours for pre-1970 flexible cables are green, black, and red respectively. As these colours can be
confused by colour-blind people, equipment with non-standard leads should be rewired, as soon as

practicable, by a competent person to the current UK standard.

The International Standards for wire colouring is given in Appendix 2.
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The supply lead should be a continuous length of cable with its sheath mechanically secured at both ends.
The coloured cores must not be visible at any point. Supply leads should not be excessively long, trail along
the floor or pass under carpets.

Leads carrying power from one piece of equipment to another must be fitted so that connecting plugs or
sockets cannot leave bare live pins on disconnection (the pins must always be on the equipment which is
being supplied).

7.5 Fuses and Circuit Breakers

These devices afford protection against excess current flow e.g. due to short circuit, before the overload has
persisted long enough to cause damage. If a newly fitted fuse or a circuit breaker again blows upon
reconnection the associated equipment must be taken out of service and the fault reported.

Single fuses (and also single pole switches) must be located in the live conductor.

A fuse must be of the correct rating for the equipment. Cartridge fuses normally rupture at about 60%
overload so a 5 amp fuse fails at about 8 amps. This overload current must be within the current carrying
capacity of the circuit or serious damage can occur.

Replacement fuses must be readily available to avoid any temptation to replace spent fuses with anything
other than a fuse of the correct rating.

The primary purpose of a fuse is to protect equipment against overload and consequent damage by fire.
Additional measures, such as earthing and/or earth-leakage circuit breakers are necessary to provide
protection from shock.

7.6 Earthing

The external metal casing of electrical apparatus must be earthed as a legal requirement. The casings or
screens of all electrical equipment must be fastened so that it is impossible to touch electrically live parts
and if the equipment is disconnected from earth, a notice must be attached which makes this quite evident to
any unsuspecting person. Only persons with appropriate experience should work with unearthed equipment.
All earthing wire must be capable of carrying the maximum possible fault current. Whenever practicable,
apparatus should be provided with a protective device which will break the circuit should a dangerous fault
to earth occur.

Great care must be exercised when using electrical equipment in high earth leakage areas such as cold
rooms, washing-up rooms, and in medical/biological laboratories where "wet" experiments are in progress.

The continuity of earth connections, particularly on portable equipment, must be checked periodically.

7.7 Residual Current Devices (RCD's)

The application of a residual current device to a conventionally earthed system should be considered where
it is vital to provide an additional backup protection against failure of the primary earthing system. A RCD
will prevent a person from being subjected to a lethal shock from a

fault current to earth, by limiting the duration of the shock, usually to 30 milliseconds.

Note: a fuse is also required as RCD's do not protect against short-circuits between live and neutral.
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A standard residual current device is designed to operate on a.c. current only. Many modern appliances such
as power-tools, VDU's and teleprinters contain solid state devices which may create a pulsating d.c. current
affecting the operation of a standard RCD and this may lead to loss of protection. Pulsating d.c. fault current
sensitive RCD's are now available and should be employed wherever necessary.

RCD units are packaged