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PREFACE

The Radiation Advisory Committee was established in December, 1979 by the Nuclear Energy Board
with the agreement of the Departments of Health and Energy, so as to provide independent advice
to the Department of Health and other bodies on matters relating to radiation safety in the medical
field. The Committee does not assume legal responsibility for ensuring radiation safety which duty
remains with the relevant Authority (See Appendix II (b) Fig. 1).

The present Code of Practice was prepared by a drafting group on behalf of the main Committee.

It incorporates many of the comments which were made on the initial version which was circulated to
interested parties in January 1983, and for which the Radiation Advisory Committee and the Board
itself are grateful.

March 1988
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INTRODUCTION

This Code, setting out the general principles of radiological protection as applied to diagnostic radiation facilities
in hospitals and clinics, is intended as a guide to architects and to works departments concerned with their
design and construction, and with the modification of existing units.

The recommendations contained in the Code are consistent with those of the E.E.C. Directive on the
Protection of Workers and of the Public against the Dangers of Ionizing Radiation, as well as those of the
International Commission on Radiological Protection (ICRP) and of the World Health Organisation (WHO).

Data on X-ray and nuclear medicine departments, from a wide range of literature, is condensed and
summarised and the comments of a number of experienced workers in the field have been taken into
consideration.

Radiology accounts for 6 to 10% of the world health care expenditure and is the largest man-made source of
population exposure to ionizing radiation.

Care taken at the design stage to incorporate protective materials and to provide facilities orientated towards
radiation safety, can make a significant contribution towards minimising both radiation exposure and
expenditure in this field. The present Code is intended as an aid in this direction.

Finally, it must be pointed out that this Code should not be considered as an operator or users manual. It does
however, include certain information on appropriate structures for the administration of radiation protection
policy within hospitals and clinics. This is given to facilitate cooperation between those with responsibility for
the design of departments and those who will administer and run them.

1. Genera] Principles of Radiation Protection

1.1 The Statutory requirements for the protection of workers and general public against the danger of
radiation and Codes of Practice relating thereto are based on the following three fundamental principles: -

(a) Every activity resulting in an exposure to ionizing radiation shall be justified by the advantages
which it produces;

(b) All exposures shall be kept as low as reasonably achievable (The ALARA principle):

(c) The dose equivalent to individuals shall not exceed the prescribed limits.

The principles set out in (a) and (b) shall apply to all exposures to ionizing radiation and include medical
exposures. The principle set out in (c) shall not apply to the exposure of individuals as a result of medical
examination and treatment undergone by them.

1.2 Implementation of Statutory Requirements: -

(i) the classification of places of work into different areas;

(ii) the classification of workers into different categories;

(iii) the establishment of administrative arrangements as outlined in Appendix II:

(iv) the exercise of control and the monitoring of these different areas and categories of workers.

It is essential that these requirements are kept in mind from the earliest stages of the design of buildings,
where the use of ionizing radiation in any form is envisaged.

The design of all proposed installations and the programmes of work therein should be evaluated in
advance so as to ensure the adequacy of radiation protection, both of workers and members of the
public. This evaluation should also take account of the nature and magnitude of foreseeable accidents,
their probability of occurrence, their consequences, and the appropriate preventive measures and counter
measures.

1.3 Design Criteria/Classification of places of work.

The E.C. Directive (Ref. 4) requires that places of work be classified into "Controlled Areas" and
"Supervised Areas" as follows: -

(a) Any area in which doses are liable to exceed three tenths of any of the annual dose limits for
workers as given in Appendix I shall constitute or be included in a Controlled Area.
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(b) Any area which is not considered as a Controlled Area and in which doses are liable to exceed
one tenth of the annual dose limits for exposed workers as given in Appendix I shall be
considered as a Supervised Area.

In addition areas to which members of the public (as defined in section 1.5) have access, should not
cause a person to receive a dose or committed dose exceeding the annual dose limits for members of the
public as laid down in Appendix I.

1.4 Classification of workers using ionizing radiation.

For the purposes of monitoring and surveillance a distinction shall be made between the categories of
exposed workers as follows:

Category A those workers who are liable to receive a dose greater than three tenths of the annual
dose laid down in Appendix I.

Category B those workers who are liable to receive a dose greater than one tenth but not greater
than three tenths of the annual dose limits laid down in Appendix I.

1.5 Consideration of Members of the Public.

All persons other than Category A and B workers and patients undergoing diagnosis or treatment, should
be regarded as "members of the public' for the purposes of radiation protection. The term can also be
taken to include visitors and patients exposed to radiation which is not associated with their own medical
care.

1.6 Keeping Exposures as Low as Reasonably Achievable.

The realization of the principle enunciated in 1.1 (a) depends on the optimization of the design of the
facility and of work practices, and in ensuring that equipment is properly adjusted. It has been found in
practice that personnel in hospitals normally receive doses well below the dose limits specified in
Appendix 1. Exceptions to this observation occur in the case of personnel who operate fluoroscopic
equipment, radiotherapists performing procedures involving the insertion of active sources into patients.
and nurses and others who are responsible for the care of such patients. Dose reductions in these
situations are in the main achievable through the introduction of better equipment (e.g. afterloadtng
instead of preloading brachytherapy units) and by improvements in work practices. The method of
attainment, therefore, lies outside the scope of this Code.

In general, facilities should be designed such that personnel, with the exception of those referred to
above, are not exposed to doses of radiation in excess of the following levels (whole body exposure):

Category of Personnel

Exposed Workers 5.0

Other workers employed in the hospitals or clinics 0.5

In patients (per admission, and excluding radiation doses associated with their
medical care) 1.0
Visitors temporarily occupying locations adjacent to:
(a) Radiotherapy and nuclear medicine units 0.5*
(b) Diagnostic X-ray units 0.05*

All others 0 05

* The design level for visitors does not include radiation doses received as a result of being in dose
proximity to a patient containing radioactive substances or from assisting at an X-ray examination (e.g. m
holding a patient). The control of such doses is mainly dependent on the provision of adequate heal
rules and lies outside the scope of this code.

2. Desfea of Diagnostic X-ray I
Although primarily concerned with diagnostic X-ray facilities, much of this section is relevant to other
uses of ionizing radiation equipment including the therapeutic use of X-rays at various energies and of
gamma-ray teletherapy sources such as Cobah-60. It may also be relevant to some instalations utilizing
radiation produced by particle accelerators. However, a detailed description of the latter installations and
of the use of such equipment lies outside the scope of this publication.



2 1 Location

An X-ray department should be located within the hospital environment in such a position that ii is dose
to the consultative out-patient department and adjacent to accident and emergency departments, while
still being within easy reach of in-patient accommodation. The distribution of the X-ray units in different
parts of the hospital should be minimized and ideally all diagnostic imaging procedures should be located
in the X-ray department. Direct and easy access for out-patients should be ensured and alited facilities.
such as nuclear medicine and ultrasound, should be grouped nearby.

Particular attention should be given to the load bearing capacirv of structures for both machines and
shielding materials, the security of fixings for machines, the provision of wide doorways and other
entrances for easy permanent access for equipment including beds.

2.2 Site Requirements

In selecting a site for an X-ray department due consideration must be given to the provision of stable
temperature, humidity, power and water supplies, adequate power stabilization and stand-by generation
capacity. The installation design should then be approached along the following lines:
(a) The provision of adequate shielding, including the assessment of the degree of protection provided

by existing building materials.
(b) An assessment of the projected workload for each unit within the department.
(c) An estimation of the occupancy factor of adjacent areas and of the fraction of die operating lime

for which the primary beam is directed towards each area (the use factor) c f Table 12.

All the rooms containing X-ray units should be located in such a way that they may be
approached independently.

Film processing facilities should be approachable independently of any X-ray room and should be
particularly well shielded from stray radiation.

Particular attention should be paid to the possible hazard from radiation scattered through the
X-ray room windows into neighbouring occupied areas. Windows of ground floor departments
should have sills whose height is at least 2 metres above outside ground level.

Storage facilities should be provided for films not required for immediate use. well away from the
X-ray unit and adequately protected.

2.3 Specific Design Features

2.3.1 Shielding
The shielding should be designed in such a way that for all possible orientations of the primary
beam from any X-ray machine persons outside the room or behind the protective screen are not
exposed to doses in excess of the levels specified in 1.6. The assessment of dose should include
the contributions from primary beam, scattered and leakage radiation. Such an assessment
requires a knowledge of the following:

(1) Workload.
(2) Maximum kVp.
(3) Occupancy factors.
(4) Use factors (to be taken as 1 for scattered and leakage radiation)

Tables 7 - 12 should be consulted in making this assessment.

A beam absorber should be provided behind the chest stand. For units up to 150 kV the screens
should have a minimum lead equivalent thickness of 2 mm and lead-glass or lead acrylic pane's
should be used if transparent panels are required. Effective overlap of joints should be assured.
Advice on constructional details can be found in Appendix 111.

2.3.2 Layout
The X-ray equipment should be positioned within the room so that the radiation exposure to
personnel, who may have cause to leave or enter the control console area during the course of an
X-ray examination is minimum.

2.3.3 Radiation Surveys
The protection offered by existing walls should be ascertained by measuring their shielding
characteristics at the maximum X-ray energy envisaged in the installation and extra shielding
should be added if necessary. During the course of construction of the new X-ray
accommodation, inspections should be made so as to ascertain the existence of any cavities or
other potential leakage pathways which may be obscured when the wais are given their final
coating of plaster or other finishing material. A final radiation survey should be carried out on
completion of the installation and before commissioning.
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2 3 4 Proleclio • of Access
Warning lights should be installed outside doors to X-ray room. Caution is required in the use of
interlocks which disable the X-ray unit. Where possible doors should only be openable from the
inside when equipment is in use. Control systems which terminate the production of X-rays if
doors are accidently opened are of questionable value. Such systems are liable to necessitate
repeating examinations and hence increase p<»aent. and in some cases staff exposure.

Each classified area should be conspicuously posted with a sign or signs bearing the radiation
caution symbol and the words "Caution Radiation Area". Each entrance or access point to a
controlled area should be:
(a) Equipped with a control device which should energise a conspicuous visible or audible alarm

signal in such a manner that the individual entering the controlled area and the supervisor of
the activity are made aware of the entry, or

(b) Maintained locked except during periods when access to the area is required, with positive
control over each individual entry.

The operation of safety interlock switches and illuminated warning signs should be checked
regularly. Consideration should be given to the need to warn workers on the exterior of die
building (e.g. window cleaners) wh<;n the unit is in operation.

2.3.5 Modification to Approved Design of Building
Modification and additions to the approved design should only be made with the written approval
of the local Radiation Protection Adviser.

2.3.6 Wards where mobile or portable X-ray equipment may be operated

Good radiation safety practice dictates that only examinations which cannot be carried out in the
X-ray department proper should be performed in wards. However all wards should be constructed
of materials which provide adequate protection to personnel in adjacent locations. Particular
attention should be paid to the shielding requirements for walls separating general wards from
maternity and children's units and from other areas with a high occupancy factor, including nurses
stations.

Provision should be made at the design stage to ensure adequate bed separation, and a distance
of 2.5 m is recommended as a minimum for continuous occupancy (ICRP No. 25 Ref.2). Ward
exposure work load should be limited to about 10 tnAmin per week unless special shielding is built
into the structure.

Finally all wards should be equipped with an adequate number of suitably rated power supply
sockets to avoid the use of extension cables.

2.3.7 Operating Theatres and Intensive Care Units

Operating Theatres and Intensive Care Units (ICU's) may be divided into three categories,
depending upon the work load of the X-ray equipment in milliamp minutes per week, namely.
less than 30. 30 to 300 and over 300.

30 mAmin /week and less (low usage)

Theatres and ICU's in this category may be treated as wards in so far as construction is concerned.
Protection of staff and patients will depend upon local rules governing procedures. There should
be adequate clearance between beds and availability of power points should minimise cable runs

30 to 300 mAmin/week (moderate usage)

Construction of theatres likely to be within this work load band should have walls, ceilings and
floors of at least 1 mm of lead equivalent. Access should be restricted by local rules to those
directly involved in the work. ICU's in this band should provide protection for adjacent patients
and all access doors in both theatres and in ICU's should be fitted with warning lights and signs.

300 mAmin /week and above (high usage)

Shielding equivalent to 2 mm of lead is required in walls, ceilings, floors and doors. Access should
be limited by iocal rules and by locks where appropriate. Warning lights and signs should normally
be fitted to all access doors.

3. Design Requirements for Nuclear Medicine Units

This section is primarily concerned with the design of facilities where in vivo diagnostic procedures
involving the administration of unsealed radionuclides are performed. It does however include some
advice relevant to the administration of activities up to an equivalent of 555 Megabecquerels (15 niCi) of
Iodine -131 for therapeutic purposes. The design of facilities suitable for patients who have received
larger activities (e.g. in the treatment of thyroid carcinoma) lies outside the scope of this code.
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3.1 Location

In order to minimize the need for transport of radioactive material inside large establishments, the facilities
for radionuclides should be centralised as far as possible. In hospitals, there may be special reasons for
requiring decentralisation of work which falls into well-defined categories carried out by different groups
of staff. Thus imaging facilities may be located within X-ray departments, whereas radioimmunoassay and
similar radiodiagnostic work may be associated with pathology or endocrinology. Isotope reception,
storage, preparation, imaging, in vivo and in vitro tests and radiotherapy should be in an area which is
easy to decontaminate and where possible is close to diagnostic radiology and other diagnostic facilities.

3.2 Number of active areas

The number of areas in which radioactive substances are to be used should be kept to a minimum, in
order to confine the material as far as possible. Future expansion must of course be allowed for.
Preferred locations for nuclear medicine units are either the top floor, ground floor or basement areas.
Upper floors are advantageous in that they are less exposed to airborne dust and more easily satisfy
ventilation requirements, while basement areas more easily satisfy plumbing and floor loading
requirements.

By grouping the facilities together the movement of radioactive material is minimised, and both
contamination and penetration of radiation into non-classified areas of the building is more easily
restricted. The work area in rooms where radionuclides are handled should be large enough to provide
ample space not only for staff, but also for trolleys and for emergency equipment. The particular design
features in these areas should be related (as indicated in Tables 1 - 3) to the nature and activity of the
radionuclides to be used, their physical and chemical form, and the procedures which are to be carried
out there.

Access to all such classified areas should be restricted and should be identified by visual and (where
appropriate) audible warning devices (see para 2.1).

3.2.1 Specific Design Features for Nuclear Medicine Units (See Figs. 1 and 2)
Medium sized nuclear medicine units should consist of a laboratory, storage room, room for
administration of radionuclides to patients and one or more scanning rooms. Also included should
be a waiting room, data processing area and toilets. The laboratory should not be less than 10 m
sq. in area, with a waterproof floor finish extending up the walls to a height of about 10 cm. The
room should be equipped with a sink and two pedal-operated bins, one for radioactive waste. The
working table must be decontaminable and able to carry loads of at least 300 kg/m sq. in order to
support lead shielding devices. An efficient fume cupboard at least 2 m wide must be provided.
Generators for short lived radionuclides should be installed behind 50 mm of lead, preferably
using interlocking lead bricks. A receptacle for contaminated instruments should be provided. A
space for an isotopic dose calibrator should also be included and air monitoring facilities should be
available.

The requirements for the storage rooms should be broadly in line with those detailed in section
4.1. Waste disposal should be coordinated with other active areas and dealt with as in section 7.
The administration rooms should be linked by a hatch to the dispensing room and shielded syringe
boxes should be available for transport of doses to remote areas, should this be necessary. A
waterproof floor is recommended in the administration room and gas venting, trapping or recovery
facilities will be necessary if the use of radioactive gases is envisaged. A separate room should be
provided where possible for the administration of 1-131. This should be connected to the
radiopharmacy via a hatch.

Besides the gamma camera, the scanning room contains the couch for the patient, and an area
about 2.5 m in diameter for turning the couch. The door to the corridor should not lead directly
to this area and so should preferably be to one side. A cupboard for records storage may also be
necessary.

Many nuclear medicine tests require a long waiting period between injection and scanning as well as
between the initial and subsequent scans. Separate waiting areas and toilets for these patients and
for patients to whom radioactive materials have been administered for therapeutic purposes are
required (see paragraphs 6.4 and 7.5).

3.3 Location in Relation to Work Load

Examples of possible layouts for laboratories using radioisotopes and for diagnostic facilities are given in
Figs. 1 to 5 bearing in mind the anticipated workload and the level of radiation involved. As much
distance as possible should separate the radioactive areas from offices and from counting rooms.

3.4 Location in Relation to Activity Levels

Areas where materials of intermediate or low radioactive content are handled should be located in the
intervening space between the high activity and the counting area if possible. Radioactive contamination in
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the counting room, while not necessarily constituting a hazard in itself, would interfere with measurements
and involve unnecessary repetition of work which in turn would increase the level of risk to workers involved.

3.5 Location in Relation to Adjoining Areas

Radioisotope facilities should not be located adjacent to office areas, to stores containing radiation-
sensitive materials, such as photographic and dosimetric films, and must be situated as far as possible
from food processing and eating areas. Ventilation stacks should stand well clear of any air intake and
should normally project well above roof level. Filtration systems in the ventilation duct are not normally
required.

Not only gamma but also beta-emitting radionuclides give rise to sufficient external exposure to make
local shielding necessary. Some shielding procedures are described in para 2.3.1 (above) and in
Appendix III, but detailed calculation of the necessary shielding for large sources should be subject to
special scrutiny by the Radiation Protection Adviser before drawings and specifications are finalised. In
general, a solid wall structure is a recommended starting point, to which additional shielding can be
applied if required.

3.6 Activity Limits and Radiotoxicity

Before setting up a facility for the use of radioisotopes the type and the maximum quantity of
radioactivity to be handled must be known. It is advisable to allow generously for possible increases in the
amounts of radioisotopes to be employed in the future, so as to minimise expensive backfitting and
modification.

Radioactive isotopes can be broadly divided into four toxicity categories: very high. high, moderate and
slight. A toxicity tabulation of the more common radioisotopes along with their physical half-lives is given
in Table 4.

The amount of any given radioisotope that can be handled at one time in a given area depends on the
type of facility available, the classification of the area, the type of work being carried out and on the
radiotoxicity of the isotopes.

The principal design features for a facility required to handle various amounts of radioisotopes of
moderate toxicity are given in Table 1. Table 2 modifies these amounts in relation to the radiotoxicity
levels of the isotopes which are commonly used in medical research and practice and Table 3 further
adjusts the maximum permissible quantities in relation to the type of work envisaged. Detailed
information on the handling, storage, use and disposal of unsealed radionuclides in hospitals and in
medical research is given in ICRP publication 25 (Ref. 2).

The activity limits corresponding to a certain type of design given in Table 1 are the total activities which
may be handled daily for "moderate" toxicity nuclides. For those of high toxicity, (e.g. Strontium-89 and
Iodine-131), the total activity should not exceed one tenth of the activities stated. For those nuclides of
slight toxicity (e.g. Technetium-99m and Tritium), the activity handled daily may be up to ten times
higher than those stated, as shown in Table 2, unless the chemical form of the radioactive substances
suggest otherwise.

The radiotoxicity of an isotope refers to its potential capacity to cause damage to living tissue as a result
of being deposited inside the body. This radiotoxicity is governed by the mode and the energy of
radioactive disintegration, the physical half-life and the biological half-life, the radiosensitivity of the organ
affected and other factors.

3.7 Operational Factors

"Operational Factors" are related to the risks of contamination for various procedures, the frequency of
operation, the skill of the staff involved, and are listed in Table 3. Some radiopharmaceutica! procedures
are more hazardous than others and the radioactivity given for a particular risk category has to be
multiplied by the appropriate operational factor. If the operational factor for storage of radioactive
material is 100. then the maximum activity which may be stored of moderately toxic material on a given
day in a "Medium" risk facility should not exceed 100 x 3.7 GBq = 370 GBq. If in addition, a complex
wet procedure has to be carried out in the store the limiting activity of lodine-131 would be 3.7 GBq.

4 Design of Storage Accommodation for Low and Medium Usage Diagnostic Facilities

4.1 General requirements for stores containing radioactive materials

Access to storage facilities should be properly marked with appropriate radiation warning signs. Small
amounts of radioactive material for immediate laboratory use should be stored either in their original lead
shipping containers or behind a wall constructed of lead bricks either on a counter top or in a fume
cupboard in the laboratory. All other active materials should be placed in a specially designed store.

Gaseous or volatile radioactive materials such as Krypton-85. radioiodine. or tritium, or radioactive
materials such as radium-226 which produce gaseous daughters e.g. radon, should be stored in a facility
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which is vented either directly to the outside or to the fume hood stack. If Gigabecquerel level sources
are to be stored, a more elaborate facility may be required. This might take the form of a lead-lined vault
or safe, or closed-end tubes embedded in concrete floors or walls.

4.2 Specific requirements for storage of radioactive substances used in medical practises

4.2.1 Stores without Working Facilities
The store should be of solid construction (brick or concrete). It should be lockable and be provided
with the following:

(a) Adequate space for reagent trolley and equipment access.

(b) Arrangements for the segregation of radioactive substances with due regard for easy
identification and removal.

(c) Metal shelving of sufficient strength to support such internal lead shielding as may be
required.

(d) Shielding should consist of lead bricks or lead boxes to ensure that the dose levels in working
areas of the room are below the required limits (see para 2.3.1 and Appendix III).

(e) An automatic smoke detector alarm. The use of Fire-proof materials should be maximised.

(f) Refrigerated storage of not less than 0.2 m3 .

(g) A centre floor drain is desirable except in sterile areas.

4.2.2 Stores with Limited Working Facilities

In addition to the requirements of 4.2.1 these stores should have:

(a) A shielded fume hood with adequate ventilation which should be enhanced automatically
when the store is occupied and which is protected against flow reversal. An adjustable mirror
or other indirect viewing facility (or lead glass) should be located in the fume hood to permit
remote operations with highly radioactive materials.

(b) A hand washing facility equipped with foot operated taps.

(c) All corners coved and all surfaces easily cleanable and free from joints as far as possible.
Where joints are necessary, they should be sealed.

5. Low Level Radionuclide facilities in Diagnostic Research Laboratories (Figs. 3 and 4)

5.1 Location and Design

In general low level laboratories and working areas will be classified as Supervised Areas and will require
the attention to hygiene that would be expected of a well-run chemical or bacteriological laboratory, with
access limited to those whose business it is to be there. Surfaces should be easily cleanable and sharp
corners, crevices and angles should be minimised. No special plumbing is required.

For radioimmunoassay work not involving iodination, a fume hood is not essential but personal and
environmental monitoring is required. Waste should be segregated, collected and disposed of as for
medium usage facilities (see below). Even in low risk facilities the use and disposal of radioactive material
should be localised as far as possible and warning signs should be employed at access points, so that the
Supervised Area is clearly identifiable. It is always advisable to design with a view to increased levels of
activity being used in the future.

6. Design of Medium Level Radionuclide Diagnostic Facilities

A medium facility should be specifically designed for the use of radioactive material, and can be used for
operations involving significant quantities of some of the more hazardous radioisotopes such as
Iodine-125 and 131. This type of facility may be best compared with one dealing with pathogenic
organisms or with a laboratory handling highly toxic agents, and hence must be isolated from heavily
frequented areas. The medium level research facility should consist of a laboratory not less than 10 m2. a
store of similar size, connected by a low level laboratory, vestibule and counting room. If further
laboratories are required they should be accommodated in the same block. Active areas should be
separated from counting rooms and the unit should not be located near photographic or food p.^paration
areas. The vestibule should have accommodation for laboratory coats and badges and a hand monitor
should be permanently installed. The vestibule should be separated from the medium level laboratory by
a threshold which serves to draw attention to the presence of an active area. This barrier should be
clearly marked by a yellow painted strip across the full width of the entrance of the laboratory. The
laboratory should be of solid construction with all corners coved and surfaces easily cleanable and free
from joints as far as possible. Accommodation for overshoes and laboratory coats should be available at
the barrier. The use of papers and books should be restricted.

6.1 Surfaces

All surface materials should be chosen for resistance to heat and to corrosion by chemicals. Where special
floor coverings are required consideration should be given to non-slip properties of unpigmented or lightly
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plasticised PVC materials. Working surfaces, including surfaces inside fume hoods, should be designed so
that they will carry the weight of the necessary shielding. When radionuclides need to be stored under
refrigeration, it may be necessary to refrigerate a shielded and ventilated store room or if this is not
possible, to provide a suitably shielded refrigerator.

6.2 Benches

Bench tops should be impervious, easily cleanable and free from joints and sharp angles as far as
possible. Essential joints should be sealed. Bench tops should have a raised lip and should be equipped
with a splash back. Electric conduits, pipes and light fixtures should be recessed and enclosed to avoid
dust accumulation.

6.3 Plumbing

Hand washing accommodation should be provided and sited conveniently by each working area or near
the entrance of each room where radionuclides are to be handled. It should be possible to operate the
taps without using the hands and disposable towels should be provided.

A shower should be available for use in an emergency. Sinks for washing up contaminated articles (e.g.
glassware) should be equipped with taps that can be operated without using the hands.

Drains (see 6.4 below) should be connected as directly as possible to a main sewer and traps should be
accessible for periodic monitoring. Medium level drains, used for the disposal of radioactive liquids, in
accordance with the appropriate regulations should be short and be capable of taking a high water flow.
Tap outlets should be above the overflow outlet, to prevent back-syphonage into the water lines if there
is a line pressure drop accompanied by a plugged sink. Taps should be aerated to minimize splashing.

6.4 Drains

Drains from the laboratory should be connected directly to the main sewer to permit rapid dilution and to
minimize the possibility of contamination of other laboratories should the drain become choked. All traps
and sump pits should be easily accessible for monitoring and should be labelled to indicate that they may
contain radioactive material. Pipe shafts and other access openings on floors should have a curb or
upstand at each penetration to minimize contamination of lower floors in the event of a spill. The
marking and labelling of such pipes and drains should be checked at regular intervals to ensure that
maintenance staff are able to identify any pipes that may be contaminated.

6.5 Room Ventilation

Room ventilation should be designed so that air from rooms where radionuclides are used (and which
could, under accident conditions, become contaminated) will not be recirculated or taken into inactive
areas. In a suite of rooms used for work at different levels of activity, ventilation should ensure that the
air flow is from low to high activity areas. Ducting should project well clear of roof level and should be
remote from air intakes.

6.6 Fume Hoods and Laminar Flow Cabinets

Fume hoods and laminar flow cabinets may determine the rate of air change in the room. In any case
the ventilation conditions should be superior to those in general laboratories. Fume hood access should
be 2 m2 and with an air flow of not less than 0.5 m3/s through the working section. Discharge from
the fume hood should be independently ducted and should not be recirculated. The fume hood should
be sited so as to provide a smooth air flow through the room and about seven air changes per hour
should be allowed. Materials used for ducting from fume hoods should be chosen with regard to ease of
cleaning and replacement, chemical resistance and low flammability. Back-flow of air from the fume hood
into the room owing to variation of air flow patterns in the room, should be designed against. Fans
providing air flows should be positioned close to the ducts so as to avoid contamination and to facilitate
removal and repair. For proper air balancing, some by-pass arrangements should be used to extract air
from the room via the fume hood interior when the fume hood doors are closed. Air inlet into the
laboratory should be as diffuse as possible to ensure good mixing and to minimise eddying in the
presence of stagnant areas. Provision should be made for adequate shielding above and around the fume
hood.

6.7 Furniture

With a view to minimising decontamination problems, no upholstered furniture should be allowed in the
laboratory. Essential furnishings such as laboratory stools should be kept to a minimum and should be
covered with easily cleaned non-porous surfaces. Metal furniture with chemically inert enamel finish is
desirable, as it is fire resistant and easy to decontaminate. Provision for writing up notes, and foi
reference papers should be provided in the adjacent office and not in the laboratory.
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7. Design of Waste Handling and Disposal Facilities for Radioisotopes

7.1 General requirements

Where concentrations of radionuclides in solid or liquid wastes do not exceed the limits set out in Table 5
they may be disposed of as inactive wastes, subject to radioactivity labels and markings having been
defaced.
When concentrations exceed these limits a licence for disposal is required. In addition good radiation
safety procedures require that efficient collection and segregation of low level wastes, generated during
normal operation, be assured. Consequently an adequate number of lead-lined collection containers
preferably with foot operated lids and lined with heavy duty bags should be provided at points of solid
waste generation. In addition, sufficient plastic containers should be provided to permit segregation of
different types of liquid wastes to facilitate subsequent processing. Segregation should be on the basis of
half life, of specific activity and type of emissions.

7.2 Means of disposal

Accumulated active waste may then be disposed of subject to the appropriate limitations, as follows:-

Discharge to sewerage system;
Incineration;
Evaporation;
Storage in secure conditions;
Return to suppliers.

7.2.1 Liquids
Active waste may be disposed of to the foul-water sewerage system provided that the waste is
readily soluble or dispersible in water and that the quantity of radionuclide released, in any one
day, when diluted by the average daily quantity of water released by the licensee, does not result
in a concentration exceeding the limits set out in Table 6.

Inflammable liquid waste immiscible with water may be disposed of by incineration or by
evaporation under controlled conditions and subject to the limits set out in Table 6.

7.2.2 Solids
Solid radioactive wastes which are combustible may be disposed of by incineration provided that
the total activity does not exceed the limits set out in Table 6 and that the incinerator has been
approved by the competent authority. Residual ash, if radioactive, together with all other non-
combustible wastes shall be retained in safe and secure storage in a designated area until such
times as the radioactivity has decayed to below the levels given in Table 6, after which it may be
disposed of subject to the provision of Table 6.

In the absence of a public disposal facility for radioactive wastes, individual licensed users must
provide their own on-site long term storage facilities. In certain instances the user may be able to
arrange the export of waste product to the original source of supply. In the event an export
licence must be obtained from the Nuclear Energy Board who will also advise on packaging in
accordance with International Transport Regulations.

7.3 Waste storage facility - design aspects

A storage room should be provided for radioactive wastes, preferably adjacent to the incinerator unit in
which combustible low level wastes will be incinerated. In providing this store, account should be taken of
the following :-
(i) storage rooms must be safe and secure, fire proof, vermin proof and easy to decontaminate;
(ii) entrances to store rooms should be clearly marked and conditions of entry displayed,
(iii) sufficient space should be provided to accommodate the anticipated throughput without

overcrowding, to permit monitoring and retrieval of wastes; e.g. Iodine -125 residues may require
storage for up to one year.

(iv) a limited quantity of strong storage shelving should be supplied to permit storage of special
packages such as technetium generators.

(v) a fire alarm system should be provided.
(vi) storage for liquid wastes should be protected against freezing.

7.4 Incinerator units

Incinerator units should be designed and located so that the smoke free gas or vapour arising is
discharged into the open air at such points and in such a manner as to prevent the entry of the gas or
vapour into adjacent buildings. Particulate discharges are not permissible.

The building room housing the incinerator units should be provided with a water supply and drain.
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7.5 Drainage facilities

Drains which are likely to discharge liquid radioactive wastes to the sewerage system should:-
(i) be designed for a high flow rate;
(ii) be by the most direct route to the sewerage system;
(iii) be marked for easy identification, and
(iv) discharge directly to the sewerage system.

Separate toilets should be provided for patients undergoing treatment or diagnosis with high activities of
radionuclides. The installation of special systems for processing excreta from individuals undergoing
diagnosis or therapy with radioactive materials is not recommended.
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TABLE 1

Minimum design requirements for various categories of laboratories where radioactive substances
of moderate toxicity are used.

Design Features
of Facility

Structural Shielding

Vestibule

Floor

Step-over barrier

Surface

Fume Hood

Room Ventilation

Plumbing

First aid

Degree of usage
Low

Nil

Nil

Cleanable

Nil

Easily cleanable,
coved angles

Preferred

Normal

Standard

Washing facilities
shower preferred

of unsealed radionuclides (see
Medium

Subject to survey

Preferred

Continuous sheet, coved
angles, welded joints

* Preferred

Easily cleanable,
enclosed shelving, coved
angles

* 'Essential, with coved
angles, drains and
shielding

Good

Conduite enclosed wing
and foot taps

Washing and
decontamination
facilities, shower
essential

Table 2 for details)
High

Subject to survey

Essential

One continuous sheet
moulded to walls, coved
angles

'Essential

Easily cleanable.
enclosed shelving and
services, coved angles

Essential, stainless steel
with external services
only. Shielding

Forced ventilation

Special plumbing

Washing and
decontamination
facilities, shower
essential.

°A step-over barrier is not required in laboratories in which radionuclides are administered to patients.

" "A fumehood is a desirable but not essential requirement in a laboratory which is designated medium category
solely by virtue of the fact that a Technetium Generator is eluted and liquid pharmeceuticals containing mTc are
prepared therein.
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TABLE 2

Activity limits in relation to rediotoxicity for various
categories of laboratory or treatment area.

Total activities of unsealed radioisotopes which may be handled daily in the various categories of laboratory and
treatment areas.

Radiotoxicity
of isotopes

Group 2 isotopes of
low ALI
(e.g. 89Sr, 125I. T31I)

Most isotopes in Groups
2 and 3
(e.g. 14C, 35S, 35P,
51Cr, 57Co)

Group 4 isotopes
(e.g. 3H, "Tc m , 133Xn)

Category of Laboratory
Low usage

Less than 500 KBq

Less than 5 MBq

Less than 500 MBq

or treatment area (see
Medium usage

500 KBq to 500 MBq

5 MBq to 5 GBq

500 MBq to 500 GBq

Table 1)
High usage

500 MBq to 5 GBq

5 GBq to 500 GBq

500 GBq to 50 TBq

The permissable amounts are for normal, wet laboratory operations or for dispensary work. These amounts are
subject to modification according to the operational factors given in Table 3.
They may also require modification if the radioisotope is in a chemical form of high biological significance, (eg
tritiated thymidine).

1 Becquerel = 27 picocuries
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TABLE 3

Operational factors for clinical and laboratory use and storage of radioactive material.

OPERATION

A. Laboratory use.

Storage

Simple wet operations

Normal chemical operations

Complex wet operations

Simple dry operations

Dry and dusty operations

B. Clinical use.
Storage

Radiopharmacy

Dispensary

Administration of dose

Diagnosis (scanning, counting)

Wards, diagnosis

Wards, therapy

Waiting room

Storage of active waste and for radioactive decay

FACTOR'

100

10

1

0.1

0.1

0.01

100

1-0.1

1

1-0.1

100-10

100

10

100

100-1

'The amounts given in Table 2 should be multiplied by these factors to determine the maximum permissaWe
amounts which may be handled by a given type of procedure in a given category of laboratory or clinical area.
Some of the clinical operational factors can vary for the same type of laboratory and procedure, due to local
circumstances and to variation in complexity of the procedure, and these circumstances should be taken into
account in deciding the appropriate operational factor.
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TABLE 4

Radiotoxicity classification of nuciides.

The principal radioactive nuciides are classified as follows, according to their relative radiotoxicity.

GROUP 1. Very high radiotoxicity.

« P b

joTh

"jNp
J42oi .

«j An
u,lCm

9BEJ

>..p o

23wTb

"{Pu
243 A

9.E.

GROUP 2. High radiotoxicity.

4i No

'Si
'£EU
2SlBi

"?Pa
a||E3

??a
'«Ru

'111
li$Tb

"jBi
J»!u
2JS-E,

GROUP 3. Moderate radiotoxicity.

«7Be

?'C1

aiCr

377Co

33AS

MKX

90v

41 Nb

'HTe

'ic

||Mn

i-!co

JlA.

SlKr

JfNb

ifSb

2 i i R .

'JSTb

"!PO

9iCf

'i?"Ag

'JU
'iSTni

"vAt

'SJPu

?S|Fm

•jP

i»K

»Mo

55Rb

:?Nb

,!iTc

'IjTe

•IjTe

",!P».
2fr-»
2JJCm
2J!Cf

JfSc

'U-cd
'«Cs

'•'Hf

l (Ra

tsAm

tooFm

??N.

i»K

»Fe

2tNi

HA,

SJst

Jf-Nb

.?"'
'li-Te

'SR.
2i?u
*«?Pu
Jl«C.-n
2JSCf

S?Co

'li"In

'MBS
l (aTa

" ! A C (

sJiCm

fiSi

ilCa.

»Fe

!fr

!Sb

•|Jr«

"lv

2liCf

SSr

'l?Sb

'«Ce

77'r
2»Th
2i?Bk

?|P
JfSc

uFe

»Zn

S?Br

SSr

•:JR»

IM.
Ill

"fAc

"»u
»«Pu

*«Cm

"2ci

S»Y
'IfSb

'«Eu(l

"fTI

•oThn

*JJCf

i*P

jrsc

!?co

5o"Zn

fiSr

So

'il-r«
'III

a«Am

'••Cm

'IJI

3.)

'iiPb

?is

SCo

S.
'S4e



TABLE 4 (CowUmm,t\

- GROUP 3. Moderate radiotoxicity (continued)

'Si
'UB.
'JJPr

'""Eu(S

•JjEr

'?JR«
(?iPt

"oHe
» » R n

740, i .fjU +

ft Am

•si
'»u
' J J P »

>h)

'•lEr

'»»R«

'"Pi

***»!

'JoTh
3J?Np

'JtAm

GROUP 4. Low radiotoxicity.

?H

39 "

I3'-T-

'Il-Xe
t3if\

3tJPo

"iPu

•Jo
'rCo

J»"Kr

' S M O

2S;po

'Si
'«Ce

*MN4

'2iEu

•STm

'TSRC

"•Pi
Mlj]

:J!Np
J,!Cm

jr .
i« Ax

"ics

ssCs

'Si
'iio
'SNd

'SGd

'JtVh

'"Oi

'TJAO

s«Pu

•8Bk

«Mn

2iNi

SlKr

vo

STc•sn
' IJCJ
I 3 j _

aIlu
J3t .

•SXe

'S-Ce

'Ii'P»

'uG6

•So.
*»Au

*S|Pb
JJfP»

*<.P«

5!Zn

!.°Sr

'J»"Rb
131.

"Hcs

7» OS
33*, I

ssAm

•Sc
'MCC

"fPm

'^Dy

•?iw
'"o.
' H A .

*I»Bi

"iu
1 J!PU

?̂ Fm

iaMo

iiCe

3tSr
UK
SO

4» In
• > * ,

IJO —

ssCs

'Sc.
'tlCe

'fis-

'•Jw
'nlr

'2iHf

"JBi

'«Ain

- M n

«Kr

Si'Sr
i JVb

ijTe

' » !
TJCS

J* "

«?U nat

iiAm

•Sc.
'SJCe

•Jis-
*»Ho

• J J "
' " I T

'K"Hf

ytAfD

SKr

j» or

•a
'«"C*
303p

23



TABLE 5

limit* for dl*po*al of waste without special coatrol

N M J M C
TojdcHy
Graap

GROUP 1

GROUP 2

GROUP 3

GROUP 4

Total ActMty

(BtcvMnb)

5x103

5x10*

5X105

5X106

Activity of liquids
par Itoe

(Becquereb/litse)

5x102

5x103

5x10*

SxlO5

Activity of solid*
n*r rmhU- arffvper aiUK Baeivr

(Becquerets/ctiWc
•MtW)*

5x103

5x10*

5x105

5x10*

* Disposal of soHd wastes without special control is subject to the additional restriction that the specific activity
does not exceed 100 kBq/kg. this limit being increased to 500 kBq/kg for solid natural radioactive substances

1 Becquerel = 27picocuries
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TABLE 6

Limits for disposal of waste with special control

Nuclide
Toxicity
Group

GROUP 1

GROUP 2

GROUP 3

GROUP 4

Total Activity
Discharged/Day
(Becquerels)

5x10*

5x105

SxlO6

5xlO 7

Activity of liquids
per litre

(Becquerels/tttre)'

SxlO3

5x10*

5x105

5X106

Activity of solids
per cubic metre

(Becquerels/cHDlc
metre)

5x10*

5x105

5X106

5x lO 7

' In the case of liquid waste containing only Iodine -125 or Iodine -131 a total activity of up to 107 Bq
may be discharged/day

(i) Disposal of waste material below these limits is subject to any additional restrictions as laid down in
Schedule 1 of the relevant licence.

(ii) To ensure safe handling the voiume of solid refuse must not be less than one tenth of a cubic metre and
the activity of any single item of waste must not exceed one tenth of the values given in column 3.

(iii) Excreta from individuals undergoing diagnosis or therapy with radioactive materiak are exempt from
these limitations
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TABLE 7

Half-value thicknesses and tenth-value thicknesses for heavily filtered
X-radiation (Broad Beam Conditions)

Source

50kVp
50 kVcp
70kVp
75kVp
75 Wcp

100 kVp
100 kVcp
125 kVp
150 kVp
150 kVcp
200 kVp
200 kVcp

Half-Value Thickness

Lead
(mm)

0.07
0.06

0.17
0.19
0.26
0.30
0.29
0.30
0.32
0.43
0.43

Concrete
(mm)

8.8

10.2

16.5

19.1
21.8

25.9

(in)

0.15

0.4

0.65

0.75
0.85

1.02

Tenth-1

Lead
(mm)

0.23
0.20

0.58
0.63
0.87
0.95
0.96
1.00
1.04
1.42
1.42

h/alue Thickness

Concrete
(mm)

13.5

35.6

54.2

64
69.9

85.5

(in)

0.53

1.40

2.17

2.52
2.75

3.37

The data was obtained from the Handbook of Radiological Protection (Part 1) HMSO 1971 (Ref. 7).
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TABLE 8

Half-Value thicknesses and tenth-value thicknesses for heavily filtered
gamma-radiation and bremsstrahlung (Broad Beam Conditions)

This Table shows figures for gamma radiation and bremsstrahlung from a number of nuclides. Values are taken
wherever possible from the exponential sections of the curves. In a few cases, marked 'Approximate', the
results are taken from parts of the curve which are not linear on the semi-logarithmic plot.

Nuclide

24Na
60Co
8 5 K r

124Sb
131]

137Cs
170Tm
182 T a

192Ir

1 9 8 A u

226Ra
2 3 2 T h

"Mo*
9 9 m T c

131ln
113Xe

Uranium

HVT
(cm)

1.0

0.6

0.41

0.58

TVT
(cm)

3.2

1.9

1.26

1.93

Lead

HVT
(cm)

1.7

1.1

0.54'

1.4

0.72

0.65

0.6'

1.2

0.55

1.1

1.3

1.6

1.0

0.3

1.0

0.2

TVT
(cm)

5.6

4.0

4.5

2.4

2.2

2.0'

4.0

1.9

3.6

4.44

5.4

3.0

1.0

3.4

0.6

Iron

HVT
(cm)

2.7

2.0

2.3

1.6

1.9

1.3

1.2

2.3

2.6

TVT
(cm)

9.0

6.7

7.3

5.4

6.3

4.3

3.85

7.35

8.4

Barytes
Concrete

HVT
(cm)

6.0

5.0

5.5

3.2

3.0

5.6

TVT
(cm)

18.7

15.5

18.0

10.6

10.0

18.5

Concrete

HVT
(cm)

9.1

6.3

7.0

4.7

4.9

4.3

4.0

7.0

7.5

TVT
(cm)

30.1

20.3

23.0

15.7

16.3

14.0

13.5

23.3

25.2

Brick

HVT
(cm)

9.0

9.4

6.0

14.7

TVT
(cm)

30.5

31.0

19.9

38.7

Water

HVT
(cm)

18.5

15.0

10.0

5 .1 '

TVT
(cm)

61.7

49.0

34.0

Aluminium

HVT TVT
(cm) (cm)

5.5 18.0

1.8'

6.3"

* Approximate Values
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TABLE 9

Equivalent thicknesses of lead and of barytes plaster

Grade of
Barytes

Rough

Fibred

Thickness'
mm

13
19
25

13
19
25

ins

0.5
0.75
1.0

0.5
0.75
1.0

50

0.6

0.5

Generating
75 100

voltage
125

s(kV)
150

Lead equivalent (mm)

1.4

1.1

1.6
2.4
3.1

1.3
2.1
2.7

1.2
1.7
2.1

1.0
1.5
1.8

0.9
1.3
1.6

0.8
1.1
1.4

200

0.7
1.0
1.2

1.8
0.9
1.0

•Thickness includes 3 mm (Vs") of barytes finishing plaster.
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TABLE 10 (Ref. 9)

Lead equivalence of various materials for low energy X-rays

Material

Clay brick
Ref. 10

Barytes
plaster or
concrete
Ref. 10 & 11

Steel
Ref. 12

Material
Density
(kg m-3)

1600

3200

7800

Material
Thickness

(cm)

10
20
30
40
50

1.0
2.0
2.5
5.0
7.5

10.0
12.5

0.1
0.2
0.3
0.4
0.5
1.0
2.0
3.0
4.0
5.0

cm lead

50 75

0.06
0.14
0.22

0.09
0.18
0.23

0.08
0.17
0.27
0.38

0.15
0.27
0.33

0.01
0.03
0.05
0.07
0.09

equivalent at applied

100 150 200

0.09
0.19
0.31
0.45

0.18
0.33
0.40

0.02
0.03
0.05
0.07
0.09

0.08
0.17
0.26
0.37
0.48

0.09
0.18
0.22
0.43
0.59

0.01
0.02
0.03
0.04
0.05
0.09
0.17
0.25
0.33
0.40

0.08
0.17
0.26
0.37
0.48

0.07
0.14
0.17
0.34
0.50
0.68

0.01
0.02
0.03
0.04
0.04
0.08
0.16
0.23
0.30
0.37

kllovoltages of

250 300

0.10
0.23
0.40
0.60
0.81

0.06
0.13
0.17
0.36
0.56
0.77

0.03
0.08
0.17
0.28
0.38
0.49

0.11
0.30
0.55
0.83
1.13

0.06
0.14
0.18
0.39
0.61
0.84
1.08

0.03
0.08
0.19
0.33
0.47
0.63

400

0.13
0.45
0.85
1.27
1.71

0.08
0.16
0.20
0.43
0.68
0.95
1.21

0.04
0.09
0.24
0.43
0.65
0.88
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TABLE 11

X-ray shielding requirements for a workload of 300 mA minutes per week at 100 kVp

Primary protective barrier requirements
at a distance of 2 metres to reduce
exposure to stated level.

5 mSv

0.5 mSv

0.05 mSv

NB. Tenth value thickness used

Lead
(mm)

2.37

3.25

4.12

0.87

Concrete of density
2.35g/cm3

(cms)

17.52

23.04

28.56

5.52
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TABLE 12

Guide to use and occupancy Factors

Assessment of the type and extent of barriers required to protect workers and the general public will depend on
such factors as workload of the X-ray unit, use and occupancy factors.

Use Factor:
It is the fraction of the treatment time during which the primary beam points in a particular direction.

Occupancy Factor:
It is the fraction of the treatment time for which a particular area is likely to be occupied.

Use Factors for Primary Barriers

Radiographic Therapeutic

Floor
Walls
Ceiling

1
V*
t

1
V4

t Generally very low
+ Variable but usually taken to be less than

For use as a guide in planning shielding where other occupancy data are not available

Full Occupancy
(T = 1)

Work areas such as offices, laboratories, shops, wards, nurses' stations;
living quarters; children's play areas; and occupied space in nearby buildings

Partial Occupancy
(T = V4)

Corridors, rest rooms, elevators using operators, unattended parking
lots

Occasional Occupancy
(T = Vie)

Waiting rooms, toilets, stairways, unattended elevators, janitors' closets,
outside areas used only for pedestrians or vehicular traffic
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TABLE 13

Radiation units and equivalents

Radiological
Quantity

Exposure

Old Unit New Unit Relationship

Activity Curie (Ci) Becquerels (Bq) 1 curie = 3.7 x 1010 disintegrations per second
1 becquerel - 1 disintegration per second.

1 millicurie (mCi) - 37 Megabecquerels (MBq)
1 microcurie (//Ci) - 37 kiiobecquerels (kBq)

Roentgen (R) No equivalent 1 roentgen The quantity of X-rays required
to release an electric charge of
2.58 x 10'4 coulomb per kilogram
of dry air. (Rather a large unit).

Absorbed dose (D)

Dose equivalent (H)

Rad

Rem

(rd)

(r)

Gray (Gy)

Sievert (Sv)

1

1

gray =

sievert

1 joule/kg »

= 1 joule/kg
= 1 gray x

100 rads

=• lOOrems
Q X N

Quality factor A factor intended to allow for different effects
produced by different types of radiation. Thus for
X-rays and (3-radiation Q = 1 but for neutrons
and protons Q = 10 and for a-particles Q = 20.

Modifying factor (N) — A factor currently given the value of unity.
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APPENDIX I

Extract from Council Directive of 3 September 1984 amending Directive 80/836/Euratotn.

DOSE LIMITS
Whole Body Exposure
1. The dose limit for whole body exposure of exposed workers shall be 50 mSv (5 rents) in a year.
2. For women of reproductive capacity, the dose to the abdomen shall not exceed 13 mSv (1.3 rems) in a

quarter.
3. As soon as pregnancy is declared, measures shall be taken to ensure that exposure of the women

concerned in the context of her employment is such that the dose to the foetus, accumulated over the
period of time between declaration of pregnancy and the date of delivery, remains as small as is
reasonably practicable and in no case exceeds 10 mSv (1 rem). In general, this limitation can be
achieved by employing the women in working conditions appropriate to Category B workers.

Partial Body Exposure

In the case of partial body exposure:
(a) The effective dose limit shall be 50 mSv (5 rems) in a year: the average dose in each of the

organs or tissues involved shall not exceed 500 mSv (50 rems) in a year.
(b) In addition:

— the dose limit for the lens of the eye shall be 150 mSv (15 rems) in a year:
— the dose limit for the skin shall be 500 mSv (50 rems) in a year:
— where exposure is the result of radioactive contamination of the skin, this limit shall apply to

the dose averaged over any area of 100 cm2:
— the dose limit for the hands, forearms, feet and ankles shall be 500 mSv (50 rems) in a year.

LIMITATION OF DOSES FOR APPRENTICES AND STUDENTS
1. The dose limit for apprentices and students aged 18 years or over who are training for employment

involving exposure to ionizing radiation and who, in the course of this training, are obliged to use sources
shall be equal to the dose limits for exposed workers.

2. The dose limits for apprentices and students aged between 16 and 18 years who are training for
employment involving ionizing radiation or who, in the course of this training, are obliged to use sources.
shall be equal to three-tenths of the annual dose limited for exposed workers.

3. The dose limits for apprentices and students aged 16 years or over who are not subject to the provisions
of paragraphs 1 and 2 and for apprentices and students aged less than 16 years shall be the same as the
dose limits for members of the public. However, the contribution to the annual doses that they are liable
to receive by virtue of their training shall not exceed one-tenth of these dose limits and the dose during
each single exposure shall not exceed one-hundredth of these dose limits.

DOSE LIMITS FOR MEMBERS OF THE PUBLIC
1. In the case of whole body exposure the dose limit shall be 5 mSv (0.5 rem) in any year, subject to the

condition that the average annual dose rate does not exceed 1 mSv/year over a working life time.

2. In the case of partial body exposure:
(a) the limit for the effective dose shall be 5 mSv (0.5 rem) in a year: the average dose in each of the

organs or tissues involved shall not exceed 50 mSv (5 rems) in a year.
(b) In addition:

— the dose limit for the lens of the eye shall be 30 mSv (3 rems) in a year:
— the dose limit for the skin shall be 50 mSv (5 rems) in a year;
— the dose limit for the hands, forearms, feet and ankles shall be 50 mSv (5 rems) in a yeaT.
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NOTE ON EFFECTIVE DOSE (REF.4)

Effective Dose is defined as the sum of the weighted average dose equivalents in the various organs and tissues.

The weighting factors for organs and tissues are as follows.

Gonads 0 25
Breasts 0.15

Red Bone Marrow 0 12

Lung 0.12
Thyroid 0.03
Bone (Surface) 0.03

Remainder' 0.30

Thus in mathematical terms. Effective Dose is equal to E, W, H,. where H, is the average dose equivalent in the
organ or tissue t and W, is the weighting factor for the organ or tissue t

'In assessing the contribution from the remainder, the average dose is to be evaluated for each of the 5 most
exposed organs or tissues for the remainder (excluding the lens of the eve. the skin, the hands, the feet and
ankles}. A weighting factor of 0.06 is to be used for each of these organs or tissues. The exposure of all other
organs can then be neglected.
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APPENDIX II (a)

Copy of letter from Department of Health, Hawkins House. Dublin 2, re Directive No.
80/836/Euratom on Radiation Protection.

Dated October. 1983.

To Chief Executive Officer.
Each Health Board.

Secretary/Manager,
Each Voluntary Hospital.

Directive No. 80/836/ Euratom on Radiation Protection

] am directed by the Minister for Health to enclose herewith a copy of Directive No. 80/836/Euratom adopted by
the Council of the European Communities en 14 July, 1980 amending the directives laying down the basic safety
standards for the health protection of the general public and workers against the dangers of ionizing radiation.

In accordance with its obligations of membership of the European Communities this country is required to comply
with the provisions of this Directive. The Directive has application to all uses of ionizing radiation and the Minister
for Industry and Energy has at prasent under consideration a regulation to give statutory effect to this Directive.
This Department is concerned with the implementation of the provisions of the Directive in so far as the use of
ionizing radiation for medical and dental purposes is concerned and health boards and hospitals authorities should
take appropriate measures for compliance with the Directive.

Previous instructions and guidance on precautions to be taken in the use of X-ray apparatus and radioactive
substances in order to minimise the danger of radiation were conveyed to health boards and voluntary hospitals in
this Departments circular No. 17/74 of 6 December, 1974. While these instructions will generally still hold good,
compliance with the Directive will require stringent precautions and closer supervision.

To assist in the practical implementation of the requirements of the Directive the organisational arrangements set
out in Appendix II (b) would be appropriate in hospitals using radioactive sources or apparatus emitting ionizing
radiation, except in the case of hospitals using fixed diagnostic X-ray apparatus only where a more simplified
organisational arrangement than that outlined in Appendix II (b) would be appropriate. Health boards may also
wish to make joint arrangements for the smaller health board hospitals. Guidance will be available as necessary
from the Radiation Advisory Committee (a Committee of the Nuclear Energy Board, which with the approval of
the Board, has been nominated by this Department to act. as required, on an agency basis on its behalf) in regard
to suitable alternative arrangements where appropriate.

It will be noted (Article 2) that the Directive applies to "the production, processing, handling, use. holding, storage,
transport and disposal of natural and artificial radioactive substances and to any other activity which involves a
hazard arising from ionizing radiation" and that (Article 3) the reporting of these activities is compulsory.
Accordingly - following on the implementations of the appropriate organisational arrangements - health boards and
hospital authorities should furnish a report to the Radiation Advisory Committee detailing the measures taken or in
train for compliance with the Directive's requirements insofar as these activities are concerned. The report should
include references to authorisations held frorp the Nuclear Energy Board. Where requested the Radiation Advisory
Committee will be pleased to assist health boards and hospital authorities in drawing up appropriate measures.

Under the provisions of Article 5 prior authorisation must be obtained from this Department for the administration
of radioactive substances to persons for purposes of diagnosis, treatment or research. Applications for prior
authorisation should be made by the appropriate consultant. A form to facilitate the making of applications is
attached as Appendix II (c).

In order to see that provisions of the Directive are being complied with, hospitals using radioactive sources or
apparatus emitting ionizing radiation will be subject to inspections arranged by the Department of Health.

Additional guidance on the implementation of the provisions of the Directive will be issued as necessary.

G. Guidon.
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APPENDIX II (b)

An appropriate structure for the organisation of radiation protection in hospitals using radioactive
sources or apparatus emitting ionizing radiation.

1. RESPONSIBILITY
The ultimate responsibility for the radiation protection of all persons, staff, patients and members of the public on
hospital premises rests with the hospital authority. Each Head of Department is responsible for the implementation
of radiation protection procedures in his department. Each person involved in the use of radiation has the duty to
observe these procedures.

The Department of Health and the Radiation Advisory Committee are available to provide guidance and
recommendations on any matters relating to the safe use of radiation.

To assist in the practical implementation of radiation protection procedures in the hospital it would be appropriate
that each hospital authority: -

(i) Establish a Radiation Safety Committee.
{ii) Nominate a Radiation Protection Adviser.
(iii) Nominate Departmental Radiation Safety Officers.
(iv) Nominate a Medical Officer.

It would be desirable that only persons having the necessary training and experience in radiation protection and
conforming with such criteria as may be laid down by the Minister shall be nominated as Medical Officer, Radiation
Protection Adviser or Radiation Safety Officer.

The Minister for Health shall be notified of the names of any Radiation Protection Advisers, Radiation Safety
Officers and any Medical Officers that have been nominated for this purpose. This notification shall include
particulars of their qualifications and experience.

2 . RADIATION SAFETY COMMITTEE
The Radiation Safety Committee shall be given the responsibility for recommending radiation protection measures
in the hospitals to comply with the requirements of E.E.C. Directive No. 8 0 / 8 3 6 / E u r a t o m and this responsibility
shall extend to all areas of the hospital where radiation is used. The Committee shall report to the hospital authority
and should operate through the administrative Heads of each department using radiation. It shall be advised by the
Radiation Protection Adviser.

The Committee should consist where appropriate of the following persons:-

(i) The consultant radiologist in administrative charge of the Department of Radiology who would normally
act as chairman.

(ii) The radiographer-in-charge.
(iii) The Medical Officer.
(iv) The Radiation Protection Adviser.
(v) The hospital administrator or secretary/manager.
(vi) A representative of each Department using radiation including the Department of Radiology.

3 . RADIATION PROTECTION ADVISER
The Radiation Protection Adviser shall be responsible for advising the Radiation Safety Committee on all matters
relating to radiation safety in the hospital. He shall work in close liaison with the Heads of Department and the
Departmental Safety Officers and be generally available for advice and guidance on radiation protection matters.
He should have suitable qualifications in physics, and training and experience in radiation protection. In large
hospitals (health board and voluntary) he should, normally, be a member of the staff in the hospital. In the case of
the small health board hospitals, it would be appropriate that a suitably qualified person from the board's staff be
assigned responsibility. Where a health board or a voluntary hospital has not a suitably qualified person available on
its staff, advice will be available through the Radiation Advisory Committee. The Radiation Protection Adviser shall
in particular:-

— prepare and submit to the Radiation Safety Committee such radiation protection procedures as may be
necessary for the hospital.

— examine the implementation or radiation protection procedures in the hospital.
— recommend to the Radiation Safety Committee and the Head of the Department concerned any changes

in radiation protection procedures considered desirable.

40



— undertake in consultation with Heads of Departments routine reviews of that Department's radiation
protection procedures including personnel monitoring, examination, testing and calibration of protection
devices and monitoring instruments and radiation dose rate and contamination surveys.

— carry out a safety assessment of any proposed new equipment or practise involving radiation.
— investigate and report to the Radiation Safety Committee and the Head of the Department concerned

any accidents, incidents, or other abnormal situations involving radiation.

4. DEPARTMENTAL RADIATION SAFETY OFFICERS
Departmental Radiation Safety Officers should be members of the staff of the Department concerned and have
suitable training in radiation protection.

A Safety Officer shall be responsible to the Head of Department for, in particular:-

— ensuring that radiation protection procedures are implemented in the Department.

— supervising individual dose assessment of persons subject to monitoring.

— reporting to the Head of Department and the Radiation Protection Adviser any incidents, accidents, or
other abnormal situations involving radiation.

5. MEDICAL OFFICER
The Medical Officer shall be responsible for the medical surveillance of classified radiation workers in the hospital
and of any persons requiring medical surveillance as a result of an over-exposure to radiation. His capacity to act in
this regard shall be recognised by the Minister for Health and, where possible, he should not normally be a member
of the staff of the hospital. He shall, in particular,

— undertake pre-employment medical examinations and reviews of health of classified radiation workers.
— shall classify radiation workers with regard to their fitness for work.
— maintain a medical record for each classified worker.
— undertake special medical examination in the event of a dose limit being exceeded and recommend

subsequent conditions of exposure to radiation.
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APPENDIX II (b) Fig. 1

Organisational scheme of radiation protection in hospitals
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APPENDIX II (c)

Application for authorisation to administer radioactive substances

Secretary
Department of Health
Hawkins House
Dublin 2.

In accordance with the requirements of Article 5 of Directive No. 80/836/Euratom on health protection of the

general public and workers against the dangers of ionizing radiation I wish to apply for prior authorisation to

administer radioactive substances to persons for the purpose of

Name of applicant:

Post:

Qualifications:

Signature:
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APPENDIX III

MATERIALS FOR X-RAY SHIELDING
For the purpose of calculating the transmission of X and Gamma rays through shielding materials, Tables 8 and 9
will serve as a guide.

1. Shielding materials and Half-Value Thickness.
The values of half value thickness (HVT) and tenth value thickness (TVT) of shielding materials are based
on those given in the Handbook of Radiological Protection Part 1, Section 4.8 (Ref. 7) and refer to
broad beam conditions.

The values for heavily filtered pulsating and constant potential X-ray generators do not vary by more
than 10% and in each case the larger value is shown. The penetration of X and gamma rays through
shields is not necessarily exponential, and the concept of half-value and tenth-value layers is therefore of
limited applicability. The data shown in the tables 8 and 9 give an indication of the shield thickness
necessary to achieve an appropriate reduction of dose rate but must be subject to confirmation by
radiation survey in due course.

2. Protective Plasters
Extra shielding can, in some circumstances, be achieved by plastering the walls with a barium plaster.
However, the X-ray absorption characteristics of any plaster at the maximum energies envisaged, as well
as those of all other building materials to be used, should be checked before construction commences,
thus avoiding expensive and unsightly backfitting, in the event of the built-in shielding being inadequate.
Details of a typical barium plaster are given in table 9.

2.1 Characteristics and use of barytes premixed gypsum X-ray plaster.

A typical example of a finishing material suitable for shielding purposes is barytes plaster. It has the
following characteristics: -

Density: Average density, set and dry.
Fibred barytes and barytes finish, 2000 kg/m3 (125 Ib/ft3)
Rough Barytes 2150 kg/m3 (135 lb/ft3)

Appearance: The plaster has a very smooth finish when applied.

2.2 Performance in Radiation Control
Tables 9 and 10 give the equivalent thickness of lead required to give the same protection as the grades
of barytes. The figures are taken from tests carried out by the National Radiological Protection Board of
Great Britain. Table 10 gives the corresponding figures for various other substances.

2.3 Durability
If correctly applied, barytes plaster has an indefinite life, its durability depending on the substrate and
conditions of use.

2.4 Application
To give full protection it is essential that the finished plasterwork be completely free of cracks. Barytes
should therefore be applied with considerable care. Barytes finish plaster should be applied to an even
thickness of 13 mm (lM") as soon as the undercoat has set. The method of applying the undercoat
grades are as follows:-

Up to 15 mm (s/s") thick: The undercoat plaster should be applied in two coats, each being laid to an
even thickness. The rendering coat should be deeply scratched to form a crossed undercut key for the
floating coat and the floating coat should be thoroughly scratched to form a key for the finishing coat.

Over 15 mm (s/a") thick: The undercoat plaster should be applied in three coats with the rendering
and floating coats laid on the rendering coat and deeply scratched to give a crossed undercut key for the
floating coat.

2.5 Use in Combination with Concrete
When fibred barytes is to be applied to concrete, metal lath of the highrib type should be used as a
permanent shuttering to give the necessary key. Where this is not possible heavy-gauge metal lath should
be securely fixed to the concrete by any satisfactory method. When neither of these methods can be
used, ceilings can be protected with a barium concrete screed laid on the floor or roof above.
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The Radiation Protection Adviser or the Radiation Advisory Committee may advise on the thickness of
barytes necessary for a particular situation. Since fibred barytes plaster is extremely heavy, the type of
metal lath recommended is 2.5 kg/m2 (4.6 Ib/yd2) expanded steel lath.

3. Use of Lead Sheeting
Lead sheeting is normally supplied in accordance with various Code Numbers as defined by BS1178
specification for lead sheets rolled for building.

Various gauges are available commercially and any deviation from these sizes may involve special
manufacture.

Lead sheeted plywood has been known to delaminate causing serious shielding failures where building
contractors have attempted to make up this material on site. Only the professionally manufactured
product incorporating high-quality adhesive should be used.

Sheeting with lead backed material will require special attention to fastenings and introduces weight
considerations and additional wall loadings. Whereas in new design work these factors can be
accommodated, back fitting, in the event of a change of use, could be very difficult.

Where raised ceilings are employed for accommodation of cable runs or other services, lead sheeting
may be applied to the underlying concrete. Care should be taken to prevent access to the intervening
space while any equipment is in operation.

3.1 Lead lining and treatment of openings
The radiation facility should be so designed that primary radiation does not strike the door. Since the
door is then exposed only to secondary radiation, the threshold may be arranged as a baffle, formed by
the lead lining of the door and the concrete in the floor (Fig. A). Darkrooms must have a protective
threshold if they open into X-ray rooms.

FIG. A. SHIELDING BENEATH DOORS NOT EXPOSED TO PRIMARY RADIATION

5 cm

3.2 Observation Window
The window and window frame must have the same lead equivalent as that of the adjacent wall. Lead
sheets in contact with lead glass must have an overlap of at least 1 cm or the thickness of the lead glass
whichever is the greater (Fig. B).

FIG. B SHIELDING ROUND THE EDGE OP AN OBSERVATION WINDOW

Lead glass



3.3 Casette pass-box
These items are now available commercially, but care should be taken to ensure that the shielded cassette
pass-box is mounted so that both workers and photographic materials are protected from leakage paths
adjacent to the box (See Fig. C) .

FIG. C CASSETTE PASS-BOX

Cassette pass-box

3.4 Recesses
If recesses in the barrier for electrical outlets or for servicing access to control panels reduce the shielding
below the level required, they must be covered to give protection equivalent to that of the required
protection barrier (Fig. D), and be appropriately interlocked.

FIG. D PROTECTION OF RECESSES IN SHIELDING

3.5 Perforations
Nails and screws that perforate lead barriers must be covered to give protection equivalent to that of the
unperforated barrier (Fig. E).

FIG F. COVERING OF PERFORATIONS
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3.6 Joints at Floor and Ceiling
The overlap between the lead in the wall and the concrete in the floor or ceiling must have at least the
same width as the thickness of concrete (Fig. F).

FIG. F OVERLAPPING BETWEEN LEAD AND CONCRETE

3.7 Doors
The door and door frame must have the same lead equivalent as the adjacent wall. The protective lead
covering the door must overlap that of the door frame by at least 1.5 cm. The protective lead covering
the door frame must overlap the concrete or brick in the wall by at least the same amount as the
thickness of the concrete or brick (Fig. G).

FIG. G SHIELDING OF DOORS AND DOOR FRAMES

' > , 1

Le»d-lined door

Lead-lined wall
Lead-lined door
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