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Refuse disposal
policy in the NHS

by J. McDOWELL,
M.I.H.V.E., F.l.Hosp.E., C.Eng., M.l.Mech.E.

After the recent local Government re-
organisation in Britain, the responsibiiities
on domestic refuse are broadly divided
to make district councils responsible for
refuse collection and county councils
responsible for refuse disposal. Industrial
wastes are usually-disposed of by private
contractors.

The major portion of the National Health
Service's (NHS) refuse can be classified,
if properly segregated, as domestic and
hence handled by local-authority
services. However, the remaining portion
approximately one-third poses a problem
for the NHS.

NHS refuse probtem and some solutions
The refuse collection and disposal problem that the
NHS is responsible for is conventionally solved by
refuse being placed in plastics or paper sacks at the
various departmental sources, conveyed by porters o
the bag-storage area of an incinerator plant and burned.

The sterile products remaining represent approxi-
mately 105, by volume and 30-40%; by weight of that
collected, and are suitable to be handled as domestic
refuse by the local-authority collection and disposal
services. ‘

However, cost alonc demands that alt of the alterna-
tive methods for refuse disposal should be considered
before a solution is provided to any particular area,
stte or building.

J. McDowell is an assistant rcgional engineer with the
Oxford Regional Health Authority, Old Road, Headington,
Oxford OX3 7LF, England

Some solutions to the NHS refuse disposal problem are:

@ incineration

® controlled tipping (by a local authority, the NHS
or a private contractor}

® maceration and a wet disposal system

Clearly any consideration of alternative solutions must
have regard 1o current legislation, projected changes in
legislation and guidance on good practice. A resumé
of this information is given in Appendix A.

The tendency towards a higher plastics content
{p.v.c. being a particularly difficult constituent to deal
with) in NHS refuse is by itself sufficient reason for
undertaking this review, In combination with the
projected changes in legislation, the case for the review
is unquestionable.

Design considerations

It is, of course, essential that any design solution for
incinerator plant must reflect the parameters of the
legisiation etc. as outlined in Appendix A.

From the theoretical calculations based on the
chemical formula for combustion of p.v.c., it can be
seen that, when the proportion of this constituent in
the refuse being incinerated is greater than 1:-5%
(approximate), the Alkali Act upper limit of 0-2 grains/
fi’ at STP (0-46g/m® at 16°C and 1013 mb) for
hydrochloric acid will be exceeded. Under these con-
ditions such plant is likely to be deemed, by the Alkali
Inspector, registerable under the Alkali Act, thereby
imposing on the designer parameters which are much
more stringent than those required under the Clean Air
Act. These more stringent requirements will naturally
be reflected in the capital and running costs for the
plant produced by the designer.

These costs could be related to provision of such
items as:

{a) moving grates

(h) cyclonic after-burner chamber

(¢) waste-heat boiler

(d) wet scrubber incorporating water cleansing plant
(to control HCL level etc. in discharge to drain)

(e) cyclonic or electrostatic filter,

The introduction of the waste-heat boiler would be
necessary to decrease the temperature impinging on
the cleansing devices through which the gases subse-
quently flow. The economic benefit of such a boiler
is therefore entirely advantageous.
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For d, it should be noted that cases can be quoted
where, with relatively inefficient gas scrubbing plant,
the pH of the water flowing to drain is 2. Should the
operational policy of NHS premises be deliberately
drawn up to control, in particular, say, the level of
p.v.c. in the refuse being burnt to less than 1334, cost
reductions might be made by excluding the wet scrubber
from the design.

However, there remains the question of whether it is
necessary, (0 meet the remaining parameters in Appen-
dix A, to incorporate in the design, the features a, b, ¢
and e. It is claimed by at least one local authority chiel
environment health officer that the operational record
of firing one existing hospital incinerator which does not
incorporate types a, b, ¢ or e plant, has proved con-
clusively that the NHS refuse handled cannot be burnt
in such plant within the legislation existing at present.
The opening of doors to the combustion chamber and
manual raking of the fire bed at frequent intervals has
been identified as the part of the operation which causes
the offences. The manufacturer claims that, with
suitably trained operatives following =the.:specified
procedures, particularly during the ‘raking’ activities,
all requiremenis of the law can be met.

The extent to which the design should make allow-
ances for the deficiencies of operator performance,
inaccuracies in prediction of analysis of refuse to be
incinerated, changes in this analysis with time, future
changes in regulations (Appendix A) etc. can affect
fundamentally the design solution presented, and hence
the ensuing cosls.

Incineration costs

For a specified set of legal standards and given a fixed
refuse analysis, the unit cost of incineration (say £/t)
varies primarily with the scale of the operation.

A present-value exercise was performed to build up
equivalent annual cost (e.a.c.) of incineration ftonne of
refuse for three types of plant, each handling 562 kg of
refuse per hour, 8 h fday, 6 days /week:

e.a.c.
£h
{a) conventional hospital incinerator, as operat- 22-§
ing at present, but in such a way as not 1o
meet the requirements of the local-authority
chief environmental health officer

{6y NHS incinerator to comply with current 39-3
legislation and good practice and giving
heat recovery

(¢) as for (h) bul without heat recovery 465

The above e.ac. figures were assessed allowing for
initial capital cost, capital cost of replacements and
revenue costs (for fuel, labour, transport, maintenance,
ash etc.). The interest rate used was 1077, the period was
60 vears. Building, roads, plant, vehicles, mechanical
and electrical services, and design-free costs were
allowed for in the computations.

If the scale of operation is increased, the cost per
tonne is considerably reduced. For example, a 300 t /day
plant, without heat recovery at Florida, USA, operated
at a cost of £2-50/t* at 1971 prices. Other figures quoted
are £3-5ft at 1974 prices’, £3-50 /t at July 1973 prices®
for a modern incinerator near Manchester and £7-9 /1
at 1974 prices.*

Cost of refuse disposal by controlled
tipping
By local authorities
Controlled tipping is the major means by which local
authorities dispose of the 16000000t of domestic
refuse! they collect annually in the UK. It is estimated
that, of this amount, approximately 2-2%% emanates
from NHS premises, and that the NHS itself disposes of
a further (about) 1%, mainly by incineration. D.
Pearson indicated in 1974 that ‘controlled tipping has
annually been found by far the cheapest method at
£0-5to £1-0 per ton’.!
By pricate comtractor
These local-authority costs are to be compared with
those charged by a private contractor. A tender figure
from a private contractor in July 1974, allowing for the
cost of provision on site of a siorage container and
compactor, was £4400 p.a. for each of the first 3 years,
during which the refuse would be removed in two
containers (each 15 m?) per week. The weight of refuse
in each container is about 15 . Thus the cost per tonne
of refuse removed under the above contract in 1974
was £2-8/t, say, £3-5/t in 1975. This service can cover
all types of NHS refuse, except that;
() pathology department wastes are sterilised in an
autoclave prior to collecting for tipping
(b} animal carcasses, say, including those from veteri-
nary surgeons’ premises and identifiable human
tissues, could be disposed of in a4 more soctally
acceptable way by a macerator unit connected to
the local-authority soil-drainage system
the small quantity (say 3 kg/week) of sputum
samples (which are not autoclaved before leaving a
pathology department) have been dealt with on one
site by burning in the.existing coal-fired boiler
plant.
For a hospital site. where such an operational policy
on refuse disposal has commenced, care has been
taken to take into account the views of various
authorities concerned with such activities. These
authorities should include:
©® the chief environmental health officer of the local
authority
@ the disposal of refuse officer of the local authority
@ 1he district community physician of the area health
authority
the water authority for the area in which the private
contractor tips the refuse
other officers of the health and safety executive {e.g.
related to safe working conditions for private
contractor’s workmen).
In the example referred to, the site for tipping used by
the contractor is “one of the few safe, approved and
licensed sites for the disposal of chemical wastes—and
large quantities of acids, alkalis, solvenis etc. are
deposited’. The site area is closed to the general public
and outside contractors, and is situated in an isolated
area on ground that was formerly a quarry for a brick
works, is therefore a deeply lined claypit, all wastzs
deposited being contained within the pit, and it is
considered that there is no chance of pollution of
underground water by seepage, a view shared by the
Thames Conservancy’.
The NHS refuse is tipped early in the morning
and thus very soon afterwards is covered by refuse
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Table 1

the local authority removes domestic wastes free of charge

Cost of alternative refuse disposal services when applied to that part of NHS refuse which remains after

Cost of La.
collection and
incineration

Cost of La,
collection and
controlled
tipping

Cost of

collection and

tipping by
private
contractor

Cost of
existing NHS
incineration

Cost of
future NHS
incineration
without heat
recovery

Cost of
future NHS
incineration
with heat
recovery

[

e 4

i Cost per tonne of
refuse £

3-5

39-3 46-5

i Cost per year for
hospitals in
Oxford (1383 t/y
of waste), £

54 200 64 200

i Cost per year for
Oxford RHA {4 times
i,), £

126 000 216 800 256 BOO

Cost per year for 150 000 1044 000

NHS (30 times iif), £

576 000

3 780 000 6 504 000 7 704 000

1-0
- and iv which is
revenue

1-0

0-28

0-56 0-05

and iv which is for
fuei

—0-22
saving (on
adjacent steam
boilers)

Note: 4 Undera and & itis assumed that the local authority makes a charge, over and above normal rates charges, to the NHS for this service.
@ The penalty for failing to segregate domestic rafuse is that the above costs in i, iii and iv would be trebled.

tipped regularly throughout the remainder of that day.
The site is operated under ‘a strict control’ by the
contractor. It should be noted! that at various points
in the country ‘regrettably there have been deviations
from good practice leading for example to cyanide
scares of recent years. The inevitable outcome has been
legislation, The Deposit of Poisonous Wastes Act, 1972
and further legislation is certain to follow’.

It is appropriate to draw attention to the fact that
NHS refuse can contain certain radioactive wastes for
which properly controlled procedures for disposal will
be required.

The private contractor may employ the use of
compactors to minimise his storage, collection, trans-
portation, tipping and associated cost and environmen-
tal problems. Hospital refuse has a density® of approxi-
mately 200 kg /m>. This can be reduced in volume by a
factor of five by compaction (Reference 6 quotes a
factor of 15).

Costs of maceration and wet-disposal
systems
Maceration and wet-disposal systems have been
installed in high-rise blocks of flats but, even with the
high population densities prevailing, the high capital
cost” involved has greatly limited the number of
applications in existence. For hospitals which are gen-
erally of low rise and comprising isolated buildings,
such a system does not lend itself to widespread use
throughout a site (nor, hence, the NHS).

This approach has not therefore been considered as a
viable alternative to incineration and controlled
tipping as a means of refuse disposal throughout the

NHS. 1t is accepted, however, that, for a particular
type of new building scheme, e.g. a high-rise residential
block, an economic case might be made for such an
installation being proposed.

Cost comparisons
Table 1 sets out the cosis of each of the systems of
refuse disposal considered.

Recommendations

The NHS should pursue refuse-disposal policies of

segregation and controlled tipping (aiternatives a, ¢

in Table 1 in that priority order).

Thus the NHS should not proceed with:

® erecting further incinerators to dispose of growth in
NHS refuse loads

® replacing any existing incinerators used to dispose

of NHS refuse

® continued operation of existing incinerators used to
dispose of NHS refuse

except in very extreme circumstances.

References
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Appendix A Résumé of legislation and
good practice as applied to incinerators

I Clean Air Acts, 1956 and 1968

Under the Clean Air Act it is an offence to emit dark
smoke from any chimney. A later emission constitutes
a separate offence. Dark smoke is defined as being
as dark as, or darker than, shade 2 of the Ringlemann
Chart,

For an emission from a chimney, if it can be proved
that dark smoke emerged, owing to one or more of the
following causes, the defence stands:

(a) lighting up from a cold furnace

(b) some unforeseeable and unavoidable failure of the
furnace or equipment

(¢) the use of unsuitable fuel (suitable fuel being
unobtainable) provided this fuel was the least
unsuitable that was available. .

In addition to proof, the defence has to show that

everything possible had been done to reduce the

emission of dark smoke to a minimum.

Grit arresting plant must be installed in all new furnaces

burning at a rate of more than 366 kW (1 250000

BTU /h) any liquid or gaseous matter.

Chimney heights are controlled by local authorities

under the 1956 Clean Air Act Memorandum, 2nd

Edition 1956.

The above Acts exempt any work subject to The
Alkali Act, from the provision of Clauses 1-16 and
1-10 of the 1956 and 1968 Clean Air Acts.

Under the Clean Air Act, the Secretary of State is
given powers to make regulations in respect of all
emissions including toxic gases. It is felt that, by the
end of 1975, the recommendations of the Second
Working Parly (Appendix A, Section 4) will become
such a regulation.

In the meantime the DoE recommend that particulate
" matter should not exceed a concentration of 0-2
grains /3 at STP (0-46 g/m?® at 16° C and 10i3 mb).
This and other criteria are used by chief environmental
health officers in making recommendations to their
local authorities on applications submitted to them.

For example, the qualifications attached to a recent
approval were that ‘grit and dust must not exceed
31b/h (1-4 kg/h), H;S not to exceed 5 parts in 10° (as
stated in the Chief Alkali Inspector’s Annual Repeort,
1966), SO, not to exceed 3-51b/h (i-6kg/h), the
stack to be insulated to prevent the emission of acid
smut, 4 in BSP sampling sockets to be provided, fuel
oil of 35 s viscosity to be used and hospital and animal
house waste to be burnt’,

2 Alkali Act

Under the requirements of the Alkali Act “Works for
the destruction by burning of chemical wastes containing
combined chlorine, fiuorine, nitrogen, phosphorus
or sulphur’ need to be registered.

Before operation can begin, suitable plant has to be
installed for dealing with gaseous and particulate
emissions. The design of the plant should be such as
1o render it capable of meeting the following conditions:
(a) the plant shall be operated smokelessly
(b) the statutory limit for hydrochloric acid, 0-2

grains /ft® at STP shall not be exceeded
(6) complete removal of chlorine should be attempted,

but emissions not greater than 0-1 grains /ft® of
chlorine at STP are tolerated

(d) the emissions are to be free from persistent mist

(¢) fume emission shall not exceed 0-05 grains /ft* at
STP

(/) emission of residual organic chlorine compounds
1o be less than 10 parts in 10% in the final emission.
A suitable chimney height shall be provided which
is influenced by local conditions

(g) there shall be no droplet ermission

(/) sampling points shall be provided with suitable
access for stack gas analysis

The threshold Jimit value (t.1.v.) {quoted below under

‘the Factories Act’) for HCl is too high for the more pro-

longed exposure of the general community, encompass-

ing infants, the elderly and the infirm. The alkali

inspectorate, in determining chimney heights, look for

a maximum ground-level concentration of 0-16 parts

in 10% (1/30 of t.Lv.).

This figure of 0- 16 parts in 10° for hydrochloric acid
may be too high if its effect is added to that of other
toxic poilutants.

3 Factories Act

No direct legislation exists. However, the DoE HM
Factory Inspectorate (DoE Technical Data Note 2/71:
Threshold limit values, HMSO) do have a t.lLv. for
hydrochloric acid. This is set at 5 parts in 10° and
refers 1o a time-weighted concentration for a 7-8 h
workday, 40 h week and represents conditions under
which it is believed that nearly all healthy workers may
be repeatedly exposed without adverse effect (see
ground-level concentration figure quoted under the
Alkali Act, Section 2).

4 Report of the Second Working Party, Department of
the Environment
The Second Working Party’s recommendation on
acceptable levels of grit and dust varies according to the
heat release levels. For example, with a plant releasing
10 500 000 BTU /h the grit and dust level should not
exceed 0- 3 grains /ft® with flue-gas conditions standard-
ised at 10%, CO,, NTP, dry. As stated above, it is felt
that by the end of 1975, these recommendations will
have become ‘regulations’ under the Clean Air Act.
The Working Party recommends that owners of
existing plant should be given 5 years grace before
modifying the plant to perform to the standards they
have recommended.

5 Public Health Act
The Public Health Act gives local authorities power to
prevent nuisance from dust, ashes, rubbish and for
regulating the removal through the streets of offensive
matter or liquids.

1t should be noted that the application of the above
Acts come, under the Health & Safety Executive, which
grants power to the offices of the alkali inspector, the
local authority environmental health officer etc. for
local implementation.
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In 1971, when modernisation of the Montagu Hospital,
Mexborough, was first discussed, the old coal-fired
boiler plant was due for rencwal and its site was needed
for hospital extensions. Coal was chosen on fuel-cost
grounds though gas and oil were also considered. The
building is designed to take three GWB Vekos boilers
but so far only two have_been installed, each of 1-68
MW (5700 1b/h of steam), The third boiler will be
installed whenever the need for it is firmly established,
which is likely to be soon.

The first Montagu Hospital was built in 1904,
Current modernisations and extensions are largely
completed for this acute general hospital of 191 beds,
with an accident and emergency department. A new
outpatient department is being built as well as a new
linen store and mortuary, The geriatric day unit is
nearly complete, 50 are the upgraded operating theatres,
the new boiler plant and the new services throughout
the hospital, including new pipes for steam and hot
water and electric cables. The hospital was originally
built on land given by Andrew Montagu of High Melton
Hall nearby, was extended in 1924, and the capital for
the present extension costing £530000 (including
£80 000 for the boilerhouse) was provided by the Trent
Regional Health Authority.

The new boilerhouse provides all the heat needed
for the hospital, including central heating, sterilising,
domestic hot water and cooking. Both domestic and
central-heating waters are heated in steam-to-waler
calorifiers. All space heating is by hot water. Some
steam is provided at a lower pressure than the boiler
pressure (1001b/in?) for autoclaves and kitchen
equipment. )

Instruments in the boilerhouse indicate the carbon
dioxide in the flue gas, the chimney draught, the flue
gas temperature and the smoke density. The boiler
plant is about 75 m from the nearest hospital building
and the steam passes underground to it through ducted
mains. The circular reinforced concrete chimney
contains four flues, three for the boilers and one for
the nearby hospital incinerator.

New-look
hoilerhouse

The lower picture shows
the grit arrestors and the
pipe at the bottom through
which grit from flue

gases is recirculated to

the combustion chamber
finally to be burnt

The 60t bunker receives its coal pneumatically
through 12-7 cm-diameter pipes to which connection
is made from the delivery lorry and its compressor,
This method of fuel delivery is clean and dust free. Air
conveys the fuel from the bunker to the boiler and is
also used for burning the coal. The coal is 1-25-2-5cm
in size (Brodsworth washed singles) and about 15001t
per year are used.

Boiler operation is smoke free despite wide fluctua-
tions in load pattern., A built-in grit arrestor removes
grit from the flue gases before they enter the chimney.

continued on page 9
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The collected grits are refired in the boiler so as to
burn any fuel remaining in them. The efficiency of the
boiler exceeds 80%; based on the gross calorific value
of the fuel throughout its modulating range of 3 to 1.

Smoke-density monitor and other instruments

The rate of feed of fuel and the amount of air
delivered to the boiler depend on the heat demand at
any particular time, and are completely and auto-
matically controlled. The ratio of fuel to air is correctly
proportioned to ensure high efficiencies throughout the
modulating range. If the demand on the boiler is
below the normal operating range, an overriding
pressure switch cuts off the coal and air feeds. When the
heat demand increases, the pressure switch causes the
boiler to increase the fuel and air supplies exactly in
proportion to the new heat requirements. Medulation
is this exact suiting of the fuel and air supply to the
demand.

Maintenance of all parts of the boilers and coal-
handling equipment is simple, and, since there are no
moving parts within the furnace or other hot areas of
the boiler, wear and tear is at a minimum.

The main contractor for the modernisation and exten-
sions is Bradbury Construction Ltd., Sheffield. Boiler-
house mechanical services were put in by J. Dixon
(Mechanical Services) Ltd., and electrical services by
T. W. Sampson; the boiler controls were installed by
Benson Controls Ltd., Normanton, and the Vekos
boilers were provided by Parkinson Cowan GWB Ltd.,
Dudley, Worcs.

A visit to
Falfield

Senior members of the Institute recently
visited Falfield, the WHS engineering
training centre in Gloucestershire, The
photograph shows (from left to right)
J. W. Barnes (Principal of the Training
Centre and a member of Council), F. H.
Howorth (President of the Institute),
R, Manser (Assistant Chief Engineer,
DHSS, and a Past-President), and K. 1.
Murray (Assistant Chief Engineer,
DHSS, and a member of Council).

WEST OF SCOTLAND
BRANCH

The branch has arranged the following
winter programme:

1975

30 Oct.
Coal’s contribution to the efficient use of

energy by J. Hunter, National Coal
Board

27 Nav.

Recent developments in measurement and
control by J. Brown, University of
Strathclyde

Institute
news

18 Dec,

Visit to the studios of the Glasgow &
West Hospital Broadcasting Service

1976

29 Jan.

Solid-state communications for hospitals
by M. Bloxwich, B. Chapman and
R. G. A. Griffiths, Static Switching Ltd.
26 Feb.

Electrical safety equipment with special
emphasis on earth-leakage protection by
F. E. Waspe, Siemens (UK) Ltd.

25 Mar.

AGM.

29 Apr.

Subiject to be arranged

All sessions except those on the 18th
December and 25th March are open to

.. visitors, and will be held in the

Conference Room of the Greater Glas-
gow Health Board Offices, 351 Sauchie-
hall Street, Glasgow, commencing at
7.30 p.m. Entry is by the Holland Street
entrance.
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E ‘News

BSES meetings

The following programme of meetings
has been arranged by the Building
Services Engineering Society.

1975

30 Oct.
Proposed joint meeting with JBG/ILO

11 Dec.
Proposed lecture: The fundamentals of
professional liability

1976

29 Jan, or 12 Feb,
Proposed lecture: The contractor fsub-
contractor relationship

10 Mar,
Joint meeting with IES. Lecture: Lighting
and thermal comfort

6 May or 13 May
Proposed joint seminar with DoE on
Building Regulations

All of the meetings except that on the
10th March will be held at the Institution
of Civil Engineers, 1-7 Great George
Street, London SWIP 3AA. The 10th
March meeting will be held at the Royal
Institution, Albemarle Street, London
WI.

Good response for
laundry exhibition

The new National Exhibition Centre
at Birmingham is to be the venue of

the 1976 International Laundry
Cleaning Equipment & Services
Exhibition.

There will be particular emphasis
at the exhibition on high-production
laundry plant for servicing hospitals,
textile-rental facilities and industrial-
cleaning operations. New ideas in
plant and machinery, some of which
have been introduced in prototype
form at specialised hospital and

industrial shows in various parts of
the world, will be displayed in
practical form under one roof. By
the beginning of September, over
50 applications for stand space had
been received by the organisers.

The exhibition, which will be held
from the 17th to 24th June 19786, is
spansored by the Society of Laundry
Engineers & Allied Trades Ltd.,
supported by the European Laundry
& Dry Cleaning Machinery Manu-
facturers  QOrganisation.  Further
details can be cbtained from the
organisers, Industrial & Trade Fairs
Ltd., Radcliffe House, Blenheim
Court, Solihull, West Midlands B91
2BG.

SWITGHBOARD SYSTEM

A contract worth more than £22 500 for
a p.a.b.x. switchboard system has been
awarded to Telephone Rentals by the
Solihull Health Authority. The system is
to be installed at Hollymore Hospital,
Northfield, Birmingham, and will include
150 extension lines, night service and
power-plant equipment.

Saving energy

A presentation of energy-conservation
equipment and techniques is to be held
at the US Trade Centre, London, from
25th to 27th November. Further in-
formation and invitations are available
from Armca Specialties Ltd., 19-20
Cowcross Street, London ECIM 6DQ.

Emergency-lighting
seminar

A seminar on the emergency lighting of
escape routes from public buildings is
to be held on the 4th November, 1975,
at the Mount Royal Hotel near Marbie
Arch, London. The decision to hold the
seminar, which is sponsored jointly by
the Lighting Industry Federation and the
British Electrical & Allied Manufacturers’
Association, was prompted by the pub-
lication of BS 5266 *‘The emergency lighting
of premises: Part 1°.

Further information is available from
Bob Hobbs, Promotion Services De-
partment, British Standards Institution,
Maylands Avenue, Hemel Hempstead,
Herts, HP2 480,

Medical school
at Leeds

The new medical-school building
being built by John Laing Con-
struction for the University of
Leeds is now taking shape. The
building will consist of a deep-
plan 8-storey block, housing a
self-contained dental hospital for
outpatients on the ground floor,
and nine university medical de-
partments above, together with a
connected 2-storey lecture-theatre
block containing preclinical and
dental lecture theatres.

The architects for the scheme,
which is due for completion in
summer 1977, is the Building
Design Partnership.




HOSPITAL ENGINEERING OCTOBER 1975

Natural ventilation of large
hospital buildings ., - .. sackman ana 1. v porrren

Wind-tunnel tests of hospital scale models
and a computer program to calculate
internal air-flows were used to produce a
prediction technique to determine the rates
of natural ventilation of large hospitals.
The technique was applied to a Harness

hospital design and this article reports that
the ventilation generated by wind forces
in, for instance, ward areas would not be
consistently adequate for the comfort and
well-being of the occupants.

In the past, the supply of fresh air to hospital ward areas
has normally been provided by natural ventilation.
Recent trends in large hospital design have, however,
given rise to some concern over the effectiveness of
natural ventilation in producing continually adequate
. air-flow rates for the comfort of the occupants.

In particular, the ‘deep-plan’ type of layout leads to
ventilation problems. The incorporation of courtyards
into such designs was thought to promote natural
ventilation as well as provide increased use of daylight
through the additional exterior surfaces,

Such a design concept is embodied in the Harness
hospital schemes proposed by the UK Department of
Health & Social Security. The Harness designs are
large complexes up to four storeys high, which, in plan,
basically consist of 15.m square structural modules
interspersed with 15 m square courtyards (Fig. 1).

Fig.1 Model of a typical Harness hospital

The natural flow of air into a particular building is
dependent on the influences of wind and temperature
differences. For large irregularly shaped buildings
these influences are difficult to predict, and the calcula-
tion of the ventilation rates in all the internal areas is a
complex procedure.

Natural forces
The two motive forces primarily responsible for natural
ventilation are generated by the effects of temperature
differences and wind impingement.

The difference in temperature, and hence in density,
between the air inside a building and that outside

P.J. Jackman and I. N. Potter are with the Building Services
Research & Information Association, Old Bracknell Lane,
Bracknell, Berks. RG12 4AH, England

This article is based on a paper presented at the 3rd Inier-
national Conference of Hospital Engineering

causes a movement of air vertically through the building
via openings such as lift shafts and stairwells. This
temperature motivated transfer of air is called the
‘stack effect’. The direction of air transfer will depend
on whether the outside temperature is less or greater

> 4

|

b
Fig. 2 & Effect of temperature differences
b Effect of wind

than the inside air temperature. If, for instance, the
air temperature within the building is higher than that
outside, a pressure lower than that outside is produced
in the lower part of the building with an inward and
upward flow of air as a consequence. Air flows out-
ward from the upper levels of the building (Fig.2).
The reverse occurs when the indoor air temperature is
lower than that outdoors.




HOSPITAL ENGINEERING OCTOBER 1975

Manlove Tullis Group Ltd

Manufacturer of advanced laundry equipment
Clydebank G81 2XE. :
Dunbartonshire

Scotland

Tel, ©041-952 7881

Telex: 778617

T

B
JER: Z .




HOSPITAL ENGINEERING OCTOBER 1975

The differences in pressure within a building resulting
from stack effect may be calculated from a knowledge
of the temperature difference and the vertical distances
between openings in the fucade of the building.

The Harness hospitals under consideration were
either three or four storeys high with a floor-to-floor
height of 3-8 m. In such buildings, the maximum
pressure difference at an indoor-to-outdoor temperature
differential of 20 deg C would be about 13-5 Pa. This
pressure difference is equivalent to the effect of a light
wind, but because of the restriction of air flow from the
rooms of one floor to the next, the wind effect, which
produces a basically horizontal flow of air across a
building, is normally the most predominant.

The effect of wind impinging on a building is to
produce a positive pressure on the windward side(s}
and a negative pressure on all other sides, including
the roof. The pressure differences so generated give rise
to movement of air through openings or cracks on the
windward face(s), across the building and out through
the other faces.

The characteristics of wind vary with time and loca-
tion. For instance, the prevailing wind direction differs
from place to place as does the frequency of various
wind speeds. The effect of local terrain on the wind
pattern is also significant, The range of local wind speeds
is likely to be much higher in a countryside location than
in a suburban area and still higher than in a city centre.
In some instances, neighbouring tall buildings or other
local prominent features in the landscape modify the
wind pattern still further. These many variables make
the prediction of the wind effect much more difficult
than temperature effects.

The sttuation is further complicated by the variation
of surface pressures generated by the wind depending
on the orientation, external shape and dimensions of
the building itself. For buildings of the complexity of
the Harness design, it was necessary to determine the
wind pressure distribution around the outside of the
buildings experimentally by using wind-tunnel testing
technigues. ’

Wind tunnel testing

In a wind tunnel it is possible to simulate the natural
wind either by modelling the local terrain over which
the air passes or by installing screens which produce a
similar effect (Fig. 3). Scale models of the particular
Harness hospital complexes were constructed and

Fig. 3 Dudley Harness hospital model in a wind
tunnel

installed in the wind tunnel (Fig. 3). The models
incorporated 500 or more tiny pressure tubes terminated
at the building surfaces. These pressure tubes were
connected to a manometer System, so that the indi-
vidual pressures could be measured.

The wind-tunnel tests were conducted with the
models set in a series of 12 angular positions at 30°
intervals to study the effect of variations of wind
direction.
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Fig. 4 Air-flow network

Internal airflow network

The pressure distribution on a building is an important
factor in assessing ventilation rates, but there are other
parameters which need to be taken into account. The
rate at which air flows into and through a building
under the influence of wind is governed by the ‘leaki-
ness’ of the structure itself. Air finds its way in through
open windows, -external doors, specially provided
apertures, if any, and through adventitious cracks
between cladding components. Within the building,
the air-flow paths consist of rooms and corridors,
which may not be separated by internal doors. The rate
that air passes through this complex network of flow
paths depends on the resistance of the individual
components and their relationship to one another
(Fig. 4).

The components through which the air passes are
normally doors and open windows (which leak even
when they are closed). Available experimental data
on the air-leakage characteristic of standard windows
and doors were used in the calculations described
betow.

Computer program

The number and complexity of the air-flow paths,
particularly in a large hospital building, necessitate
the use of computer techniques to calculate the ventita-
tion rates. A computer program, entitled CrRkFLO and
developed by BSRIA, was used in this study to cal-
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culate the air-flow rates, directions of flow and cor-
responding internal pressures that would be generated
by the wind-pressure distributions derived in the
wind-tunnel studies. Additionally, the program allowed
the effect of the mechanical ventilation on toilets,
bathrooms and other specific areas to be incorporated.
A block diagram illustrating the input reguirements
of the program and the resulting outputs is shown in
Fig. 5,

leakage
data

door and

window

leakage
characteristics

interrdal
network
shape

building
design

mechanical

ventilation

| model '

CRKFLO’
computer
program

The natural ventilation of the wards was of particular
interest and Fig, 8 shows the resuits calculated for a
transverse wind direction with all the internal doors
closed and all windows open by 12-5 mm. This setting
of windows and doors was chosen to represent the
situation in winter.

Fig. 8 clearly shows the effect of that mechanical
ventilation of the service areas which, at zero wind
speed, produced a ventilation rate between 0-5-1 air

meteorological
data

overall
performance
icharacteristics

air
change
rates

volume
flows and

prediction of
smoke

I

wind-
tunnei
test

stack
effect

wind
pressures

Fig. 5 Ventilation rate calculation process

Natural ventilation performance
The CRKFLO program was used to study the ventilation
in several hospital designs under a wide range of
conditions. For the purposes of this paper, however,
the discussion of the results will be centred on one hos-
pital design and on one typical zone within that
hospital. The conclusions drawn are, nevertheless,
representative of the overall findings. The layout of
the selected hospital is shown in Fig. 6 on which the
location in plan of the particular zone is also indicated.
The zone comprised a Ist-floor 124-bed ward area
(Fig. 7). In it are three open-plan 16-bed wards, cone

Fig. 6 Location of ward block shown on hospital
model

8-bed ward, four 6-bed wards, four 4-bed wards, two
2-bed wards and 24 single-bed wards. The diamond
shape in the centre of the cruciform sections denote
service areas and nurse stations, which were provided
with mechanical ventilation. The bathrooms and some
of the toilets (those with no external walls) were equip-
ped with extract ventilation systems. Overall, there was
a greater rate of mechanical air extract than supply.

movement
ina fire

directions
of flow

pressure
levels

change in 70%; of the ward areas and less than half an
air change per hour in all but a fraction of the remain-
ing ward areas. At the higher wind speeds, the influence
of the mechanical ventilation decreased, and greater
rates of ventilation were produced over a large propor-
tion of the ward areas. However, even at a wind speed
of 7m/s only 309 of the ward areas were ventilated
above a rate of 2 air changes /h and less than 10% above
3 air changes/h. The caiculated ventilation rates (air
changes /h) and the directions of air flow for the
naturally ventilated areas of the zone are included in
Fig. 7 for the wind speed and direction indicated.
To examine the effect of size and location of the
wards, the single-bed and 6-bed wards will be considered
separately. In relation to the wind direction shown in
Fig. 7, some of the single-bed wards are located in each
of the following positions:
¢ with windows on a leeward face within a courtyard
@ with windows on a face parallel to the wind direction
and within a courtyard

® with windows on a windward face

@ with windows on an external face parallel to the
wind direction.

For each of these positions, the variation of ventilation
rate with wind speed is plotted in Fig. 9. At zero wind
speed, a ventilation rate of about 0-8 air changes was
produced in all the single-bed wards. This was the
result of the mechanical ventilation in the service areas
and, because there was a higher extract ventilation rate
than supply, air was entering each ward from outside
(infiltration).

In the wards which face the courtyards, the infiitration
rate decreased as the wind:speed was increased. This
was the result of the pressure differences generated by
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the wind acting in opposition to the flow produced by
the mechanical ventilation. As curves ¢ and b of Fig. 9
show, at the higher wind speeds, complete reversal of
flow occurs, so that air passes from the corridors into
the wards and then outside (exfiltration). Curves ¢ and

100~
cir changes /hour
> o
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\/ > 12
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Q o 5 10

wind speed, m/s

Fig. 8 Ventilation in ward areas {adult acute}

d (Fig. 9) demonstrate the effect in the externally
located single-bed wards where the natural ventilation
was in the same direction as the mechanically induced
ventilation.

The 6-bed wards were situated either:

@ with windows on a leeward face within a courtyard

@ with windows on a face parallel to the wind direction
and within a courtyard.

The curves of ventilation rate related to wind speed are
plotted in Fig. 10. They show similar characteristics
to curves a and b for single-bed wards except that the
6-bed ward’s ventilation was significantly lower.

Whole hospital ventilation
The results described above relate to only a variation in
wind speed and to one wind direction. To assess the
overall natural ventilation performance it was necessary
to examine the frequencies of occurrence of various
combinations of wind speed and direction. On con-
sidering the whole hospital, it was found that, because
of its clongated shape, crosswinds produced substan-
tially more ventilation than end-on winds.
Meteorological data was thus analysed to establish
the proportion of time winds occurred at various
speeds and from the various directions in the quadrants
corresponding to cross- and end-on orientations (Fig.
11). This was done only for outdoor temperatures less

than 10° C because it was assumed that, at high tem-

peratures, it would be possible to increase ventilation
by opening windows wider than the assumed 12+5 mm
without causing discomfort from cold draughts. Fig.
11 shows the resuiting plot for the Birmingham site of
percentage time against wind speed, which indicates
that the occurrence of crosswinds was similar to that
of end-on winds. The mean line was used for the
succeeding analysis,

From the graphs it may be noted that the proportion
of the time that the wind speed exceeded zero was 50%;.
The other half of the time consisted of 109 calm and
40%; in excess of 10°C.

Using this wind data and the computed ventilation
rates of the whole hospital for both cross and end-on
winds at various speeds, the chart in Fig. 12 was derived.
The continuous iines show the calculated ventilation
performance with all windows slightly (12-5 mm)
open. Window closure would, of course, considerably
decrease ventilation rates, but opening them may
generate intolerable cold draughts at outdoor tempera-
tures below 10° C. This latter effect depends somewhat
on the form and capacity of the heating appliances in
each room. The postulated eflects of increasing the
window opening for periods of the year when tempera-
tures are higher than 10° C are shown as dotted lines.
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Fig. 9 Single-bed ward ventilation {adult acute}
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Fig. 12 Natural ventilation performance of a four-
storey Harnass hospital sited at Birmingham

The chart indicates, for example, that only 50% of
the naturally ventilated area of the hospital will have a
ventilation rate greater than 1 air change/h for about
45-5% of the time. Similarly, it may be predicted that,
for 705, of time, natural ventilation rates of greater
than 1 air change/h will occur in only 40%, of the
hospital, rates greater than 2 in 25%; of the hospital .
and rates greater than 3 in about 10% of the hospital.

Although 2 air changes/h may be considered an
acceptable rate of ventilation for normal circumstances,
it has been suggested* that 3 air changes/h is more
appropriate for hospital wards. It is clearly predicted
from the above results that natural ventilation rates
will be below this minimum acceptable for much of
the time.

The results of this theoretical study thus reveal the
general inadequacy of wind forces to produce consis-
tently adeguate levels of ventilation in large deep-plan
hospital buildings. 1t would therefore appear necessary
to employ mechanical ventilation, at least in areas
where the maintenance of fresh-air supplies at all times
is important.

The use of the ventilation-prediction technique has
ensured that the opportunity for making the provision
of mechanical ventilation was available while the
buildings were still in the design stage.

Acknowledgments: The authors wish to express their
appreciation to the UK Department of Health & Social
Security, which sponsored this work, for its permission
to publish this article, and, in particular, members of
the chief engineer’s staff who supervised the project.

WARD LOCATION

{7) With windows on a leeward face within a courtyard

(&) With windows on a face parallel to the wind direc-
tion and within a courtyard

(¢} With windows on a windward face

(d} With windows on an external face parallel to the
wind dircction.

*British Standard Code of Practice CP3, 1950, Chap. 1 (c).
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Engineering and
medicine

S. R. MONTGOMERY, M.A., Sc.D:, C.Eng., F.I.Mech.E.

To an outside observer there may appear to be little in
common between the work of an engineer in charge of
the operation and maintenance of essential building
services and the work of an engineer in a university
carrying out clinical research in cellaboration with
doctors, apart from the fact that both activities take
place in a hospital. This article considers the viewpoints
of various interested observers and presents some
observations on the fundamental problem facing both
hospital and medical engineers—what is meant by
health and how can engineering contribute to its
enhancement?

Chambers Dicticnary defines a hospital as *a building
for the reception and treatment of the old, the sick and
hurt . . . etc., or for the support and education of the
young; a lodging (Spenser)’. The Oxford Dictionary has
several definitions including a 16th century use of the
word to mean ‘a house of entertainment’! The relevant
definitions for our present study are ‘an asylum for the
housing and maintenance of the needy’ (e.g. geriatric
hospital} and ‘an institution or establishment for the
care of the sick and wounded or of those who require
medical treatment’.

The Encyclopaedia Britannica (11th edition} has a
long and detailed article on hospitals, and it indicates
that the word derives from the Latin hospitalis, the
adjective of hospes, meaning either a host or his guest.
In France, there is a clear distinction between the terms
‘hépital’ and ‘hospice’, which refer, respectively, to
accommodation for the sick and infirm of a temporary
or permanent nature. The word ‘hotel’ is used to
describe other public accommodation. The original
derivation from fospes indicates clearly the essential
feature of all these institutions in which there are hosts
and their guests.

The following is a précis of part of the article:

‘Originally hospitals-were unsystematic, crowded, ill-
“organised ' necessities which wise people refused to
enter, if they had any voice in the matter. They were
merely a building or buildings where sick and injured
people were retained and, more frequently than not,
died. Now that operative interference is the rule rather
than the exception in the treatment of hospital patients
and with the introduction of antiseptic and aseptic
methods, the mortality in hospitals is probably
materfially less than it is among patients attended in
their own homes. At the present time in all large cities
and crowded communities of civilised countries, great
hospitals have been erected on extensive sites which are

Dt. Montgomery is with the Department of Mechanical
Engineering, University College London, Torrington Place,
London WCIE TJE

so planned as to constitute a village with many hundreds
of inhabitants. In Europe buildings are usually of one
storey: in the United States owing to the difficulty of
obtaining suitable sites and for reasons of economy
some competent authorities strenuously advocate high
buildings with many storeys for town hospitals.’

The 11th edition was published in 1910, and the article
was wrilten by Sir Henry Burdett, at one time super-
intendent of Queen’s Hospital, Birmingham. Some of
his other ideas on the ideal hospital were somewhat
extreme, such as the complete isolation of a hospital in
the country, remote from the community. Isolation from
local infection was felt to outweigh the lack of con-
venience for patients and their families. The t.b.
sanatoria erected in memory of King Edward VII are
typical examples. However, it is the present day
hospitals in Britain with which one is really concerned,
not so much with their methods of construction and the
equipment they contain, but rather the way in which
they actually function from day to day.

Hospitals and the local community

One can start by considering the organisation within
which the hospital operates in Britain, namely the
Department of Health & Social Security (DHSS). This
is the largest organisation in Britain with more than
900 000 employees, which is twice as large as any other
national body and three times as large as the largest
private company. :

A major reorganisation took place last year, the first
since the National Health Service was created in 1948.
The aim was to rationalise the management structure
covering all the health services supplied, not only
within the hospital, but also many services previously
the responsibility of the local authority who now retain
control only of certain social workers. There are now
Regional and Area Health Authorities subdivided into
districts where the management team, family practi-
tioner commitiee and community health councils are
responsible for the detailed running of the local health
services, Within the individual district hospital an
administrator is in charge of the various medical, para-
medical, technical and administrative groups which
ultimately supply the services required by the individual
consultants,

But for whose benefit is the hospital provided? For
the doctor? Surely it must be for the patient, who all
too often can be forgotten. The district health service
has a responsibility to provide the facilities required to
deal with the medical and social needs of all the
members of the community whose geographical
boundaries it shares. With perhaps 250 000 inhabitants
the community is large enough for statistical methods
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to be used in predicting its overall health needs; and it
is certainly desirable that the health service be a
properly integrated component of the community since
it will employ some 5000 people locally, not only in
hospitals, but also in ambulance services, family
planning, maternity and child health clinics, to name
only a few. .

Any individual member of the community may need
to use one or more of these services and we shall con-
sider, as a case study, one particular example of an
individual whose heart valves become defective, to
illustrate how the work of the engineer influences the
progress of such a patient both in and out of hospital,
from sickness to health. Admittedly, the example is
fairly extreme, and is atypical in that relatively few
district hospitals would have the necessary facilities.or.
the demand to enable them to carry out operations of
this type at regular intervals. However, all patients
admitted to hospital for treatment experience similar
problems to a greater or lesser extent.

Case study

Degenerative diseases are associated with the gradual
development of symptoms, e.g. a decreased ability to
undertake physical effort, breathlessness and pain. In
its early stages the symptoms are not dissimilar to those
of ageing, but the process occurs more rapidly than
normal, The general practitioner is likely to be the first
member of the health team to become involved with
any individual, and he may well prescribe certain drugs
and periods of rest before he decides to seek the
assistance of specialists in the hospital in diagnosing
the ailment.

The individual will be referred to the outpatient clinic
in the local hospital for a consultation with the physician
who will carry oul a series of tests involving the measure-
ment of a number of parameters, ¢.g. heart rate,

clectrocardiograph, peripheral biood pressure and
respiration rate, both before and after exercise. On the
basis of these objective measurements and subjective
assessments of less readily measured parameters, a
preliminary diagnosis can be made and a decision
reached as to whether surgical intervention is required,
either immediately or at some future date.

If surgery is required, .the individual will be put on
the appropriate waiting list and in due course will be
admitted to hospital. After further tests, a preliminary
minor operation will first be performed to allow more
detailed measurements to be made of pressures and
flows inside the heart itself; this involves passing flexible
plastics catheters through periphera! arteries and
recording with the use of suitable transducers the
variation with time of pressure, and occasionally flow
rate, in the various chambers of the heart.

The results of this investigation are combined with
the other clinical data to confirm or contradict the
preliminary diagnosis. Contradictory results would
need to be reassessed before deciding on the best course
of treatment, but we shall assume that a defective heart
valve described as being ‘incompetent’ is confirmed as
the most likely cause of the observed clinical symptoms:
the final confirmation must await the opening of the
heart in the same way that defects in any man-made
machine can only be confirmed by disassembly.

Any open-heart operation is major since a machine
must temporarily take over the job of pumping blood
round the body, and, for technical reasons, the machine
takes over the function of the lungs as well. A complete
team is required consisting of three or four surgeons,
anaesthetists, instrumentation operators, theatre sister,
nurses and orderlies and a ‘heart-lung machine’. Each
member must be fully aware of the detailed procedures
being carried out at every stage of the operation and
the actions to be taken in any emergency.

Table 1 Some of the activities, staff and equipment that a patient under-
going heart surgery might meet. The list is intended merely to indicate the
wide variety of items and is not intended to be comprehensive

Activity or
location Staff Typical equipment
Home general practitioner e.c.g.; stethoscope
health visitor
Social services
Chemist pharmacist drugs
Admission administration hospital services

E.C.G. laboratory physician

Catheterisation anaesthetist
cardialogist
surgeon
radiologist
nurses

Ward ward staff

biochemical laboratory

orderlies
Theatre theatre staff

anaesthetist

surgeon

Post-operative
Convalescence
Return home

pump technician
instrument technician
intensive-care-unit staff
physiotherapist
ambulance driver

bleepers, office equipment

e.c.g., recorders

ventilator, drugs

cardiographs

pressure and flow instruments

X ray

surgical instruments, catheters
beds, "hotel’ equipment
analysers, microscopes

trolleys

autoctave, swabs

defibrillator, ventilator

scalpels, clamps, ‘repairkit’
heart-lung machine, plastics tube
pressure and temperature equipment
respirators, piped gases

exercise machines

ambulance, stretcher
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The operation will last several hours since the chest
must first be opened and the heart-lung machine
primed and connected into the patient’s circulation
before his blood can be taken through the machine;
only then can the heart itself be isolated and the first
incision made into the appropriate chamkber of the heart,
whose regular beat is inhibited by applying a small
constant current through the heart muscle which then
‘fibrillates’ in an irregular, unco-ordinated movement.
The deformed valve can be excised and a replacement
mechanical valve will be attached in its place by means
of threads sewn through the rim of the valve and the
tissue of the heart; the insertion of a single valve may
take as long as an hour and two or even three valves
may need to be replaced in severe cases. Once the
incision in the wall is sewn up, the heart must be forced
to beat again in a regular manner by turning off the
small direct current and applying across the heart a
large current for a short period of time which depolarises
the heart muscle and allows the regular co-ordinaied
heart beat to reappear. The heart must then take over
the circulation again before the heart-lung machine is
disconnected and the operation completed by closing
up the chest.

The patient will be taken from the operating theatre
to the intensive-care unit which is equipped with a
complex array of instruments to allow continuous
monitoring and Jor assistance of various bodily func-
tions, e.g. respiration, and a stafl trained specially in
the care of severely ill patients. After two or three days
the patient will return to the general ward, and, as he
recovers from the operation will gradually become more
independent until he is fit encugh to be discharged from
hospital and convalesce at home.

Table 1 summarises these activities and indicates the
type of equipment which might be used to provide a
complete service for the patient. The wide variety of
electrical instruments gives rise to major problems of
maintenance.® The-*hotel’ equipment relates to the non-
medical services required for the resident and non-
resident staff and for the patients in the hospital
including laundry, catering, transport, lifts, heating and
air conditioning etc.

The special medical requirements do modify some
hotel services, and they completely specify the require-
ments of operating theatres, treatment rooms and
laboratories. A very wide variety of equipment is
required and all services must be available 24 h/day,
365 days fyear.

This example is intended only to illustrate the wide
variety of equipment and facilities which a patient may
require when receiving treatment for a particular
medical condition. As the complexity of hospitals and
their services has increased, so has their dependence on
the engineer to maintain in proper working order the
very costly set of equipment required to provide
‘modern’ medical care for the patient.

Alternative views of the hospital

The hospital is only a single component in a complex
health-care system, and it i1s instructive to consider how
a hospital appears to a number of different observers.
Fig. 1 shows schematically how the health-care system
in a community is seen by various individuals associated
with the case study described above. Some components

extend beyond the boundaries of the local community
as indicated by the national and international boun-
daries. Subsystems of immediate concern to the
cbserver appear in more detail than those having less
effect on the particular activity being considered, even
though the latter may in fact be equally complex
entities; the patient’s job may be with the local sub-
sidiary of a multinational company, but this fact would
be 'of ‘minor interest to the individual when going to
hospital.

The peint which T wish to emphasise is that the
hospiral is seen quite differently by the various partici-
pants in this example. To the administrator and the
DHSS, it is one of many such institutions which must
provide the wide variety of services requested by the
local consultants and general practitioners; to what
extent they view the local population as being a vital
subsystem of the hospital is not always clear. The
patient notices all the sections of the hospital with
which he comes into contact, but, in the normal course
of events, he is unlikely to be aware of engineering,
catering and laboratory staff,

The engineer should be aware of all aspects of the
day-to-day running of the hospital, so that he plans
and carries out his work with minimum inconvenience
to all the other participants. He must apply his technical
skills to the solution of real problems in an activity
dominated by people to an even greater extent than in a
factory: the ‘process’ deals with sick people, not in-
animate objects, and solutions which ignore this fact
will often fail, no matter how good they may be
technically. In particular, if the engineer deals in any
way with patients, he must be aware of the complex
questions raised when one asks how medical practice
can improve the health of the community.

When comparing alternative solutions to technical
problems, from the choice of one’s own personal
transport to the design of a ship or a hospital, the
simplest economic parameter is the immediate capital
cost of the system. The danger is that this may lead to
the choice of an expensive ‘white elephant’, and in
many areas the total cost of buying, owning, operating
and maintaining the system is a more satisfactory
measure for comparing the true economic value of
alternative solutions. This concept of ‘through-life
costs’ is particularly important for major capital invest-
ment projects designed to be used for many years, and
new hospitals certainly come into this category; how-
ever, it does not measure any of the subjective para-
meters, e.g. comfort and ease of operation or con-
venience of access which may in fact delermine the
uitimate choice.

Cost benefit analysis attempts to associate economic
value to each of these parameters, so that they can be
included in the overall costs, but the relative importance
of each parameter and the individual nature of the
aesthetic value can lead to ridiculous anomalies. (In the
discussion on the 3rd London airport, a 13th century
church would have been demolished if the Cublington
site had been developed. The value placed on the
church was equated to the amount for which the
structure was insured against fire! Was this a reason-
able value ?) However, we are not interested in aesthetic
problems here, but in the allocation of limited financial
resources to the treatment of the sick. What facilitics
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YOU DEPEND ON
ME ALREADY...

...YOU CAN ALSO TRUST
MY BiG BROTHER.

Some 80Y, of Britain’s domestic central
heating systems are kept running year in year out
by SMC circulators. As a result we have been
rather type cast. But we, at SMC, make a wide
tange of industrial and commercial dury pumps
with proven reliability in thousands of different
applications throughout the world.

The Industrial Range covers the following

types and duties ;

‘C' Range
Heads to 47t.,

flow rates to 600 Iy pm.,

motoers to 7.5 h.p.

‘E’ Range

Heads 1o 2041,

flow rates to 45 fpm.,
Elecirical Regulation

‘CB’ Range

Heads to 90ft.,

flow rares to %00 Ig pin.,
motors to 25 h.p.

Pressure Sets

Heads to 1754t.,
flow rates ta 250 Ig pm.,
mutors to I0h.p.
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The Industrial Range shares the same
characteristics of solid engineering, efficiency and
100%, reliability. Prices are competitive and you
have our well known reputation for peerless
service, and customer relations that has made
SMC the name you can depend on.

— — — Y T — —— ii— ———
| State intereat

[[] sendticeratureiprices

] Repremntativeracan e I

Nime I

Company Porition I

Scaled Moter Construction Co. Lid.,
Bristol Road, Bridewater,
Somerset TAG 4AW,

l Address
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should be provided in a hospital? What preventive
measures should be taken? In short, should the
National Health Service and the population of this
country be more concerned with the health of the many
or the sickness of the few: and, the fundamental
question, what do we mean by ‘health’?

Health

The meaning of the word ‘health’ is less easy to define
than ‘hospital’. In an abstract sense it can be considered
to imply “absence of disease’, but one is then faced with
the even more difficult problem of defining disease. i
adolescence and old age are considered to be diseases,
presumably one cannot have a healthy adolescent or a
healthy septuagenarian! Some cynics even go so far as
to say that ‘a heaithy person is one who has not been
properly examined !”

The Oxford English Dictionary defines health as
‘soundness of body, that condition in which its functions
are duly discharged’ and gives the old English words
‘Hale’ and *Hole’ as being the roots from which health
is derived. The World Health Organisation (WHO) has
considered the problem and has produced its own
definition (which certainly serves as the outer bound to
any form of disease) as follows:

‘Health is a state of complete physical, mental and
social well being.’

Health, illness and disease

The first indication to an individual that he is suffering
from some form of illness will be a number of symp-
toms, e.g. headaches, sickness, spots etc. Diagnosis is
the process of determining the nature of the disease
from which the individual is suffering. Preliminary
observations of the patient will often supply many
clues, but final confirmation frequently requires that
parameters be measured either on the patient himself
(e.g. temperature, pulse/pressure, respiration rate etc.)
or on samples of Auids taken from the patient. The
results of such measurements are quoted as values,
frequently on a numerical scale, several of which may
have to be compared to provide confirmation of the
disecase.

Let us consider a very simple case in which only a
single parameter P is considered. If tests are carried out
on a large number of healthy individuals, the distribu-
tion curve A (Fig. 2) will be obtained; a similar set of

number of individuals

parameter, P

Fig. 2 Distribution curves for parameter P as
measured in a given population of healthy and ill
individuals

tests on individuals suffering from some particular
disease might produce curve /. If the value of the para-
meter P were measured in a particular individual and
had the value P, as indicated, there would be an even
chance of stating correctly whether he suffered from
the given disease; for observed values of P greater than
Py, the individual is more likely to be ill, and conversely
for P less than P, he is more likely to be healthy.

A similar type of uncertainty arises in engineering
practice with the fatigue life of structure or the reliability
of components; e.g. if the question were asked whether
an individual component will be operating satisfactorily
afler a specified time, one can only quote a probability
derived from tests on a large number of similar com-
ponents operating under similar conditions. Methods
are certainly available for estimating the overall
reliability of complex engineering systems from data on
the reliability of individual components, but this type of
analysis vusually refers to the black-and-white situation
of elements being either functional or broken.

The medical definition of health and illness involves a
continuous spectrum of states from one extreme of well-
being to the other of imminent death, with so many
unmeasurable and dynamic variables that it is impossible
to define precisely the state of the individual at any given
tirme. The need to classify illness in terms of a limited
number of ‘diseases’ follows as a direct consequence.
The causes may be similar (e.g. a virus) or the effects
may be related {e.g. rheumatism). There is, of course, a
continuing refinement of the classification as more
sophisticated instruments become available and more
detailed knowledge is acquired. It is interesting to note
that more than 70 separate areas of medical specialisa-
tion are now recognised, a number which has more than
doubled in the past 15 years as the distinction between
diseases has become better defined with the advent of
new and improved measurement technigques,
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Fig. 3 Percentage of diseases which receive

medical treatment (the main effects of improved

planning and technical innovation are indicated

by arrows) '

a Well defined disease and well established treat-
ment

b Clear symptoms alleviated but not cured by
treatment

¢ Minor ailments treated by the individual

A schematic representation of the relationship
between disease and treatment is shown in Fig. 3 as a
form of bar chart. The vertical scale indicates the
percentage of a particular disease which receives medical
treatment while the individual diseases or illnesses are
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identified along the horizontal axis. The diseases are
classified into three classes:

(a) those where the disease is well defined and an
established form of medical treatment has been
shawn to be effective in assisting the majority of
patients to overcome the disease

{(h) those where there are clearly observed symptoms,
some of which can be relieved by medical treatment,
but where the underlying cause of the disease
cannot be treated

{¢) those which can be satisfactorily overcome by self
treatment, either because they are of a minor nature
{e.p. dietary advice or a grazed knee), or because
recurrent attacks indicate that such treatment is the
most satisfactory (e.g. some forms of migraine and
asthma).

There are also illnesses that may only become recognised
as specific diseases after detailed examination of existing
data and the addition of extra data, often following the
introduction of new measurement techniques. These
diseases are included in (c).

The horizontal axis can be considered as representing
the *state of health’. Only an individual suffering from
none of these diseases would be considered completely
*healthy’ according to the World Health QOrganisation
definition. However, he would 'not normally be con-
sidered ill if he suffered from one or more of the
diseases in (c), so that the right side of the diagram
represents generally healthy people tolerating the
normal aches and pains of everyday life.

At the opposite end of the scale, a person suffering
from one or more diseases in {@) would probably be
considered to be 'ill’, and it would be generally agreed
that all patients in this category should receive the
medical care required to improve their state of health.

Potential conflicts arise with diseases in (b) where
there may be considerable demand for medical care
from both doctors and their patients despite uncertainty
about the need for and the efficacy of the treatment.
When this treatment contributes to the alleviation "of
pain with no significant danger to the patient it can be
fully justified. However, an appreciable proportion of
such treatment may contribute only towards the almost
religious idea of ‘faith healing’ between doctor and
patient, since they both fee! more mutual satisfaction
when a cure is associated with some form of treatment

. rather than with natural causes; the worst cases may
actually lead to an incidence of disease, since no treat-
ment is without risk. A specific example is the use of
implanted pacemakers to trigger the electrical activity
of the heart; natural diseases very rarely damage the
trigger mechanism of the heart without simultaneously
causing other fatal effects whereas the surgeon’s scalpel
can relatively easily sever the conducting fibres while
performing other surgery on the heart, The number of
‘jatrogenic’ diseases is regrettably ever increasing and
they are most cornmonly related to the side effects of
drug treatments.

Supply and demand
Public demand for medical treatment always tends to
exceed the available resources, and publicity combined
with changing public attitudes encourages the vast
potential demand for treatment, especially for chronic
conditions associated with degenerative processes.

Technical advances can transfer diseases from the un- -
proven class (b) to an accepted treatment in {a), but at
the same time the total demand for medical care may
well increase, owing to a misplaced desire 10 use the new
technique on an experimental basis for treating a range
of other conditions in class {(b).

The overall objective of a national health-care system
should be to allocate scarce resources, so that priority is
given to the treatment of diseases in class (@) over those
in class (b). The uncertainty inherent in defining disease,
let alone the perpetually changing boundaries between
different classes of disease, requires a continuing
process of data collection and assessment if the best use
is to be made of health-care resources.

This raises the critical, but sensitive problem of
evaluation. One of the few areas in medicine where
extensive clinical triats are regularly organised is in the
assessment of new drugs, where complex statistical
techniques are used to establish the efficacy of a given
drug against a known disease by comparing carefully,
over an extended period of time, the results when the
drug, or a placebo, are administered in a random
manner to groups of patients. Comparison with alter-
native methods of treatment can sometimes show that
complex methods of treatment have no advantage over
very conservative methods, but such ‘unwanted’ results
are frequently discounted by appeal to the inherent
uncertainties in the experimental data.

For example, a comparative study of heart attacks in
which half the patients were treated at home, while the
other half were admitted to an intensive-care unit in a
hospital demonstrated that there was no significant
difference between the number of survivors; the peace
and familiarity of the home environment with fewer
technical aids was as effective as the full range of
diagnostic and therapeutic instruments in an un-
familiar and potentially stressful environment. Yet,
given such evidence, how many hospitals would
dispense with their intensive-care units?

In Britain, the individual doctor isstill at liberty to
prescribe drugs which have not been fully tested;
obviously trials of any new treatment must be carried
out with human subjects, but it is important that such
subjects be warned beforehand that the treatment or
drug is not fully tested and that there may be un-
predictable side effects. Even when drugs have been
tested and approved it is always possible that certain
untested combinations of drugs may produce un-
desirable side effects; the dangers of taking alcohol in
combination with certain stimulants is now well known.

Avrtificial components have been used in orthopaedic
surgery for many years, but the plates and screws used
to hold pieces of bone together evolved as a result of
discussions between the surgeon and his technicians; at
no time were the devices designed and tested in the
engineering sense. As more complex active components
were considered as replacements for moving joints in
the body, the need to involve engineers in the design
became much more widely accepted; and the current
worldwide interest in artificial knee joints is taking
place with full collaboration between individual doctors
and engineers. However, a major danger lies in the
proliferation of different designs, amounting to some
150 at a recent count, when the assessment of different
diseases of the knee would indicate a need for perhaps
half a dozen different types.
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Tryanew service,
and beat rising fuel costs.

To beat rising fuel costs, you've got to
playacannygame.

It’s called making imore efficient use of
your resources. Waste an ounce of energy and
you could be on your way out.

For astart, ask yourself a few questions.
Are you using more fuel than you should? Are
you using the right fuel? How will prices
move?

Then take a look at your equipment.
Isit onits last legs? Would it make sense to
invest in a new boiler plant? Or would it be
better to convert your existing boiler?

And, if you decide to buy new
cquipment, where do you get the capital?
How do you pay it back? What's ncw on the
equipment scene, anyway?

Efficiency is casier said than done.
Information is what you need. So that any
move you makeis the right one.

How do you get hold of this sort of
scrvice?

Easy Through the National Coal Board
and your Industrial Fuel Distributor. They
provide a frec technical service that gives you
all the facts on solid-fuel heating and heating
fuels. What's happening now and what's likely
to happen tomorrow.

Sound, objective advice that will help
you make the most cfficient use of your fuel.

Just ring 01-235 2020, ext. 290, or
contact your Industrial Fuel Distributor.

NCB Technical Service

Save your energy ~leave it to us.

Energy sense Is common sense,
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In order to justify a particular design, there is a great
temptation for the surgeon to use it for every possible
patient regardless of the particular disease or the real
suitability of the design for the individual patient. In
this way clinical experience is rapidly acquired, but, if
defects appear as a result of extended use, and one is
interested in a useful life of at least ten years, rapid and
premature ‘progress’ can lead to the serious problems
of revising the original procedure, which is often much
more difficult than starting from the beginning. The
need to use an adequate, and perhaps standardised,
method for assessing orthopaedic and other implants is
essential if we are to avoid large numbers of patients
who are put at risk by being treated in a way that suits
the surgeons. Perhaps we should start by banning the
practice of naming components after the originator.

Medicine and engineering maintenance

In the past century, medical science in common with
engineering science has made great progress in under-
standing the behaviour of the materials and systems
with which each is concerned. However, it must be
appreciated that whereas engineering is concerned with
the design and maintenance of man-made equipment,
the medical profession is concerned only with the
behaviour of an existing system.

With the gradual elimination of many infectious
diseases, life expectancy in developed countries in-
creased significantly at first, but it now appears to have
reached a plateau and has even decreased slightly in the
United States. Thus improved medical care, like
engineering maintenance, can increase the likelihood
that the individual will survive for as long as the major
components remain functional, but it cannot extend the
potential life span of the system. For example, it has
been estimated that if life expectancy increased to 100
years, over half the population would suffer fracture of

the femur and require surgical treatment. This is in
contrast to engineering systems where the designer can
extend the potential life of a machine by increasing the
fatigue life of each component.

But we must consider now the long-term implications
of our present actions and plans. The world’s resources
are simply not adequate to provide a general application
of the advanced technologies of the developed western
world, and we must consider whether a continuing
differential should be maintained between ourselves and
developing countries to allow us to continue further on
the path of energy and material-intensive technology.

At the same time, in both medicine and engineering,
there is a long time lag between the first practical
application of a technological innovation and the time
when its secondary effects are seen to be seriously
adverse. Corrections can readily be made at the early
stages of development but they can be very difficult to
make by the time the full implications are understood
by the public.

As engingers associated with medicine in the treat-
ment of disease, we have a duty both to our profession
and to the public at large to be aware of these problems.
We may not be in a position where we can directly
influence policy makers, but we must each try to teach
ourselves and others with whom we interact to think
about the place of engineering and medicine in the
society which we are now forming for our descendants.

Selected references
1 AistoNn, G. K.: ‘Medical engineering maintenance—the
way ahead’, Hosp. Eng. June 1975, 29, pp. 8-17

2 Dappario, E. Q.: ‘Technelogy and _the democratic
dilemma’, Mech. Eng., 1975, 97, pp. 20-22

3 luLich, 1. “Medical Nemesis® (Calder & Boyars, 1975)
4 ‘Prospect on health’ (Office of Health Economtics, 1971, 37)
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Welding and cutting set
The Portapak portable welding and
cutting set uses aluminium oxygen
and acetylene cylinders, which,
when full, will give up to 20 h of
operating time depending on the
application. The cylinders are sup-
plied on a long-term deposit
system incorporated into the pur-
chase price. The unit uses the
Saffire FNSO blowpipe, which has a
gun-drilled shank that can be used
for cutting, welding or attaching a
range of welding nozzles. It is
possible to fusion weld up to
8 mm-thick sheet and cut up to
20 mm-thick plate.

BOC Ltd, Hammersmith House,
London W6 9DX

Flow meter

The Litre Meter range measures flow
rates by electronically counting the
revolutions of a turbine which spins
on a tungsten-carbide/sapphire
bearing. The turbine revolutions are
counted as pulses and recorded on a

separate readout instrument. It has
an accuracy of within 1% over a
range of flow rates from 1 drop per

1-5 s to 20 I/min. Linearity is within
+ 1%, and the repeatability is better
than Q-5%. The range of instruments
can be calibrated in litres per
second, per minute, per hour and in
imperial units. '
Litre Meter Ltd., Ryefield Crescent,
Northwood, Middx. HA6 1NN

Solar-cell module

The Solar Cell Module contains 20
semicircular solar cells mounted on
a printed-circuit board to produce
4-2V at 86 mA and a maximum
power output of over 360 mW with
a conversion efficiency of 15%. The
output current varies linearly with
illumination intensity, but the output
voltage remains almost constant.
The overall size of the unit is
78:5mm? in area by 13-5mm
thick, and it is packaged in a
heat-resistive acrylic resin case, An
antireflective coating on the surface
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of the printed-circuit board mini-
mises the loss of sunlight. With the
module in constant use the tempera-
ture range is from —50 to +75
deg C.

Photain Controls Ltd., Unit 18,
Hangar 3. The Aerodrome, Ford,
Sussex

Thermometer

The MC320 digital thermometer has
arange of 32-43 deg C witha 15
response. Operation is by pressing a
button, and temperature readings
may be held after the probe is
removed. A changeover switch

allows for constant monitoring of

temperature changes. Power is sup-
plied by six 1-5 V Penlight batteries,
and an indicator lamp lights when
the batteries require changing. The
thermistor sensor is contained in a
rigid plastics probe.

Andrew Stephens (1947) Co.
Medical Electronics, 41 Dickson
Road, Blackpoo!

Chart recorder

The model MH 120 humidity chart
recorder uses a polymer-film rapid-
response type of relative humidity
sensor and covers the humidity
range 0-100%. It is capable of

responding in [ess than 1s to 90%
of the final relative humidity with a
sensitivity of within +0:5%. The
instrument can have an overall
accuracy of better than 1%. An
inkless recording system is used and
the instrument will operate in the

temperature range from -20 to
+60 deg C. By .using -a. remote
sensor, the monitored environment
temperature range is from -40 to
+80 deg C.

Channel Electronics (Sussex) Ltd.,
Cradle Hill Industrial Estate, Seaford,
Sussex BN25 3JF

Chlorination guide

Bulletin 4004 Chlorination Guide
for planning and installing chlori-
nation systems provides 16 pp. of
information, which in¢ludes a 'sizing
guide’; a definition of terms; a
typical chlorination layout ; informa-

tion on wastes and wastes treat-
ment; a description of automatic
chlorination systems and a planning
guide. The bulletin is free.

Capital Controls Co., 20 Green's
Fnd, Woolwich, London SF18 6.JY

Heat-recovery unit

ITT Reznor has introduced a heat-
recovery unit that is claimed to be
able to recover up to 55% of the
heat in waste combustion products.
The rate of recovery depends upon
the temperature of the waste
products and their speed through
the exhaust flue. The cost of the
equipment, excluding v.a.t., ranges
from £150 to £500 depending on
size.

ITTr Reznor Ltd, Park Farm
Industrial Estate, Folkestone, Kent.

Deioniser

The Hegro DMF range of defoniser
uses separate beds of exchange
resins: a cation resin to convert
solids dissolved in the feed water to
the corresponding acids, and an
anion resin to absorb the converted
solids. The plants are automated and
incorporate an electrical conduc-

tivity meter that can be adjusted to
flash a warning when the output
water purity approaches an un-
acceptable level, The range caters
for capacities of from 0:056 to
14-7 m3/h.

Houseman Hegro Ltd., The Priory,
Burnham, Slough SL1 7LS
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Zettler Nurse Call

Answering Systems.

Just call

“and we’ll come running

When the patient needs help,a
Zettler nurse call answering system
makes sureit’s there immediately.

When you need help instalting
such a system—the Zeitler service
system works fast for you.

With help, advice, ideas, plans.

As one of Europe’s leading
makers of intercommunications
systems we can show you the very
latest equipment. And guarantee
delivery with a speed and efficiency
secondtonone.

How Zettler can help you

Before youtender

Unless you get expert advice
before you start you could commit
yourself toimpossible deadlines.

First, take a logk at the fult
range of Zettter systems;all of
them tried and testedin some of
Europe’s most up to date hospitals,
clinics and institutions.

Talk to Zettler first and
we'll make sure your quotationis
competitive, realistic and, most
important of all—profitable.

When you've got the job

The Zettler specialdesign service
for new installations gives you the
benefit of 30 years specialist exper-
ience. it saves you a lot of hard work
and prevents you making costly
mistakes.

When the systemis installed

When thejobis done, Zettler
reliability goes on working for you.

Correctly serviced a Zettler

system should maintain peak
performance for 40 years. Saving
you maintenance worties. Ensuring
you another satisfied customer.
Zettler systems—fit
the building and the bill

Whatever the needs of the hospital
or old people’s home that catls you
in—Zettler has a system tofit.

Ep 'i?sléiét%tién‘@ontr‘olUni't:*'I‘

From the most basic visual
call systems combining audible
signal without intercom. To the most
sophisticated and enique OPTakist~.
range within which are systems with =
everything from remote answering
stations to two way intercom
circuits connected to a central
switchbeard,

“+:} Bedhead

Combination
: Unit

Typical Bedhead lnstallahon

installing one yourself.

Tomake sure yol're prepared
in advance, just cut the coupon and'
send it{o us now.

In case of emergencyring
01-8636326.

And we'll come running.

i

Increased concernfor
hospital safety and higher
standards of nursing care have
caused atremendousincrease
inthe number of answering
systemsinstalied each year.

Sooner or later you'tl be

| ——
-// Soaoner orlater, 'm going to have toinstall a
~~ Nurse Call Answering System. Please tell me now
— about the full range of Zettler systems PLUS the
:\ facts about the Zettler service system.

| /Name...\.
| Address

| Postto: Zettler UX Division, Equitable House, Lyon Road, Harrow,
l_Middles;ex HA1 2DU. Telephone: 01-863 6329.

I
|
I
I
I
I
I
-

ZETTLERZ
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Sierex  —,.
lights the way

...with HANAULUX

From the cool, highly intensive light provided

by the Boston operating lamp to
concentratedilluminationfor cavities

from the Glass Fibre Optic Satellite

lamp, Sierex can supply the right

lighting for all surgical procedures. Main %\
lighting units, with or without satellites, ceiling
mounted, wall mounted or free-standing-it's all the
same to Sierex. You really should see the Hanaulux
range before committing yourself. We wilf gladly

supply full technical details on request. ; - f
. . . M..-.M

Sierex Limited

15/18 Clipstone Street, London, W1P8BAE, 01-580 2464
Branches in Birmingham, Bristol, Bury St. Edmunds, Dublin,
Edinburgh, Glasgow, Leeds, Liverpool, Manchester and Reading.
Agents in Belfast, Newcastle and Newport.

mmm WELDING-

ANGLO - SwepisH Anywhere—Anytime
ELECTRl[EWEE?_]_ﬂg Co.to_

For Reliable Repairs to
Boilers (incl. Retubing)
Pressure Vessels

Iron and Steel Castings
Mobile Plant for Site Work

Manufacturers of:— Tanks, Chimneys,
Bunkers, Air Trunking, etc.

HEAD OFFIGE and WORKS

- ] ' Dreadnought Wharf, Thames Street
Greenwich, London, SE10
” 0 - w l’ 01-858 2024/5
ALSO AT

Glasgow — Newcastle - Leith — Liverpool

ELECTRIC WELDING CO. LTD.
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Classified Advertisements

OFFICIAL APPOINTMENTS
SITUATIONS VACANT
COURSES, EQUIPMENT ETC.

To place an advertisement in this section,
please write or telephona:

Classified Advertisement Department, HOSPITAL ENGINEERING
Peter Peregrinus Ltd.

Station House, Nightingale Road,

Hitchin, Herts. SG5 1RJ, England

Telephone: Hitchin (s.t.d. 0462) 563331, ext. 276

APPOINTMENTS AND SITUATIONS VACANT

DORSET AREA
HEALTH AUTHORITY
EAST DORSET HEALTH CARE DISTRICT

ASSISTANT
ENGINEERS

Salary Scale £3063 p.a. to £3507 p.a.

(1) To assist the Haospital Engineer at Christchurch
Hospital with the daily maintenance of plant and
equipment within this Hospital and associated units.
(Ref. A.E.1))

(2) To assist in the Districe Engineer's Office at the Royal
Victoria Hospital in the preparation of specification
tenders and planned maintenance schemes etc,
throughout the Distict. (Ref. A.E.2)

Both positions offer excellent all round experience in
Hospital Engineering services.

Applicants must have served a recognised apprenticeship
in mechanical or electrical engineering and be qualified at
least to O.N.C. standard or equivalent.

Job description and application form can be obtained from
the District Employment Officer, D.M.T. Offices, Royal
Victoria Hospital, Shelley Road, Boscombe, Bournemouth
BH1 4HX,

Telephane (0202) 35201 Ext. 449,

Closing date for completed applications: 1st post, 20th
October, 1975,

South West Thames Regional Health Authority
" Regional Engineer’s Department

Energy Conservation

Applications are invited for the newly created post of
Principal Assistant Engineer (Energy Conservation) on
the staff of the Regional Engineer of the South West
Thames Regional Health Authority, The Engineer
appointed must have considerable experience in all
aspects of fuel, power and revenue saving projects for
inclusion within the Authority’s programme.
Experience in Tariff negotiations with utility under-
takings would be an advantage.

Applicants should be corporate Members of the
Institution of Mechanical Engineers. Location of post:
either Eastbourne Terrace (London Weighting of £312
per annum) or Guildford (London Weighting of £141
per annum). Salary Scale: £5571-£6831 per annum.

Application forms from: Regional Personnel
Officer, (S2)-40 Eastbourne Terrace, London
wWl3aR.

Completed forms to be returned by 31st October, 1975.

| S -

Mid Glamorgan

HEALTH AUTHORITY
Merthyr & Cynon Valley Health District

HOSPITAL ENGINEER

for

PRINCE CHARLES HOSPITAL

South West Thames Regional Health Authority

Principal Assistant
Engineer (Mechanical)

Applicants must be Corporate Members of the
Institution of Mechanical Engineers. Corporate
Membership of the Institution of Heating & Ventilating
Engineers would be an added advantage. They should
be experienced in the design of mechanical building
engineering services as related to hospitals and other
Health Service buildings, and be capable of directing a
team of engineers and technicians on design and
contract management of schemes ranging from medium
to very large size.

Location of Post: Paddington.

Salary Scale: £5571-£6831 per annum plus £312 per
annum London Weighting.

Application forms from: Regional Personnel
Officer (52), 40 Eastbourne Terrace, London
W2 3l@R.

Completed forms te be returned by 31st October.

SALARY: £3351-£3942 p.a.

The Prince Charles Hospital (Ysbyty Tywysog Siarl) is now
under construction in Merthyr Tydfil and is due to be handed
over to this Health District in the first quarter of 1976. This
is a new District General Hospital of 360 acute beds. ¥We wish
to appoint the Hospital Engineer who will be responsible for
the total engineering services of the hospital. The Hospital
Engineer will report direct to the District Engineer and he
will have an initial involvement in commissioning the plant
and equipment, which inclodes steam boiler plant and
partial-site generation of electricity.

Applicants must have completed an apprenticeship in
mechanical or electrical engineering or have acquired a
thorough practical training in the management of mechanical
and electrical plant. Should hold H.IN.C. in mechanical or
electrical engineering or City and Guilds Mechanical Engin-
eering Technicians Certificate or Electrical Technicians full
Technological Certificate. Preference will be given to those
with relevant hospital experience.

Application forms and job descriptions available from District
Administrator, District Headquarters, St. Tydfil's Mospital,
Merthyr Tydfil, Glam,

N, |

CLOSING DATE: 20th OCTOBER, 1975,
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CLASSIFIED ADVERTISEMENTS continued from previous page

APPOINTMENTS AND SITUATIONS VACANT

SULTANATE OF OMAN
Ministry of Health

HOSPITAL ENGINEER

Apglications are invited for the post of Hospital Engineer in
the Ministry of Health, Sultanate of Oman, Arabian Gulf,
Applicants must be experienced maintenance engineers with a
thorough practical knowledge of Central Air Conditioning
Plant, H.V. Autoclaves, Steam Boiler Plant, Laundry Plant and
all associated hospital equipment. They must also be experi-
enced in the control of Maintenance Staff and Maintenance
Programming. Applicants must hold a higher National
Certificate in Electrical or Mechanical Engineering (or
equivalent} and preferably be Members of the Institute of
Hospital Engineers. Appointment is for two years in the first
instance. Salary Rials Omani 5400 per annum (approximately
£6750), There is no income tax at present in Oman. Other
benefits include free accommodation, free medical treatment
and generous leave,

Applications giving details of educational qualifications and
experience together with photo-copies of certificates and
testimonials should be sent to:

DIRECTCR OF PERSONNEL
MINISTRY OF HEALTH
POST BOX 393, MUSCAT
SULTANATE OF OMAN

South West Thames Regional Health Authority

Main Grade Engineer
(Mechanical)

Required in the Engineer's Department. Applicants
should be experienced in the design of hospital
building mechanical services and capable of designing
and managing the largest and most complex engineer-
ing schemes.

Applicants should be:

{0) Chartered Engineers and Corporate Members of the
Institution of Mechanical Engineers, or Associate
Members, having passed the appropriate examination
of the Institution acceptable for that grade of member-
ship.

(b) Corporate Members of the Institution of Heating and
Ventilating Engineers, or possess Associateship in
Heating and Ventilating of the Polytechnic of the
South Bank.

Location of Pest: Paddington.

Salary Scale: £3081-£5931 per annum plus £312 per
annum London Weighting.

Application forms from: Regional Personnel Officer
(52}, 40, Eastbourne Terrace, London W2 3QR.

Completed forms to be returned by 31st October.

NOW HEAR THIS

Consumat, the world's most
etficient and fastest growing
incinerator,

Polybloc, the world's leading
graphite heat exchanger -
thousands in operation.
Delanium Bursting Discs,
protecting processes, products
and people all aver the world.
J-Pak, the new plate heat
exchanger in Eurdpe.

Robert Jenkins
Systems Limited

\Worlley Road, Rethetham, Yorkshire, $67 1LT,
England. Tel. Rothernam 4201 Telex 54111

A
MISCELLANEOUS

CIRCULATING PUMPS and
Steamm Turbines, Complete units,
electric and steam, spares and
service, TURNEY TURBINES Ltd.,
67 Station Road, Harrow.

Tel.;: 01-427 1355 and 01-427 3449

T —
MACHINERY FOR SALE

RICHARDSON & WESTGARTH
13,000 pph x 150 p.s.i. ‘Maxecon’
Boiler, natural gas fired.

BOBY Water Treatment Plant with
De-Aerator.

MATHER & PLATT Emergency
Fire Fighting Pump with 65 h.p.
Diesel engine drive, 417 gpm @
324 ft. head.

MATHER & PLATT ‘Univane’
4 in./5 in, EUEB Water Pump with
75 h.p. tef.c. motor drive, 417 gpm
@ 155 p.s.i.

DALE ELECTRIC 76 KVA Stand-
By diesel driven Generator Set
output 60:-8 kW, Single Phase,
50 cycles.

BROOM & WADE Type BW2D
*‘Oil Free' Air Compressors with
40 h.p. t.c.f.c. motor drive, 100 c.f.m.
to 100 p.s.i. (3).

All plant new 1971, little used.

Illustrated catalogue available on
request. .

G. E. SIMM (MACHINERY) LTD
Jessell Street, Sheffield §9 3JHY

Telephone: 0742 40764

Classified advertisements for the next issue of

HOSPITAL ENGINEERING

published 7th November, shouid be received not
later than Friday, 17th October.

Lancashire Area Health Authority
BLACKPOOL HEALTH DISTRICT

VICTORIA HOSPITAL

ASSISTANT
ENGINEER

Initially, the successful applicant will spend approximately
six months on attachment to the Hospitals in the District
and will ultimately be required to assist the Hospital
Engineer in the operation and maintenance of the engin-
eering services of Victoria Hospiral, Blackpool, including
the development of planned Preventive Maintenance,

The post offers excellent experience in hospital engineer-
ing at a busy acute hospital with considerable capital
developments in progress.

Applicants should have served an apprenticeship or have
obtained a thorough practical training in electrical or
mechanical engineering and possess an O.N.C, in Engin-
eering or equivalent qualification. :

Salary scale £3063-£3507 per annum.

Application form and job description from District
Personnel Officer, District Offices, Victoria Hos-
pital, Blackpeool.

Closing date 13th October, 1975,

Printed in England by C. F. Hodgson & Son Limited, 50 Holloway Road, London N7 8JL
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REGULATIONS

FOR THE

ELEGTRICAL EQUIPMENT
FOR BUILDINGS

These regulations (formerly the *Wiring rules'), which
have been published by the IEE since 1882, are effectively
the UK national code for the safety of electrical instal-
lations, specially from fire and shock. in and around
building generally.

They are recognised in the statutory Electricity Supply
Regulations 1937, as fulfilling the requirements of these
regulations for consumers' installations. They supplement
these and other statutory regulations by prescribing, in
detall, methods (not necessarily the only methods} of
complying with the statutory regulations.

vi + 224pp., 14th edition, 1966, reprinted in metric units
incorporating amendments 1574, £3

‘Inquiries, orders and remittances should be sent to:

Publication Sales Department, IEE, Station House,
Nightingale Road, Hitchin, Herts. $G5 1RJ, England

Index to
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Anglo-Swedish Electric Welding Co. Ltd.. ., .30
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Please mention ‘Hospital Engineering’
when replying to advertisers
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YOU GET
MORE

from a

Royles

- B18

indented tube
-calorifier

# more compact than its predecessors
* more performance
* improved design

# less maintenance
+ and low initial cost

Royles B18 non-storage calorifier for heating or
hot water supply, using steam as the heating medium.
Available vertical or horizontal, as required.

Send for List C/B18

Royies Ltd

(incorporating Lancaster & Tonge Ltd)

Irlam Manchester M30 SAH
Telephone! 061-775 3262 Telex: 669964
Telegrams: Elyor Irlam Manchester

RO
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Al autoclaves
 look very much
‘ the same
but...

The latest range of Thackray automatic high speed autoclaves including
Porous Load, Downward Displacement, Rapid Cooling Fluids and
Laboratory Units incorporate many unique features and user benefits.

All models incorporate the Autoclam* steam sealed sliding door which can
only be apened when the chamber is’at atmospheric pressure. This is an
inherant safety feature which eliminates the necessity for complex pressure
locking devices and thus reducCes maintenance requirements.

The Porous Load autoclave incorporates a highly efficient air removal stage,
with a unique partial pressure air detection system. This systern will
automatically cancel the cycie and.intertock the door controls should
residual air produce adverse sterilizing conditions.

Thackray autoclaves, all of which conform to BS 3970 and HTM 1Q, are
available in a range of standard chamber sizes. These are designed to take
fult 10, 15, 21 and 28 cu. i1, loads even taking into account the space usually

lost due to loading arrangements.

It order to ensure that your Thackray autoclave will always give you the hest
resuits, we operate an after sales service that is second to none. This
includes standard service calls, planned preventive mainienance contracts,
and a 24 hour emergency service which operates 365 days a year.

, For further information, please contact:
Chas. F. Thackray Limited. Head Office: P.O. Box 171, Park Street, Leeds LS1 1RQ. England.
[

i

b

*Auttoclam is a registered trade mark of Chas. F. Thackray Limited




