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INTRODUCTION 
INAIL – the Italian Workers’ Compensation Authority - pursues several objectives: 
the reduction of accidents at work, the insurance of workers involved in risky 
activities; the re-integration in the labour market and in social life of work 
accident victims. 
Employers are obliged to insure their full-time employees and/or workers with a 
co-ordinated ongoing collaboration contract hired for activities which the law 
considers as risky.  
The activities considered as risky are those involving the use of machinery and 
other types of equipment; those carried out in environments organised for work 
and services requiring the use of machinery and various types of equipment; those 
complementary or auxiliary to other risky activities. Furthermore, the law lists a 
set of activities with an irrefutable presumption of risk for example building and 
road works, handling of goods in warehouses, street cleaning and waste collection, 
private surveillance services, transport, setting up of shows, public events, etc. 
Insurance charges, known as the “premium”, have to be paid exclusively by the 
employer and it is calculated by according to salary and in relation to the risk 
factor of the activity carried out, reported in a specific law. Radiologists 
represent a particular case because the annual premium is calculated in according 
to the machinery and the toxicity of the radiation source. 
INAIL has some data banks and their use allows the acquisition of information on 
professional diseases in relation to the general productive compartment or to the 
specific activity. 
 
 
EUROPEAN DIRECTIVES AND ITALIAN LEGISLATION 
The Council of the European Union has completely renewed the framework 
regarding radiation protection by adopting some directives: Directive 97/43 
Euratom lays down the general principles of the radiation protection of individuals 
undergoing exposure to ionising radiations related to medical exposures, as a 
supplement of Directive 96/29 Euratom laying down the basic safety standards for 
the protection of the health of workers and the general public against the dangers 
arising from ionising radiations. Each Member State had to lay down the 
appropriate provisions, whether by legislation, regulation or administrative 
action, to ensure compliance with the basic standards which have been established 
and take the necessary measures with regard to teaching, education and 
vocational training. 



Since medical applications represent the largest man-made sources of radiation 
exposure for the European population and exposure to low levels of ionising 
radiations has become a sensitive issue for the public, the nuclear medicine 
community is concerned by the set of European legislation which appears to be 
more restrictive than the previous one. It is based on the scientific knowledge 
concerning radiation protection as expressed in particular in Recommendation No. 
60 of the International Commission on Radiological Protection.  
Health and safety requirements, including radiation protection aspects, regarding 
the design, manufacture and placing on the market of the medical devices are 
dealt with by Council Directive 93/42/EEC of 14 June 1993 concerning medical 
devices. This Directive supplemented Directive 96/29/Euratom and laid down the 
general principles of the radiation protection of individuals in relation to the 
exposure. This Directive applies both to the medical exposure for medical 
diagnosis and to occupational health surveillance. 
Special attention is given to the quality assurance programmes, including quality 
control measures and patient dose or administered activity assessment, for these 
practices. Working instructions and written protocols and quality assurance 
programmes have to be elaborate. 
The incorporation into Italian legislation of the European Community directives on 
the improvement of health and safety at work has promoted a vast effort in order 
to revise the surveillance approach in many facilities, including hospitals.  
In Italy, safety law is referred to every workplace; anyway the use of ionising 
radiations is ruled by specific laws. So in the health care structures it is necessary 
integrating both the laws and this process is often difficult to carry on. The Italian 
Legislative Decree 230/95, one the main laws that aim to protect  workers against 
ionising radiations, introduced Directive 96/29/Euratom. This Decree asks that a 
doctor and a technical expert analyse the workplace and classify area and workers 
in according to dose of ionising radiation established by law. The Italian 
Legislative Decree 626/94 asks that risk analysis in general is made by doctor and 
specialist in risk. So, in case of risk from ionising radiation, all these figures have 
to cooperate in order to make an evaluation risk document. 
 
 
IONISING RADIATIONS AND HEALTH EFFECTS 
Ionising radiation sources can be found in a wide range of occupational settings, 
including health care facilities, research institutions, nuclear reactors and their 
support facilities, nuclear weapon production facilities, and other various 
manufacturing settings. These radiation sources can pose a considerable health 
risk to affected workers if not properly controlled. Thus, it is important to supply 
technical and regulatory information regarding the recognition, evaluation and 
control of occupational health hazards associated with ionising radiation. 
The mechanisms that lead to adverse health effects after ionising radiation 
exposure are not fully understood. Ionizing radiation has sufficient energy to 
change the structure of molecules, including DNA, within the cells and the body. 
Health effects of radiation are divided into two categories: threshold effects and 
non-threshold effects. Threshold effects appear after a certain level of radiation 
exposure is reached and enough cells have been damaged to make the effect 
apparent. Non-threshold effects can occur at lower levels of radiation exposure. 
Threshold effects occur when levels of radiation exposure are many times higher 



than background, and usually when the exposure is over a very short time, such as 
a few minutes. Non-threshold effects can occur at any level of radiation exposure, 
but the risk of harmful health effects generally increases with the amount of 
radiation absorbed. The most studied non-threshold effect is cancer. These studies 
are somewhat complicated by the facts that not all cancers are caused by 
radiation, exposure to a particular dose may cause cancer in one person but not 
another, and the cancer often doesn't appear until many years after the exposure 
to radiation. It is currently impossible to determine which cancers are caused by 
radiation and which are caused by other carcinogens in our environment. 
Susceptibility to radiation-induced cancer depends on a number of factors such as 
exposed parts of the body, sex and age. Body parts, where cells rapidly grow and 
multiply, and those where radioactive materials tend to concentrate, are more 
susceptible to cancer than others. For example, the breast and thyroid gland have 
relatively high susceptibilities to radiation-induced cancer, while the kidney and 
nerve cells have lower susceptibilities.  
 
 
IONISING RADIATIONS IN HEALTH CARE STRUCTURES 
In general in health care structures ionising radiation risk can occur in treatment 
of cancer patients receiving  radiotherapy, in the use of diagnostic radiography 
machinery, in the use of radioisotope tracer for studies in man or by using 
radioisotopes in laboratory analysis. 
The health personnel exposed to ionising radiations works in the following wards 
and departments: 
- radiology or radiodiagnostic  
- radiotherapy 
- nuclear medicine  
- orthopaedics  
- medical/dental x-rays 
- RIA 
- biomedical research, such as for cancer and immune system diseases 

Health personnel assisting patients who undergo diagnostic and therapeutic 
procedures involving ionising radiations may also be occasionally exposed. 

Increased frequencies of chromosome-type aberrations among exposed are 
reported for various job titles, particularly for orthopaedists, radiologists, 
anaesthetists, and nurses among paramedical occupations.  
 
 
STATISTICAL ANALYSIS OF OCCUPATIONAL DISEASES DUE TO IONISING RADIATIONS 
REGISTERED BY INAIL 
 
In order to describe the trend of professional diseases due to ionising radiations in 
Italy, we considered statistical data from 1999 to 2004 related to all occupational 
diseases due by ionising radiations. 
It is evident that from 2002 to 2004 there was a decrease in the number of 
occupational diseases (Figure 1), maybe because better preventive and protective 
measures in workplaces and safer machinery.  
It is also possible to observe the trend of Occupational Diseases due to Ionising 
Radiations in Health Care Workers in the years 1995-2004 (Figure 2).  



INAIL data Banks make possible to have a more microscopic study, so we 
considered occupational diseases in according to Italian statistical code ATECO: n. 
85 – public healthcare and health service - and n. 85.11 – hospitals. By observing 
the different trends it results evident that about half of the total denounced 
diseases derives from health care structures (Figure 3) and, in particular, from 
hospitals. 
 The workers involved are: radiologists, radiological technicians, nurses, medical 
doctors, others (Figure 4). It shows as it is important to pay a special attention to 
these work categories, as carried out in the INAIL “Hospital Project”. 

 
Figure 1. Occupational Diseases due to Ionising Radiations registered by INAIL 1998 

- 2005 
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Figure 2. Occupational Diseases due to Ionising Radiations registered by INAIL from 

1995 to 2004 related to health care structures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Occupational diseases in Health Care Structure and Hospitals 
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Figure 4. Workers involved in occupational diseases due to ionising radiation  
 
 
INAIL “HOSPITAL PROJECT” 
Because of the great number of activities and hazards associated with them, 
hospital is a really complex workplace. In 2002 INAIL set up a project, called 
“Hospital Project”, with the aim to provide technical support for the analysis of 
the hygiene and safety conditions of workers in Italian hospitals and to carry out a 
safety management system. 
A complete analysis of risk in hospital requires a deep knowledge in all fields of 
safety, hygiene and prevention and the aim of project is developing a tool to help 
management to carry on a complete and well organized analysis of all potential 
risks in hospital environment. 
The INAIL workgroup is composed by engineers, with specific knowledge in fire 
protection, electric equipment, ergonomics and industrial hygiene, chemists and 
biologists, with a specific knowledge in chemical and biological hazard evaluation. 
In addition the group cooperates with some hospitals’ health and safety managers, 
in order to integrate knowledge with hospital experience. 
The first step of the project was examining the Italian safety legislation and 
analysing international documents, containing, for example, guidelines to reduce 
workers injuries and diseases. This step is particularly helpful for health and 
safety managers because the Italian legislation is composed by a complex set of 
laws about health and safety at work, and in some cases they are difficult to 
understand and apply.  
The second step was the identification of  the different activities performed in the 
hospitals and  the analysis of all the occupational hazards to which hospital 
workers may be exposed. 
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Typical risks identified are for example: 
• Fires  
• Electrical Equipment  
• Ergonomic posture 
• Carcinogen, mutagen and teratogen agents  
• Biological hazards   
• Chemical hazards  
• Waste material handling  
• Ionizing Radiations   
 

This final tool is realized as a check list. The work is being published in 2006. 
In general check-lists are used to identify risks or deviations from standard of 
good project or to identify initiation event. In risk analysis check-list are often 
used because of their results are a start point for other type of analysis, for 
example “safety review” o “what if”. 
Check-lists are constituted from several items and the aim is to verify that the 
project, machines, procedures are correspondent with safety standard. 
In “Hospital project” the final check-lists consisting in specific check-list arranged 
in risk and in department. 
All the check-lists are divided in three groups, called levels.  
The first level is about law requirements and it is addressed to people of the 
organisation that Italian law identifies as responsible for the compliance safety 
department. Generally it is the H&S manager of the organisation. 
This level was constructed in order to help performing a complete check of all 
hospital activities and verifying if they are planned and organised in according to 
legislation. 
The second level is addressed to hospital departments’ supervisors and workers: 
its aim is to realise if workers know hazards to which they are exposed, if the 
solutions and procedures defined are correctly and fully applied, how deep some 
issues are understood. Third level is about Occupational Health and Safety 
Management Systems. 



 
 
CHECK-LISTS AS A TOOL OF PREVENTIVE AND PROTECTIVE MEASURES  
 
In order to apply law requirements, check-lists about ionising radiations have to 
consider the main aspects of the law and of other international documents as the 
following examples. 
 
a) Structural preconditions 
Italian law identifies what managers and workers have to make and, in particular 
it contains a detailed description of the knowledge and skills required to be 
admitted in the board of Qualified Expert or Authorized Medical Doctor. 
For every department, Italian law underlines some structural preconditions and 
one of the most important objectives must be ensuring integration of standards of 
Quality Assurance with standard of workers’ safety.   
The As Low As Reasonably Achievable (ALARA) principle is appeared in the Italian 
legislation in 1995; because there is a possibility, even if small, of an adverse 
health effect occurring from any exposure to radiation, the main goal is to reduce 
radiation doses to a level that is As Low As Reasonably Achievable. 
A policy as this includes: 
1. Controlling radiation doses to workers at levels that are well below the 
regulatory limits; 
2. Ensuring that no radiation exposure occurs without a corresponding benefit, 
and that the benefit outweighs the risks associated with that dose; 
3. Preventing unnecessary exposures to workers; 
4. Protecting the environment from unnecessary radiation exposures. 
In some cases laws or guidelines establish a distance from the source of radiation,  
anyway it is always suggested increasing distance from the radiation source using 
the protection offered by distance whenever possible. In fact, for many sources, 
radiation levels decrease rapidly as distance increases.  
Some methods to increase the distance from the radiation source include: 
1. During work delays, moving to lower dose rate areas;  
2. Using long-handled tools, mechanical arms, and robotics to increase the 
distance from the source; 
3. Knowing the radiological conditions of the area you are entering; 
4. Use of mirrors or closed-circuit TV to monitor the job site; 
Important focus is minimizing time in a radiation area and planning and control for 
experiments and operations, working efficiently and quickly using specific 
procedures, preparing the necessary tools and equipment prior to entering the 
area, verifying any special calibration or tool preparation is done before entering 
the radiation area.  
 
b) Personal Protective Equipment 
An other important focus is on personal protective equipment (PPE) to reduce the 
amount of radiation dose to the worker. In the International Guidelines and 
documents it is suggested how selecting the proper materials to shield a worker 
from the different types of radiation. Anyway, PPE’s selection is conditioned by 
other factors as work activities; for example, the type of gloves that should be 
selected according to the task being performed, considering that latex or vinyl 



type gloves should be changed frequently, double gloving to decrease the risk of 
exposure by penetration, less permeable surgical latex gloves are recommended 
over polyvinyl gloves.  
 
c) Good practices and individual responsibility 
It is necessary the workers to be sensitive to safety, by adopting specific simple 
behaviour as:   

• wearing lab coat only in the laboratory area and removing it before 
leaving; 

• washing hands frequently and thoroughly;  
• no eating, drinking, smoking or applying  cosmetics in the laboratory; 
• no mouth pipetting;  
• wearing appropriate personal dosimeter when working with radioactive 

materials.  
Also, it is also important make workers aware about Individual Responsibilities as: 

• Using time, distance, and shielding to maintain their selves radiation 
doses low; 

• Ensuring that radiation interlock systems are operational; 
• Reading and complying with all radiation barriers, signs, labels, and 

postings; 
• In the case of suspect that they are approaching or exceeding a dose limit 

or administrative control level, stopping work, and reporting the 
situation to their supervisor ; 

• Complying with all regulations and orders establishing radiation dose 
limits and administrative control levels. 

 
 

CONCLUSIONS 
By analyzing occupational trend related to ionising radiations, it is evident as 
about half are denounced by health care personnel. So, in the context of “INAIL 
Hospital Project”, a special attention has been given to these categories in order 
to improve preventive and protective measures.  Check-lists were elaborated to 
facilitate the law and international standard application together to the support 
of good practices. 
 
 

REFERENCES AND LAWS 

 
1. Bonassi S, Forni A, Bigatti P, Canevarollo N, De Ferrari M, Lando C, Padovani 

P, Bevegni M, Stella M, Vecchio D, Puntoni R. Chromosome aberrations in 
hospital workers: evidence from surveillance studies in Italy (1963-1993). 
Am J Ind Med. 1997 Mar;31(3):353-60 



2. California Institute of Technology. Guide For Safe Handling Of Radioactive 
Sources and A Primer On The Effects Of Exposure To Ionizing Radiation. 
http://www.pma.caltech.edu/ 

3. International Commission On Radiation Protection: Radiological Protection 
of workers in medicine and dentistry. Pergamon Press, Oxford, 1989 (ICRP 
Publication 57) 

4. Kopjar N, Garaj-Vrhovac V. Assessment of DNA damage in nuclear medicine 
personnel-comparative study with the alkaline comet assay and the 
chromosome aberration test. Int J Hyg Environ Health. 2005;208(3):179-91. 

5. Lin CM, Mao IF. Potential adverse health effects of low-level ionizing 
radiation exposure in a hospital setting. Arch Environ Health. 2004 
Jul;59(7):342-7. 

6. Lombardi MH. Radiation safety in Nuclear Medicine. Boca Raton, FL: CRC 
Press; 1999-137. 

7. Resconi C. Are healthcare workers and patients healthy and safe in Italian 
hospitals? 6th International Congress on Work Injuries, Prevention, 
rehabilitation and Compensation. Rome, 30 November-3 December 2004  

8. Resconi C. Are healthcare workers and patients healthy and safe in Italian 
hospitals? XVIIth Congress on Safety and Health at Work. Orlando, 18-22 
September 2005 

9. Resconi C. Per un ospedale più sicuro: il “Progetto ospedali”. 4° Seminario 
dell’INAIL alle aziende: dall’assicurazione alla prevenzione. Il ruolo della 
Contarp. Assisi, 22-24 Novembre 2005 

10. Thierens H, Vral A, Morthier R, Aousalah B, De Ridder L. Cytogenetic 
monitoring of hospital workers occupationally exposed to ionizing radiation 
using the micronucleus centromere assay. Mutagenesis, 2000 May;15(3):245-
9. 

11. Training & qualifications program office. Radiological worker 1 training 
study guide. http://training.bnl.gov/Study_Guides/New_Folder/RWT002.PDF 

12. U.S. Department of Labor Occupational Safety & Health Administration. 
Ionizing Radiation Health Effect. http://www.osha-
lc.gov/SLTC/radiationionizing/healtheffects.html 

13. U.S. Department of Labor Occupational Safety & Health Administration. 
Hospital investigations: health hazards. http://www.osha-
slc.gov/dts/osta/otm/otm_vi/2  

 
I.D.P.R. n.185/1964 - Sicurezza degli impianti e protezione sanitaria dei lavoratori 
e delle popolazioni contro i pericoli delle radiazioni ionizzanti derivanti 
dall'impiego pacifico dell'energia nucleare (G.U. del 16 aprile 1964  n. 95  suppl. 
ordinario) 

II.D.Lgs. n.475/1992 - Attuazione della direttiva 89/686/CEE del Consiglio del 21 
dicembre 1989, in materia di ravvicinamento delle legislazioni degli Stati membri 



relative ai dispositivi di protezione individuale (G.U. del  9 dicembre 1992 n. 289 
suppl. ordinario)  

III.D.Lgs 626/1994 - Attuazione delle direttive CEE riguardanti il miglioramento della 
sicurezza e della salute dei lavoratori sul luogo di lavoro (G.U. del  12 novembre 
1994 n. 265 suppl. ordinario) 

IV.D.Lgs 230/1995 - Attuazione direttive EURATOM 80/836, 85/467, 84/466, 89/618, 
90/641, 92/3 in materia di radiazioni ionizzanti (G.U. del 13 giugno 1995 n. 136 
suppl. ordinario) 

V.D. Lgs. 242/1996 – Modifiche ed integrazioni al D.Lgs 626/94 recente attuazione di 
direttive comunitarie riguardanti il miglioramento della sicurezza e della salute 
dei lavoratori sul luogo di lavoro (G.U. del  6 maggio 1996 n. 104 suppl. n. 75) 

VI.D.Lgs 493/1996 - Attuazione della direttiva 92/58/CEE concernente le prescrizioni 
minime per la segnaletica di sicurezza e/o di salute sul luogo di lavoro (G.U. del 23 
settembre 1996 n. 223 suppl. ordinario)  

VII.D.Lgs 187/2000 – Attuazione della direttiva 97/ 43/EURATOM in materia di 
protezione sanitaria delle persone contro i pericoli delle radiazioni ionizzanti 
connesse a esposizioni mediche ((G.U. del 7 luglio 2000 n. 157  suppl. n. 105) 

VIII.D.Lgs 241/2000 – Attuazione della direttiva 96/29/EURATOM in materia di 
radioprotezione sanitaria della popolazione e dei lavoratori contro i rischi 
derivanti da radiazioni ionizzanti (G.U. del  31 agosto 2000 n. 203 suppl. n. 140) 

IX.D.M. n. 488/2001 - Regolamento recante criteri indicativi per la valutazione 
dell'idoneità dei lavoratori all'esposizione alle radiazioni ionizzanti, ai sensi 
dell'articolo 84, comma 7 , del decreto legislativo 17 marzo 1995, n. 230  (G.U. del 
5 aprile 2002 n. 80) 

X.D.M. 19/11/2003 – Attività di preparazione del radiofarmaco (G.U. 20gennaio 2004 
n. 15) 

XI.Circolare Regione Lombardia n. 4/SAN del 24/1/2001 – Applicazione del D. Lgs. 26 
maggio 2000, n. 241 in materia di protezione sanitaria della popolazione e dei 
lavoratori contro i rischi derivanti dalle radiazioni ionizzanti 

XII.Circolare Regione Lombardia n. 50/SAN del 24/1/2001 – Linee guida per 
l’applicazione, dal 1° gennaio  2001, del D. Lgs. 26 maggio 2000, n. 187 in materia 
di protezione sanitaria delle persone contro i pericoli delle  radiazioni ionizzanti 
connesse ad esposizioni mediche 

XIII.Circolare Regione Lombardia n. 18/SAN - Gestione dei rifiuti radioattivi di origine 
sanitaria 

XIV.Circolare Regione Veneto n.1 del 18 gennaio 2002 – Disposizione in ordine 
all’applicazione del Decreto Legislativo nr. 187 del 26 maggio 2000 avente ad 
oggetto: “Tutela sanitaria delle persone contro i pericoli delle radiazioni 
ionizzanti connesse ad esposizioni mediche (Boll. Uff. Regione Veneto del 5/2/2002 
n. 15) 

 

 



 

 
 
 
 


