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INTRODUCTION AND PURPOSE

This paper is 5.htended to provide a critical overview of the

development of the optimization requirement of the system of dose limitation

recommended by the International Commission on Radiological Protection (ICRP),

as well as of its implementation. The. concept of optimization began to evolve

in the mid-1950s and was formally introduced as a requirement for radiation

protection in 1978. Recommendations on its practical implementation have been

available for five years.

After such a Ions evolution, it seems reasonable to make a critical

assessment of the development of the optimization concept, and this summary

paper is intended to provide such an assessment. It does- not include a

description of the requirement or df any method for implementing it, since it

is assumed that optimization is familiar by now. The paper concentrates rather

on misunderstandings of and achievements owed to optimization and explores

some of their underlying causes, the intention being to draw lessons from pas-t

experience and to apply them to future developments in this arta.
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The paper presents an outlook on some remaining policy issues that are

still pending solution as well as some suggestions on prioritization of the

implementation of optimization and on standardizing the optimization of

protection.

HISTORICAL EVOLUTION

The ICRP's specific recommendations on cost-benefit analysis, one of

the implementing techniques of the optimization requirement, are five years

old. This is rather a long period of time which, however, seems short in

comparison with the time for which the optimization concept has been under

development. The principles underlying the Commission's recommendations have

evolved during the last decades from 'tolerability' of certain doses, which

were assumed to be harmless, to the control of all doses - however small. This

evolution was a natural consequence of the impossibility of defining a level

of incremental dose below which there is presumed to be no possibility of

harmful effects and of the assumption that a proportional relationship exists

between the incremental exposure to radiation dose and the incremental

probability of an effect.

The practical consequence of this evolution of radiation protection was

a shift from the original aim of achieving predetermined levels of radiation

exposures - presumed to be tolerable - to a more general approach that

balances improvements in protection against the efforts required to achieve

them. The turning point was probably in 1955 when the Commission strongly

recommended that "every effort be made to reduce exposures to all types of

ionizing radiation to the lowest possible level" [1J. This requirement was
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further emphasized in the recommendations issued in 1959 in which the

Commission recommended "that all doses be kept as low as practicable" [2) .

In 1965 the Commission recognised the kind of factors to be taken into account

in reducing doses by recommending that "all doses be kept as low as readily

achievable,, economic and social considerations being taken into account" [3) ;

this general requirement began to be referred to as ALARA. As a follow-up,

ICRP Publication No. 22 was issued in 1973 to clarify the implications of

Commission recommendations that doses be kept as low as readily achievable

[4). At this stage, the ICRP introduced a subtle modification to its

formulation for ALARA by changing the adverb readily to reasonably; it also

introduced the cost-benefit analysis technique into the framework of ALARA for

the first time. Finally, in ICRP Publication No. 26, issued in 1978, ICRP

formally identified ALARA with the concept of optimization of radiation

protection and established optimization as a basic requirement of its system

of dose limitation [5].

Ten years have elapsed since the ICRP decided to appoint a Task Group

of its Committee 4 "to prepare a document on the principles and methods of

application of the optimization requirement as part of the system of dose

limitation". The so-called Task Group on Optimization produced the required

document by 1979 and, in 1982, the Commission issued the final report of ICRP

recommendations on Cost-Benefit Analysis in the Optimization of Radiation

Protection, as ICRP Publication No. 37 [61.

The history of optimization is long and turbulent. It is a record of

misunderstandings and achievements. Efforts to restore harmony have not always

been successful but the value of optimization can be measured by the

enhancement of radiation protection, both conceptually and practically, that

occured after optimization was formaly established.
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MISINTERPRETATIONS AND ACHIEVEMENTS IH OPTIMIZATION

Misinterpreting; the concept of optimization

The ICRP has sometimes not been particularly attentive to

comprehensibility in its description of radiation protection concepts.

Occasionally, the Commission's formulations have been rather cryptic, and

terminology was confusing in some ''recommendations. For example, the dose

equivalent is presented by ICRP as a dose, a weighted dose, but expressed as

an equivalent of a dose. There is only a small terminological distinction

between the committed dose and the dose commitment, whereas the difference

between these two concepts is substantial. Or consider the new gibberish

'upper bound', which is a term untranslatable into many languages, intended to

mean the limit of the dose to be received by an ideal individual exposed to a

given radiation source or practice. Nevertheless, in spite of its sometimes

obscure prose, ICRP was successful in achieving a wide scientific acceptance

of its terminology and formulations.

Once, however, ICRP delved into the roots of an ancient language and

found a simple, clear and precise word to express the new concept of ALARA.

But, regrettably, this effort was wasted as the word was misinterpreted and

its old meaning distorted in spite of its conceptual clarity. This has been

the unfortunate fate of the term optimization.

Already the Ancient Romans had made use of the concept of optimum to

mean 'the best under the circumstances'. The Empire's 'vias', or roads, for

instance, were built not necessarily along the shortest route (which could



reach undesirably high altitudes and gradients) or across the flattest regions

(which could result in unnecessarily long routes), but to follow the optimum

path, i.e. the most favourable path under the prevailing geographic

conditions. They certainly made no use of any sophisticated techniques to

discover the optimum, but - most probably - just used g"ood judgement and

common sense.

The simple concept of the optimum was in common use in the Latin

language and was later incorporated not only by the Latin-derived

Mediterranean languages but also by English, German and other languages. The

ancient word was thus used in modern literature without alteration of its

original meaning or even its spelling. The concept was also verbalized and to

optimize eventually became a transitive verb in English meaning to make

optimum. Latin-derived languages also made a substantive of the concept by

creating a term that translates into English as ' optimization'. Although the

word 'optimization' has not yet appeared in reputed English dictionaries, the

term is widely used in the English technical literature to mean the process of

making optimum.

ICRP used the term 'optimization of protection' to express its

intentions concerning ALARA on the presumption that the ultimate purpose of

radiation protection was to achieve the best level of protection under the

prevailing circumstances imposed by each particular problem. However, whether

because the word optimization had not been clearly defined in English or

because it has been used imprecisely, or for some other reason, the fact is

that the ICRP requirement for optimization of protection has been deeply

misunderstood since its formulation and still continues to be so after more

than a decade [7]. •
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It is interesting to investigate why misinterpretations have occurred.

Such a simple concept should not have caused any confusion. However, it is a

fact that the practical implementation of optimization has been greatly

delayed and, still today, many national authorities have not formally

incorporated the requirement into regulations.

Recurrent misunderstandings

In spite of the simplicity* of the optimization concept and the

improvements in protection that have been achieved by its implementation,

there has been an enigmatic and perverse tendency to misinterpret

optimization. Oversimplified reasons have been given to explain this

contradiction between its simplicity and its misunderstanding, but they seem

unsatisfactory as they imply that experienced regulators and other decision

makers have failed to interpret properly a simple and clear message from the

radiation protection community.

It seems that in the history of optimization there have been some

recurrent misunderstandings which were difficult to clarify. They include:

- an artificially created distinction between the ALARA requirement

and the optimization requirement;

- misunderstanding of the interrelations between the requirements

of justification (of a practiceJ and optimization [of

protection), and confusion between the optimization of radiation

protection and the optimization of the practice output;

- the presumed synonymity between optimization and cost-benefit

analysis techniques.
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The ICRP and many Commission representatives have attempted to correct

these misunderstandings on many occasions. For instance, it has been stated ad

nauseam that:

- . the ICRP.' s intentions are exactly the same wherwyit requires ALARA

and when it requires optimization;

- the ICRP system of dose limitation does not require the

optimization of the practice output or the optimization of all

the sanitary conditions under which the practice is performed,

but only the optimization of the radiation protection level

applied to a radiation source;

- the implementation of optimization does not necessarily require

the use of any particular technique, such as cost-benefit

analysis; optimization is amenable to any suitable technique,

including simple intuition and common sense.

Although these clarifications answered many queries on optimization and its

misuse, recurrent misunderstandings, such as the interpretation of

optimization in terms of cost-benefit analysis, have persisted until today.

Some achievements related to optimization

In spite of widespread misleading use and misuse of the term

optimization, a better conceptual understanding of radiation protection has

resulted from the establishment of this requirement. Some of the achievements

may appear modest when judged on the basis of today's practice. They should be

seen, however, in the perspective of the state-of-the-art of radiation

protection before optimization was used.
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- Source-related versus individual-related requirements

One of the more important achievements of radiation protection in past

years has been the conceptual identification of source-related requirements as

a necessary complement to the previously recommended individual-related

requirements. The development of optimization prompted such identification.

The differentiation between these two requirements has allowed for a more

logical, coherent and consistent approach to the control of radiation doses

and a consequent improvement in radiation protection.

- Protection objective versus individual limits

Because of the identification of the source-related requirements,

individual dose limits are no longer to be interpreted as design objectives.

The limits now play a clear role as just a constraint in the continuous search

for an optimum level of protection. This was not the case before optimization

was introduced. Just some years ago it was common practice to use as a design

objective for the protection of a source the dose-rate levels that were

directly derived from the individual dose limits recommended by the

Commission. A typical example was the bad practice of using 2.5 mrem per hour

as an objective dose rate for shielding design, on the basis that a worker

exposed to such a rate for 40 hours per week would eventually reach the dose

limit of 5 rem in a year. The use of optimization simply discontinued such

practices and the implicit design objectives are now usually much lower than

the applicable derived limits. •
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- Risk and detriment

Corresponding to the role of individual doses in the past, the maximum

individual risk (or highest individual probability of suffering an effect due

to exposure to radiation from the source) was the relfevant quantity in

radiation protection assessments. With the use of optimization, the importance

of all risks - however small - was brought to attention and the mathematical

expectation of harm (or detriment) became the relevant factor for determining

the level of protection applied to the source delivering such a detriment.

Therefore, the primary role played in quantitative protection by the full

distribution of risks, rather than only the risk to the most exposed

individual, is now better recognized.

- The protection of populations

The introduction of optimization rationalized the concept of protection

of the population as a whole in addition to the protection of individuals.

Naturally, for implementing the requirement, the full population spectrum

subject to exposure to radiation from a source, rather than specific

population groups, has to be taken into account in deciding the protection

level. This includes contributions for populations located far from the source

(the so-called spatial contribution) and for populations whose exposure is not

contemporaneous with the operation of the source (the so-called temporal

contribution). Optimization, therefore, has helped to identify the various

detriments from a source, and consequently the interrelations and unavoidable

trade-offs between different population groups have become better recognized.
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- Independence of protection

When studying quantitative techniques for optimization, it became clear

that optimization procedures for complex protection systems may be no more

difficult than the procedures to be applied in an ideal case in which there is

only one exposed population group and one protection parameter to be

considered. Although this applies to systems deemed to be independent, in the

sense that the control of doses effected by one of the systems does not
.1

influence the protection level provided by the others; however, many

protection systems can be considered to be independent in practice. For

instancef systems used for protection against external irradiation, such as

shielding, are practically independent of systems intended for protection

against contamination, such as ventilation. In cases for which the systems

cannot be considered to be absolutely independent, they may be treated as if

they were without grossly affecting the optimization process.

The study of optimization techniques, therefore, has made clear that,

in applying radiation protection at a complex installation, it is not always

necessary to deal with all protection systems jointly. On the contrary,

protection can in most cases be analysed on a system by system basis, in a

simple and practical manner.

- Coherent and consistent decisions

ICRP Publication No.37 [6] clearly indicates that in usual situations,

and as a result of the application of a given increased level of protection,

not all [radiation protection! factors involved necessarily change favourably.

In general, higher levels of protection require greater protection efforts,
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and different protection options usually achieve different dose reductions in

the various groups of exposed individuals, sometimes shifting exposures from

one group to another group. Therefore, the selection of the protection level

is a process that has many components, some of which are likely to be in

conflict. Optimization is intended to make this selection ""Che best under the

prevailing circumstances. Since the selection is usually related to stated or

implicit preference criteria, in order to select in a coherent and consistent

manner it is necessary to use a logical decision-making process.

Optimization therefore has triggered the use of coherent and consistent

decision-making approaches for deciding the level of radiation protection to

be applied. As a result it became clearer that the use of decision-aiding

techniques, whether intuitive or quantitative, introduces rationalization into

radiation protection.

- Radiation protection and decision-making

There is now a better understanding of the distinction between the

recommended level of radiation protection and the final protection level

resulting from a wider decision making process. Already ICRP Publication

No. 37 recognized that "in practice, the final decision on the actual level of

radiation protection might require further consideration [beyond optimization]

by the decision-makers and other criteria and parameters, not necessarily

related to radiation protection, might require special attention" [6]. A

forthcoming ICRP report on optimization will make this distinction even

clearer [8].
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TOWARDS A GENERALIZATION OF THE IMPLEMENTATION OF OPTIMIZATION

The widespread equating of optimization and cost-benefit analysis did

not come about by chance. The term optimization was being imprecisely used in

the technical literature when ICRP adopted it, but this does not explain the

perverse conceptual mix-up that happened afterwards. Probably, the original

cause of the confusion was that ICRP introduced quantitative optimization, in

both ICRP Publication Nos. 22 and 26, in terms of cost-benefit analysis.

Moreover, although the original intention of ICRP Publication No. 37 was to

deal with "the principles and methods of application of the optimization

requirement", the report was basically restricted to the implementation of

cost-benefit analysis techniques. The report clearly states, however, that

several methods can be used for optimization, and even refers to what were

then called 'multicriteria methods' and 'aggregative methods', presenting

cost-benefit analysis just as "an important, but by no means exclusive,

method....", a special case of aggregative methods. But these clarifications

seemed not to be sufficient for an audience that had already identified

optimization with cost-benefit analysis.

In 1984, therefore, the ICRP had to establish a Task Group of ICRP

Committee 4 to produce a report on methods other than cost-benefit analysis

for optimization of protection. This report will surely resolve the still

existing confusion between optimization and cost-benefit analysis. It will

enlarge the limited framework of the previously used 'differential

cost-benefit analysis techniques' into the wider 'extended cost-benefit

analysis techniques'. Moreover, the new methods, now called 'multi-attribute

utility analysis techniques' and 'multi-criteria outranking analysis
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techniques' will be fully described and their application to practical

problems shown in detail. The new ICRP report on optimization, therefore, is

expected to cover the entire field of application of optimization, mainly "to

show how the various techniques, includins cost-benefif analysis, could be

applied appropriately to problems at different levels of complexity". This

paper is not intended to describe the new ICRP effort for implementing

optimization since the work of the new Task Group on optimization is discussed

elsewhere [8].

OUTLOOK: REMAINING TOPICS

Not all problems in making full use of optimization will be solved when

the new ICRP report on optimization is published, however, ICRP will have done

what it is expected to do: to provide general guidance on the application of

its radiation protection principles. But there will remain a wide gap up to

the final user and some bridges need to be built if practical optimization is

to become a reality.

In the first place further practical guidance will be needed to solve

some remaininR policy issues. Also, there should be some kind of -priorities

and consequent emphasis in the implementation of optimization and this may be

related to the relative radiological importance of the various radiation

sources. Finally, simple new prescriptions are needed for the day to day

problems and they may come in terms of the standardization of optimum

solutions.
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Some remaining -policy issues

Although proper implementation of optimization will improve its

acceptability, it will not solve remaining policy issues of radiation

protection which influence the application of optimization. Some issues will

be identified for which additional guidance should be developed for applying

optimization in practice. They relate to the use of optimization for

situations for which the ICRP system of dose limitation in its current form -

was not inteded, such as:

. Uncertain situations, i.e. anticipated situations in which exposures

may or may not occur, following a probabilistic pattern; they cannot

be predicted but may be planned for.

. De facto situations: i.e. unanticipated situations for which

radiation protection cannot be planned in advance and for which,

therefore, constraints such as dose limitation cannot be imposed a

priori.

. Justification versus optimization situations; i.e. situations for

which justification and optimization are not only interrelated

requirements but also very dependent on each other, so that changes

in optimization parameters could make a practice justifiable or

unjustifiable or, conversely, changes in justification parameters

could affect what is the optimum protection.



- Uncertain situations and de facto.situations

Current radiation protection criteria, including optimization, mainly

concern situations that are expected with reasonable certainty to arise . The

radiation protection design for dealing with such situations and the

subsequent operational aspects are therefore planned a priori and governed by

specific regulations which implicitly assume the actual occurrence of the

anticipated exposures. Thus, the ICRP system of dose limitation, including its

optimization requirement, seems to have been developed for so-called 'normal

operation' and 'expected operational occurrences' of radiation sources and

practices.

Current criteria — and. the consequent regulations - are therefore not

intended to cover two types of situations that fall outside normal operation

and other anticipated situations, namely:

- uncertain situations involving exposures that may or may not

occur but to which a probability of occurrence can be assigned;

and

- 'de facto* situations, involving radiation exposures that had not

been anticipated to occur.

Both uncertain situations and de facto situations can result in

extraordinary conditions of exposure, such as exposures raising individual

doses to levels higher than are permitted by the system of dose limitation for

anticipated situations, or collective doses resulting in a very uneven

distribution of benefits and detriments. The system in its present form seems

to be not fully applicable in such conditions.

- 25 -



De facto situations include suddenly discovered exposures to high

levels of natural radiation in dwellings already inhabitated, major

contamination following an unforeseen accident, and unforeseen unavoidable

occupational exposures. They are either excluded from or only mentioned in

current regulations. The IAEA/ILO/WHO/NEA(OECD) Basic Safety Standards for

Radiation Protection (BSS) [9], for example, establish that individual dose

limits do not apply to doses incurred in situations involving natural

background radiation but provides no further guidance on how to control

radiation doses. ICRP has recently recommended some principles for limiting

the exposure of the public to natural radiation sources [10], but no follow-up

international guidance has been prepared. The BSSs also recognize the

existence of [de facto] conditions for which "exposure can be limited in

magnitude, if at all, only by remedial actions" but establish just a few

general requirements for 'accidental and emergency exposure'. Furthermore,

although both ICRP and IAEA have issued guidelines for the protection of the

public in the event of major radiation accidents (11,12], it became clear

following the Chernobyl accident that there was a lack of practical criteria

for dealing with de facto situations involving widespread contamination of

foodstuffs. On the other hand, the IAEA is just initiating the preparation of

guidelines on the control of exposures of emergency workers under accident

conditions.

Current regulations also refer - rather superficially - to objectives

in relation to radiation effects of high exposures by stating that these

effects must be prevented. High exposures may result from uncertain situations

and criteria are needed for limiting the probability of occurrence of such

exposures. Waste repositories may give rise to uncertain situations and ICRP

has also recommended principles for the disposal of radioactive wastes [13].
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The IAEA for its part has recently produced a consultative document on the

application of the principles of radiation protection to sources potentially

causing exposure with the intention of working towards a unified approach to

radiation safety [14].

In summary, there is a real lack of uniform policy for dealing with de

facto situations and uncertain situations. Also required is a clarification of

the role of the optimization criteria in such situations. As a consequence, it

is difficult to solve some practical problems, such as the control of

exposures due to radon in dwellings, establishment of intervention levels for

contaminated foodstuffs, and specific requirements for conditions on the

minimum reliability of safety systems. Although some attempts have been made

both internationally and at national levels to develop these criteria

consistently with the criteria for anticipated situations, new policies should

be developed in the near future: this is the new challenge for international

co-operation in radiation protection.

- Justification versus optimization situations

When presenting optimization in terms of cost-benefit analysis, ICRP

assumed that the gross benefit of a practice as well as its production cost,

i.e. the implementation effort for the practice excluding the effort for

radiation protection, were invariable with the protection level, and therefore

excluded further consideration of these two variables in the application of

optimization. The second assumption is probably correct, as the production

cost is defined exclusive of all protection efforts. However, the assumption

that the gross benefit does not depend on the protection level applied to the

source generating the benefit is in many situations an oversimplification.

- 27 -



In ICRP Publication No. 37, the Commission points out that "in some

cases a change in the level of protection influences the gross benefit of the

practice", and that in some cases, such the optimization of protection of

patients being exposed for diagnosis or therapeutic reasons, "the process of

optimization must take account of these changes to maintain the main objective

of maximizing the net benefit". The difficulties in implementing this desired

aim in practice have not been overcome by the recent ICRP recommendations on

the protection of the patient in nuclear medicine [15].

Radiotherapy and radiodiagnosis are not the only practices for which

the gross benefit and the protection level are closely interdependent. Changes

in the protection .level for repair workers at nuclear installations may have

enormous influence on the installation's output and, therefore, on the gross

benefit from the nuclear practice.

Again, some policy developments are needed to overcome the difficulties

in achieving optimization in situations in which the justification of the

practice and the optimization of protection are closely interrelated. ICRP has

just proposed general recommendations that, it is hoped, will be expanded in

the coming report. However, a stronger implementing effort would be needed to

mako optimization workable in these situations.

Priorities for and emphasis in the implementation of optimization: the

relative importance of various sources

Optimization is a source related requirement. It is meant to be applied

on a source by source basis. Moreover, should the protection systems of a

given source be independent, optimization can be applied on a system by system

- 28 -



basis. Therefore, in the optimization context, it should not be necessary to

refer to the relative contributions to the radiological harm of different

radiation sources or protection systems. Whether a source or system delivers a

high or low detriment seems to be irrelevant for deciding the optimum level of

protection . to be applied to such a source or system. In**other, simplest,

words: it is worth to achieve a given reduction in detriment per unit

protection effort, whether the detriment is big or small.

However, it is a fact that different radiation sources differ

enormously in their relative contributions to the radiation detriment. UNSCEAR

has reported [16] that the contribution to the radiation detriment received by

an average individual from natural radiation is approximately one order of

magnitude higher than that from medical irradiation. The latter is, in turn,

one order of magnitude higher than the contribution due to atmospheric

explosions of nuclear weapons, and this is nearly another order of magnitude

higher than the contribution due to nuclear power production. These dramatic

differences become even greater if just the extremes rather than averages are

considered: for instance, the highest individual doses from natural radiation

exceed those due to nuclear power production by more than the four orders of

magnitude reported for the average contributions. UNSCEAR has described the

situation taking into consideration only the so-called normal operation of

nuclear installations: however, it seems that major nuclear accidents -

provided that they do not occur frequently - will not change this picture.

The minute contribution of nuclear power production to the overall

radiation detriment should not be a reason not to implement optimization in

nuclear installations. As indicated earlier, optimization is source related

and independent of other sources. However, this fact should put the radiation
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protection system and the implementation of its requirement for optimization

into proper perspective and suggest some priorities. A rational order of

precedence - and consequent relative emphasis - in efforts for implementing

optimization will enhance the credibility of the requirement as an useful tool

for a better radiation protection in general.

It seems obvious that the first priority for implementing optimization

is natural radiation sources subject to control, such as exposure to radon in

dwellings. The second priority is the application of optimization in the

medical exposure of patients. The lowest priority seems to correspond to

exposures due to nuclear power production. In practice, however, the radiation

protection community seems to have had an opposite interest in assigning

importance. The current ICRP Task Group on optimization has searched in the

literature for practical applications of the requirement: all found references

to nuclear power related cases; not a single reference refers to natural

radiation or medical exposure of patients.

The same problems appear in relation to priorities for the nuclear

power sources themselves. There is a substantial difference between the larger

contributors to the detriment, such as the occupational exposure of repair

workers or extended contamination following an accident, and minute

contributions such as normal releases of short lived radionuclides. Again,

although optimization is applicable to each of these sources irrespective of

their contributions, the priority for achieving implementation and its

emphasis should reflect the relative importance of the sources. Practical

experience seems once more to indicate the opposite: while several techniques

have been developed for the optimization of systems for release limitation,

and the literature is full of examples of applications of optimization to
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these minor contributions, very little has been done to develop optimization

for the protection of repair workers.

Standardization

The major shortcoming after many years of existence of optimization is

the lack of standardized protection objectives as were available before

optimization was established. It is, however, tempting to assume that there

should be incompatibility between optimization and standardization. because

any optimization process seems to require case-by-case judgement of a

particular problem. A standard solution, therefore, would seem to be in

conflict with an optimum solution.

Standardization is certainly opposed to optimization from a purely

conceptual point of view. It is, however, worth questioning whether the

dogmatic application of this conceptual principle is not pre-empting the

possible standardization of optimum solutions and, consequently, a wider

application of the optimization requirement. Although there are very specific

problems for which only the case-by-case optimization is possible, a more

standardized approach may be possible in common, routine cases of protection.

For example, it might not be feasible to standardize optimum dose rates in the

few - and different - reprocessing plants existing in the world today, but it

seems feasible to attempt to derive such standardized optimum dose rates for

some regular radiation enclosures frequently found in hospitals, or even for

similar constructions in typical nuclear power plants.

The possible derivation of standardized optimum design objectives for

some generalized sources should not be precluded a priori. Although even
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two identical radiation enclosures, operated by the same people but located at

different places, may not require exactly the same optimized shielding - and

therefore the same dose rate - because of possible differences in the

prevailing social or economic conditions, the difference between the two

optimum dose rates should surely not be very great. In fact, although the

radiation detriment saved by the protection improvement in each case may be

valued differently owing to different social ambitions, the effort to achieve

such improvements will certainly be consistently different owing to

correspondingly different economic conditions. This is the case because, in

general, social ambitions closely reflect economic conditions. As a result,

therefore, the optimum level of protection for sources technologically similar

should not differ very much in spite of the different social and economical

conditions under which such sources are to operate, and the standardization of

optimum protection parameters for them should be feasible.

CONCLUSIONS

- The ICRP has made a substantial effort to develop a coherent and

consistent approach to the protection of human beings from ionizing radiation.

The optimization requirement was a relevant step in this goal of the

Commission.

- There has been a common and persistent misinterpretation of the

ICRP's intentions with regard to optimization. Coming new recommendations from

the Commission will, it is hoped, solve the problem still existing.
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Additional undertakings are necessary, however, to make the

optimization credible and fully applicable. The necessary actions go beyond

the ICRP framework and require the participation of national and international

organizations with responsibilities for implementing radiation protection.

- Resolution of policy issues related to the anticipation of and the

probability of situations involving radiation exposure prioritization and

emphasis in implementing the optimization requirement, and standardization of

optimized protection seem to be the challenges for tomorrow.
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