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0. Introduction 

 
This document serves as information notice, initial training, and three-year retraining for workers exposed to 
ionizing radiation. It is given to all personnel who must enter a restricted area or a laboratory where there is 
a risk of exposure to ionizing radiation. Anyone who has to enter such an area to perform regular work must 
have a medical examination for assessing their fitness carried out by a competent doctor. This visit normally 
results into a certificate of no contraindication to work that may expose to ionizing radiation. 
 
The organization of radiation protection is based on the ALARA principle: As Low As Reasonably 
Achievable. This is reflected in particular by: 
 The person in charge must justify the intervention (experience), and avoid unnecessary doses. 
 The scientist must implement the best working methods and principles (preparation, tools, protections) 

to optimize the intervention. 
 Radiation protection must set the individual and collective radiological limits to lower the doses. 
 
1. General definitions 
 
1.1 Physics basics 
•   An atom is composed of a nucleus and an electronic cloud (left image below); 
•   A nucleus is composed of Z protons, N neutrons, that is A = N + Z nucleons (right image below); 
• Proton is positively charged; 
• Neutron is neutral (no electric charge); 
• Electron is negatively charged (the exact opposite charge from that of the proton); 
• An electrically stable atom has as many protons as electrons; otherwise it is an ion (positive or negative). 
 
 
 
 
 
 
 
 
 
 
 
Some natural or artificial nuclei are unstable. They constantly disintegrate, emitting various types of 
radiation: this is the physical phenomenon of radioactivity. 
 
• The main types of radiation are: 
 
 The alpha and beta radiation are directly ionizing. 

 
 Photon (gamma and X) and neutron radiations are 

indirectly ionizing. 
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• Three terms are recurrent in this document:  
 Radiation protection: all the means used to protect against ionizing radiation;  
 Radiation: mode of propagation of energy in the form of waves and particles;  
 Ionizing / Ionization: transformation of an atom or a neutral molecule into an ion (negatively or 

positively charged). 
 
1.2 Total activity 
This involves quantifying how radioactive is the item being measured. The activity follows a decreasing 
exponential law over time. The radioactive half-life (Tr) is introduced, the time after which the number of 
radioactive nuclei (or the activity) has halved (see paragraph 1.7). 
 
The activity is given in becquerels (Bq): 1 Bq = 1 decay per second. 
Ancient unit: curie (Ci), 1 Ci = 37 GBq (37 billions of  becquerels). 
 
The activity, noted with A, can be estimated with: 
 

                         

 
1.3 Absorbed dose 
The absorbed dose measures the amount of energy received per unit mass. 
 
The unit is gray (Gy), 1 Gy = 1 J / kg (joule/kilogram). 
Ancient unit: 1 rad = 0,01 Gy (1 hundredth of gray). 
 
The absorbed dose is noted with D has physical sense. 
 
1.4 Equivalent dose 
The equivalent dose measures the dose absorbed by humans on a particular organ or tissue. 
 
The unit is sievert (Sv). 
Ancient unit: 1 rem = 0,01 Sv (1 hundredth of  sievert). 
 
The equivalent dose, noted with H, has biological sense. 
 
It accounts for the harmfulness of radiation. Depending on the type of radiation reaching the organ or 
tissue, the equivalent dose will not be the same. The biological weighting factor is introduced to switch from 
the absorbed dose to the equivalent dose. 
 

 
 
1.5 Effective dose 
The effective dose is given for the whole body. 
 
The unit is also sievert (Sv). 
 
The effective dose, noted with E, has biological sense. 
This is the sum of the weighted equivalent doses delivered to different tissues and organs. The tissue 
weighting factor is introduced, accounting for the radiosensitivity of each tissue or organ. 
 

rt t t t,r
rt t

E = *H = *D    
 

A(t): activity over time t, 
A(t = 0): initial activity, 
t: time interval between initial moment and moment « t ». 
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1.6 Sealed and unsealed (opened) sources 
 

Sealed source: Source consisting of radioactive substance solidly 
incorporated in an inactive solid substance or sealed in an inactive 
envelope with sufficient strength to avoid, under normal conditions of 
use, any dispersion of radioactive substance; 
 
Unsealed source: Source other than a sealed source (powder, liquid, or 
other that may disperse). 

 
1.7 Radiological, biological and effective period 
 

 Radiological period (Tr): Time after which half of the nuclei have disintegrated;  
 Biological period (Tb): Time required for the elimination of half the quantity of the radionuclide 

introduced into the body; 
   Effective period (Te): Time of disappearance of the radioactive product. It is a combination of 

radioactive and biological half-life.       
e r b

1 1 1
= +

T T T
 

 
2. Risks origins 
 
     There are two types of exposure:  
 
• External: when the source of ionizing radiation is located outside the body;  
• Internal: when the source of ionizing radiation is located inside the body. 

 
2.1. External irradiation 
 
 There is "external irradiation" whenever a person is placed in the path 
of radiation emitted by a device or radioactive substances located 
outside the body. The radiation emitted can reach this person either 
directly or after reflection on the walls of the room or the objects they 
encounter (indirect radiation). Depending on the case, a larger or 
smaller part of the body can be affected by radiation. A distinction is 
made between global irradiation, which affect the whole organism, and 
partial irradiation which affect only one or more organs. 
 
 
 
 
2.2 Radioactive contamination 
 
 There is "radioactive contamination" whenever radioactive substances are present in a medium or in 
contact with a surface where they are undesirable. Human contamination can be either external when 
radioactive substances are deposited on the surface of the body, or internal when they have entered the 
body. It generally results from contamination of the environment (atmosphere, work surface, equipment, 
etc.). 
 
2.2.1 External or skin contamination  
 
Radioactive substances are deposited on the surface of the body, on healthy skin to which they adhere more 
or less strongly. This essentially results in irradiation of the skin. Exceptionally, some of the radioactive 
substances may enter the body, giving rise to internal contamination. 
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2.2.2 Internal contamination 
 
Radioactive substances can enter the body in three ways: inhalation, ingestion or injury. 
 
 

 
 
 
 

The radioactive substances are then distributed throughout the body. They emit their radiation inside the 
body, which thus undergoes "internal irradiation". We can note that another way of penetration exists, it is 
called transcutaneous, and takes place through the pores of the skin (typical example is tritium).  
 
Internal contamination only ceases when the radioactive substances have disappeared from the body after a 
certain time (the effective period, see paragraph 1.7). 
 
2.2.3 Guide values for internal exposure 
To convert the activity of the inhaled or ingested radionuclide into a dose to humans (in Sv), it must be 
multiplied by a dose factor (or DPUI, effective dose per unit of intake) expressed in sievert per becquerel 
(Sv / Bq). The dose factors take into account the metabolism of radionuclides in the body once ingested or 
inhaled, the nature and energy of the radiation emitted, the radiosensitivity of the tissues, etc. They are 
evaluated using models describing the path of radionuclides in the different compartments of the body. A 
table of dose factor values is regularly updated by the International Commission on Radiological Protection 
(ICRP). 
In general, the assigned values are several orders of magnitude higher for heavy elements (actinides) than 
for elements of medium mass (fission products).  
The DPUI makes it possible to switch from the activity incorporated in Bq to the effective dose committed in 
Sv.  
We have E = DPUI * A with: E, the effective dose committed in Sv  

  DPUI, in Sv / Bq  and  
  A, the activity incorporated in Bq 
 

A specific example for operations at IJCLab Orsay is presented in appendix H. 
 
 
 
 
 
 
 
 
 

Inhalation when 
radioactives substances 
are in the air we breathe 

Ingestion when 
radioactives substances are 
in the drink or food we take 
or placed on an object that 
we carry in our mouth 

Wound with a contaminated object or 
through an existing wound 
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3. Precautions: 
 
3.1 Where could we find the ionizing radiation at IJCLab? 

 Handling of intense sealed or unsealed sources, working with X-ray generators and particle 
accelerators pose a risk of external irradiation; 

 Handling unsealed sources carries a double risk of external contamination and internal contamination 
/ exposure; 
 

3.2 Precautions to be taken against external irradiation 
 Time: Limit the duration of exposure as much as possible; 
 Distance: Work at a sufficient distance from the source (use of pliers);  
 Shield: Use shielding adapted to the nature of the radiation and its energy;  
 Storage-tagging: Store sources in appropriate and tagged places/containers. 

 
3.2.1 Time 
 
 We introduce:  
 
 
 
It can be seen that the absorbed dose will be the smaller the shorter the duration of exposure. 
 
3.2.2 Distance 
 
Radiation from photons and neutrons decreases in intensity with the inverse of the square of the distance. 
Let’s assume a point source S at a distance d1 from a point 1 and at a distance d2 from a point 2. 

 
 
We have the equation:  
 
3.2.3 Shielding 
The suitable material thickness can decrease the dose rate significantly. The attenuation phenomenon 
follows an exponential decrease law as a function of the thickness crossed. One therefore introduces a half 
thickness, noted as X1/2, thickness necessary for the reduction by half of the dose rate. 
 
In practice we use:  
 
 
 
 
 
 
 

  
S 1  2   

d 1  

d 2  

• D
D=

t

• •
2 2

1 21 2D *d =D *d

1/2

•
• 0

x
( )
x

D
D=

2

Ḋ: dose rate of absorbed dose, Gy/h 

D: absorbed dose, Gy 

t: time of exposure, hours 

Ḋ1: dose rate at point 1 

Ḋ2: dose rate at point 2 

Ḋ: dose rate after shield 

Ḋ0: dose rate without shield 

x: shielding thickness 

x1/2: half value layer 
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Depending on the nature of the radiation and its penetrating power, the nature of the shield to be 
interposed may vary: 

 
 

 Alphas penetrate a few centimeters in the air, they are stopped by a sheet of paper (the major risk is 
therefore internal exposure); 
 

 Betas (minus) travel up to a few meters in the air for the most energetic; we use shields of glass, 
plexiglass, aluminum foil, etc. Elements with a low atomic number (Z) are used to limit the 
bremsstrahlung; 
 

 Photons travel a few hundred meters in the air, shields of concrete, lead (for  rays), lead glass (for 
X rays) are used; 

 
 Neutrons travel a few kilometers in the air, shields containing hydrogen, paraffin, polyethylene, 

concrete or boron are used.  
 Why boron? It has a high neutron absorption cross section (high probability of absorbing 

neutrons); 
 

 Why hydrogen? This is a problem of classical mechanics (conservation of angular momentum, 
movement of the center of mass, elastic collision). The loss of energy of the neutron in the 
collision with a nucleus is as greater as the mass of this nucleus is smaller. 
 

3.2.4 Storage & Labeling (Tagging) 
 
The sources must be stored in appropriate enclosures (safe or lockbox, equipped with appropriate shielding) 
that can be locked and marked with radioactive sign indicating the presence of radioactive material. Stickers 
are available on demand from the SPR. 
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3.2.5 Radiation type vs risk 
 

Ionizing 
Radiation Nature Ionizing 

power Path in air Path in 
water 

Exposure 
risk 

Alpha Helium 
nuclei 

+ + + Few cm Few µm Internal 

Beta Electron + Few meters Few mm External, 
skin 

X-rays Photon + 
Hundreds of 

meters Few cm 
External, 

skin 

Gamma Photon + Hundreds of 
meters 

Tens of cm External 

Neutron Neutron + + Few 
kilometers Few meters External 

 
 
3.3 Handling unsealed sources safely (external and internal contamination): 
 
In this case, it is above all a matter of preventing radioactive substances from dispersing into the work 
environment and coming into contact with the body. For that it is necessary to: 
 
• Minimize the quantity of radioactive substances to be handled; 
• Isolate radioactive substances from the working environment and for this purpose:  

 Carry out operations in suitable enclosures such as glove boxes or fume hoods; 
 Check that the ventilation is functioning correctly; 
 Store unsealed sources in well-closed containers or enclosures as soon as handling is 

finished; 
 In general, ensure the cleanliness of workplaces.  

 Protect your body: 
 Wear work clothes adapted to the risk of contamination: wearing a lab coat is compulsory; 
 Wear disposable gloves (to be changed frequently) for any manipulation on unsealed source; 

 
Be careful, contaminated gloves in their turn contaminate everything they touch. 
 

 Carry out the undressing phases at the end of the operation methodically and without haste 
(gloves, overboots, lab coat, etc.);  

 Drinking, eating, smoking or applying makeup are strictly prohibited. 
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E = effective dose
He = equivalent dose at extremitees (hands, forearms, feet, ankles)

Zone d'Extrémités

Zone Radon

Threshold values (since 2018)

Zone non délimitée 
(publique)

Zone Surveillée bleue

Zone Contrôlée Verte

Zone Contrôlée Jaune

Zone Contrôlée Orange

Zone Contrôlée Rouge

E < 4 mSv in 1 month

E < 100 mSv in 1 hour or            
< 100 mSv mean value over 1 second

E < 2 mSv in 1 hour

E < 1,25 mSv in 1 month

E < 80 µSv in 1 month

He > 4 mSv in 1 month

E > 6 mSv per year (radon 
activity concentration rate in the air)

4. Classification of workers and definition of zones 
 
4.1 Exposure limits for 12 consecutive months 
 

 

 
WORKERS 

(labor code) 
 

PUBLIC 
(public health code) 

Category A Category B 
Whole body 

(effective dose) 
20 mSv 6 mSv 1 mSv 

Crystalline 
(equivalent dose) 20 mSv 15 mSv 15 mSv 

Skin 
(equivalent dose) 500 mSv 150 mSv 50 mSv 

Hands, forearms, 
feet, ankles 

(equivalent dose) 
500 mSv 150 mSv 50 mSv 

 
4.2 Classification of workers  
 

 Category A: Workers whose effective dose may be between 6 and 20 mSv over 12 consecutive 
months ; 

 Category B: Workers whose effective dose may be between 1 and 6 mSv over 12 consecutive 
months ; 

 Public: People whose effective dose must remain below 1 mSv for 12 consecutive months. 
 

Exceptions: 
 Apprentices over 15 and under 18: Cannot be classified above category B; 
 Pregnant women from the declaration of pregnancy: Public (right of the unborn fetus); 
 Nursing women: zero risk of internal exposure (milk is a very effective vector of contamination). 

 
4.3 Definitions and characteristics of restricted areas 
 
They are defined in terms of effective dose limits 
(values subject to change). 
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 A zone, called the "extremity zone" is now used to materialize this risk. This zone is only put in place 
when the zone delimited under the effective dose does not guarantee compliance with the 
occupational exposure limit values for the extremities and the skin. 

 No zones are defined for eye lens exposure. However, appropriate signs are put in place when the 
determination carried out for the effective dose does not guarantee compliance with the occupational 
exposure limit values for the lens of the eye. It allows the worker to identify the danger and to be 
informed of any necessary personal protective equipment. 

 A new requirement is introduced concerning the risk of exposure to radon. A "radon zone" is delimited 
when the activity concentration of radon in the air leads to an assessment of an effective dose which 
exceeds 6 mSv per year. 

 
5. Working instructions 
 
They must appear inside any restricted area on the note “radiation protection instructions”. (See appendix 
A: general radiation protection instructions). 
 

 Personal protective equipment: lab coat, and if necessary gloves, overboots, etc.; 
 Collective protective equipment: fume hoods, glove box, shielding, etc. 

 
 5.1 Dosimeters 
  

  In Supervised Area: Passive dosimetry is compulsory; 
  In the Controlled Area: Passive and operational dosimetry are 

compulsory. 
 
Operational dosimeter: It allows measuring the equivalent dose or dose 
rate in real time. 
 
Image right: MGP 3000 type electronic dosimeters currently used at 
IJCLab. There are different types depending on the radiation to be 
detected (for gammas and neutrons on the left, for gamma, X and beta 
rays, on the right). 
 
 
 
 
 

 Passive dosimeter: It measures the cumulative equivalent dose over a given period; it is the 
"official" dosimeter. Passive dosimeters make it possible to assess exposure to betas, photons and 
neutrons: 

 Aluminium oxide doped with carbon, using the Optically 
Stimulated Luminescence (OSL) technology for the gammas, X-
rays and betas (pic.1) ; 

 Solid nuclear trace detector (DSTN) for the neutrons (pic.1). 
 Thermoluminescent Dosimetry (TLD) Ring measures exposure 

due to x, beta, and gamma radiation with thermoluminescent 
technology. (pic.2). 

 
 
 
 
 
 

1  

2  
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5.2 Controls 
 
5.2.1 Non-contamination control 
 
In the beginning, during and at the end of a manipulation, or in case of doubt, the worker must himself 
carry out a surface non-contamination check using a probe.This means control of the hands and the 
working surface. 
In our laboratories, we use scintillation probes, adapted to each type of radiation to be detected, associated 
with a portable polyradiameter (MIP type, see the first two photos below from left to right) or 
contaminameters that can simultaneously detect alpha, beta, gamma radiation (see third photo, right), and 
hand / foot detectors. 
 

 
Before leaving a restricted area where there is a risk of contamination, the worker must check his feet and 
hands by positioning himself on the devices presented below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5.2.2 Ambience control, external exposure 
 
When handling or in case of doubt, the user must carry out this type of checks himself and trace it on the 
block note provided for this purpose. 
The devices listed below are used for measurements of dose rates/doses due to photons. If there is a risk of 
the presence of neutrons, a detector measuring the depth dose can be used in addition. In the big 
installations (accelerator halls), fixed monitoring systems are operating on a permanent basis. 
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Follow the instructions attached in your working area (cf. precautions to be taken, chapter 3). 
 
6. Instructions in the case of an incident and/or accident 
 
They must appear inside the restricted areas on the note “radiation protection instructions” (see appendix 
A). 
 
6.1 Contamination risk 
 
Example: dispersion of radioactive substances when handling unsealed sources. 
 
Warning signs:   

 Positive contamination control; 
 Handling error  search for contamination. 

 
If you witness: 

 Working hours: Call SPR, if necessary ; 
 Outside working hours: No handling of non-sealed sources outside working hours! If needed, 

call the security post (contact details on the back of this document below). 
If you are exposed: 

 Check (or ask a person competent to do so) to confirm  the contamination; 
 If confirmed: call the SPR/ Security post ; 
 Wait for the intervention, taking care not to disperse the contamination. 

 
6.2 Irradiation risk 
 
Example: unusual situation when using sealed sources, electrical X-ray generators or particle accelerators. 
 
Warning signs:  

 Alarm of an operational dosimeter, or of a radiation protection system; 
 Ambiance control. 

Babyline for measuring the absorbed dose of γ photons 
with hood (eye lens equivalent dose) and X, γ and β- 

without the hood (skin equivalent dose). 

Survey meter for measuring the ambient 
gamma dose rate (depth dose). 
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If you witness:  
 If the machine has not been already switched off by the safety system, activate the nearest 

emergency stop (X-ray generator, particle accelerator); 
 Evacuate the area near the sealed source. 

If you are exposed:  
 Leave the restricted area ; 
 Go away from the source ; 
 If the machine has not been already switched off by the safety system, activate the nearest 

emergency stop (X-ray generator, particle accelerator); 
  

Witness or exposed:  
 Working hours: Call SPR, if necessary ; 
 Outside working hours: No handling of radioactive sources outside working hours! If needed, 

call the security post (contact details on the back of this document below). 
 

 
 
 
 
 
 
 
 
 
 

 
7. How it works at IJCLab? 

This paragraph briefly describes the procedures to be followed and the steps to be taken concerning 
certain operations related to radiation protection at IJCLab. 
All the procedures or instructions mentioned in the following can be viewed on the internal network of the 
IJClab, inside the "SPR management system" directory. 
The Prevention and Radiation Protection Service has a dual role: 
 Ensure the management of radioactive substances and waste (by the person in charge for radioactive 

substances), organization of the transport of hazardous materials (supervised by the transport safety 
advisor, person external to IJCLab); 

 Carry out all the regulatory checks and controls inherent in the handling of radioactive substances (by 
persons competent in radiation protection). 

 
7.1 Request for experiment with radioactive substances 
 
Refer to the procedure for managing experiments using dangerous substances (radioactive or chemical). 
We will see in details what is the procedure to follow in this particular case. 
 
7.2 Radiation source purchase  
 
Refer to the procedure for purchasing a radioactive source (sealed or unsealed). 
The user addresses his requirements to SPR, which is responsible for managing the supplying procedure. 
 
7.3 Source loan  
 
Refer to the radioactive substance traceability procedure. 
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7.3.1 Loan of a sealed source 
The user must send his request to the manager of radioactive substances via the source loan form (PS, see 
appendix C). The SPR gives its agreement and is responsible for the radiological control of this source 
before it is used. 
 
7.3.2 Loan of an unsealed source 
The loan of radioactive material in unsealed form is carried out as part of an experiment for which the 
request has been validated (see paragraph 7.1). 
The traceability of changes in the quantities of materials given to user is ensured by tracking form for 
unsealed radioactive substances (BS, see appendix  D). It is essential that the users keep an up-to-
date inventory of their experiences (in stock, in use, in waste). 
 
7.4 Internal source movement 
Refer to the radioactive source internal movement procedure. 
For movements outside host area of use of sources (sealed or not) for more than 24 hours, the loan holder 
and the SPR must be consulted. The registration must be completed with source movement form (MS, see 
appendix E). For movements of less than 24 hours, the user must consult and notify the SPR in writing 
(email). 
 
7.5 Potentially radioactive waste 
Internal definition: is considered as potentially radioactive waste, any material or product without any 
possibility of use or further transformation by its holder, coming from a restricted area or likely to have been 
contaminated or activated. 
 
7.5.1 Sorting  
Sorting is carried out according to the sorting instruction for potentially radioactive waste. 
First of all, in order to limit the amount of radioactive waste, it is a question of separating potentially active 
or not wastes (see sorting instructions in appendix B). 
 Assumed non active: 
Solid: 

 Paper, cardboard, plastic, clean glass; 
 Metals and wood ; 
 Technological waste; 
 Chemicals (including empty bottles), asbestos, lead and neon tubes. 

Liquids: 
 Aqueous solutions; 
 Halogenated organic solvents; 
 Non-halogenated organic solvents; 
 Oils. 

 Assumed active: 
Solid: 

 Incinerables (paper, rags, gloves, plastics, coats, overboots, dry wood, etc.); 
 Non-incinerable, compactable (plastics, compactable metals, bakelite caps, etc.); 
 Non-incinerable & non compactable (massive metal parts, glass.) ; 
 Scintillation vials (separate plastic and glass) closed and full. 

Liquids: 
 Aqueous solutions; 
 Organic solvents; 
 Oils. 

Warning: apart from liquid scintillation waste and certain non-incinerable solid powder 
products, the vials must be empty and unscrewed. It is also necessary to respect the 
limitations in toxic elements, chemicals, halogenated products, sulfur, nitrates, phosphates, 
heavy metals (see appendix B). 
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7.5.2 Waste management  
Refer to the potentially radioactive waste management procedure. 
 
Any waste from a regulated zone by the meaning of radiation protection must be a subject of a special 
request to the SPR, even if it is assumed to be inactive. An elimination form for potentially radioactive waste 
(BE, see appendix F) duly completed must accompany the package.  
The package must be clearly identified. The SPR must be notified as soon as possible to carry out the 
removal. 
 
7.6 Parcels with radioactive substances 
 
The SPR must be informed and consulted before any transport operation (contact details appear on the last 
page of this document), whether for receiving or shipment. 
The SPR checks external exposure and non-contamination on arrival or departure of parcels. Refer to the 
shipping procedure for radioactive substances, to the procedure for receiving radioactive 
substances and the radioactive material transport guide. 
 
7.7 Exit from a restricted area except for waste disposal 
 
For objects or equipment intended to leave a restricted area, the SPR must be notified in advance in order 
to carry out a check for non-contamination and / or risk of external irradiation (activation). Depending on 
the result of the control, the report issued by the SPR agent will be favorable or not (or under certain 
conditions) for these objects or materials. 
This is described in the instruction for radiological checks on request. 
 
7.8 Escort procedure  
 
If an external person enters the restricted area, he or she is escorted by an agent of IJCLab, who is himself 
authorized to enter this particular area. 
This involves contacting the SPR in advance, at least 24 hours, so that it can prepare an operational 
dosimeter that will accompany the visitor throughout his intervention in the restricted area. 
In buildings 107H (radio chemistry), 109N (ALTO) and 209C (ThomX), where "visitor" dosimeters are 
provided, the register at the entrance must be completed. 
This is described in the procedure for using operational dosimeters and registering the results. 

8. Regulatory developments 
 
Reference texts in the field of radiation protection are available on the website of the Nuclear Safety 
Authority (www.asn.fr).Recent developments include (non-exhaustive list): 
 

 Décret n° 2018-434 du 4 juin 2018 containing various provisions on nuclear substances; 
 Décret n° 2018-437 du 4 juin 2018 on the protection of workers against risks due to ionizing radiation; 
 Décret n° 2018-438 du 4 juin 2018 on protection against the risks due to ionizing radiation to which 

certain workers are subjected. 
 Arrêté du 28 janvier 2020 modifiant l’arrêté du 15 mai 2006 amended relating to the conditions for 

delimiting and signaling supervised and controlled areas and specially regulated or prohibited areas 
in view of exposure to ionizing radiation, as well as the rules of hygiene, safety and maintenance 
which are imposed therein ; 

 Arrêté du 23 octobre 2020 relating to the measurements carried out within the framework of the risk 
assessment and the verifications of the effectiveness of the preventive means put in place within the 
framework of the protection of workers against the risks due to ionizing radiation; 

 Arrêté du 4 mars 2021 portant homologation de la décision n°2021-DC-0703 de l’Autorité de sûreté 
nucléaire du 4 février 2021 establishing the list of nuclear activities using sources of ionizing 
radiation for industrial, veterinary or research purposes (excluding research involving humans). 
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9. Conclusion 

 
The essentials to remember: 
 

 Know the risks, the main emissions and associated risks; 
The risk is reduced:  
 By limiting the exposure time ;  
 By increasing the distance to the radiation source ; 
 By interposing a shield of suitable material; 
 By carrying out relevant storage and tagging. 

 Take precautions : 
 Wearing a lab coat and a dosimeter (s), gloves, etc.; 
 Do not stay in contact with a source. 

 Apply the instructions: 
 Under normal conditions; 
 In case of an incident / accident. 

 
Practical on-the-job training is the responsibility of the supervisor or permanent staff supported by SPR. 
At the end of this training, a form attesting it is duly completed and signed by the person concerned, the 
supervisor and the SPR. It comprises specific information, training on good radiation protection practices 
(checks on work equipment, checks by the agent himself) and those specific for the use of particular 
equipment (for example working under fume cupboard, operations in glove boxes, verification of correct 
functioning, etc.). 
 
10. References for this document 
 

 List of applicable documents of SPR at IJCLab Orsay ; 
 Information notice concerning work under ionizing radiation, COGEMA La Hague, October 2000 

edition; 
 Internet Sites : 

 The Nuclear Safety Authority: www.asn.gouv.fr  
 The public service of the law diffusion: www.legifrance.gouv.fr 
 The French society of medical physics: www.sfpm.asso.fr 
 The Atomic Energy and Alternative Energies Commission : www.cea.fr 
 The National Research and Security Institute: www.inrs.fr 
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11. Appendices 
 
A. Radiation protection instructions 

 
 



 

___________________________________________________________________________________________________________ 
Radiation safety guide – Version 1 – 30/06/2021 

Laboratoire de Physique des 2 Infinis Irène Joliot-Curie – SPR – 91405 – ORSAY – CEDEX 
Page 19 sur 28 
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B. Sorting guide for potential radioactive waste 
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C. Source loan form (template) 
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D. Unsealed radioactive substances tracking form (template) 
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E. Sealed source movement form (template) 
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F. Potentially radioactive waste elimination form (template) 
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G. Personal dosimeter request form (example)  
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H. Example for internal exposure values (order of magnitude) 
 
At IJCLab, the most frequently used unsealed radioisotope is natural uranium. The specific activity of natural 
uranium is considered to be 25400 Bq / g. 
 For comparison, the external exposure (external irradiation) is evaluated as 62 1 10, *   µSv/h/Bq for a 

point source at 30 cm (whole body), so for 1 g d’Unat : < 0,1 µSv/h. 
 
 For the internal exposure, the values are as follows: 

 Inhalation (for compound like UO2F2 with size 5 µm) : 51 6 10, *  Sv/Bq. 

 Ingestion (UO2, U3O8) : 85 2 10, *  Sv/Bq. 
 
There is a factor of 300 between the two types of incorporation. 
 

 Ingestion of one gram of natural uranium, or 25 400 Bq, generates a dose of 1,32 mSv. 
 
The same approach for inhalation results in a dose of approximately 400 mSv, which is 20 times the 
effective dose limit (internal AND external exposure) for an entire year of a Class A worker! 
 
 The calculation for inhalation, to be realistic, must take into account at least:  

 Volatility factor of the element (0,001 for Unat),  
 Room volume (we take 50 m³), 
 Human respiratory flow (1,2 m³/h),  
 Duration of exposition : we assume that the working handles 1 g of uranium on a lab table during 40 

hours ; 
Depending on whether we are working on a table, fume hood or glove box, we can also introduce an 
additional safety factor, that increases with the confinement. 
 
 The dose generated by inhalation is therefore 25400 * 0,001 * (1/50) * 1,2 * 40 * 51 6 10, *  = 0,4 

mSv. 
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Useful contact details: 
 

 Service de Prévention des Risques: spr@ijclab.in2p3.fr & 01 69 15 71 33 (general) 
 

 
 Medical service CNRS, office at Gif-sur-Yvette : service.medical@dr4.cnrs.fr 

 
 Medical service Université Paris-Saclay : https://adonis.universite-paris-

saclay.fr/adonis/annuaire/num_indispensables.php 
 

 Security post : Inside IJCLab dial simply 14 or 01 69 15 71 11 
All weekend, holidays, days off IJCLab and between 20 h and 8 h 

 

 
 
 

 
 
 
 

  

Names and coordinates up to date are available on the intranet web page : https://intranet.ijclab.in2p3.fr 

SAFETY IS EVERYONE'S 
BUSINESS 

For all questions: 

spr@ijclab.in2p3.fr 

01 69 15 71 33 


