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ТНЕ INТERNATIONAL FRAМEWORK OF RADIOLOGICAL PROTECTION 

lr. Chris J. Huyskens, Eindhoven University of Technology, РО Вох 513, NL 5600 МВ Eindhoven 

INTRODUCTION 

Radiological protection is concerned with protecting man against the harmful effects of 

radiation. Over many decades the ICRP recommendations have helped to provide а consistent basis 

for national and regional regulatory standards. However, over the last few decades, there has been 

а significant change in emphasis in the presentation and application of the system of protection 

recommended Ьу the ICRP . Initially, and into the 1950's there was а tendency to regard compliance 

with the limits on individual doses а being а measure of satisfactory achievement. Later оп, much 

more emphasis has been put оп the requirement to keep all exposures "as low as reasonaЬly 

achievaЫe, economic and social factors being taken into account". This emphasis has resulted in 

substantfal decreases in individual doses and has greatly reduced the number of situations in which 

the dose limits play а major role in the overall system of protection. It has also changed the 

purpose of the dose limits recommended Ьу the ICRP. Initially, their main function was the 

avoidance of directly observaЫe, non-malignant effects . Subsequently, they were also intended to 

limit the incidence of cancer and hereditary effects caused Ьу radiation. 

The ICRP recommendations are intended to Ье of help to regulatory and advisory agencies 

at national, regional and international levels, mainly Ьу providing guidance on the fundamental 

principles on which appropriate radiological protection сап Ье based. Authorities will need to 

develop their own structures of · legislation and regulation in line with their usual practices and 

policies. The ICRP recommends that these regulatory structures should Ье designed to Ье broadly 

consistent with this guidance. 

The first two chapters in these lecture notes deal with the underlying key concepts 

regarding the Ьiological and dosimetric aspects of radiological protection. The final chapters deal 

with the basic ICRP system of protection and more specifically with the application of the system of 

protection in puЫic exposure. 

BIOLOGICAL CONCEPТS 

In all its work the ICRP has based its approach on the best availaЫe information on the 

Ьiological effects of radiation and has used this to provide а simplified, but adequate Ьiological 

basis for radiological protection. Given the complexity between ionizing radiation and Ьiological 

tissue it is necessary to simplify. То help in achieving clarity, distinction must Ье made between 

change, damage, harm and detriment. Changes in the Ьiological systems may or may not Ье 
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harmful. Damage represents some degree of deleterious change, for example to cells, but is not 

necessarily deleterious to the exposed individual. Harm is the term used Ьу ICRP to denote 

clinically observaЫe deleterious health effects that are expressed in individuals (somatic effects) or 

in their descendants (hereditary effects). Detriment is used Ьу ICRP as а complex concept 

comblning the probaЬility, the severity and the time of expression of harm. It is not easily 

represented Ьу а single variaЫe. 

Of the various forms of changes or damage that radiation сап cause in Ьiological cells, the 

most important is that in the DNA. Damage in the DNA may prevent the survival or reproduction 

of the cell, but frequently the damage is repaired Ьу the cell itself. If that repair is not perfect, it 

may result in а viaЫe but modified cell. The occurrence and the proliferation of а modified cell 

may well Ье influenced Ьу other changes in the cell, caused either before or after the exposure to 

radiation. Such influences are common and may include exposure to other carcinogens or 

mutagens. For further simplification ICRP uses а classification of the response to the organisms in 

two categories: stochastic effects and deterministic effects. 

Detenninistic response 

An effect is called deterministic when enough cells in an organ or tissue are killed or 

prevented from reproducing and functioning normally, so that as а result there will Ье damage or 

loss of organ function. А loss of function will become more serious as the number of affected cells 

is increased. Deterministic response is bound to а certain dose threshold; below the threshold the 

deterministic health effect will not Ье clinically observaЫe. Above the dose threshold the 

deterministic health effect is observaЫe and its severity depends on the level of dose above the 

threshold. 

Stocbastic response 

The so-called stochastic effects refer to cancer, leukaemia and hereditary effects, which 

may start from а single modified cell . А modified somatic cell may still retain its reproductive 

capacity after exposure, but may give rise to а clone of modified cells that eventually result in а 

cancer. А modified germ cell in the gonads, with the function of transmitting genetic information 

to the descendants of an exposed individual, may transmit incorrect hereditary information and 

may cause harm to some of those descendants. The cancers and hereditary effects, induced Ьу 

radiation with or without а contribution from other agents are not distinguishaЫe from those 

occurring from other causes. There exists no scientific evidence that defence mechanisms within 

the cells give rise to а threshold in the dose response relationship . So for protection purposes it is 
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assumed that even at small doses, the existence of а threshold is unlikely. The characteristic of 

stochastic response is that the probabllity of а cancer resulting from radiation exposure will Ье at 

least partially dependent on the number of clones of modified cells initially created, since this 

number will influence the probabllity of at least one clone surviving. It is then the probabllity of 

malignancy that is related to dose, while the severity of а particular cancer (or hereditary effect) is 

influenced only Ьу the type and location of the malignant condition. 

The most characteristic form of the relationship between the absorbed dose in an organ and 

the probabllity of а resulting cancer is that of an initial proportional response at low dose and low 

dose rate, followed Ьу а steeper rate of increase for high dose and high dose rate exposures. There 

are no adequate grounds for assuming а real threshold in the dose response relationship. This form 

of response, while typical, is not necessarily the definitive form for all human cancers. The 

existence of doses in all parts of the body from natural sources of radiation decreases the 

importance of the shape of the dose response relationship at extreme low doses close to zero. Any 

radiation dose is always additional to natural background. For moderate increments above the 

background, ICRP recommends to use а simple proportional relationship between the incremental 

dose and the incremental probabllity of stochastic effects as an adequate approximation for 

radiological protection purposes. 

Risk 

In previous puЫications, for the sake of simplicity, the ICRP has used risk as а synonym 

for probabllity of harmful effects, mainly lethal cancer and severe hereditary harm. ICRP has 

recognized that outside the field of radiation protection "risk" has several other meanings . There 

are popular meanings of risk, which do not involve any quantitative assessment neither with regard 

to the likelihood or the threat, nor with regard to the actual magnitude of the consequence. In 

science and technology risk became а multifactorial concept to describe the probaЬility of 

undesiraЫe events in comЬination with the magnitude of the undesiraЫe consequences . These 

different meanings of the word have caused consideraЫe confusion in transdiscipline 

communications. It has become increasingly recognized that а single limited presentation of risk is 

insufficient to describe а "risk situation". Therefore, ICRP now gives preference, as in many areas 

of hazard assessment, to use а terminology which more directly indicates the relevant quantities. 

The nominal probabllity coefficient is now used instead of previously risk factor. When referring 

to the consequences of radiation exposure preference is now given to use the concept of detriment. 
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Detriment 

In the 1970's the ICRP introduced the concept of detriment as а measure of the total harm 

that could eventually Ье experienced Ьу an exposed group and its descendants as а result of 

exposure to radiation. Health detriment was included as part of the total detriment. In practice only 

health detriment was taken into account and other forms of detriment were dealt with separately. 

In the 1990 Recommendations the ICRP uses the term detriment to mean only health detriment. 

Ideally, detriment should Ье represented as an extensive quantity i.e. one that allows the detriment 

to а group to Ье added as additional exposures occurred to individuals and as more individuals are 

added to the group. This requirement cannot Ье fully met, because some of the health effects of 

exposure are mutually exclusive and some are not. Death for example from one cause, excludes 

death from another, but non-fatal conditions may occur concurrently or consecutively . The ICRP 

has concluded that the many aspects of detriment and its many purposes make the selection of one 

single approach undesiraЫe. The ICRP has chosen to favour а multi-dimensional concept and 

therefore not only focuses оп fatal health effects but also takes into account non-fatal cancers and 

hereditary effects. In PuЫication 60 ICRP has produced а protocol f or weighting the various effects 

and this procedure is now widely adopted for radiation protection purposes . Detriment calculated 

in this way is used in the considerations for setting protection standards. 

N ominal probability coefficients 

From the best availaЫe information оп the Ьiological effects, the ICRP concluded that it 

would Ье appropriate to use а nominal value of 5 % per sievert effective dose1 f or the lifetime 

probabllity of fatal cancer for а population of all ages in cases of low dose and low dose-rate 

exposures. After considering extensive experimental and human information, the ICRP chose а dose 

and dose-rate effectiveness factor DDREF of 2, to extrapolate from probabllity estimates that apply 

after high dose and high dose-rate exposures. The choice of а factor of 2 for the DDREF is 

somewhat arbltrary; it could reasonaЫy Ье in the range between 1 and 4, however differences 

between these values are not significant for radiological protection. The ICRP made estimates f or 

the total detriment which include fatal cancer risks, non-fatal cancer and the risks of severe genetic 

effects modified Ьу an adjustment, according to the relative length of life lost. The nominal 

probabllity for the total detriment, recommended Ьу ICRP is around 7 % per sievert for а mixed 

population of all ages and both sexes and around 6 % per sievert effective dose f or а working 

population. 

1See page 6 for description of the quantity effective dose and its unit sievert 
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Fatal cancer Non-fatal cancer Severe genetic 
effects 

Total detriment 

4.0 
5.0 

0.8 
1.0 

0.8 
1.3 

5.6 
7.3 

Although appearing to Ье highly quantitative and indeed рrоЬаЫу better defined than 

previously, these estimates of health detriment must Ье recognized as subject to many 

uncertainties. Some uncertainties in these estimated probaЬility coefficients relate to the form of 

the risk protection models used in the evaluative studies. The current models predict а lifetime 

probabllity of fatal cancer that is twice the value observed in the past 40 years of observation in 

epidemiological studies. Consequently, if the relative probabllity of most solid cancers were not to 

remain constant over а lifetime, but to decrease beyond the current period of follow-up for the 

Japanese atomic bomb survivors, then the resulting probabllity coefficients could turn out to Ье 

lower than those predicted under а relative risk protection model. So, there is а possibility that the 

total radiation induced cancer probabllity for the general population could Ье up to а factor about 2 

less than the recommended values, based on lifetime projection. On the other hand, the uncertainty 

concerning the choice of the DDREF could mean that the probabllity is too high or too low Ьу а 

factor of possiЬly 2. For different cancer types, there is additionally an uncertainty of а factor of 2 

or more associated with the method of transferring health risks across populations and with 

statistical uncertainties in the source data. For leukaemia this uncertainty is рrоЬаЫу small. 

The nominal probabllity coefficients for total-life detriment and the probabllity estimates 

for fatal cancer have been developed for а reference population and therefore do not reflect that 

estimates vary between sexes and more remarkaЫy, between populations with different underlying 

normal cancer rates. Further it must Ье noted that estimates for а whole population do not reflect 

variation with age. А warning is in place where it regards the use of the nominal probabllity 

coefficients. They are not intended to Ье used for accurate estimates of actual health detriment in 

an exposed population and most certainly not for specific estimates of potential health effects f or а 

given individual. 
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DOSIМETRIC CONCEPТS 

When radiation passes through matter, energy is imparted to the matter Ьу the process of 

ionization. ln radiological protection special quantities are used to describe or to measure the 

"amount" of radiation energy deposited in human tissue or in tissue equivalent material . The 

fundamental physical quantity in radiation dosimetry is the absorbed dose; this is the energy 

deposited, per unit mass of material. The corresponding unit is the joule per kilogram, which is 

given the special name gray (Gy) . 

Equivalent dose 

Different types of radiation differ in their relative Ьiological eff ectiveness per unit of 

absorbed dose in human tissue. То account for this difference, а special dose quantity is used 

called the equivalent dose which is the product of the average absorbed dose in а tissue or organ 

and the radiation weighting factor2 for each type of radiation in question. The special name for the 

unit3 of equivalent dose is sievert (Sv). 

The quantity equivalent dose and the radiation weighting factor were introduced Ьу ICRP to 

replace the dose equivalent and the quality factor. The old concepts were related to specific points 

in tissue, where the new concepts relate to the averaged values over а specific tissue or organ. For 

operational radiation protection purposes these conceptual differences are of minor importance. For 

general good understanding it suffices to adopt that the radiation weighting factor expresses the 

effective quality of the radiation in а macroscopic, average sense. Microscopic variations of dose 

within а tissue of uniform sensitivity may Ье of importance in radioЬiology but are unimportant in 

radiological protection. 

Eff ective dose 

The dose distribution over body organs differs whether received Ьу the whole body via 

uniform irradiation or Ьу partial body or individual organ iпadiation. While an assumption of 

uniformity may Ье а sufficient approximation in some external irradiation cases, in others 

differences arise with depth in the body and with orientation of the body in the generally поп-

2For radiation weighting factors : see annex . 

3In terms of radiation exposure the sievert is а very large unit. For radiological protection it is convenient to use 
smaller units. This is done Ьу using the prefixes milli (one thousandth), and micro (one millionth). Thus 1000 millisievert 
= 1 sievert and likewise 1000 microsievert = 1 millisievert. For а proper understanding about the magnitude of dose 
levels it is memorized that 1 millisievert of effective dose roughly equals the resulting mean annual individual dose from 
natural exposure due to cosmic radiation (at sea level) and natural radioactive substances in the human body. 



SBD 12007 The international framework of radiological protection · Chris J . Huyskens - 7 -

uniform radiation fields . When irradiation is from radionuclides deposited in various tissues and 

organs, non-uniform or partial body exposures usually occur. 

Further it is important that the relationship between the probabllity of stochastic effects and 

equivalent dose in an organ depends on the organ or tissue irradiated; different tissues vary in their 

sensitivity to radiation. It is therefore needed for protection purposes to define а further quantity, 

to indicate the comblnation of different doses to several different tissues in а way which is likely 

to correlate with the overall total of stochastic effects . The primary quantity in radiological 

protection to describe the overall effectiveness of the dose distribution within the body is called 

effective dose which was introduced Ьу ICRP in its 1990 Recommendations. 

The effective dose is the sum of the weighted equivalent doses for all irradiated tissues and organs 

of the body4
. The unit5 for effective dose is sievert (Sv). 

The tissue weighting factor takes into account the relative health detriment to each organ 

or tissue, in proportion to the total health detriment due to stochastic effects resulting from 

uniform irradiation of the whole body. The concept is similar to the effective dose equivalent 

previously introduced Ьу ICRP6 but the selection of relevant organs and their weighting factors 

were changed. New values for the tissue weighting factors were recommended Ьу ICRP on the 

basis of extensive evaluation of organ specific scientific knowledge about (i) the probabllity of fatal 

cancer and severe genetic effects, (ii) the total detriment weighted for length of life lost and (iii) 

the non-fatal cancer component of detriment. Values of tissue weighting factors are rounded and 

simplified values developed for а reference population of equal numbers of both sexes and а wide 

range of ages . Values recommended Ьу the ICRP are worldwide adopted for the purpose of 

Тissue weighting factor (wт) for different tissues and organs (Adapted from ICRP-60) 

0.01 0.05 0.12 0.20 

Bone surface Bladder Bone marrow Gonads 
Breast Colon 
Liver Lung 
Oesophagus Stomach 
Thyroid 
Remainder organs 

4See annex 

5See footnote 3 оп page 6. 

6ICRP PuЬ!ication 26 
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radiological protection. lt must Ье evident that they should not Ье used to obtain specific estimates 

of potential health effects for а given individual. 

Committed eff ective dose 

Characteristic for external irradiation is that radiation doses are absorbed immediately at 

the moment of exposure. Quite differently, radiation doses received from radionuclides deposited 

in organs and tissue will Ье distributed temporally. Radioactive substances in the body continue to 

Ье а source of irradiation for the full time of their presence in the body until clearance Ьу 

metabolic processes or until after full radioactive decay. То take account of this continuing 

irradiation of organs and tissues that occurs after the intake of radionuclides, the concept of 

committed dose is used . The committed effective dose is the accumulated effective dose to Ье 

delivered in the future, following intake of а radionuclide into the body . Unless specified 

otherwise, integration time of 70 years after the intake is recommended for dose calculations for 

members of the puЬlic and а period of 50 years is applied in dose calculations in occupational 

exposure. 

For radionuclides with approximate effective half-lives ranging up to about three months, 

the committed effective dose is approximately equal to the effective dose incurred within а year 

after intake. For radionuclides with an effective half-life exceeding three months, the committed 

effective dose is greater than the actual dose received in the year of intake, because it reflects the 

dose that will Ье delivered in the future. 

The ICRP has introduced the concept of committed dose in order to implement the current 

basis for radiation protection, which is to limit the life-time health risk committed in а year, rather 

than limiting the dose delivered in а particular year. The committed effective dose is а 

conservative measure of health risk in comparison with the health risk associated with an equal 

dose from external exposure, not only because of the delay in delivery of the dose, but also 

because of the fact that severe stochastic effects are expressed only long time after actual delivery 

of the dose. For radionuclides with а long effective half-life in comparison with the remaining 

years of life of the individual exposed, neither the full comrnitted dose nor а fuli expression of the 

health consequences will Ье manifested. 

In environmental dose assessments , the quantity that reflects the health risks committed in 

anyone year is the sum of the external effective dose received in that year and the committed 

effective dose from intakes in that same year. The term annual effective dose includes both 

quantities. 
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Collective dose 

The dosimetric quantities discussed above, all relate to the exposure of an individual. For 

dose assessments in the context of environmental radiation protection, there is а further need of 

quantities related to exposed groups or populations. The primary quantity for collective dose 

assessments is the so-called collective effective dose. The collective dose should never Ье stated 

without а clear indication of the time period over which it is accumulated . This period is often 

taken as one year. This quantity takes account of the number of people exposed and their 

individual doses. lt сап Ье expressed as the sum of individual doses or as the product of the 

number of individuals exposed and their average effective dose. The collective effective dose сап 

Ье thought as representing the total consequences of exposure of а population or group, but use in 

this way should Ье limited to situations in which the consequences are truly proportional to the 

effective dose as well as the number of people exposed. 

The collective dose is primarily а source related concept which allows systematic 

assessment of dose consequences for critical groups or large populations, for example as an input 

to justification assessments, indicating the total detriment from а certain practice or as an input to 

the process of optimizing protection arrangements . The unit of the collective dose is the 

man-sievert, which reflects7 that it concerns а combination of а number of persons and their 

respective effective doses. 

The quantity that reflects the health detriment committed in anyone year Ьу а specific 

radiation source or radiological practice is the sum of the external doses received in that year and 

the committed doses from intakes in that same year. The term annual collective effective dose ( or 

shortly annual collective dose) includes both. 

Collective doses сап Ье assessed for а critical group as well as for large populations. lt 

follows from the definition that the collective dose divided Ьу the number of individuals provides 

the value of the mean individual dose or the per caput dose . UNSCEAR8 has assessed per caput 

doses to the world population since its first reports in 1958. lt could equally well have presented 

collective dose, if the sole purpose was to give comparative estimates of consequences , provided 

that doses are compared for one and the same population. The use of per caput doses additional to 

collective dose does not provide more information except оп the constant factor , the population 

size . 

7For better understanding it helps to compare the unit man-sievert for example with the unit man-year in the context 
of descriЬing employment. 

8See references 
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The total collective effective dose resulting from the presence of radioactive substances in 

the environment тау Ье accumulated over long periods of time, covering successive years or even 

successive generations of individuals. The total collective effective dose to Ье expected from а 

given situation or practice is the integral over all time of the annual collective effective doses 

resulting from, i.e. committed Ьу, а single release or а unit period of а practice in case of а 

continuing operation. It is sometimes convenient or even necessary to distinguish between the 

collective effective dose already delivered and the collective effective dose committed over all 

time. The collective ejfective dose commitment is а calculational tool for this purpose. It is defined 

as the time integral of annual collective doses in the future from а particular practice or unit 

practice. If the integration is not over infinite time, the quantity is described as being truncated at 

а defined time. 

For the case of а continuing practice leading to long-lived radioactive contamination of the 

environment, it can Ье shown that the annual collective dose in а future steady state situation is 

equal to the committed collective dose expected from one year of practice. (For example for 

atmospheric injection from nuclear test explosions; discharge of radioactive effluents etc.) 

This implies equality between the collective dose commitment of one year of practice and the 

highest future annual collective dose under steady state conditions, if the practice were continued 

indefinitely at constant rate9
• 

Critical group 

For assessments of the radiological consequences of any practice or existing situation, it is 

necessary to calculate effective dose and committed effective dose for individuals and populations. 

А key concept defined Ьу the ICRP in the context of exposure of the general puЫic, is that of the 

critical group. Such group should Ье representative of those individuals in the population expected 

to receive the highest dose; the group should Ье small enough to Ье relatively homogeneous with 

respect to age, diet and those aspects of behaviour that affect the doses received. One of the major 

aspects in the choice is the size of the critical group. It is recommended that protection criteria 

such as reference levels and individual dose limits, are intended to apply to the mean effective 

dose in а reasonaЫy homogeneous group. Only in an extreme case it may Ье convenient to define 

the critical group in terms of а single hypothetical individual, for example when dealing with 

conditions well in the future which cannot Ье characterized in detail. Usually, however, the critical 

group would not consist of one individual nor would it Ье very large, for then homogeneity would 

9See Figure 1 (annex) 
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Ье lost. The size of а critical group will usually Ье up to а few tens of persons. Only in few cases 

where large populations are uniformly exposed, the critical group may Ье much larger. It is not 

necessary to search for the most exposed individual within the critical group in order to base 

controls оп that one person. In dose calculations for critical groups it is important to select 

appropriate mean values to describe hablts and behaviour. The results of а haЬit survey at а 

particular point in time should Ье regarded as an indicator of an underlying distribution and the 

value adopted for the mean should not Ье unduly influenced Ьу the discovery of one or two indivi

duals with extreme haЬits. It is important to select appropriate mean values for factors such as 

food consumption rates or occupancy parameters. However, metabolic parameters should Ье 

chosen to Ье typical of the age group (foetal, infant, child or adult) in the normal population rather 

than extreme values. 

It is obvious from the definition that some individuals will receive doses in excess of the 

calculated mean effective dose. Decisions as to the acceptaЬility of the exposure of the critical 

group will depend not only оп the proximity of the calculated mean effective dose to the 

corresponding individual dose limit for puЫic exposure but also оп the expected spread of the 

distribution of actual doses within the group. It is also necessary to consider that other sources 

may contribute to the exposure of anyone critical group. In general, to satisfy the homogeneity 

requirement, the ratio of maximum to minimum values should not exceed an order of magnitude. 

The necessary degree of homogeneity in the critical group depends оп the magnitude of the mean 

effective dose in the group as а fraction of the relevant dose constraint. If that fraction is less than 

about one tenth, а critical group should Ье regarded as homogeneous, if the distribution of 

individual effective doses lies substantially within а total range of а factor of ten, i.e. а factor of 

about 3 on either sides of the mean. At higher fractions, the total range should Ье less, preferaЬly 

not more than а factor of 3. 
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ICRP SYSTEM OF RADIOLOGICAL PROTECTION 

The primary aim of the policy of radiological protection is to provide an appropriate 

standard of protection for man without unduly limiting the beneficial practices giving rise to 

radiation exposure. The ICRP basic framework is intended to prevent the occurrence of 

deterministic effects, Ьу keeping doses below the relevant thresholds and to ensure that all 

reasonaЫe steps are taken to reduce the induction of stochastic effects. 

То clarify the way in which the ICRP has developed its recommendations, it is convenient 

to think of the processes causing human exposures as а network of events and situations . Each part 

of the network starts from а source. This term is used to indicate the origin or cause of an 

exposure, not necessarily а physical source of radiation. Radiation or radioactive material then 

passes through exposure pathways, which may Ье simple in а workplace, but very complex in the 

natural environment, with some pathways being common to many different sources. Eventually 

individuals, possiЬly many individuals, are exposed as а result of а single original source. For 

many purposes, each source or each group of sources, can Ье treated on its own. Each individual, 

however, is exposed as а result of several sources. It follows that the assessment of the 

effectiveness of protection can Ье related to the source giving rise to the individual doses (source 

related) or can Ье related to the individual dose received Ьу а person from all relevant sources 

(individual related). 

Source related assessments will take account of the magnitude and the probabllity of 

occurrence of individual doses attributaЫe to that source, and of the number of individuals so 

exposed, but will not consider the additional contributions from other sources . Source related 

assessments are а necessary requirement to еnаЫе any form of balancing benefits against costs and 

disadvantages, which should Ье the basis of any conclusion that а particular course of action or 

practice either is or is not worthwhile. 

Individual related assessments of the total doses in individuals from all relevant human 

activities is required additionally in order to determine whether any individual may accumulate too 

high а probabllity of stochastic effects or whether any individual may accumulate individual doses 

up to а level which approaches one of the thresholds for deterministic effects. 

Basic principles 

Decisions concerning the adoption or continuation of any human activity involve - at the 

first stage - the examination of each option separately in order to identify those options which can 

Ье expected to do more good than harm. The ICRP principle of justification refers to this first stage 

in the decision making process. The justification principle requires that the net benefit of any 
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activity under consideration shall Ье positive. No human activity involving exposure to radiation, 

should Ье adopted unless it produces sufficient benefit to the exposed individuals or to society to 

offset the radiation detriment it causes. 

In relation to any particular source within а practice, the magnitude of individual doses, 

the number of people exposed, and the likelihood of potential exposures should all Ье kept as low 

as reasonaЫy achievaЫe, economic and social factors being taken into account. The second ICRP 

principle is called optimization of protection. It recognizes that the conduct of any human action 

in principle should Ье adjusted to maximize the net benefit. In radiological protection, as in other 

areas it is becoming possiЫe to formalize and quantify procedures that help in decision making. 

Special attention has to Ье paid, not only to the advantages and disadvantages for society as а 

whole, but also to the protection of individuals. When the benefits and detriments do not have the 

same distribution through the population, there is bound to Ье some inequity. Serious inequity can 

Ье avoided Ьу defining restrictions on the doses to individuals which should constrain the 

procedures for optimization of protection. 

Limitation of individual dose is the third general principle in the ICRP system of 

radiological protection. lt requires that the exposure of individuals, resulting from the comblnation 

of the relevant sources and practices should Ье subject to dose limits . Such individual dose limits -

commonly on an annual basis - are aimed at ensuring that по individual is exposed to radiation 

risks that are judged to Ье unacceptaЫe in normal circumstances. lt is important to notice that not 

all sources are susceptiЫe of control Ьу action at the source and it is necessary to specify the 

sources to Ье included as relevant before setting а dose limit. 

Protection Ьу control of practices 

Some human activities increase the overall exposure to radiation, either Ьу introducing 

new sources or Ьу modifying the network of pathways from existing sources to man. The ICRP 

calls these human activities practices. The system of radiological protection recommended Ьу the 

ICRP for the control of those practices is based on all three general principles as described above. 

The appropriate prevention and control measures depend on whether they are to Ье applied 

to existing or to new practices. In the case of new practices, there is the option of accepting the 

practice, as proposed or with modifications, or of rejecting it outright. Existing practices сап Ье 

reviewed in the light of new information or changed standards of protection. At least in principle 

they could Ье withdrawn, but the sources and pathways that they involve may persist. Any further 

changes then require intervention. 
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In most practices it often will Ье virtually certain that exposures will occur and their 

magnitude will Ье predictaЫe, Ье it with some degree of uncertainty. Sometimes however, there 

will Ье а potential for exposure, but по certainty that it will occur. The ICRP calls such exposure 

potential exposures. It is often possiЫe to apply some degree of prevention or control to both the 

probabllity and the magnitude of potential exposures. Accidents and emergencies should Ье 

considered as sources of potential exposure when dealing with optimization of practices . But 

accidents, once they have occurred give rise to situations in which the only availaЫe protective 

action is some form of intervention. 

Protection Ьу intervention 

There exists а broad category of human activities which сап decrease the overall exposure 

Ьу influencing the existing form of the network. Such activities remove existing sources, modify 

pathways, or reduce the number of exposed individuals. The ICRP describes all these protective 

activities as intervention. The system of radiological protection recommended Ьу the ICRP for 

intervention is based оп the general principles. 

The proposed intervention should do more good than harm, i.e. the reduction in detriment 

resulting from the reduction in dose should Ье sufficient to justify the harm and the costs of the 

intervention, including social costs. 

The form, scale and duration of the intervention, should Ье optimized so that the net 

benefit of the reduction in radiation maximally outweighs the detriment associated with the 

intervention. 

The individual dose limit recommended Ьу the ICRP for the control of practices or any 

other predetermined dose limits do not apply in the case of intervention. The use of individual 

dose limits as the basis for deciding оп intervention might involve measures that would Ье out of 

all proportion to the benefit obtained and would then conflict with the principle of justification. 

Types of exposure 

The ICRP system of protection is intended to Ье as general as possiЫe, partly for 

consistency and partly to avoid changes of policy resulting from the demarcation of different 

situations. 

First of all it must Ье recognized that any radiation exposure which is essentially 

unamenaЫe to human control or human intervention, is excluded from the scope of the ICRP 

recommendations. This refers in particular to the natural exposure to unmodified natural sources 

in the living environment. Examples are the exposure caused Ьу the naturally radioactive 
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potassium, which is а normal constituent of the body, exposure to cosmic rays at ground level and 

generally other naturally occurring exposures due to unmodified concentrations of natural 

radionuclides in the earth crust and in most raw materials. lt is emphasized that the exclusion of 

natural exposure only implies the so-called intrinsic natural background radiation from unmodified 

sources in unmodified living conditions10
• 

For the application of the system however, it is necessary, additional to the distinction 

between practices and intervention, to use а division into diff erent types of exposure, because of 

the different degrees in controllabllity and the nature as well as the reasonaЫeness of the various 

control procedures. The ICRP identifies three different types of exposure, namely: occupational 

exposure, medical exposure and риЫiс exposure. In the control of occupational exposure it is 

usually possiЫe to apply prevention and control at all three points in the network: at the source, in 

the working environment and at the individual . In medical exposures the controls are also applied 

at all three points, but mainly as part of the primary function of diagnosis or treatment, rather than 

as а part of а separate system of protection. In puЫic exposure, the controls Ьу means of 

prevention should Ье applied at the source. Only if these cannot Ье made effective controls should 

Ье applied to the environment or to the individuals. 

The ICRP has noted the conventional definition of occupational exposure to any hazardous 

agent as including all exposures incurred at work, regardless of their source. However, because of 

the ublquity of radiation, direct application of this definition to radiation would mean that all 

workers should Ье subject to а specific regime of radiological protection. The ICRP therefore limits 

its use of the phrase occupational exposure to radiation to exposures incurred at work as result of 

situations that can reasonaЫy Ье regarded as being the responsibllity of the operating management. 

This emphasizes that it is sufficient to take account of the ( enhanced) exposure to natural sources 

if, and only if, they need to Ье controlled in their own right. То provide some practical guidance, 

the ICRP recommends to include exposure to natural sources as а part of occupational exposure 

only in the following cases: 

- operations in workplaces where the regulatory agency has declared that radon needs attention 

- operations with storage of materials not usually regarded as radioactive, but which contain 

significant traces of natural radionuclides and which have been identified Ьу the regulatory agency 

- operation of jet aircraft and space flight. 

10The enhanced exposure to natural sources, due to technology or human activities - the so-called technology enhanced 

exposure to natural radiation (TENR) - falls under the systern of protection. 
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Medical exposure is confined to exposures incurred Ьу individuals as part of their own 

medical diagnosis or treatment and to exposures (other than occupational) incurred knowingly and 

willingly Ьу individuals helping in the support and comfort of patients undergoing diagnosis or 

treatment. Any occupational exposure of staff is not included in medical exposure. Exposures 

incurred Ьу volunteers as part of а programme of Ьiomedical research, are dealt with on the same 

basis as medical exposure. 

The notion риЫiс exposure refers to all other exposures than occupational and medical. 

The main components are: 

- exposure of members of the puЬlic resulting from licensed and unlicensed practices, both at as 

well as outside the premises where such practices take place, for example: discharges of 

radioactive substances into the environment 

- the so-called technology enhanced exposure to natural radiation (TENR) which encompasses 

increased exposure of members of the puЫic from modified concentrations of radioactive 

substances in the living environment or modified radiation levels due to technology 

- increased environmental exposure of the puЫic, from residual radioactive contamination, e.g. as 

а long term result from previous nuclear accidents and nuclear bomb testing 

- accidental exposure of members of the puЫic in nuclear accident situations. 

The intrinsic natural exposure, for example due to potassium-40 in the body, cosmic rays 

at ground level, radionuclides in the earth crust and emanating radon are all outside any reasonaЫe 

scope of control, but Ьу far the largest component of puЬlic exposure. This, however, provides no 

justification for reducing the attention paid to smaller, but more readily controlled, puЫic 

exposures due to technology and human activities. 

PROTECTION IN PUВLIC EXPOSURE 

Full justification of а practice goes far beyond the scope of radiological protection. For 

these reasons, the ICRP principle of justification is restricted to the search of identifying those 

options which can Ье expected to do more good than harm. No practice involving exposures 

should Ье adopted unless it brings sufficient benefit to the exposed individuals or to society. The 

process of justification is required when а new practice is being introduced, but also when existing 

practices are being reviewed in the light of new information about their efficacy or consequences. 

If such а review indicates that а practice could no longer Ье claimed to produce sufficient benefit, 

withdrawal of the practice should Ье considered. This option should Ье treated in the same way as 

the justification of а new practice, but it must Ье remembered that the disadvantages of with

drawing а well-estaЫished practice may Ье more obvious than the advantages of introducing а 
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comparaЫe new one and withdrawal of the practice may not result in the withdrawal of all the 

associated sources of exposure. 

For any justified practice it is necessary to considere how best to use resources in reducing the 

radiation risks to individuals and the population. The broad aim is to ensure that (i) the magnitude 

of individual doses, (ii) the number of people exposed, and (iii) the likelihood of incurring 

exposures where these are not certain to Ье received, are all kept as low as reasonaЫy achievaЫe, 

economic and social factors being taken into account. Consideration has to Ье given to any 

interaction between these various aspects. 

Dose constraints 

Protection can Ье said to Ье optimized if further reduction of the detriment сап Ье achieved 

only with а deployment of resources that is seriously out of line with the consequent reduction. It 

is then not in society's interest to take that further step, provided that individuals have been 

adequately protected. This latter implies the avoidance of substantial inequity between individuals, 

which сап Ье achieved Ьу incorporating source related restrictions оп the individual dose into the 

process of optimization. The ICRP calls these restrictions dose constraints, previously called upper 

bounds. They form an integral part of the optimization of protection. For potential exposures, the 

corresponding concept is the risk constraint. The choice of constraints depends оп the 

circumstances. For many practices or classes of practices, it is possiЫe to reach conclusions about 

the level of individual doses likely to Ье incurred in well-managed operations. This information 

сап then Ье used to estaЫish а dose constraint for that type of practices. The dose constraint 

should Ье applied to the mean dose in the critical group from the source or practice for which the 

protection is being optimized. The same group might also Ье critical for other sources, or, if the 

critical groups are different, each group may incur some dose from other sources for which it is 

not critical. If the exposures in any critical group are likely to approach the dose limit for puЫic 

exposure (see next section) the constraints applied to each source must Ье selected to allow for any 

significant contribution from other sources to the exposure of the critical group. 

Dose limits 

With the widespread use of source-related dose constraints and practical restrictions оп the 

sources of puЫic exposure, generally applicaЫe dose limits for puЫic exposure are rarily limiting 

in practice. However, the ICRP continues to recommend dose limits for puЫic exposure, if only to 

provide а maximum оп the choice of constraints. 
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The ICRP recommends that the limit for puЫic exposure should Ье expressed as an 

effective dose of 1 millisievert in а year. However, in special circumstances, а higher value of 

effective dose could Ье allowed in а single year, provided that the average over 5 years does not 

exceed 1 millisievert per year. In selecting the limit оп effective dose, the ICRP has thought а value 

that would Ье only just short of unacceptaЫe for continued exposure as result of deliberate 

practices the use of which is а matter of choice. The scope of the ICRP dose limit for puЫic 

exposure is restricted Ьу confining it to the doses incurred as the result of practices. Doses 

incurred in situations where the only availaЫe protective action takes the form of intervention are 

excluded from the scope of the dose limits. PuЫic doses due to major accidents are not subject to 

the dose limits because they сап Ье dealth with only Ьу intervention. 

Potential exposures 

Not all puЫic exposures occur as forecast, there may Ье accidental departures from the 

plant operating procedures and essential changes in the environmental pathways may occur in 

future. In many cases such events сап Ье foreseen and their probaЬility of occurrence сап Ье 

estimated, but they cannot Ье predicted in detail. Potential exposures of the puЬlic need to Ье 

considered as part of the assessment of practices, but they may also lead to cause for intervention. 

Their implications should therefore Ье considered in both contexts. If the probaЬility of the 

occurrence of the event causing the potential exposures is fairly high, so that one or several of 

such events might Ье expected within а year, it should Ье assumed that the doses resulting from 

the event will certainly occur. 

The safety options that сап Ье identified with respect to potential exposures сап 

conveniently Ье categorized as having the function of prevention or mitigation. Prevention 

encompasses those systems and procedures utilized to keep а source under control, which means to 

reduce the probaЬility of sequences of events that may cause, or increase radiation exposures 

beyond normal levels. Mitigation, in contrast, encompasses systems and procedures which function 

after the initiation of an event to interrupt the event sequence or otherwise limit the consequences. 

Some safety systems serve а function for both prevention and mitigation. 

The relevant parts of the fundamental principles in the system of radiological protection 

apply to potential exposure situations. However, when moving from normal exposures to the wider 

scope of potential exposure, the practical application of the principle of justification becomes more 

complicated. For some scenario's the probaЬility of occurrence сап Ье very low, but if an event 

anticipated Ьу the scenario's occurs, the consequences could Ье judged as being unacceptaЬly high. 

Such cases should Ье included in an assessment of justification and the toleraЬility of the event 
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considered in terms of both the probabilities and the consequences involved. Typically, the final 

decision оп the tolerability of such low probabllity - high consequence scenario' s as а part of 

justification of а practice is taken at the political level or under explicit political guidance or 

authorization. Justification should not necessarily Ье applied in а prescriptive manner. Rather, it 

could form part of а general declaration of principles and authorities should retain the abllity to 

exclude the introduction of а practice or to discontinue а practice on the basis of justification 

arguments. For any justified and adopted practice, under the prevaling circumstances, the potential 

radiological consequences as well as their likelihood of occurrence should Ье kept as reasonaЫe, 

using resources for safety measures in their best availaЫe way. The ultimate level of safety 

applied to а radiation source results from а choice among feasiЫe altenative safety options. The 

responsiЫe decision makers should satify themselves that the most appropriate safety option under 

the prevaling circumstances has been selected. As safety measures are increased, the occurrence 

probabllity or the potential radiological consequences themselves will logically Ье decreased. 

However, if the next increment of safety requires а deployment of resources or causes an increase 

in the social costs that is disproportionate to the resultant reduction in the probability or the 

magnitude of the consequences, it is not in society's interest for that step to Ье taken. 

Risk constraints 

An optimum safety option arrived at оп the basis of an unconstraint optimization procedure 

may not Ье ассерtаЫе unless it meets the requirement that по individual shall Ье expected to Ье 

subjected to а probabllity of radiation detriment greater than а pre-estaЫished level. These 

individual risk criteria should Ье estaЫished before optimizing. Such risk constraints are 

particularly important when assessing the acceptabllity of an event sequence or scenario, since the 

risk associated with а particular scenario is only part of the overall risk to an individual from all 

scenario' s and all sources. The estaЫishment of а constraint сап also serve the purpose of а priori 

apportionedment of an overall risk limit to any particular source, scenario, or event sequence since 

an individual could Ье potentially exposed from а number of sources and practices. Furthermore, а 

constraint сап provide an additional measure of caution, when applying probabllity values with 

large distributions or uncertainties. 

For the treatment of potential exposure, the ICRP recommends that criteria for risk 

limitation Ье of the same order of magnitude as the health risks implied Ьу the dose limits for 

normal exposures. One procedure for applying source related constraints to probabllistic events is 

to express the probabllity of an event sequence as а function of the dose that will Ье delivered 

should the sequence actually occur. Such а constraint would express the maximum probabllity that 
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can Ье permitted from sequences exceeding а given magnitude of dose. The assessment would then 

involve the estimation of probabllities Ьу taking into account various possiЫe scenario's or 

sequences of events and the reliabllity of the relevant safety systems and procedures. These 

probaЬilities can then Ье compared with those estaЫished f or various potential doses. Should the 

comparison Ье unsatisfactory, the overall performance of safety systems introducing additional 

levels of protection would need to Ье improved, either Ьу increasing system reliabllity or Ьу 

augmenting the redundancy of safety systems. 

While it is difficult to generalize risk criteria or constraints for entire systems, sequences 

that have been grouped together, specific scenario's, or annual probabllities based on radiation 

safety considerations might Ье chosen from the values listed in the tаЫе below. These are intended 

to illustrate the type of constraints that might Ье imposed based on experience taking into account 

the benefits derived from the particular practice. They might also Ье imposed as tentative 

constraints in the absence of operating experience, subject to revision as experience is gained. It is 

emphasized that these constraints refer to potential exposure of an individual. Other constraints 

may apply for limiting probabllities of other consequences, such а socially disruptive effects. In 

this context the ICRP emphasizes again the need for а multi-attribute analysis of complex potential 

exposure situations. 

Range of probabllities in а year from which contraints тау Ье selected 
(Adopted from ICRP PuЫication 64) 

Sequence of events leading to doses treated as part of normal exposures 10·1 to 10-2 

Sequence of events leading to stochastic effects only but above dose limits 10-2 to 10-5 

Sequence of events leading to doses where some radiation effects are deterministic 10-5 to 10-6 

Sequence of events leading to doses where death is likely to result < 10-6 
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ANNEX 

The equivalent dose (Нт) in tissue Т is given Ьу the expression 

where Dт,R is the absorbed dose averaged over the tissue or organ Т, due to radiation type R. 

The unit of equivalent dose is the joule per kilogram with the special name sievert (Sv). 

Radiation weighting factors1 (adapted from ICRP PuЫication 60) 

- 22 -

Туре and energy range2 Radiation weighting factor, wR 

Photons, all energies 1 
Electrons and muons, all energies3 1 
Neutrons, energy < 10 keV 5 

10 keV to 100 keV 10 
> 100 keV to 2 MeV 20 
> 2 MeV to 20 MeV 10 
> 20 MeV 5 

Protons, other than recoil protons, energy > 2 MeV4 5 
Alpha particles, fission fragments, heavy nuclei 20 

1 All values relate to the radiation incident on the body or, for internal sources, emitted from the source. 
2 The choice of values for other radiations is discussed in Annex А of ICRP PuЫication 60. 
3 Excluding Auger electrons emitted from nuclei bound to DNA (see paragraph 26 of ICRP PuЫication 60) . 
4 The wR value for high energy protons recommended Ьу NCRP is lower (= 2) than that recommended Ьу ICRP. 

The eff ective dose is the sum of the weighted equivalent doses in all the tissues and organs of the 

body. It is given Ьу the expression 

where Нт is the equivalent dose in tissue or organ Т and Wт is the weighting factor for tissue Т. 


