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RADIATION PROTECTION AT HOSPITALS

Course goals

 Describe the goals and objectives of radiation protection

 Describe the role of the actors in radiation protection in hospitals



What are the goals and objectives of RP?

What’s the role of RPO/RPE?

@ hospitals? @ Research centres (EPFL, CERN)



Goal

protect humans and their environment from the effects of ionizing radiation

Objectives

prevent any deterministic pathology caused by irradiation

limit to an acceptable level all stochastic-type effects

Foundations of Radiation Protection



Why/Where do we use ionising radiations in 

hospitals?



I-131 treatment

Radiopharmaceuticals



One of the biggest challenge is probably RP culture itself
Dosimetry can, in some cases, be a real challenge

The IAEA defines safety culture as the assembly of characteristics and attitudes in organizations and individuals which 

establishes that, as an overriding priority, protection and safety issues receive the attention warranted by their significance

Safety culture is not equally adopted in the medical departments 

 Radiation Protection and Safety of the Radiotherapy Patients is well established

For other radiation use in hospitals, the process is still on the way:

 Radiation protection is one, among many other safety hazards medical staff must deal with

 Radiation protection  is often only summarised by the lead apron for medical staff

 Sometimes that’s our fault... Units (µGy/cm2, mSv, Bq, Ci, ...) aren’t easy to understand, eh?

Bonn Call-for-Action - The IAEA held the “International Conference on Radiation Protection in Medicine: Setting the Scene 

for the Next Decade” in Bonn, Germany, in December 2012.

Bonn Call-for-Action

Action 1: Enhance the implementation of the principle of justification

Action 2: Enhance the implementation of the principle of optimization of protection and safety

Action 3: Strengthen manufacturers’ role in contributing to the overall safety regime

Action 4: Strengthen radiation protection education and training of health professionals

…

Action 8: Strengthen radiation safety culture in health care

…

http://www.who.int/ionizing_radiation/medical_exposure/Bonn_call_action.pdf



RPO / RPE 

Radiation Protection Officer / Expert

MPE

Medical Physicist  Radio therapy 

 Radio diagnostic  

SSRMP certification in medical physics

Radiation protection actors at hospitals



Art 74 Medical radiation generators and medical 

equipment containing sealed radioactive sources

…

4 In the case of radiotherapy systems or 

irradiators, the elements relevant to safety and 

those determining the dose must be inspected at 

least once a year and whenever a component is 

changed which could affect the dose rate. The 

inspection of the dose determining elements must 

be carried out under the supervision of a medical 

physicist with certification in medical 

radiophysics from the Swiss Society of 

Radiobiology and Medical Physics or other 

equivalent training





Gamma knife
Tomotherapy

Cyber knife



Imaging and diagnostic procedures



Interventional radiology procedures

Training 

Optimisation of protocols

QA

...



0

2

4

6

8

10

12

14

16

18

D
o

se
 m

ea
su

re
d

 o
n

 t
h

e 
ap

ro
n

 (
m

Sv
)

Period of measurement

Radiologist #1 Radiologist #2

Interventional cardiology procedures

External exposure of medical staff



Dosimetry issues:

• CTDI – CT dose index

• DLP

• E

• How is the effective dose calculated?

Computed Tomography



Diagnostic Reference Levels

https://rpop.iaea.org/RPOP/RPoP/Content/InformationFor/HealthProfessionals/1_Radiology/ComputedTomography/diagnostic-reference-levels.htm



Radiation Protection Officers and Experts



Radiation protection in the medical sector is the duty of many actors

At Lausanne University hospital, IRA provides consulting and support services to 

local RP experts 





Rôle de l’expert en radioprotection



RPO’s duties must be set in writing by the authorization holder who takes on radiation

protection responsibility in his/her company (ORaP, Art. 132)

RPO may delegate some of his/her duties

The following tasks relate specifically to the RPO:

• outfitting (and also planning) of working areas

• organizing radiation protection and managing working areas

• monitoring and supervision of working areas and working methods

• managing administrative tasks

• communication with the supervising authority

• basic training and continuing education of collaborators in radiation protection practices.



1.Outfitting

In terms of outfitting the working areas, the RPO’S duties are the following:

•designation of working areas

•organizing working areas, such as: distribution, outfitting, shielding

•establishing effective working methods from a radiation protection perspective

•acquisition and maintenance of radiation protection measuring instruments;

•acquisition of protective gear (apron, thyroid shields, gloves,…). The RPO verifies that

protective gear is available, in sufficient quantities, and is correctly and systematically used.

•preparation of internal guidelines with respect to radiation protection, as well as measures to

take in case of accident or fire. The RPO ensures that these instructions are known and applied

by the individuals involved.



2. Organization and management

In terms of organizing and managing radiation protection, the RPO has the following duties:

• designate those individuals having occupational exposure to ionizing radiation

• organize personal monitoring. This involves, on the one hand, ensuring that everyone exposed 

to external radiation wears a dosimeter, and, on the other hand, defining any internal dosimetry 

needs and establishing necessary screening measurements for internal contamination 

• declare to the Suva anyone having occupational exposure to ionizing radiation to ensure 

medical supervision

• organize and manage purchasing, transport, receiving, storage and disposal of radioactive 

substances

• manage radioactive waste

• manage laboratory waste water

organize maintenance and monitoring of installations
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3. Monitoring and supervision

In terms of monitoring and supervising working areas and working methods, the duties of the

RPO are the following:

• analyze results of personal dosimetry from individuals with occupational exposure to ionizing

radiation and remain in regular communication with those individuals regarding those results

• monitor installations and working areas for contamination and external irradiation

• check shielding and dose rates

• monitor the integrity of sealed radioactive sources

• supervise trials or any work involving any special risks

• regular monitoring in working sectors, mainly in the laboratories

• monitor the stability of installations

• supervise the behavior of individuals without occupational exposure to ionizing radiation

(reception, repair services, visitors, etc).



4. Administration

In terms of radiation protection administration, the RPO has the following duties:

• provide information and internal training for individuals having occupational exposure to

ionizing radiation

• update paperwork concerning the acquisition, use and elimination or disposal of radioactive

substances

• manage authorizations for using ionizing radiation

• update personal dosimetry documents



5. Communication with the supervising authority

Swiss Federal Office of Public Health (FOPH)

Swiss Accident Insurance Fund (SUVA)

Swiss Federal Nuclear Safety Inspectorate (ENSI)

The RPO must immediately contact the supervising authority in the following situations:

• change in authorization conditions (changes concerning the installation, data involved

with the building and the construction of the installation or even the area where radioactive

sources are stored)

• purchasing and use of new radiological installations

• exceeding any dose limit values

• radiological incident or accident

• clinical trials with radiation

• suppression of working sectors (stop of activity)

• change of RPO.

Requests to change the conditions of an authorization must be made prior to any change

and modifications must not occur until authorization has been received.



6. Training in radiation protection

The training of individuals who may be exposed to radiation is mandated by Article 6 of the

law on radiation protection and the training methods are described in Articles 11 through 22

of ORaP. Details of this training are established in a departmental technical ordinance.

Training targets the following objectives:

• acquiring the necessary basic knowledge for understanding the risks associated with

radiation and the means of protection

• acquiring the basic principles of radiation protection and practical methods destined to

protect workers, patients, the general public and the environment

• acquiring knowledge of the legislation and administrative procedures linked to using

ionizing radiation



Example

The department in which you work for five years plans to move into a new research center.

The new building is currently under construction on the university campus. 

You are asked, as expert in radiation protection, to plan the relocation of a laboratory of type B 

where unsealed sources of H-3, P-32, CI-36, I-129, Po-210 are used. 

The activities in the new lab will include those of a post-doc who will be hired for a project 

based on animal cytogenetic techniques involving labeling with P-32 (1.5 MBq per experiment).



Example II

You’ve be hiring as expert in radiation protection for a new research center which plan open a 

new facility where unsealed sources of H-3, F-18 and I-125 will be used. 

The laboratory is under construction and the director got the license from the authorities

You are asked to choose and buy the instrument for this facility. 



Example III

You’ve be hiring as expert in radiation protection for a new research center which plan open a 

new facility where unsealed sources of F-18 , Tc-99m, I-125 and Cs-137 will be used. 

A sealed source of Co-60 (50 kBq) is also used for calibration of instruments

Five new technicians, a PhD student and a post-doc will join the team.

You are asked to explain them the risks they may face in the laboratory and explain the safety 

procedures. 



Few examples the RP group had to face last year 

and on-going research projects



Shielding optimisation for I-131 treatment rooms



The RP group provides consulting and support 

services to local radiation protection expert for 

shielding calculation and licence application

- for CHUV

- other hospitals

Shielding design for I-131 treatment rooms



Simulation Geant4 – Shielding optimisation for I-131 treatment rooms





Ultra high dose rate radiation therapy

(FLASH)





2.1 Passive measurements

Measurements performed by the Radiation Protection Group of the Lausanne University Hospital

EOS system, O-Arm system, CT procedures ...

On request of medical staff, 
procedures can be compared



The study confirmed the relevance of the use of a protective apron when 

the medical staff or parents have to stand near to the cubicle during the 

examination with the EOS system.

Scoliosis diagnosis requires an adequate imaging quality to analyze the 

deformity of the spine and to determine the extent of the curvature 

Patients with scoliosis are often young girls for whom multiple radiological 

examinations during late childhood and adolescence increases 

consequently the lifetime risk of developing a radio-induced cancer, 

especially the risk of breast cancer.



DOSIMETRIC CHARACTERISATION OF THE O-ARM®

IMAGING SYSTEM



Radiation protection device assessment
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Intervention for decontamination in a type B laboratory

Characteristics of contaminants brings new 

challenge for the intervention squad.



Characterisation of activated items from cyclotron

ActiWiz software



Position 4, on the height of the 
couch 

Energy spectra measurements  CT scan room

Beam collimation measurement with a Medipix3 chip
Medical physics QA



‒ Characterisation of the scatter radiation fields in interventional radiology/cardiology procedures.
‒ Develop a personalised eye lens electronic dosimeter used on the Dosepix chip.

Project funded by the CERN Medical Application Committee

Hp(3)

OSL

TLD



Development of a personalised 

dosimetry software for spectral CT

R&D + RPE and MPE + Radiologists

Project in collaboration with the CERN 

dosimetry group and universities of 

Otago and Canterbury in New Zealand

A full dosimetry characterization of the 

scanner is required and crucial for the 

human version that’s currently under 

construction, to reduce and optimize as 

much as possible patients’ exposure.



1. Lipid like – yellow 

2. Calcium like – greyish / whitish

3. Water like – red

Please note that falcon tube behaves as lipid and water-like in material decomposition; probably due to its elemental 

composition which has low-density materials



Fist organ dose measurements on mice with the MARS-CT scanner

using TLDs placed in plastic bags inserted in a mouse



07.2018: First human imaging with a spectral CT based on solid-state digital detectors  

www.marsbioimaging.com/mars



RADIATION PROTECTION AT HOSPITALS

Course goals

 Describe the goals and objectives of radiation protection

 Describe the role of the actors in radiation protection

 Give advices in radiation protection in particular situations


