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ABSTRACT 

 
In the year 2007, ICRP published a set of recommendations (The 2007 Recommendations of the International 

Commission on Radiological Protection, Publication 103, ICRP-103), which changed some important concepts. 

This work aims to compare the Brazilian radiation protection basic standard with the new ICRP 

recommendations, by checking the existing differences. The main difference between Brazilian standard and 

ICRP-103 is the changing of the concept of protection based on process, by using the concepts of practice and 

intervention, to the protection based in the exposition situation, by using the concepts of planned exposure, 

emergency and existing situation. Other important difference lies in the values of the radiation and tissue 

weighting factors, in the quantities equivalent and effective dose, and updating the radiation detriment based on 

the latest available scientific information of the biology and physics of radiation exposure. At last, the 

demonstration of the environment radiation protection must be clear, and this concept is not found in Brazilian 

nuclear legislation. Also some similarities were found. The fundamental principles of the Brazilian standards are 

the same as that of ICRP-103, which are the justification principle, the optimization principle and the 

application of dose limits. The individual effective dose limit of Brazilian standard is the same of the ICRP-103, 

established as 20 mSv y
-1

. In order to adequate the Brazilian standard it is necessary to change its concept of 

protection and the values of radiation and tissue weighting, and updating the radiation detriment, besides making 

clear the concept of protection of the environment. It is important to notice that although the Brazilian standard 

is not in complete agreement with all international recommendations, it must be completely followed as the 

standard which is in use in the country. 
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1. INTRODUCTION 

 

The International Commission on Radiological Protection (ICRP) was established in 1928 by 

the International Congress of Radiology, with the name of the International X-Ray and 

Radium Protection Committee (IXRPC). In 1950, both the name and the structure were 

changed on the recommendation of the Second International X-Ray and Radium Protection 

Committee [1]. 

 

The Commission is a non-profit-making organization. Its main objective is the 

systematization of radioprotection recommendations. To achieve this goal, the ICRP has 

worked together with the International Commission on Radiation Units and Measurements 

(ICRU), which defines the units used in radioprotection. The ICRP maintains official 

relationships with the United Nations Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR), which surveys the literature on the biological effects of radiation. 

Based on this survey the ICRP publishes its recommendations. The International Atomic 

Energy Agency (IAEA) then organizes the recommendations made by ICRP as standards and 

guides. Finally, member countries accept the IAEA recommendations in their own laws [1].  

 

Other organizations also participate in the preparation of standards and guides such as The 

World Health Organization (WHO), the International Labor Organization (ILO), the United 

Nations Environment Program (UNEP), and other United Nations bodies [1].  

 

The Commission of the European Communities (‘European Commission’, EC), the Nuclear 

Energy Agency of the Organization for Economic Co-operation and Development 

(OECD/NEA), the International Organization for Standardization (ISO), and the International 

Electrotechnical Commission (IEC) also participate with regional and non-compulsory 

recommendations [1].  

 

The current radioprotection philosophy was established in 1977 in publication 26 of ICRP 

(ICRP-26) [2]. This document quantifies for the first time the risks of stochastic effects of 

radiation and the proposed a System of Dose Limitation. In this publication are explained the 

three basic principles of: justification, optimization of protection, and individual dose 

limitation [2], principles which were maintained in following publications edited in 1990 

(ICRP-60) [3] and 2007[1].  

 

With the increasing knowledge on the mechanisms of radioprotection, changes in the ICRP-

26 recommendations [2] were required. In 1990, the Commission made these changes based 

on upward revisions of the estimates of risk from exposure to radiation, and partly extended 

its philosophy to a System of Radiological Protection from the system of dose limitation [3]. 

The principles of justification, optimization and individual dose limitation remained.  

 

A considerable change was introduced as a distinction between ‘practices’ and ‘interventions’ 

to take into account the differences in the various types of exposure situations by ICRP and a 

major emphasis was put on the optimization of protection with constraints so as to limit the 

inequity that is likely to result from inherent economic and societal judgments [3]. 
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In 1956, the annual dose limit value was established as 50 mSv y
-1

. This value was 

maintained in the ICRP-26 publication [2], but reviewed in the ICRP-60 publication [3] to 20 

mSv y
-1

. In the same review, the value of annual dose limit for the public changed from 5 

mSv y
-1 

to 1 mSv/year. Both changes were maintained in publication ICRP-103 [1].  

 

Over the years, new knowledge about the radioprotection forced ICRP to change its 

recommendations with the publication 103 [1]. These changes are being evaluated by the 

IAEA aiming systematization and are in draft form. 

 

In Brazil, the first laws on radioprotection appeared in 1988 with the publication of the 

CNEN standard (CNEN-NE-3.01) [4]. This document was based on the ICRP-26 publication 

[2]. According to the evolution of the global radioprotection concepts, the Brazilian 

regulatory body changed the basic laws of radioprotection in 2005 (CNEN-NN-3.01)[5], 

following ICRP-60 [3]. With the revision of ICRP-60 made in the ICRP-103 publication [1], 

Brazil is now delayed relative to the world radioprotection.  

 

The present study aims to evaluate the differences between the CNEN standard [5] and the 

ICRP-103 publication [1], regarding the philosophy of radioprotection, dose limits and other 

relevant aspects.  

 

2. COMPARISON BETWEEN CNEN STANDARD AND ICRP 

RECOMMENDATION 103. 

 

2.1. Major Changes.  

 

The availability of new data on the biology and physics of radiation exposure provided a 

different understanding of the risk of exposure to radiation. This new understanding led to the 

realization of an updating of the concept and the values of radiation detriment. Another 

important updating was about the radiation and tissue weighting factors that allow, when 

applied to the absorbed dose, the establishment of equivalent and effective doses, a 

fundamental concept of radioprotection.  

 

One major change was the change of the process-based protection approach, contained in the 

concepts of practices and interventions, into the situation-based approach, contained in the 

concept of planned, emergency and existing exposure situations, and applying the 

fundamental principles of justification and optimization of protection to all controllable 

exposure situations.  

 

Another important change was the fall of the anthropocentric concept proposed for 

environmental radioprotection contained in ICRP-26 [2], and put in doubt the ICRP 60 [3]. 

Following ICRP-103 [1], the protection of the environment must be explicit and independent 

of the protection of human beings. This philosophy has already been proposed by the ICRP in 

2003 [6], and is different from what was proposed by CNEN-NN-3.01 [5], which still uses 

the anthropocentric view of the ICRP-26 publication [2]. 
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An additional major change was the definition of the principal components of the system of 

radiological protection [1]:  

 

 A characterization of the possible situations where radiation exposure may occur 

(planned, emergency, and existing exposure situations).  

 A classification of the types of exposure (those that are certain to occur and potential 

exposures, as well as occupational exposure, medical exposure of patients and public 

exposure).  

 An identification of the exposed individuals (workers, patients, and members of the 

public).  

 A categorization of the types of assessment, namely source-related and individual 

related.  

 A precise formulation of the principles of protection: justification, optimization of 

protection, and application of dose limits.  

 A description of the levels of individual doses that require protective action or 

assessment (dose limits, dose constraints, and reference levels).  

 A delineation of the conditions for the safety of radiation sources, including their 

security and the requirements for emergency preparedness and response.  

 

2.2. Important Maintenances.  

 

The three fundamental principles of radioprotection (justification, optimization, and 

application of dose limits), proposed by the ICRP-26 [2], maintained in ICRP-60 [3], and 

adopted by CNEN [5] continue in the 2007 publication of the ICRP [1]. Such maintenance 

demonstrates the wide acceptance of these principles by the scientific community and the 

robustness of these concepts when applied as the basis of the radioprotection system. 

 

The dose limits for effective and equivalent doses from all regulated sources in planned 

exposure situations were maintained. These limits represent the maximum dose that would be 

accepted in any planned exposure situations by regulatory authorities [1], [3] and [5]. 

 

The principle of optimization of protection was re-enforced. It should be applicable in a 

similar way to all exposure situations, with restrictions on individual doses and risks, namely 

dose and risk constraints for planned exposure situations and reference levels for emergency 

and existing exposure situations [1], [3] and [5]. 

 

The fundamental unit in the current radioprotection is the absorbed dose. However, the 

different biological responses of different types of radiation in different types of tissue 

required the establishment of weighting factors for different types of radiation and tissue. 

These factors are identical in publications [3] and [5]. But changes occurred in ICRP-103 [1] 

that will be seen below. 

 

2.3. Radiation-Weighting Factor (Wr). 

 

The concept of absorbed dose describes efficiently the energy deposited by radiation in a 

material medium. In the case of low dose rates and low doses, and when such rates or doses 

are heterogeneously distributed in space and time, the biological response (biological effect) 

is different for equal doses [6]. This difference can be estimated (quantified) using the 

relative biological effectiveness concept (RBE). 
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RBE is defined as the ‘‘inverse ratio of absorbed doses of different quality radiations, 

delivered to the same locus of interest, that produce the same degree of a given biological 

effect in a given organism, organ or tissue’’ all other factors being equal [6]. 

 

The RBE concept should not be used for human radioprotection, since it would result in an 

enormous variety of values, one for each biological endpoint and for all different radiations 

emitted by all different radionuclides. In this case a simplified RBE concept is used. This new 

concept is named radiation-weighting factor (Wr). 

 

In CNEN [5] the values of Wr are defined based on [3], and are shown in Table 1. 

 

The weight factors of radiation now recommended by ICRP-103[1], are shown in Table 2. 

 

Table 1. Radiation Weighting Factors Wr, following CNEN-NN-3.01[5]. 

 

Type and energy range Radiation Weighting factor, Wr 

Photons, from any energy 1 

Electrons and Muons, any energy 1 

Neutrons, energy: 

< 10 KeV 

   10 KeV to 100KeV 

> 100 KeV to 2 MeV 

> 2 MeV to 20 MeV 

> 20 MeV 

 

5 

10 

20 

10 

5 

Photons, energy > 2MeV 5 

Alpha particles, fission fragments, heavy ions 20 

 

Table 2. Recommended radiation weighting factors, following ICRP-103 [1] 

 

Radiation type  Radiation Weighting factor, Wr  

Photons  1 

Electrons and Muons  1 

Protons and Charged pions  2 

Alpha particles, fission fragments, heavy ions  20 

Neutrons  A continuous function of neutron energy 

 

The differences were the inclusion of protons and charged pions and the definition of Wr for 

neutron as a function of energy and not in classes of energy.  

 

2.4. Tissue-Weighting Factor (WT).  
 

The tissue weighting factor for tissue T (WT) values are chosen to represent the contributions 

of individual organs and tissues to overall radiation detriment from stochastic effects. The 

unit of effective dose is J kg
-1

 with the special name Sievert (Sv). The unit is the same for 

equivalent dose and effective dose as well as for some operational dose quantities. Care must 

be taken to ensure that the quantity being used is clearly stated.  
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The organs and tissues for which WT values are specified are given in Table 3. On the basis 

of epidemiological studies on cancer induction in exposed populations, and risk assessments 

for heritable effects, a set of WT values was chosen for these Recommendations (Table 3) 

based on the respective values of relative radiation detriment. They represent mean values for 

humans averaged over both sexes and all ages and thus do not relate to the characteristics of 

particular individuals. 

 

Table 3. Tissue Weighting Factors WT, following CNEN-NN-3.01 [5] 

 

Tissue or organ  WT  

Gonads  0.20  

Bone-marrow (red)  0.12  

Colon  0.12  

Lung  0.12  

Stomach  0.12  

Bladder  0.05  

Breast  0.05  

Liver  0.05  

Stomach  0.05  

Thyroid  0.05  

Skin  0.01  

Bone surface  0.01  

Remainder tissues  0.05  

 

These values in ICRP-103[1], suffered considerable changes as can be seen in Table 4. 

 

Table 4. Tissue-weighting factor WT, following ICRP-103 [1]. 

 

Tissue  WT  Σ WT  

Bone-marrow (red), Colon, Lung, 

Stomach, Breast, Remainder tissues 
0.12 0.72 

Gonads  0.08 0.08 

Bladder, Esophagus, Liver, Thyroid  0.04 0.16 

Bone surface, Brain, Salivary glands, 

Skin  
0.01 0.04 

Total  1.00 

 

2.5. Changes the values of risks associated with exposure to radiation.  

 

With the increases in knowledge on epidemiology, biological response to radiation and 

physical exposure, a change in the perception of risk of exposure to low dose occurred 

between publications ICRP-60 [3] and 103 [1]. This change can be observed in Table 5. 
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Table 5. Detriment-adjusted nominal risk coefficients (10
-2

 Sv
-1

) for stochastic effects 

after to radiation at low dose rate, following ICRP-103[1]. 

 

Exposed population Cancer Heritable effects Total 

[1] [3] [1] [3] [1] [3] 

Whole 5.5 6.0 0.2 1.3 5.7 7.3 

Adult 4.1 4.8 0.1 0.8 4.2 5.6 

 

2.6. Maintenance of Individual Dose Limits  

 

The values of individual dose limits are identical in [5] and [1], which means equal dose, but 

not equal exposure to ionizing radiation, because the dosimetric model used to calculate the 

doses is different. This values can be observed in Table 6. 

 

Table 6. Individual dose limits, following CNEN [5] and ICRP-103 [1]. 

 

Categories of exposure 

Individuals dose limits 

Values as in  

CNEN-NN-3.01 [5] 
Values as in ICRP-103 [1] 

OCCUPATIONAL EXPOSURE  

Occupational exposure for planned 

exposure situation  

20 mSv y
-1

year average over 

defined periods of 5 years  

20 mSv y
-1

 average over 

defined periods of 5 years  

Lens of the eye  150 mSv y
-1

 150 mSv y
-1

 

Skin  500 mSv y
-1

 500 mSv y
-1

 

Hands and feet  500 mSv y
-1

 500 mSv y
-1

  

Pregnant women  1 mSv to the embryo/fetus  1 mSv to the embryo/fetus  

PUBLIC EXPOSURE   

Planned exposure 1 mSv y
-1

 1 mSv y
-1

 

Lens of the eye  15 mSv y
-1

 15 mSv y
-1

 

Skin  50 mSv y
-1

 50 mSv y
-1

 

 

2.7. New Radioprotection Conception. 

 

In its publication 60 [3] the ICRP defined the concept of practice as a human activity that 

causes increased exposure to radiation or that increases the number of exposed individuals. 

This concept was abandoned in publication 103 [1] that developed the concept of planned, 

emergency, and existing exposures. In the previous vision, the law was only applied to 

human practices and accidents. With the new concept, the existing exposures were also 

included in the regulatory scope.  

 

In its publication 103 [1], the ICRP defines the concepts of planned, emergency, and existing 

exposure, as follows:  

 

 Planned exposure situations are situations involving the deliberate introduction and 

operation of sources. Planned exposure situations may give rise both to exposures that 

are anticipated to occur (normal exposures) and to exposures that are not anticipated 

to occur potential exposures.  
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 Emergency exposure situations are situations that may occur during the operation of a 

planned situation, or from a malicious act, or from any other unexpected situation, and 

require urgent action in order to avoid or reduce undesirable consequences.  

 Existing exposure situations are exposure situations that already exist when a decision 

on control has to be taken, including prolonged exposure situations after emergencies.  

 

2.8. The concepts of Dose Limits, Constraints and Reference Levels.  
 

These three concepts can be organized into two groups, on one hand the concept of dose 

limits and on the other concepts of constraints and reference level.  

 

The exposure of individuals to ionizing radiation needs two key elements: the person who is 

exposed to the radiation source, and the source of radiation which exposes the individual.  

 

The concept of dose limits aims to limit the exposure of humans, restricting the way he is 

exposed to radiation, operating on the individual. The focus is the individual. This concept 

applies to control all sources of exposure only for planned situations.  

 

On the other hand, the concepts of constraints and reference levels aim to protect the men, 

operating on the sources. The focus is the source. This concept applies to all situations where 

exposure occurs, not only planned situations.  

 

The three concepts can be understood as depicted in Fig. 1.  

 

 

 
 

Figure 1. Dose limits contrasted with dose constraints and reference levels for 

protecting workers and members of the public, following ICRP-103 [1]. 
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2.9. Environmental Protection.  

 

The environmental radioprotection was created based on a paradigm proposed by the ICRP 

[2]. This paradigm states "The commission therefore believes that if man is adequately 

protected then other living things are also likely to be sufficiently protected" this way of 

doing radioprotection was put in doubt by the ICRP in 1990 [3] and unauthorized by the 

ICRP in 2003 [6]. This position was maintained in 2007 [1]. 

 

Currently, the ICRP recognizes the importance and difficulty of conducting an environmental 

radioprotection dissociated from human radioprotection and states ―The Commission 

acknowledges that, in contrast to human radiological protection, the objectives of 

environmental protection are both complex and difficult to articulate. The Commission does 

however subscribe to the global needs and efforts required to maintain biological diversity, 

to ensure the conservation of species, and to protect the health and status of natural habitats, 

communities, and ecosystems. It also recognizes that these objectives may be met in different 

ways, that ionizing radiation may be only a minor consideration – depending on the 

environmental exposure situation – and that a sense of proportion is necessary in trying to 

achieve them.” [1].  

 

With this conception of radioprotection the ICRP encourages the development of framework 

for environmental radioprotection saying: ―The Commission therefore believes that the 

development of a clearer framework is required in order to assess the relationships between 

exposure and dose, and between dose and effect, and the consequences of such effects, for 

non-human species, on a common scientific basis. This issue was first discussed in 

Publication 91 [6], and it was concluded that it was necessary to draw upon the lessons 

learned from the development of the systematic framework for the protection of human 

beings. This framework is based on an enormous range of knowledge that the Commission 

attempts to convert into pragmatic advice that will be of value in managing different 

exposure situations, bearing in mind the wide range of errors, uncertainties, and knowledge 

gaps of the various databases.” [1].  

 

In addition, the ICRP suggests the creation of animal and plant reference, developing a 

concept similar to the man reference proposed in 1977 [2]. In its publication 103 [1] ICRP 

states “In the case of human radiological protection, the Commission’s approach to such 

issues has been greatly assisted by the development of anatomical and physiological 

reference models. It has concluded that a similar approach would be of value as a basis for 

developing further advice and guidance for the protection of other species. The Commission 

is therefore developing a small set of Reference Animals and Plants, plus their relevant 

databases, for a few types of organisms that are typical of the major environments. Such 

entities will form the basis of a more structured approach to understanding the relationships 

between exposures and dose, dose and effects, and the potential consequences of such effects.  

 

To conclude the approach of the environmental radioprotection, the ICRP does not 

recommend the adoption of standard dose limit and states “The Commission does not 

therefore propose to set any form of “dose limits” with respect to environmental protection. 

By setting out data for some Reference Animals and Plants, in a transparently derived way, 

and upon which further action may be considered, the Commission intends to offer more 

practical advice than in the past. The Commission will use this framework to gather and 

interpret data in order to provide more comprehensive advice in the future, particularly with 
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regard to those aspects or features of different environments that are likely to be of concern 

under different radiation exposure situation”[6]. 

 

 

3. CONCLUSIONS 

 

The major differences between CNEN-NN-3.01 [5] and ICRP-103 [1] are:  

 

 The values of radiation-weighting factor Wr and tissue-weighting factor WT;  

 The values of perceived risk of exposure to low doses;  

 The abolition of the concept of practice;  

 The introduction of the concepts of planned, emergency, and existing exposures; and  

 Recommendation of developing a framework for environmental protection.  

 

Besides this, the remaining concepts were maintained between [5] and [1]. This shows that 

these concepts are settled in the culture of radioprotection and are considered safe to be 

applied. Among the maintained concepts, are:  

 

 The fundamental principles of radioprotection: justification, optimization, and the 

application of dose limits;  

 The dose limits for workers and for the public; and  

 The fact that the principle of optimization is not only maintained, but its importance is 

reinforced.  

 

Hence, the bases of radioprotection are maintained between the two publications, pointing to 

a safe operation of the radioprotection system in Brazil. The emphasis given to the concept of 

optimization is a good conduct in the case of radioprotection and is widely used in Brazil. 

This procedure ensures that the doses are the lowest possible independent of the adopted 

limits. The key concept is: the doses should be as far as possible from limits. The lower the 

dose, the lower the probability of biological effects caused by ionizing radiation. 

 

The changes that occurred reflect the new knowledge about the biological effects of radiation, 

and should be considered in the update of the CNEN publication [5]. This gap in knowledge 

must be corrected as soon as possible; although it should be emphasized that the non update 

of these concepts does not mean unsafe operation. The models for calculating dose (based on 

WR and WT, and other factors) are different. The uncertainties surrounding the calculation of 

doses are high, complicating the analysis of data produced by the two models. The 

standardization of models in the world makes possible more faithful comparisons between 

generated data, giving feeds back to radioprotection in a more efficient way.  

 

The fact that the individual doses limits to be equal between the two publications [1] and [5] 

does not mean equal exposures to ionizing radiation, since the dose-assessment models are 

different. 

 

It is important to notice that although the Brazilian standard is not in complete agreement 

with all international recommendations, it must be completely followed as the standard which 

is in use in the country. 
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