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1. Control of exposures

After a world wide overview of collective (mean individual) doses and the distribution of
individual doses it is concluded that the control of individual doses should be in the focus
of the regulatory system as it is reflected in the International Basic Safety Standards
(BSS).

A system for control of occupational, public and medical exposure (SEC) is an essential
part of the legislative and regulatory framework for radiation protection and safety of ra-
diation sources, which has been intensively discussed in the preceding paper. It de-
pends on the national conditions how the radiation safety infrastructure and the under-
lying legislation is established. For example, there are differences between a centralized
and a decentralized radiation safety infrastructure and this is reflected in the relevant
parts of the SEC. There are numerous successful national approaches in setting up and
managing a SEC. In this paper only general requirements and how they may be met in
principle and some German and international experiences, are discussed.

Although control is more than monitoring, in this paper errihasis is laid on monitoring
(measurement, interpretation, assessment) of radiation exposures. Types of monitoring
are routine, task-related (or operational) and speoia! monitoring. Further aspects of a
SEC are also discussed as appropriate.

2. Basic components of a SEC

2.1. Personal and organizational components

Responsibilities and tasks within the SEC have to be clearly and unambiguously alloca-
ted to all personal arid organisational components of the system such as
• regulatory authority or different competent authorities, other governmental depart-

ments and agencies (licensing, supervision, enforcement, developing regulations and
guides) ;

• intervening organizations (planning and implementing intervention measures, enfor-
cement)

• legal persons, i.e.licensees, registrants, employers (main responsibilities for the
application of the SEC)
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• staff members of the management with assigned specific responsibilities for the pro-.
tection of workers and the safety of workplaces, radiation protection officers, radiolo-
gists

• workers

Other personal components of the SEC are essential but have only subsidiary respon-
sibilities, i.e. make no decisions and do not directly supervise the application of the
system such as
• services (carrying out tasks beyond the capability of the authorized institutions, may

be available in the commercial sector or otherwise provided through legislation, e.g.
training, personal dosimetry, environmental monitoring, central registries for occupa-
tional exposure records, leak testing of sealed sources, radioactive waste storage)

• advisors and expert consultants, qualified experts, advisory bodies, safety commit-
tees

• suppliers of radiation sources and devices, protective'equipment and measuring in-
struments

• emergency personnel (firemen, policemen, armed forces and others)

Especially for smaller countries it may be of utmost importance to make use of the co-
operation with and of the services provided by
• international organizations such as the Agency

In setting up the SEC on the institutional level the size of an licensed enterprise or insti-
tution should be taken into consideration. The larger the institution is the more control
activities may be carried out by its own staff. Complex nuclear fuel cycle, reactor or
waste mangement operations with an elaborate and technically advanced infrastructure
are not in the focus of this paper. For smaller institutions more services may be provided
from outside. The optimization of ressource utilisation within the infrastructure of a coun-
try is important. Generally it is recommended to make maximum use of the expertise,
specialized laboratories, calibration services etc. already existing in a country.

2.2. Material components

A precondition to perform any tasks and to comply with responsibilities within the SEC is
the availability of necessary tools, instruments and other means such as
• protective equipment (shieldings, hot cells, glove boxes, fume hoods, interlocks, wor-

king tools, packages for waste and radioactive sources etc.)
• protective clothing, gloves, respiratory equipment, organ shields etc.
• instruments for workplace monitoring (survey meters for dose rate or surface

contamination, air samplers, installed monitors for external radiation or air contami-
nation with warning functions etc.)

• instruments for operational individual monitoring (electronic or direct reading pocket
dosimeters for external radiation, finger ring dosimeters, portable or installed measu-
ring devices for skin contamination, on-site partial body counters for internal radiation
etc.) .

• measuring systems for routine individual monitoring (photographic or thermolumine-
scence dosimeters for external radiation, whole body counters or laboratory equip-
ment for excretion analysis for internal radiation etc.)

• high-precision clinical. dosimeters, isotope calibrators for nuclear medicine
applications
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• measuring systems and laboratory equipment for monitoring of airborne and liquid
releases of effluents from nuclear and other facilities.e.g. large hospitals, and for en-
vironmental surveillance (gamma spectre-metric and radiochemical sample analysis,
in situ spectrometry, aerogamma spectrometry)

• instrumentation for radon and radon progeny
• data processing equipment for large scale record keeping, e.g. of individual exposu-

res (dose registries)
• equipment for health surveillance
• equipment for the treatment of overexposed persons and for the decontamination of

persons
• facilities for management, storage and disposal of radioactive waste
• equipment for transportation of radioactive materials

in principle all these material components are available on the world market but there
may be economic and other restrictions in setting up and managing the SEC. However,
the most expensive and sophisticated devices are not always necessary, and the ex-
penditures for exposure control should be commensurate with the expected normal as
well as the potential radiation exposures. Again, for the sake of optimum utilization of
available ressources, it is advisable to use existing national laboratories and facilities to
establish approved services.

2.3. General components

Of course, many of the personal, organizational and material components of the SEC
mentioned above have features which are specific for occupational, public and medical
exposure. The same is true for some other important components that are a general pre-
requisite for a proper functioning of the personal and material components such as
• training of all persons involved in the SEC (education parts, special training courses

and approved certificates granted after an examination, instructions, tutorials, exerci-
ses and drills, organized self-studies, training on the job)

• information of the public, of the workers and of other affected persons in case of any
events where feedback of experiences may help to minimize further radiation expo-
sure or unjustified radiation fears

• calibration of instrumentation and measuring methods (traceable to a primary stan-
dard, not necessarily directly)

• quality assurance and control programmes (control methods established within the
institution or prescribed in regulations), national and international intercomparisons of
monitoring methods aimed at checking their accuracy.

3. Control of occupational radiation exposure

3.1. External exposure to artificial sources

The following problems of a SEC will be discussed more in detail:
• types of sources and practices
• workplace monitoring (photons, betas, neutrons) incl. warning functions
• individual monitoring (photons, betas, neutrons) incl. finger ring dosimetry, differen-

ces between routine, task-related and special monitoring, accidental dosimetry
• quality assurance, intercomparisons, approval of services
• record keeping, dose registries, temporary workers
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• introduction of the new operational quantities
• assessment of exposures, effective dose and related conversion coefficients; special

problem: dosimeter worn above or behind the lead apron in radiological diagnostics

3.2. Internal exposure to artificial sources

The following problems of a SEC will be discussed more in detail:
• types of sources and practices
• workplace monitoring: surface contamination, air contamination
• individual monitoring: whole body counting, partial body counting, excretion analysis,

air sampling, skin contamination measurement
• quality assurance, intercomparisons, approval of services
• record keeping, dose registries
• assessment of exposures, effective dose and organ dose, especially in case of inci-

dents
• leak testing of sealed sources

• decontamination of persons

3.3. Selected problems of a SEC

The following problems of a SEC will be discussed more in detail:
• prototype testing of radiation emitting devices
• working rules, use of reference levels
• classification of areas, categorization of workers (?)
• accountability for radiation sources
• qualification of operating personal, training
• training of staff of regulatory bodies, responsible staff members within the manage-

ment, radiation protection officers, qualified experts, problems of approval
• audits and reviews, safety culture
• intervention in emergencies: planning, emergency actions, protection of workers un-

dertaking an intervention

3.4. Health surveillance

Objectives of the medical examinations of workers, responsibilities, training of the physi-
cian, management of overexposed workers (and members of the public affected by an
accident)

3.5. Occupational exposure to natural sources

The following problems of a SEC will be discussed more in detail:
• inclusion of exposures to natural radiation in the SEC, practices and intervention si-

tuations, work activities, regulatory problems
• exposure to cosmic radiation in aircraft, possibilities of a reasonable control
• exposure to radon progeny, workplace types, action levels, workplace and individual

monitoring, calibration of instruments and quality assurance
• exposure to naturally occurring radioactive materials (NORM), possible workplace

types, action levels
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4. Control of public radiation exposure

4.1. Exposure by effluents resulting from normal operation of facilities

The following problems of a SEC will be discussed more in detail:
• types of facilities
• assessment of exposure as a consequence of airborne and liquid discharges (critical

group, exposure pathways), derivation of authorized discharge limits
• monitoring methods for radioactive emissions, environmental monitoring
• quality assurance, intercomparisons

4.2. Accidental exposures

The following problems of a SEC will be discussed more in detail:
emergency planning, intervention levels, available services
continuous precautionary monitoring network
monitoring in and after the emergency phase
quality assurance, intercomparisons
training of emergency personnel, exercises and drills

4.3. Selected problems of a SEC

The following problems of a SEC will be discussed more in detail:
• consumer products (types, conditions for exemption, prototype testing)
• precautionary measures at workplaces with radiation exposure for protection of the

public (shielding and fencing, access control, visitors)
• release of patients after a nuclear medical treatment
• management and storage of radioactive waste, services
• transportation, approved packages

4.4. Public exposure to natural radiation

The following problems of a SEC will be discussed more in detail:
• reference to 3.5.
• exposure to radon in dwellings (measurements, action levels, radon prone areas, re-

mediation, regulatory problems)
• exposure to NORM, possible significant practices

5. Control of medical radiation exposure

5.1. Peculiarities of medical radiation exposures

No limits, highest civilization radiation exposures, regulatory difficulties, meaning of justi-
fication and optimization, involvement of radiological societies

5.2. Diagnostic radiology

The following problems of a SEC will be discussed more in detail:
• patients and other persons incurring a medical exposure
• justification of an examination, radiation passport
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• guidance or reference levels for optimization in X ray diagnostics and nuclear medi-
cine

• isotope calibrators and purity checks in nuclear medicine
• prototype testing of radiation generators
• other means of optimization (quality assurance of equipment and performance, in-

spections, services, postal test sets for dental radiology etc.)
• qualification and training of the medical practitioners and other staff involved in radio-

logical examinations

5.3. Radiotherapy

The following problems of a SEC will be discussed more in detail:
• treatment planning, quality assurance
• calibration of therapy equipment, prototype testing
• calibration of clinical dosimeters

6. Concluding remarks

It is to a certain extent arbitrary which elements of a legislative and regulatory framework
and of a infrastructure for radiation protection and safety of radiation sources count as
components of a SEC. Moreover, in establishing the national system for exposure control
priorities in realizing single elements of the system should be taken into consideration.
Certainly in the countries of the participants most of the elements discussed in this paper
have already been realized for a long time. The author hopes that he has not only car-
ried coal to Newcastle.


