
RADIATION “LOW DOSES ” AND 
THE “EXEMPTION ” CRITERIA

Daniele GIUFFRIDA
FANR EXPERT IN

RADIATION PROTECTION





USE OF RADIATION - ADRET
See inside the human body without opening it

Cure diseases

Sterilise against parasites, germs, bacteria

Improve qualities of materials

Improve the characteristics of crops

Glow in the dark

Provide a source for long-term batteries

Generate electricity in remote locations

Fight mosquitoes and other pests

Generate electricity for an entire country

Check welding qualities

…..

Examine water, oil and gas wells deep in the ground



USE OF RADIATION - UBAC

Skin redness, erythema

Skin swelling, edema

Ischaemic dermal necrosis

Cataract

Loss of hair, and loss of hairs

Sterility

Modifications in the blood composition

Nausea, vomit, diarrhoea

Cardiovascular diseases

Cancerogenesis

…..

Death



LECTURE OUTLINE

RADIATION RISKS AT HIGH RADIATION 

DOSES

RADIATION RISKS AT LOW RADIATION 

DOSES

THE (ICRP!) RADIATION PROTECTION 

SYSTEM

THE SCOPE AND PURPOSE OF A 

REGULATORY SYSTEM

THE RATIONALE FOR EXCLUSION AND 

EXEMPTION

SOME REFLECTIONS AND CONCLUSIONS



THE NEED FOR A PROTECTION SYSTEM

More than 1000 articles on X-rays in the 

year following Roentgen’s X-ray discovery

Many injuries were reported, and quickly 

the need for a protection system 

emerged 

Mostly based on experimental evidence 

(redness, swelling, radiodermatitis), not 

on full understanding of phenomena

First skin cancer as a direct result of 

radiation exposure was described within 

6 years of Roentgen’s discovery [17]



1928: IXRPC



TODAY’S ICRP

RADIATION PROTECTION SYSTEM



RADIATION REGULATION

National 

regulatory 

systems quickly 

developed with 

national and 

international  

recommendations



TWO DIFFERENT SYSTEMS…



…TWO DIFFERENT PURPOSES
A System of Radiological 

Protection aims to provide:

•Science, values, experience

•Epistemological framework for 
risk estimation

•Paradigm for protection

•Fundamental Principles

•Policies (concept, tools, 
requisites)

� RP Philosophy
(based on RP Science!)

General indications on “doses”

A (legal) Regulatory System 

aims to provide:

•A legal and formal structure for 

controlling radiation exposures 

•A clear field of (operational) 

application of the Law

•A sharp definition between 

acceptable/non acceptable

•A (complementary) system for fines 

and sanctions

���� RP practice

(based on juris-prudence)

Doses, (radio)activities, work 

activities, derived limits…



HOW DOES RADIATION CREATE 

HARM?
CLASSICAL PARADIGM (SINGLE HIT) FOR HIGH DOSE 

EXPOSURES

Radiation deposits energy in a cell (molecule).

Molecular bonds are affected:

1. Either nothing happens…

2. Or the cell dies or mutates…

3. And if the number of affected cells is high, a 

lesion is developed (health effect)



UBAC OF RADIATION EXPOSURE
“HIGH DOSES”

1.Associated with “acute”
exposures

2.Effects presenting 
themselves after hours, 
days, weeks (or later)

3.“Serious” effects on tissues 
and organs

4.Existence of a dose 
“threshold”

5.Gravity of the effect 
increasing with radiation  
exposure

6.Ability to describe effects 
using the concept “dose”

“LOW DOSES”



ICRP 41 – “NON STOCHASTIC EFFECTS”

“When the term ‘stochastic’

was introduced to describe 

single-cell effects, such as 

mutagenesis, effects caused by 

injury in populations of cells 

were called ‘non-stochastic’”

[7]

1984



ICRP 60 – “DETERMINISTIC EFFECTS”

“This was later considered to be 

an unsuitable term, and it was 

replaced with the term 

‘deterministic’, meaning 

‘causally determined by 

preceding events’”

[8]

1990



ICRP 118 – “TISSUE REACTIONS”

“These effects, previously called 

‘deterministic effects’, are now 

referred to as ‘tissue reactions’

because it is increasingly 

recognised that these effects 

are not determined solely at 

the time of irradiation, but that 

many types of tissue reactions 

can be modified after radiation 

exposure.” [6]

2012



SEVERAL VARIABLES INVOLVED

The “way” in which energy is deposited during an 

interaction with a tissue depends on several factors:

•Kind of radiation

•Energy of radiation

•LET of the particle, 

•RBE (chosen for dose and dose rate!)

•Fractionation



SEVERAL “LEVELS” INVOLVED

Radiation interacts at different “levels” with the 

human body:

•Entire body

•Tissues and organs



SOLID CANCERS

Clear evidence at 

medium & high levels

[11]



DOSE THRESHOLD

Tissue reactions are characterized by a radiation 

dose “threshold” because a certain number of cells 

need to be impaired for the effect to become visible

“The reason for the presence of this threshold dose 

is that radiation damage (serious malfunction or 

death) of a critical population of cells in a given 

tissue needs to be sustained before injury is 

expressed in a clinically relevant form”

[9]



THRESHOLDS - TISSUE REACTIONS

[15]



FREQUENCY, SEVERITY, SENSITIVITY

[9]



FREQUENCY, SEVERITY, SENSITIVITY

[9]



DOSE RANGE

Tissue reactions appear at “high doses”, i.e., at , and 

their severity increases with the radiation dose, as 

the affected cell population increases 

“in the absorbed dose range up to around 100 mGy 

(low LET or high LET) no tissues are judged to 

express clinically relevant functional impairment”

[9]



SEVERAL “LEVELS” INVOLVED

Radiation interacts at different “levels” with the 

human body:

•Entire body

•Tissues and organs

•Group of cells in organs

•Single cell

•Cell nucleus

•The DNA in the cell nucleus



WHY DOES RADIATION CREATE HARM?

CLASSICAL PARADIGM (SINGLE HIT) FOR LOW DOSE 

EXPOSURES

Radiation deposits energy in a cell molecule

Molecular bonds are affected:

1. Nothing happens

2. The cell dies

3. The cell develops a mutation, that can be 

transmitted



UBAC OF RADIATION EXPOSURE

“HIGH DOSES”
1.Associated with “acute”
exposures

2.Effects presenting 
themselves after hours, 
days, weeks (or later)

3.“Serious” effects on tissues 
and organs

4.Existence of a dose 
“threshold”

5.Gravity of the effect 
increasing with radiation  
exposure

6.Ability to describe effects 
using the concept “dose”

“LOW DOSES”
A.Associated with “chronic”
exposures

B.Effects presenting 
themselves after years

C.Effects not directly leading 
to death

D.Doubts regarding a dose 
“threshold”

E.Risk not directly related to 
radiation exposure

F.Some inexplicable effects; 
use of “dose”



(ER) RISK AT LOW DOSES

[12]

???

Threshold

Supra-linear
Hormesis

Linear, no threshold: LNT

DOSE

EFFECT



LOW DOSES AND LNT

“The system of radiological protection 

recommended by the Commission continues 

to be based upon the assumption that at 

doses below approximately 100 mSv, a given 

increment in dose will produce a directly 

proportionate increment in the probability of 

incurring cancer or heritable effects 

attributable to radiation”

[9]



WHY DOES RADIATION CREATE HARM?

“NEW” PARADIGM (NON TARGETED EFFECTS)

New experimental evidence for non-targeted 

radiation effects, e.g.:

1. Bystander effect

2. Genomic instability

3. Abscopal effects

4. Release of clastogenic factors

5. Adaptive response



THE ICRP SYSTEM OF RP

The system of Radiation Protection has been 

developed mostly for “low doses”, at levels at which 

most individuals (workers and populations) are 

exposed

The current RP System (ICRP103) is composed 

(among others) of a definition of (EFFECTIVE) DOSE, 

and various TYPES and CATEGORIES of exposure 

situations, with limits, constraints and reference 

values



EQUIVALENT AND EFFECTIVE DOSES

[9]



RADIATION WEIGHTING FACTORS - wR

[9]



NEUTRON WEIGHTING FACTOR -

wR

[9

]



EQUIVALENT AND EFFECTIVE DOSES

[9]



TISSUE WEIGHTING FACTORS - wT

[9]



ATOMIC BOMB LSS

• Continuing studies on Atomic 

Bomb Survivors keep providing 

additional evidence on radiation 

effects (Life Span Study)

• Data concern “cancer mortality”

and “cancer incidence” (follow-up 

of 50+ years)

• More recent data were used in the 

2007 Recommendations, which 

were not  available in 1990
[9]



RISK COEFFICIENTS (ICRP 103)

[9]



RP FUNDAMENTAL PRINCIPLES
JUSTIFICATION

Do more good than harm

OPTIMISATION

Keep likelihood of exposures, number of people exposed, 

and magnitude of individual doses As Low As Reasonably 

Achievable (ALARA), taking into account economic and 

societal factors

DOSE LIMITATION

Doses to individuals should not exceed limits (for regulated 

sources in planned exposure situations)
[9]



RADIATION PROTECTION SYSTEM -

ICRP
Three types of exposure situations:

•Planned Exposure Situations

•Emergency Exposure Situations

•Existing Exposure Situations

Three categories of exposure:

•Occupational Exposure

•Public Exposure

•Medical Exposure
[9]



EXPOSURE SITUATIONS

Planned Exposure Situation

Involves the planned operation of sources including 

decommissioning, disposal of radioactive waste and 

rehabilitation

Existing Exposure Situation

Already exists when a decision on control has to be taken, 

including natural background and residues from past 

practices operated outside the system

Emergency Exposure Situation

Is unexpected and requires urgent action
[9]



EXPOSURE CATEGORIES
Occupational Exposure

Incurred by workers in the course of their work and 

reasonably regarded as the responsibility of the operating 

management

Public Exposure

Incurred by members of the public

Medical Exposure

Incurred by patients as part of their own medical or dental 

diagnosis or treatment, volunteers helping in the support 

and comfort of patients, and biomedical research 

volunteers [9]



RADIATION PROTECTION (ICRP103)

Limits, Constraints, Reference levels

[9]



OCCUPATIONAL EXPOSURES

PLANNED EXPOSURE SITUATION

44
[15]



OCCUPATIONAL EXPOSURES

PLANNED EXPOSURE SITUATION

45
[15]



Constraints

Restrictions on the dose to 

individuals from a source

Upper bounds for optimization

Basic level of protection for 

the most highly exposed 

individuals

Limits the range of options 

considered in optimisation

“Normal” radiological protection

Occupational Dose Limits

Effective Dose

(Whole Body)

20 mSv/a averaged 

over 5 years and

50 mSv/y

Equivalent Dose

(Lens of the 

Eye)

20 mSv/a averaged 

over 5 years and

50 mSv/y

Equivalent Dose

(Skin)
500 mSv/y

Equivalent Dose

(Hands and 

Feet)

500 mSv/y

[15]

OCCUPATIONAL EXPOSURES

PLANNED EXPOSURE SITUATION



OCCUPATIONAL EXPOSURES

PLANNED EXPOSURE SITUATION

Worker doses assessed by direct monitoring or calculation

Dose limits must be observed

Design/planning by optimisation below constraints

Constraints defined at the design/planning stage

Constraints usually set at operational level

Responsibility for setting constraints lies with those 

who are responsible for worker exposure

Large operations generally set their own constraints

Smaller operations may require guidance from expert 

bodies or regulatory authorities [15]



Public Exposures

Planned Exposure Situation

[15]



Public Exposures

Planned Exposure Situation

Constraints

Restrictions on the dose to 

individuals from a source

Upper bounds for optimization

Basic level of protection for 

the most highly exposed 

individuals

An upper bound on public 

doses from a planned 

operation

“Normal” radiological protection

Public Dose Limits

Effective Dose

(Whole Body)
1 mSv/y

Equivalent Dose

(Lens of the Eye)
15 mSv/y

Equivalent Dose

(Skin)
50 mSv/y

[15]



Public Exposures

Planned Exposure Situation

Doses to all individuals cannot be monitored

Use Representative Person:

An individual receiving a dose that is representative of the 

more highly exposed individuals in the population

Generally, each source will cause a distribution of doses 

over many individuals; the Representative Person should be 

used to represent the more highly exposed individuals

[15]



Occupational and Public Exposures

Existing Exposure Situation

[15]



Public Exposures

Existing Exposure situation
Complex, cannot be managed with RP  considerations alone (address 

health, environmental, economic, social, psychological, cultural, 

ethical, political, etc.)

Develop a protection strategy

Protective actions directed at exposure pathways

Protect people with the highest exposures, in parallel reduce all 

individual exposures to ALARA

Include self-help protective actions

Reference levels (e.g. for post-accident recovery)

Initially in lower part of 1-20 mSv/a

Long term objective ~1 mSv/a, and rehabilitate areas to allow people 

to return to their normal habits [15]



Occupational Exposures

Emergency Exposure Situation

[15]



Occupational Exposures

Emergency Exposure Situation
Exposure of workers responding to an emergency is generally 

deliberate and controlled, although this is not always the case so 

some flexibility is needed

Category 1: urgent action at the site

Doses may voluntarily exceed limits for planned exposure situations

Make every effort to keep doses < 1 Sv, although higher may be 

justified for life-saving actions

Category 2: early protective actions and action to protect public

Protection consistent with the system for planned exposure 

situations, where feasible

Category 3: recovery operations

Subject to the system for occupational exposure in planned exposure 

situations [15]



Public Exposures

Emergency Exposure Situation

[15]



Public Exposures

Emergency Exposure Situation
Develop a protection strategy considering all exposure 

pathways and all relevant protection options

Reference Level on residual dose

20-100 mSv, set by national authorities

May not be applicable for low-probability high-

consequence events

Triggers (observable or measureable) initiate action in the 

early phase

Consider termination of emergency actions & transition to 

rehabilitation [15]



Medical Exposures

[15]



Radiological Protection in Medicine

Justification

Most benefit and risk apply to the patient

Optimization

ALARA is management of the radiation dose to the 

patient commensurate with the medical purpose

Diagnostic reference levels (not constraints)

Dose Limitation

Does not apply to medical exposures of patients

[15]



Three Levels of Justification

1. Is the proper use of radiation in medicine doing 

more good than harm to society?

2. A specified procedure with a specified objective

e.g. chest x-ray for diagnostic purposes for patients 

showing relevant symptoms

3. Application to a specific patient

i.e. Do more good than harm to the patient

[15]



EXCLUSION, EXEMPTION, CLEARANCE

[10]



RADIATION REGULATION

“there is no need for ICRP to mandate specific 

numerical guidance on scope, such as 

radioactivity concentration that should be 

regulated”

“The application of regulatory control should 

achieve a net benefit in protection; otherwise, 

regulatory control is not justified”

[10]



ICRP 103

EXCLUSION: “exclusion of certain exposure situations 

from radiological protection legislation, usually on the 

basis that they are not amenable to control with 

regulatory instruments (cannot be regulated)”

EXEMPTION: “the exemption from some or all 

radiological protection regulatory requirements for 

situations where such controls are regarded as 

unwarranted, often on the basis that the effort to 

control is judged to be excessive compared to the 

associated risk (need not be regulated)”
[10]



EXCLUSION

UNCONTROLLABLE EXPOSURES 

EXPOSURES WHICH ARE NOT 

AMENABLE TO CONTROL, 

REGARDLESS OF THEIR 

MAGNITUDE



EXEMPTION - DE MINIMIS

DE MINIMIS NON CURAT LEX

DE MINIMIS NON CURAT PRAETOR

THERE IS NO “DE MINIMIS DOSE”!!!



EXEMPTION GENERIC PRINCIPLES

(i) the attributable expected individual 

risks must be sufficiently low as not 

to warrant regulatory concern

(ii) Radiological protection must be 

optimised taking account of the 

effort required to regulate

(iii) Practice is justified

(iv) Practice is inherently safe



EXEMPTION HISTORY: IN THE ’70s

• Initially related to waste sea dumping 

international discussions

• IAEA 1984

• IAEA/WHO/NEA/ART.31 1985

• IAEA/NEA 1988: "Principles for the 

exemption of radiation sources and 

practices from regulatory control"

[16]



EXEMPTION HISTORY: IAEA AND NEA

1988: IAEA and NEA

Tens of microSv were indicated, based on 

natural background considerations.

Taking a nominal risk factor of approximately 

5E-2/Sv for whole-body exposure as a broad 

average over age and sex, the level of trivial 

individual effective dose would be of the 

order of magnitude of 10–100 microSv/year



“EXEMPTION PRINCIPLE” HISTORY

1970s: sea dumping convention

1984: IAEA

1990: ICRP 60

1988: IAEA+NEA

1996: BSS IAEA � GSR, part 3



IAEA REQUIREMENT 8

[1]



IAEA REQUIREMENT 8

[1]



IAEA SCHEDULE I

[1]



IAEA SCHEDULE I

[1]



“EXEMPTION PRINCIPLE” HISTORY

1970s: sea dumping convention

1984: IAEA

1990: ICRP 60

1988: IAEA+NEA

1996: BSS IAEA � GSR, part 3

1996: BSS EU 96/29 � EU 59/2013



ART.31 – EUROPEAN COMMISSION



EU DIRECTIVE 59-2013

[2]



59-2013: ART. 24

[2]



59-2013: ART. 24

[2]



59-2013: ART. 24, 26 AND 30

[2]



59-2013: ANNEX VII

[2]

� Clearance tables (bulk amounts and 

moderate amounts, natural radionuclides)



59-2013: ANNEX VII

[2]



“EXEMPTION PRINCIPLE” HISTORY

1970s: sea dumping convention

1984: IAEA

1990: ICRP 60

1988: IAEA+NEA

1996: BSS IAEA � GSR, part 3

1996: BSS EU 96/29 � EU 59/2013

2000: D. Lgs. 241/2000 � ?



D. Lgs. 230/95 e ss.mm.ii.

[3]



D. Lgs. 230/95 e ss.mm.ii.

[3]

Le pratiche devono essere:

1.Giustificate

2.Rischio radiologico individuale ridotto

3.Incidenza radiologica collettiva ridotta

4.Instrinsecamente senza rilevanza 

radiologica



Allegato I

[3]



“EXEMPTION PRINCIPLE” HISTORY

1970s: sea dumping convention

1984: IAEA

1990: ICRP 60

1988: IAEA+NEA

1996: BSS IAEA � GSR, part 3

1996: BSS EU 96/29 � EU 59/2013

2000: D. Lgs. 241/2000 � ?

2007: ICRP 103 AND 104



EXCLUSION IN ICRP 104

APPLICATION OF THE 

JUSTIFICATION PRINCIPLE: 

“it calls for ascertaining the exposure 

situations that can be justifiably 

regulated with controls or, conversely, 

those that are uncontrollable or 

unamenable to regulatory control and 

should therefore be excluded from 

control regulations”

[10]



EXEMPTION IN ICRP 104

APPLICATION OF THE 

OPTIMISATION PRINCIPLE : 

“requires determining the intensity of 

regulatory efforts by defining what needs 

to be regulated with the full regulatory 

system, including regulatory controls, or, 

conversely, what does not need to be fully 

regulated because optimum protection of 

the situation does not warrant full, or in 

some cases any, regulatory control and 

could therefore be exempted from some 

or all of the requirements” [10]



CONSIDERATIONS

1. Exemption has been extensively embedded in 

the Italian Regulation (mainly through the 

“graded approach” process) 

2. Exemption is not only a ‘technical’ criterion

3. “Radiological significance criteria” in ALLEGATO I 

correspond to TOTAL EXEMPTION from 

regulation

4. Those criteria should not be used as reference 

levels for any other phase of radiological 

activities licensing than exemption or clearance



AIRP PALERMO 2012 - GIUFFRIDA

[4]



AIRP PALERMO 2012 - GIUFFRIDA

[4]



AIRP PALERMO 2012 - GIUFFRIDA

[4]



PUBLIC EXPOSURE OPTIMISATION ?

Dose limit to the public: 1 mSv/y

Dose constraint: below 1 mSv/y

Optimisation process to 10 microSv/y?

Is optimisation concluded only in non-

radiological significance conditions?

[4]



CONCLUSIONS - 1

Radiation risks at high-dose exposures are rather well 

known and can be assessed using “absorbed dose”

Low-dose exposures risks are assessed based (also) on 

information obtained from high-dose exposures

Estimates of radiation risks at low-dose exposures are 

complex and bear huge uncertainties and doubts

Radiation risks at low-dose exposures can be assessed 

using the “effective dose” concept, within the current 

RP system

A RP system and a Regulatory System have different 

scopes and purposes: “protection” and “regulation”



CONCLUSIONS - 2

The field of applicability of a Regulation should be based 

on radiation risk triviality and on practical 

considerations

Many Recommendations converge towards a “10 

microSv” concept for triviality

Exemption is largely embedded in the Italian Regulation 

in various phases of authorisations

Exemption criteria should not be used as optimisation 

levels or as constraints (misuse!) 

The implementation of the 59/2013 is an opportunity 

for further clarifications in the Italian Regulation



شكــــــــراً 
Thank you 
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