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The ”system of radiation protection”

• The ICRP defined a system for the peaceful use of atomic 
energy that ensures benefits and the protection of workers, 
the public, the environment and resources.

• It is based on principles, concepts, magnitudes, calculation 
methods and numerical criteria for decision making.

• It includes qualified users and an independent regulator. 

ICRP Publication Nro. 60 and 103

“O paradigma que sustenta as regulamentações internacionais de 
proteção radiológica foi desenvolvido sob a égide da ICRP de 
1928 até o presente e tem sido adotado no campo internacional e 
intergovernamental.”



The IAEA Safety Standards

• IAEA establishes Safety Standards for the 
peaceful use of atomic energy.

• Adopted the "ICRP system for radiation 
protection“

• The vision in the area of radiation protection is 
"to protect man, the environment and resources 
without adding an unnecessary burden on those 
who use radiation to produce a benefit to 
society".

• IAEA standards are made in consultation with all 
Member States, they are not biding, but 
countries adopt them in their national standards. 

https://www.iaea.org/resources/safety-standards



Scope of the "system" and 
"standards" of radiation protection

• In terms of public 
and and 
environment, the 
ICRP system and 
the IAEA 
Standards were 
developed with 
this in mind. 

“O paradigma nasceu e se desenvolveu pensando na proteção contra a 
radiação de fontes artificiais de radiação. Durante sua elaboração e até poucos 
anos atrás, as fontes naturais não eram consideradas para proteção.”



The challenge has been(1)

• Adapt to 
this…



The challenge has been (2)

(photo from The Brazilian Report; for educational purpose; do not distribute)

• … and 
this…



The initial approach

“A proteção contra radiação nas indústrias 
NORM, particularmente de membros do 
público, tem sido tentada a ser inserida em um 
sistema baseado em um paradigma que não 
foi desenvolvido para a radiação natural. Isso 
criou problemas complexos, cuja solução 
requer pragmatismo e bom senso.”



Key players for adaptation

Operators

Regulators
(nuclear and others) 

Thecnical 
Support 

Organizations

(Other Stakeholders)



Some key elements for adaptation

• Industrial activities must be economically and 
environmentally sustainable.

• We are being watched by society and public 
opinion.

• Radiological impact is a very sensitive issue for 
society although in general it is much less than 
other conventional impacts (especially during normal 

operation).
• The approach must be cooperative as the 

"problem" is everybody's problem (my opinion).





IAEA Safety Publications



NORM Symposia series

• The IAEA is one of the main contributors for the organisation of NORM symposia
• NORM IX Symposium (2019): Collaborating international organizations (WHO, ILO, ICRP,

UNSCEAR, NCRP)
• Significant milestone in the NORM symposia history; addressing challenges through

worldwide exchange of experiences



In Abel’s words:







• Structure

• Management 
scheme

• Recommended 
approach

• Recommended 
framework

• Recommended 
development 
approach
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Management of Residues 
Containing Naturally 
Occurring Radioactive 
Material from Uranium 
Production and Other 
Activities

SSG-60



Structure of SSG-60

1. Introduction 
2. Overview of NORM activities and NORM residues 
3. Governmental, legal and regulatory framework for safety 
4. Protection of people and the environment
5. System for regulatory control
6. Strategies for NORM residue management
7. The safety case and safety assessment for NORM residues management
8. Safety consideration for long term Management of NORM Residues
Appendix A. Special considerations of residues from uranium production
Appendix B. Residue management plan for uranium production
Appendix C. Closure plan for tailings management facility
References
Annex I. Examples of residues to be assessed for possible regulatory control
Annex II. Sampling and determining radionuclide activity concentrations
Annex III. Example of application of the graded approach in the management of 

NORM residues
Annex IV. Reuse and Recycling of NORM Residues
Annex V. Bibliography
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NORM Industries radiological 
impact control

• Exposures to 
workers.

• Exposures to 
public due to 
releases.

• Exposure to public 
due to use of 
recycled material.



Control of exposures to 
workers.

• Doses to individuals estimated or measured.
• Criteria: dose limits and dose constraints (1-

20 mSv in a year).
• Simple protective measures (similar to other 

work-related protections, e.g. clothes, gloves, 
simple masks, etc.)

• Occupational surveillance. 
• Individual monitoring (personal dosimetry is 

possible, if justified).



Exposures to public due to releases.

• Doses to member of the public most exposed 
estimated with conservative site-specific 
models.

• Criteria: dose limits, dose constrain (1 to 0.3 
mSv in a year).

• Optimization of the protection (as low as 
reasonably achievable, social, economic 
aspects considered).

• Environmental monitoring.
• No protective measures expected (but, can we 

control local diets?)



Exposure to public due to use of 
recycled material

• Doses to members of the general public 
estimated with conservative generic models.

• Criteria based on very low to trivial doses 
calculated for generic scenarios and models 
(e.g. <1 mSv; 1 Bq/g).











And natural background



Do you think this is complex?

• Dose; effective dose; committed effective; collective dose.
• Dose limit; dose constraint; public; workers; individual 

monitoring; environmental monitoring; 0,001 to 0.3 to 20 
mSv (all safe); 1 Bq/g;

• Additional concepts: “exclusion”; “exemption”; “clearance”; 
“discharges”; “releases”. 

• Additional derived criteria: exemption criteria (Sv); 
exemption levels (Bq/g); clearance criteria (Sv); clearance 
criteria (Bq/g); discharge limits (Bq in a year).

• Operational Limits (dose rate; disintegrations per minute; 
different types of radiation; gas and aerosol 
concentrations; etc).

• Natural background radiation.





Industry, society and public opinion is 
watching us… 

• But what about us?? (the radiation protection  
community)



Radiation health effects

Dose  (mSv)

Likelihood

1000

Certain
(100%)

Clinically observable 
in individuals

100

Statistical limit 
of epidemiology

Biologically 
plausible

Chernobyl firemen
Chernobyl child 

thyroid doses

Natural background,
occupational doses,

radioactive waste

Limit 
of pathology



The LNT model





Terminolog
y for dose 

bands

Range of 
absorbed dose 

for low-LET 
radiation

Scenarios Region

High Greater than 
about 1 Gy

Typical dose to individuals after severe 
radiation accidents or from radiotherapy

1: “an observed health effect in an individual 
could be unequivocally attributed to 
radiation exposure if the individual were to 
experience tissue reactions (often referred to 
as “deterministic” effects)”

Moderate About 100 mGy to 
about 1 Gy

Doses to about 100,000 of the recovery 
operation workers after the Chernobyl 
accident, doses to 173 Fukushima Daiichi 
recovery workers.

2: An increase in the incidence of stochastic 
effects in a population can be attributed to 
radiation exposure through 
epidemiological analysis provided that this 
increase is sufficiently higher than the 
inherent uncertainties. But even in that case, 
the effect in a particular individual cannot be 
attributed unequivocally to radiation 
exposure, owing to competing possible 
causes.

Low About 10 to about 
100 mGy

Dose to an individual from multiple whole 
body computerized tomography (CT) 
scans, some occupational workers

3: Stochastic health effects in individuals 
and increases in the incidence of stochastic 
health effects in populations who have been 
exposed to radiation in the low or very low 
dose region, such as people exposed to 
natural radiation at background level or to 
radiation from discharges to the environment, 
are in general not attributable to radiation 
exposure. 

Very low Less than about 
10 mGy 

Most public and occupational exposure 
situations

TABLE 1. TERMINOLOGY FOR BANDS OF ABSORBED DOSE FROM UNSCEAR 2012 REPORT [1]

[1] For low-LET radiation, 1 mGy absorbed dose is equivalent to 1 mSv effective dose.



Should we change the criteria for 
protection?

• Probably no, in general. But we need to have 
always in mind that we are in levels of “very 
low doses”, where effects cannot be 
attributed to radiation exposures (and have 
never been found in any scientific study) and 
where the most important tool for protection 
is the optimization (in short, the reasonable 
efforts that can be done considering social, 
economic and environmental aspects).

• NORM industry is a very special case.





Conclusions

• The ICRP system for radiation protection and the IAEA Safety Standards were 
initially scoped for nuclear industries, totally different to NORM industries.

• There are various (and numerous) approaches to adapt for regulation of NORM; 
these include complex concepts, criteria, definitions, units, elements which could 
make them a bit unintelligible.

• Elements to regulate nuclear industry can be used to regulate NORM, but not 
without care.

• Society is looking us and, perhaps, could get more confused by our approaches.
• Industries need to be economically and environmentally sustainable and we 

need to avoid unnecessary burdens (i.e., to require efforts not proportional to the 
actual risk).

• The approach should be cooperative.
• Radiation protection community should look introspectively about the 

contribution to solve the problem, considering that doses are very low, and risk of 
effects cannot be attributed (despite are biologically plausible).

• Optimization of the resources devoted to protection is an important element at 
the levels of dose involved and there is a need to ensure social, economic and 
environmental improvements during the application of any control measure.



Thank you!
Obrigado!
Gracias!

D.Telleria@iaea.org


