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Breve ricordo della dr.ssa Roberta Breschi 
 

A cura di Nicola Caretto 
UOS Fisica Sanitaria, Staff Direzione Aziendale, ASL Roma 2 

 

 

 

 

 

Breve curriculum della dr.ssa Roberta Breschi.  Dottore in Fisica il 14.07.1961 presso Università 

“La Sapienza” di Roma - Tesi sperimentale in Fisica Sanitaria presso il Servizio di Fisica 

Sanitaria dell’INFN Frascati (RM). Radiofisico, Radioterapia Ospedale San Camillo, Roma dal 

1.8.1961 al 31.12.1970 - dal Gennaio 1971 Direttore “Fisico” del "Servizio di Fisica Sanitaria 

Autonomo" del Pio Istituto di Santo Spirito e OO. RR. di Roma, Direttore UOC Fisica Sanitaria 

Aziendale – Azienda Ospedaliera “S. Camillo-Forlanini” di Roma, fino al 30.4.2002.  

Settori di attività: radiazioni ionizzanti e non ionizzanti. RM. Dispositivi medici. Ultrasuoni. Laser. 

Rumore e vibrazioni. Informatica medica. Procedure e qualità per Informatica medica e 

Telemedicina. Collaudi. Consulenze per procedure di organizzazione sanitaria. Interventi di 

vigilanza sanitaria come “Fisico sanitario” SSR Lazio; Interventi per Legislazione nazionale e 

regionale per i “Servizi di fisica sanitaria” dal 1967; Componente gruppi di lavoro Normativa 

Tecnica UNI e CEI. Componente varie commissioni Ministero della Sanità. Esperto in fisica 

medica ed Esperto qualificato di II grado per la radioprotezione.  
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Docente presso Scuole Regionali ed Universitarie del Lazio professioni sanitarie (infermieri, 

tecnici di radiologia, massoterapisti, tecnici per emodialisi, dietisti), corsi di formazione 

prevenzione e protezione, Università “Tor Vergata” di Roma - Specializzazione in Fisica sanitaria 

(Fisica medica).  

Componente di gruppi di lavoro presso la Giunta e il Consiglio della Regione Lazio,  Esperto 

Commissione nazionale per la formazione continua Agenas per Fisici "Ruolo Sanitario". 

Presidente INPRAT dal 2005; membro del Gruppo di lavoro Bioetica dell’AIFM; Socio onorario 

AIFM dal 2011;  Socio Senior AIRP_IRPA ; Membro del Collegio Probiviri AIFM e AIRP.  

 

 

Sono stato invitato dal Direttore della Rivista “Fisica in Medicina” alla redazione di questo breve ricordo 

della dr.ssa Roberta Breschi, che ringrazio. Ringrazio anche la collega Giovanna Evangelisti per le sue 

preziose testimonianze e l’importante contributo alla redazione del presente documento. 

 

Spesso la dr.ssa Roberta Breschi mi ha reso partecipe delle sue iniziative in difesa della Fisica Sanitaria. 

Nella sua vita lavorativa si è molto impegnata nella difesa della professione di Fisico e, dopo il 

pensionamento, ha messo a disposizione dei colleghi la sua esperienza. 

Il ricordo personale che ho della Breschi è legato alle tante telefonate, in alcuni periodi anche ogni sera, 

durante le quali abbiamo avuto modo di confrontare le nostre opinioni. Dai suoi resoconti serali potevo 

desumere che durante la giornata avesse comunicato il suo pensiero e si fosse confrontata con entusiasmo e 

determinazione con tantissime persone: colleghi fisici in giro per l’Italia, funzionari della Regione Lazio, del 

Ministero della Salute, degli Enti di Ricerca, del Comune di Roma, … 

  

Con la sua personale partecipazione agli eventi formativi organizzati da AIFM e da altre società scientifiche, 

anche in tempi recenti, dimostrava di avere un forte desiderio di conoscere e di essere costantemente 

aggiornata sulle tematiche della fisica medica e non solo. Dimostrava di essere molto interessata alle attualità 

scientifiche, alle  nuove tecnologie per le applicazioni mediche ed al ruolo del Fisico nella valutazione e 
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gestione delle stesse, talvolta sottoponendo all’attenzione degli interlocutori  la propria opinione, cercando di 

trasmettere  la propria esperienza di  professionista. 

 

Della propria esperienza lavorativa scriveva: “in qualità di cittadino e come "FISICO" del Ruolo sanitario 

ho vissuto la mia esperienza di lavoro utilizzando la Fisica come scienza applicata alla salvaguardia della 

salute ed integrità fisica della persona. Oggi da cittadino approfondirei la mia cultura sulla "Fisica Medica" 

considerandola una "Scienza per la vita” da utilizzare nella valutazione della relazione rischi-benefici nella 

ricerca, nello sviluppo tecnologico e nelle sue applicazioni in campo sanitario." 

 

Aveva un raggiante estro per il confronto dialettico,  ma sempre disponibile ad ascoltare e analizzare le 

ragioni altrui. 

Consigliava chiunque con saggezza, e anche se sapeva di non essere in perfetta linea coi tempi, cercava di 

riproporre in ognuno la sua sensibilità, le sue lotte per la conquista di posizioni nell’ambito professionale, 

evidenziando la necessità della  Fisica Sanitaria e del metodo scientifico nel campo sanitario. 

Era determinata e perseverante. Valutava con attenzione le varie esperienze, si appassionava rispetto alla 

ricerca di soluzioni, alle difficoltà che individuava nello svolgimento della professione di Fisico o delle quali 

veniva a conoscenza, era critica rispetto a quelli che considerava “errori di comportamento”, a quello che 

considerava “l’equilibrismo fine a se stesso”.  

Si impegnava in prima persona e incoraggiava ad impegnarsi con intransigenza per il cambiamento. 

 

Era una figura certamente complessa, una donna che amava partecipare e contraddistinguersi  da  

protagonista, anche in ambiti diversi da quello lavorativo. 

 

Era tenace: si metteva davanti al computer e scriveva, elaborava concetti con l’unico obiettivo la Fisica 

Sanitaria, come se non Le avessero permesso di svolgere la sua professione, come se dopo il pensionamento 

si fosse liberata da certi lacci e lacciuoli e avesse sprigionato tutta la sua energia. 

Talvolta comunicava la propria sofferenza rispetto al non raggiungimento dei risultati che si era prefissa o 

che riteneva  necessario conseguire. 
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Molti di noi hanno memoria delle sue indicazioni, dei suoi consigli e della sua visione, per alcuni aspetti non 

condivisa e avvolte fortemente criticata. 

 

Nell’ambito dell’AIFM si è confrontata con molti colleghi fisici  ed in particolare  nel gruppo AIFM 

regionale.  

Nell’ambito delle iniziative AIFM ha dato il suo contributo e supporto professionale con assiduità, come può 

essere confermato da  chiunque abbia avuto  modo di conoscerla. 

Ricordo che in occasione del convegno, promosso dal coordinamento regionale Lazio dell’AIFM, sul 

recepimento della Direttiva Europea 2013/59, che si è svolto il 23 Gennaio 2018 in Regione Lazio, si è 

prodigata fino a notte fonda per elaborare presentazioni e tabelle riepilogative del fabbisogno di Fisici medici 

presso le strutture del Servizio Sanitario Regionale. 

 

 

Per molti anni, ha dedicato  il suo impegno nel sostenere il principio ispiratore dell’INPRAT (Istituto 

Nazionale Prevenzione del Rischio nelle attività Tecnologiche), associazione promossa nel 1984 dalla dr.ssa 

Lidia Failla, che afferma la necessità della valutazione del rapporto rischio/beneficio nelle attività umane, 

conseguenti allo sviluppo ed applicazione delle tecnologie, al fine di mettere in atto quelle iniziative che 

possono contribuire a eliminare o quantomeno a ridurre il rischio di danno alla persona, in contrapposizione 

al criterio di valutazione del rapporto costo/beneficio. Ha promosso e partecipato all’organizzazione di 

numerose giornate di studio, convegni e concorsi a premio INPRAT, dal 2005 in qualità di Presidente. 

 

Vi racconto un aneddoto. Nel 1997 mi trovavo al S. Camillo di Roma per motivi di famiglia e camminando 

nelle stradine della struttura sanitaria ad un certo punto sono imbattuto in una insegna verticale che 

identificava in fondo a delle scalette il Servizio di Fisica Sanitaria (all’epoca non conoscevo di che cosa si 

trattasse). All’epoca ero ancora uno studente di Fisica all’Università di Salerno; chi l’avrebbe mai detto che 

scendendo quelle scale avrei potuto conoscere la dr.ssa Breschi, che poi ho conosciuto 8 anni più tardi 

durante la scuola di specializzazione.  

 



    

 

5 

Moglie affettuosa e madre amorevole. La famiglia per Lei è stata sempre un grande valore, un sostegno, un 

rifugio. La famiglia che ognuno deve custodire. I figli che Lei tanto amava: Giovanna e Giulio.  

Saluto con affetto Giovanna e Giulio, giovani sensibili e amici. 

Grazie dottoressa. 

Nicola 

 

Vi lascio con due brevi ulteriori ricordi di due colleghe  

 

Rita Consorti, coordinatore AIFM Lazio. Cara Roberta, hai sempre scritto molto a tutti noi utilizzando ogni 

forma di nuova tecnologia comunicativa con la facilità e la curiosità di una adolescente. Grazie per averci 

donato la tua incontenibile Energia Cinetica che spesso si è trasformata in noi in altra Energia Cinetica ed 

alcune volte in Energia Potenziale. Nulla andrà perduto dei tuoi numerosi e quotidiani insegnamenti, aiuti, 

consigli, suggerimenti, iniziative ed anche critiche. Nessuno potrà mai privarci del patrimonio umano, 

scientifico e storico che ci lasci in eredità. Grazie per la tua Amicizia e il sincero Affetto. 

 

Patrizia Pelosi, già coordinatrice del Gruppo di Lavoro AIFM di Bioetica. Erano frequenti i suoi messaggi, le 

sue telefonate, che mi esortavano ad essere sempre positiva e operativa. Roberta, una grande amica, un forte 

esempio, un caro riferimento. L’ho conosciuta quando lavoravo alla stesura del Codice Deontologico dei 

Fisici Medici. Lei con grande entusiasmo entrò subito nel Gruppo di Lavoro e il suo contributo è stato 

significativo e decisivo. Nella mia personale esperienza, avendo subito una severa strategia mobbizzante - poi 

riconosciuta e censita dal Giudice del lavoro - Roberta è stata una presenza indimenticabile, unica. Il suo 

sostegno è stato morale e psicologico, fattivo e concreto. Ovunque tu sia Roberta: grazie, infinite volte grazie
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Neutron contamination of radiation therapy 

photon beams: a dosimetric analysis method 

based on Dysprosium detectors 

 
A Ostinelli1, M Duchini1, M Frigerio1, C Berlusconi1, S Gelosa1, P Lattuada1, A Vassena1, N 

Borghi2, E Vallazza3 and M Prest2 

 
1ASST Lariana Sant’Anna Hospital Como It, 2University of Insubria Como It, 3INFN Trieste It 

 

 
 

 

INTRODUCTION 

 

In radiotherapy treatments, in addition to the photon therapeutic dose, patients are exposed to an 

undesired dose due to neutron contamination [1-4]. LINear ACcelerators (LINACs) operating at an 

energy >8 MeV produce photoneutrons through the mechanism of the Giant Dipole Resonance 

(GDR), when high-energy photons interact with nuclei of high-Z materials [5]. Among the LINAC 

head components, the flattening filter, the target, the primary and secondary collimators play an 

important role in the photoneutron production [5-8]. Several dosimetry techniques [8-12] are based 

on detectors operating at specific energy intervals. Among active detectors, scintillators doped with 

neutron -sensitive elements, such as 6Li or 10B, and neutron-sensitive gaseous media, such as 3He or 

BF3, are the most frequently used [13, 14]. Bonner sphere, bubble detectors and 

ThermoLuminescent Dosemeters (TLD-600 6LiF:Mg,Ti and TLD-700 7LiF:Mg,Ti) are the main 

passive detectors [15-20]. Despite these detection methods, efforts have been done in order to 

develop a dosemeter to be used during radiation treatments, characterized by the following features: 

neutron discrimination in mixed fields, high efficiency for neutron detection in the energy range of 

interest and possibility of  “in vivo” measurements during radiation treatments (not bulky and easy 

to carry and readout). Such a dosemeter is based on the Dy neutron activation and has been 

thoroughly investigated elsewhere, both for thermal neutron fluence measurements [21, 22] and as 

sensors for spectrometry [10, 12]. Its main features concerning the clinical application have been 
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previously tested, measuring the neutron contamination associated to the high-energy photon 

beams, produced by LINACs. Preliminar “in vivo” measurements were also performed in order to 

investigate the detector response in clinical conditions. 

The present work is devoted to a more detailed analysis of the neutron contamination, concerning 

the transport, the interaction with water equivalent materials and the spectral variations of a neutron 

beam, for energies up to few tens of MeV. This further development is essential for the “in vivo” 

dosimetry, which requires the radiation field characterization in water equivalent phantoms (i.e. 

depth-dose distribution, off-axis profiles, etc.). The study of the clinical neutron fields has been 

performed in the framework of the “Dysprosium” project of the ASST Lariana Sant’Anna Hospital 

(Como, It) and regarding two dual energy (6 and 18 MV) Varian Clinac iX linear accelerators. The 

first part of the research activity has been devoted to the neutron beams geometrical features, the 

neutron energy spectra and the neutron transmission in biological tissues. As a part of this project, 

“in vivo” dosimetric measurements were carried out with patients undergoing radiation treatments, 

to verify the clinical reliability of the information acquired from phantom tests. The last topic of this 

paper concerns the study of the neutron dose during pelvic and prostate the Intensity Modulated 

Radiation Therapy (IMRT) treatments. 

 

MATERIAL AND METHODS 

 

Dy neutron dosemeter 

The dosemeter is basically a natural dysprosium disk with a 99.9% purity, a thickness of 0.1 mm 

±10%, a diameter of 12±0.5 mm and a weight of 0.104±0.005 g. Such a well established detection 

material is sensitive only to the neutron component and can operate in mixed fields, exploiting the 

following reaction:  

164Dy(n;γ)165Dy                                                                    (2.1) 

with a thermal cross section of 2650 barn [23]. The exploited principle is the neutron activation 

analysis, which consists in measuring the induced activity in the Dy disks, when exposed to the 
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neutron field associated with the high energy photon beam produced by a LINAC. 165Dy undergoes 

β- decay, with a half-life of 2.334 hours [23] and the associated 97.4 keV γ radiation is the one 

measured with the HPGe detector (GEM-20-P EG&G ORTEC). In order to consider the decay 

effect on the activation data, the correction factors accounting for the elapsed times were calculated. 

The detection efficiency has been computed by means of a GEANT3 [24] Monte Carlo simulation  

[21]. The induced activities were used to calculate the neutron flux as follows: 

                                                         (2.2) 

where A is the activity in Bq resulting from the irradiation, λ the decay constant of the activated 

nuclei, telapsed is the time interval between the end of the irradiation and the beginning of the 

measurement, tirradiation is the irradiation time, N is the number of the target nuclei and σw is the 

weighted neutron cross section computed as follows: 

                               (2.3) 

where ϕ(E)n is the thermal neutron flux computed by means of a Monte Carlo simulation (GEANT4 

[25]) and σ(E) is the Dy capture cross section [23]. 

 

Neutron beam geometrical characterization 

This section deals with the geometrical characterization of the neutron fluence associated to the 18 

MV photon beams produced by the Varian Clinac iX LINACs of the ASST Lariana Sant’Anna 

Hospital Radiotherapy Department. A beam matching was carried out to ensure that the accelerators 

generate fully equivalent photon fields. The neutron flux has been measured with the Dy dosemeter, 

using the analysis method described in the previously section, and the geometrical characterization 

has been performed exploiting the setup shown in fig.1.  
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(a)                                         (b) 

Fig. 1. (a) Schematic representation of the RW3 geometrical phantom setup simulating the 

patient thickness and (b) an example of the experimental configuration used in the neutron 

beam geometrical characterization. 

The available phantom material was the white polystyrene (C8H8) RW3 slabs, a common water 

equivalent phantom widely used in radiation therapy quality assurance measurements, as well as in 

dosimetry of secondary neutrons. The Dy disks were irradiated in different experimental conditions 

in order to study the neutron activation as a function of: the administered dose expressed in MU 

(Monitor Unit), the X-ray field size and the distance from the isocenter. A 2D map was carried out 

to characterize the neutron activation for different positions in the isocenter plane (fig. 2).  

 

Fig. 2. Layout of the spatial 

distribution of the Dy disks exploited 

to map the thermal neutron flux in 

the isocenter plane. The central 

square represents the 10x10 cm2 

photon field. 
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All these measurements were performed delivering 100 MUs with a 300 MUs/min dose rate, for a 

standard 10x10 cm2 square field. The Source to Surface Distance (SSD) was set at 100 cm and, if 

not otherwise specified, the dosimeter was positioned in the isocenter at the phantom surface. The 

Multileaf Collimator (MLC) was kept fully opened in all the setups described in this section. Since 

this is not a standard clinical setup, the complexity of the MLC movement was investigated. The 

percentage of secondary collimation field free from the MLC covering was found to be 72.7% 

(from 68.7% to 74.5%), for clinical treatments. 

 

Neutron energy spectra 

The measurement set-up has been simulated with GEANT4 [25] to obtain an estimation of the 

neutron energy spectrum. The simulations run on a Dell Optiplex 2002 with a quadcore processor 

Intel Core i7-3770 (3.40 GHz) and with 8 GB RAM. The simulated LINAC is the Varian Clinac iX 

used for the experimental tests and for “in vivo” measurements. The structure of this LINAC is 

covered by industrial secret and only a few elements (i.e. shielding, target, primary collimators, 

flattening filter, ionization chamber and jaws) are known explicitly, while the others were simulated 

by observing the generic structure of a medical linear accelerator. The LINAC head components 

and the test geometry have been reproduced in order to investigate the neutron spectrum both on the 

phantom surface and at different depths; the whole system is contained in an air box (fig. 3). 

 

Fig 3. The experimental geometry 

simulated with GEANT4: the LINAC 

head, the RW3 phantom and the 

treatment couch. 

 



  

11 

For a given incident neutron field from MV photon induced reactions, it is important to investigate 

the in-phantom trend of the epithermal and fast components: the neutrons interact within an aqueous 

material mainly by elastic collisions, eventually reaching the thermal equilibrium. In general, as the 

neutron kinetic energy decreases, the probability of being captured (for example by 1H nuclei) 

increases. The simulations allowed to analyze the epithermal and fast neutron (with a maximum 

energy of some MeV) components. As shown in fig. 4(a) the epithermal neutron component 

increases with the depth up to about 5 cm, after which the thermal neutron component becomes 

much more important. Each neutron spectrum is normalized to 106 incident neutrons (entries) 

generated by 18 MV photon beams. 

 

Fig. 4. (a) The neutron spectra trend as a function of the depth in the phantom and (b) the neutron 

thermal component as a function of the depth inside the phantom. 

 

To remove the source intensity dependence, a RT ratio has been introduced as follows: 

                                                                                                                    (2.4) 

where I(E) is the number of the neutrons detected in the RW3 absorber, Is(E) is the number of the 

produced neutrons and Emin and Emax are equal to 10-8 MeV and 2x10-7 MeV respectively. Fig 4(b) 

presents the trend of the thermal neutron component, expressed as RT factor, as a function of the 

depth. 
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Neutron transmission in biological tissues 

To investigate the neutron transmission in biological tissues, the Dy neutron activation as a function 

of the tissue-equivalent phantom depth has been studied. The neutron activation at different depths 

in the RW3 geometrical phantom has been measured at the fixed SSD value of 100 cm. Each Dy 

dosemeter has been irradiated with a 300 MUs/min dose rate for 1 minute and the field size was set 

to 10x10 cm2, while the depth in phantom was varied from 0 to 20 cm. 

 

In vivo dosimetry 

Patients undergoing prostate and pelvic treatment with 18 MV beams were considered for this study 

(78 Gy in 39 daily fractions). These patients were treated with IMRT Sliding Window technique. 

The dose distribution was optimized with the Eclipse TPS (version 8.9, Varian Medical System) 

and the treatment plans consisted in five isocentric beams, delivered in a range of 100 and 300 

MUs. As reported in literature [26 - 28], the reference field angles were: 

• prostate treatment: 0°, 75°, 135°, 225° and 285°; 

• lymph nodes treatment: 45°, 100°, 180°, 260° and 315°. 

In fig. 5 an example of prostate and pelvic IMRT treatments is shown. 

 

(a)                                                                 (b) 

Fig. 5. Examples of the dose distribution performed with the Eclipse TPS with a IMRT (a) prostate 

and (b) pelvic treatment. 
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Based on the previous treatment plan geometry, only 0°, 45°or 75° fields were considered for the 

study. The Dy detector was exposed to one single field (the first one) for each patient. The 

treatments were delivered with the two Varian iX LINACs, dependently on where the patient was 

scheduled for the treatment itself. Each LINAC was equipped with “Millenium 120” Dynamic MLC 

and was commissioned to deliver IMRT Sliding Window treatments. Once the patient was 

positioned (supine position) on the LINAC couch and the setup was checked with a proper imaging 

technique, the Dy detector was placed on the patient abdomen, 1 cm beyond the external edge of the 

field. After the field delivery, the detector was immediately removed from the patient and analyzed. 

 

Neutron dose in biological matter 

In a previous study [22], the neutron effective and equivalent doses were evaluated starting from the 

Dy activation: the thermal neutron fluence was first calculated and the International Commission on 

Radiological Protection (ICRP) dose conversion coefficients [29] were applied. As the last step of 

this process is influenced by a large number of physical phenomena, each playing a decisive role in 

the energy delivery to matter, in this study the main nuclear reactions between neutrons and the 

biological tissues were considered. Starting from Monte Carlo simulation, the following 

consideration was assumed: due to its progressive slowing down, the thermal neutron component 

becomes the prevalent one starting from a 5 cm water equivalent tissue depth and all the remaining 

spectral components can be neglected. Due to this experimental evidence, the capture cross-section 

was computed by applying (2.3) to the thermal spectrum. 

According to the International Commission on Radiation Units and Measurements (ICRU), the soft 

tissue composition in percentage by mass is: H (10.1%), O (76.2%), N (2.60%) and C (11.1%) [30]. 

For H nuclei the main process of energy transfer to matter consists in the production of compound 

nuclei and in their undergoing emission [29]. 

1H(n,γ)2H has a 0.33 barn [23] thermal cross-section while the 16O(n,anything) one is only 0.01 

barn [23]. In the case of nitrogen, by far the most important neutron interaction consists in 
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14N(n,p)14C, whose σ is 1.83 barn [23]. For carbon, the thermal neutron contribution to the dose 

delivery may be considered reasonably negligible: C(n,γ) was estimated to be around 10-2 barn [23].  

For the 1H(n,γ)2H reactions, the emission of 2.223 MeV photons is the most effective energy 

transfer process in matter and, in its turn, it is strongly dependent on the subsequently activated 

phenomena. Since the following reactions are due to thermal neutrons which generate compound 

nuclei, emission is strictly isotropic. Under this assumption, the fraction of energy which is actually 

absorbed in tissues depends on the linear absorption coefficient ab and on the mass of the irradiated 

volume, m. At this energy, the Compton effect is predominant in soft tissue and its corresponding 

linear absorption coefficient is 0.025 cm-1 [31]. This interaction generates secondary electrons at 

small angles, while secondary photons emission is predominantly forward peaked, nearly in the 

same direction of the primary ones, with energies close to 2 MeV. Considering a tissue equivalent 

20 cm diameter spherical phantom, applying the Mayneord reciprocity theorem and assuming the 

density of interactions to be essentially uniform inside the entire volume, the 2.332 MeV γ radiation 

transfers about 22% of its energy through 10 cm soft tissue thickness. The energy imparted to 

matter by gamma radiation is computed by applying the following formula: 

                                                                                                    (2.5) 

where φn is the fluence given by: 

                                                                                                            (2.6) 

σH(n,γ) is the neutron capture cross section for the 1H(n,γ)2H reaction (0.33x10-24cm-2 [23]), NH is the 

number of hydrogen targets (2.50x1026), Eab is the absorbed energy defined by the following:  

                                                                                                                 (2.7) 

The average dose is obtained as follows: 

                                                                                                                                      (2.8) 
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where m is the mass of a 10 cm radius sphere (m=4.187 kg), considering a soft tissue density of 

1.00 gcm-3 according to the ICRU soft tissue four-components model [30].  

By applying the previous method, the contribution of the 14N(n,p)14C reaction to the total dose was 

calculated using the following:  

                                                                                                         (2.9) 

where ϕn is the neutron fluence computed as for the gamma radiation emission analysis, σN(n,p) is the 

cross section for the 14N(n,p)14C reaction (1.83 x 10-24 cm-2 [23]), NN is the number of 14N targets 

(5.44x1024) and ∆E is the energy released to the proton in the thermal neutron capture by a 14N 

nucleus (0.63 MeV). 

The effective dose E is given by the sum of the equivalent doses HT multiplied by the single tissue 

weighting factors, wT:  

                                                                                                                              (2.10) 

where the equivalent dose is calculated by the product of the mean absorbed dose in tissue or organ 

T, due to the incident radiation R, for the radiation weighting factor, wR. Considering both the 

photon and the proton contributions, the equivalent dose is obtained as follows: 

                                                                                                                    (2.11) 

Given that the neutron biological effectiveness depends on the energy and that, for water-equivalent 

tissue thicknesses larger than 5 cm, the spectrum mainly consists of thermal neutrons, the weighting 

factor wR was calculated by applying the following formula [32]: 

                                                                                                       (2.12) 

On the basis of this calculation, the 2.5 value was adopted. 
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RESULTS 

Neutron beam geometrical characterization 

A preliminary control has established that all the available Dy disks were completely 

interchangeable: repetitive measurements without modifying the experimental setup yielded a 5.6% 

standard deviation. The measurement reproducibility within each LINAC has been tested by 

irradiating the same Dy dosemeters in the same setup conditions. The induced activity showed a 

Gaussian distribution (K-S test) and the activation differences between Varian Clinac iX LINACs 

were found to be not statistically significant (p>0.05). The dose linearity test was performed by 

measuring the neutron activation for beam deliveries in the 50-600 MUs range (r2=0.994). The 

neutron activation of Dy dosemeters as a function of the field size has been investigated with seven 

square fields (from 2x2 cm2 to 22x22 cm2). 

 

(a) (b) 

Fig. 6. Neutron induced activity as a function of the field size measured (a) at the isocenter and (b) 

at 60 cm from the isocenter. The first plot linear fit is: y = 1.80x - 82.37, r2 = 0.859. 

The experimental data plot is shown in fig. 6(a). The observed trend is in good agreement with 

previously published results [22]. The induced activity increases linearly with the field size, due to 

the increased number of neutrons, photoproduced in the primary collimation system, which reach 

the Dy disk without undergoing further absorption in the jaws. This linear trend seems to depend on 

the photon interaction with the jaw’s edge, and therefore on the field side length. A more detailed 
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analysis of the field size dependence is reported in fig. 6(b), which takes into account the neutron 

activation in a fixed point far away from the treatment field, when the field size is increased from 

5x5 cm2 to 25x25 cm2. It can be noted that at 60 cm from the isocenter the neutron activation is 

substantially independent of the field size, with a mean value of (59 ± 6) Bq. 

In the outer field region, the neutron activation has been investigated at different distances from the 

isocenter (off-axis activation). The Dy disks were positioned outside the field, in increasing 

distances from its edge (i.e. 1, 15, 30 and 45 cm). For a better understanding of these experimental 

data, the field size dependence was also taken into account (fig. 7).  

 

Fig. 7. Neutron induced activity as a function of field edge fixed distances and different field sizes. 

 

 

Neutron activation was found to be independent of the field size for each fixed off-axis position. 

Fig. 8 shows the neutron activation in the isocenter plane. Within the area identified by the 

secondary collimator, the activation was found to be not homogeneous. Probably, this reflects the 

geometry of the head materials involved in the photoneutron production. 
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Fig. 8. Map interpolation of the neutron activation in the isocenter plane. 

 

Neutron transmission in biological tissues 

The activation results for increasing RW3 thicknesses are reported in fig. 9.  

 

Fig. 9. The neutron activation results as a function of the depth in the RW3 phantom for a 10x10 

cm2 squared field and 100 MUs. 

As expected, the neutron activation reaches a maximum at about 5 cm depth, which corresponds to 

the thermal neutron flux optimization. At greater depths, the neutron fluence experiences an 

increasing thermalization, until no more neutrons are detectable. This result is consistent with 

previous studies [21, 22]. These neutron attenuation data have been used to estimate the depth-dose 

distribution in clinical conditions. 
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In vivo Dy activation measurements 

Dy “in vivo” measurements have been analyzed in this study, considering only direct irradiation. 

The treatment parameters mean values and ranges are summarized in tab. 1. 

 

Tab. 1. Mean values and ranges of the treatment parameters. 

Larger field sizes are associated with pelvic treatments (206±23 cm2), while, on average, more MUs 

were delivered in the prostate treatments under study (179±44 MU). SSD values varied within a 

very narrow range, reflecting the small differences in the abdominal thickness among patients. The 

neutron activation measurements as a function of the delivered MUs are shown in fig. 10. Neutron 

activation is a linear function of the delivered dose (r2=0.874). 

 

Fig. 10. Neutron activation as a function of the delivered MUs. The line represents the 

linear fit: y = 0.95x + 14.84, r2 = 0.874. 

 

Neutron dose calculation 

By applying (2.2) to the “in vivo” Dy activation measurements, considering a 170 MUprostate 

IMRT field (2 Gy/fraction) and assuming that: 

                                                                                                                                 (3.1) 
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is practically represented by ϕn at 10 cm depth, according to (2.6) the neutron fluence is: 

                                                                                                          (3.2) 

By applying (2.8), it follows that the energy imparted to matter by the neutron-produced gamma 

radiation for one fractions is 0.37 mGy. The neutron dose associated to proton emission can be 

computed by adopting the described method and a Dab,p equal to 0.056 mGy was obtained.  

Starting from an overall analysis of the presented data, the neutron exposure of a 20 cm diameter 

tissue-equivalent sphere seems to be effectively described by its central dose. The maximum and 

minimum fluences in the sphere are compatible with the 10 cm depth value within the experimental 

errors. This assumption can be considered enough representative of the mean patient body mass 

along the z axis. On account of the nearly homogeneous neutron irradiation of the patient, which is 

pointed out by off-axis Dy activation (fig. 6(b) and 7), the effective dose associated to one field is 

0.21 mSv, under the conditions defined by (3.2). Consequently, in the case of a complete treatment 

(78 Gy per 39 fractions), the total effective dose rises to 42 mSv, with an experimental error of 

10%. 

 

CONCLUSION  

The goal of the present work was the development of a portable neutron dosemeter to evaluate the 

effective dose in radiotherapy treatments. This required a large set of results, which were obtained 

from both phantom and “in vivo” measurements, to characterize the neutron beams produced in 

different clinical conditions. These data are affected by errors and uncertainties which may not be 

considered as negligible, mainly due to treatments irradiation geometries (DFP, field sizes and the 

incidence angles with respect to the plane of the detector, secondary collimation, etc.). If not 

adequately considered, the effect of these treatment parameters can produce a significant overall 

neutron fluence variability. In particular, the use of a MLC collimation may be particularly effective 

when associated with the secondary one, being able to absorb until to 50% of the neutron 
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production. However, the effective dose provided by this work can be considered enough reliable to 

assess the extra risk in radiotherapy treatments with 18 MV photon beams. Therefore, it may be 

useful to evaluate what kind of consideration should be given to this additional risk.  

The major conclusions regarding this study and the reported results can be summarized as follows: 

• the extended analysis of neutron fluences in different geometrical conditions allowed a 

better beam characterization, essential for the description of clinical treatment conditions; 

• the Monte Carlo spectra simulation has confirmed the hypothesis that the thermal 

component is the predominant one for tissue depths larger than a few centimeters; 

• the correlation between the effective dose evaluations presented in this work and the 

previous ones (which were calculated by means of the ICRP Publication 116/10 

fluence/dose conversion coefficients) has been fully verified; 

• the clinical measurements have proved that the photoneutrons effective dose contributioncan 

represent an useful tool for the evaluation the most appropriate treatment policy (6 MV vs. 

18 MV X-ray beams). 

These outcomes can be considered fully satisfactory and represent the concrete evidence of the 

adopted model reliability, despite the limitations due to both simplifications and approximations 

introduced by this approach. 
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Abstract 

 

Background In recent years there has been an increasing interest in the evaluation of absorbed dose 

by the infant patients of the Neonatal Intensive Care Units (NICU) undergoing X-ray examinations, 

in order to reduce it according to the ALARA (As Low As Reasonable Achievable) principle of 

radiation protection. 

 

Objective In this multicentre study, the experiences of fifteen Italian hospitals were collected in 

order to compare methods, equipment and doses delivered to the patients, with the aim to increase 

awareness of professionals in relation to exposure of little patients that take place in NICU. 

 

Materials and methods The attention was particularly focused on three aspects: the evaluation of the 

number of radiological examinations done in the NICU, the effect on patient dose of the absorption 

due to the incubator design and the dose absorbed by babies during the most common X-ray tests. A 

statistical study on the number of exams done in the NICU was carried out extracting data from the 

Radiology Information System (RIS) and from the Picture and Archiving Communication System 

(PACS) of each centre. Typical clinical procedures were taken into account, as well as different 

incubator brands and models. In order to assess the contribution to the attenuation coming from the 

mailto:sabina.strocchi@asst-settelaghi.it
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accessories present in each incubator, attenuation factors were obtained as ratio between the dose 

measured downstream to the canopy and the dose below the accessories. In each centre the 

absorbed dose was evaluated as entrance dose to patient surface in AP projection, considering 

typical exposure parameters used in a standard procedure. 

 

Results The number of chest X-ray on new-borns in one year ranges approximately from 60 to 

about 1200, depending on the dimensions and type of the hospital. Nearly the totality of exams is 

performed in the first 15 days of the subject’s life. The maximum number of exams on the same 

patient is 106 in one year and 15 in the first 24 hours. The attenuation factor of different incubator 

models ranges from 0.02 to 0.42, depending on the X-ray spectrum used and on the incubator 

characteristics. The highest values are found when using low kV (50), no added filtration and 

models with integrated scales and/or with metal baby supports. Standard techniques for AP chest 

are not uniform among centres and do not depend on incubator characteristics. As a consequence, 

entrance skin dose varies between 18 and 82 Gy. Nonetheless, all the evaluated dose area products 

are lower than the European diagnostic reference level. 

 

Conclusions The results reveal a high variability and show that there is room to improve techniques, 

X-ray machines and incubators provided. Moreover, professionals involved in neonate patients care 

might contribute to better results, through an increased awareness of radiation protection issue. 

 

Keywords: neonatal intensive care unit, NICU, neonatal dosimetry, radiation protection of infants. 

 

1. Introduction 

 
In recent years, great attention has been paid to paediatric radiology and in particular to ionising 

radiation exposure of premature babies [1, 2, 3]. Remarkable progress in clinical practice has 
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increased the survival probability of children born a long time before the term and with physical 

constitutions inadequate for an autonomous life; regardless, the question arises on how to reconcile 

survival and future quality of life [4]. Moreover, it is evident how therapeutic choices are relevant, 

particularly concerning few days-old babies, and risk assessment becomes fundamental to increase 

awareness of radiation protection issues in a NICU framework [4, 5, 6]. A few studies have 

analysed the amount of little patients’ radiation exposure during CT scans, assessing the utility of 

this kind of exams and, at the same time, sensitising the operators to reduce the dose as low as 

reasonably achievable [7]. 

In this multicentre study, the aim was to carry out an analysis of the factors influencing patient 

exposure and leading to the latter being excessive when infant patients are subject to X-ray 

examinations. There are some critical aspects to take into account concerning babies irradiations, 

appropriateness apart: exposure of children, number of tests for each patient, possibility of using 

containment systems that prevent the baby from moving (in order to avoid unnecessary 

examinations), technology used, shielding for gonads, and so on. Among the main concerns 

regarding premature babies there is the risk of infection [8]: to limit this risk, incubators 

manufacturers introduced new devices on incubators, such as a cassette tray under the bed itself, so 

that the cassette never comes in contact with the baby, or a weight scale between the baby and the 

cassette, so that the doctors always have the child weight at hand. Although these devices are 

designed to keep the baby in a safe environment, at the same time they might increase the patients’ 

radiation dose. In this study the experiences of fifteen Italian hospitals were collected in order to 

compare techniques, equipment, incubator attenuation, use of shielding, number of exams and doses 

delivered to each patient. The final aim of this work is to increase professionals' awareness in order 

to ease the ALARA principle application to infant patients RX exposure. 
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2. Materials and methods 

 
In this study the attention was particularly focused on three aspects, i.e. on the evaluation of the 

number of radiological examinations done in the NICU, on the effect of the absorption due to the 

incubator design on patient dose and on the dose absorbed by babies during the most common X-

ray tests. This study involved several Italian hospitals, in order to understand the variability of these 

quantities among different structures.  

 

 

2.1 Statistics of Radiological examinations 

The number of patients and of radiological examinations done in a time interval of one year in each 

centre was extracted from the relative RIS or PACS, considering only chest, abdomen, and chest-

abdomen requests. When the information from RIS/PACS was complete, it was possible to 

calculate both the age of the baby and the number of X-ray examinations by age range. The 

distributions by typology, single patient and age were analysed, as well as the maximum number of 

X-ray requests relative to a single patient in each hospital. Moreover, the models and the 

characteristics of the incubators present in each hospital were collected, as summarised in Tab.1.  

For each centre which collected this type of data, Tab.2 reports the number of little patients born in 

a year and the number of exams done in the same amount of time. The hospital names were coded 

with a letter in the first column. 
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2.2 Incubator attenuation 

The attenuation evaluation was made using the form shown in Fig.1, to make the measurement 

procedures homogeneous, and the method used to estimate the attenuation was the following. The 

dose below the canopy, the comfort pad support and the comfort pad, and the dose just below the 

canopy were measured. The attenuation was obtained as their ratio, in order to estimate the 

contribution to attenuation coming from all the components of the incubator below the canopy. 

These measurements were carried out at different kV (i.e. 50, 55, 60, 65, 70 kV) and the values 

obtained were interpolated with a linear function, indicated in such a small kV range. R2 was 

considered as the discriminating parameter, and the data with an R2 lower than 0.5 was rejected. In 

the few cases in which the measurements were made on the same incubator model in the same 

conditions, but in different hospitals, an average of the results was considered.  

In one of the centres, some measurements were made to evaluate the variation of the attenuation 

factor when a filtration of 1mmAl+0.1mmCu was added, using a field of 10cm×10cm. In this case 

the attenuation factors evaluated showed a variation of 0.75, which could subsequently be used to 

evaluate the incubator attenuation with filtration added in all the other centres. However, this is not 

an accurate method.  
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2.3 Patient doses in standard techniques 

Patient doses were evaluated as entrance dose to patient surface in the AP projection, the most 

common projection, and estimated as follows. Taking into account the typical exposure parameters 

used in each centre, the X-ray equipment output was measured above and below the canopy, in the 

same set-up conditions. The information relative to the X-ray equipment used, incubator model, 

focus-skin distance, possible added filtration, X-field size, current time product (mAs) and tube 

voltage (kV) was collected. To evaluate the dose relative to the mAs declared for the standard 

technique the output in Gy/mAs was used, measuring it at a distance of 100 cm with the canopy 

only and interpolating among  the kV used in the attenuation measurement, if needed.  

In two centres, dose measurements were made both in standard conditions with typical clinical field 

(18cm×24cm) and with the narrow field (5cm×5cm) used in incubator attenuation measurements. 

The results show that the dose contribution from the scattered radiation is typically of 7%. The 

focus-skin distance was approximated to 90 cm ([9] in Tab.8 indicates an average thickness of 9.8 

cm for a 0-1 month old baby). Additionally, the backscattering factor used was 1.30 [9]. Since 

several documents report the DAP as reference dosimetric quantity for DRLs, an overestimation of 
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the DAP was evaluated multiplying the entrance dose (corrected for the backscattering factor) for 

the field area, in the hypothesis of an open field corresponding to the dimensions of the cassette at a 

1 m distance (but it is clear that at a distance of 90 cm the field is smaller).  

 

 

3. Results 
 

3.1 Statistics of Radiological examinations 

The analysis of RIS/PACS data led to the results reported in Tabs.2 and 3. As already mentioned, 

Tab.2 shows the number of exams done in one year (third column) on patients born in that same 

year (second column): the number of exams per patient (N¯, fourth column) is very high when the 

hospital is a reference one for Paediatrics, while in the other cases the number is lower. In this 

regard, an independent samples Student t-test was carried out, to compare the number of exams per 

patient in specialised centres and in not specialised ones. It resulted a significative difference with 

p<0.01. 

In Tab.2, the maximum number of examinations on a single patient (Nmax,tot) is reported, 

considering all patients and all ages. 

In Tab.3 the total RIS/PACS requests for abdomen and chest X-ray exposures are summarised: in 

the first column there are only the centres for which it was possible to subdivide the number of 

abdomen and chest examinations by age. In the further columns there are the total number of exams 

carried out in one year for both the anatomical districts, the number of exams done in the first day 

of life and total number of exams in the first fifteen days. The percentage values are also reported. 

Note that the number of exams of the <1 d columns are included in that of the 0-15 d columns, both 

for abdomen and chest requests. 

Fig.2 shows the maximum number (Nmax) of examinations done on a single patient in their first 24 

hours of life. 
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3.2 Incubator attenuation 

In Tab.4 the attenuation factors obtained in the study are reported. For each incubator model, the 

possible presence of some accessories is indicated in the second column, the filtration used is in the 

third column and the attenuation range obtained is in the last. This range corresponds to a voltage 

ranging from 50 to 70 kV. It should be underlined that in the kV range considered the attenuation 

was evaluated both with inherent filtration and with an added one, if filtration was not already 

present, as indicated in the table. As expected, the attenuation is always lower for higher values of 

kV and filtrations.  
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3.3 Patient doses in standard techniques 

The standard techniques used for the AP projection in chest examinations are reported in Tab.5, 

divided by centre and incubator model, with their median and 75th percentile. Like in the previous 

tables, the hospital names were coded with a letter in the first column. The typical focus-detector 

distance is 1 m.  

Although the suggested technique prescribes an added filtration of either 0.1mmCu or 0.2mmCu, in 

none of the centres involved in the study this filtration is normally used. The data of cassette 

dimension, voltage and tube current per seconds are nominal, while those of entrance skin dose 

(ESD) and dose area product (DAP) are computed.  

In the following graphs, the distribution of some interesting quantities are reported: kV (Fig.3(a)), 

entrance skin dose (Fig.3(b)) and overestimated DAP (Fig.3(c)). 
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4. Discussion 
 

4.1 Statistics of Radiological examinations 

The statistical analysis of RIS/PACS data has shown that the average number of exams per patient 

is higher (5.3 to 11.4) in the specialised centres, as in general the most critical cases are dealth with 

there. For other hospitals this number is lower (1.6 to 5.7), because in this case the NICU takes care 

of the patients from birth to the stabilisation of their conditions, then the babes are usually 

discharged from the hospital or they are transferred to a specialised centre. For the same reason, the 

total number of exams is done in the early fifteen days in general centres, while the reference ones 

can take care of the patients for longer. Nonetheless, the mean number of examinations per patient 

shows anyway a high variability, and can be compared to data found by Olgar et al. [5] of 14, by 

Donadieu et al. [10] of 10.6 and by Iyer et al. of 32 [11]. The highest number of exams on the same 

patient found in this study is 106, and it can be compared to more than 25 found by [12], 95 found 

by [10] and 159 by [11]. The maximum number of exams in the first 24 hours of life is also 

significant, and it replicates the large variability found, with a peak of 15. 

 

4.2 Incubator attenuation 

In general, it was found that depending on the incubator model used the X-ray attenuation varies 

between approximately 40% and 3% in a range of 50 to 70 kV with inherent filtration. For many 

reasons, it is advisable to use added filtration when it comes to NICU patients (see for instance 

[13]). With a typical added filter of 1mmAl+0,1mmCu, the X-ray attenuation by the incubator 

decreases of 20-30%, leading attenuations in the range of around 30-2%. When the scale is 

integrated with the incubator, it often adds a further attenuator to the beam, and the attenuation 

increases of around 40-50%, if no added filtration is used, while the variation is of the order of 15% 

with an added filtration. The use of incubators with a metal support is deplored, because such a 

device attenuates the X-ray beam more than others, even if an added filtration is used. These results 
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agree with those found in [8], where the authors also dealt with nursing and care aspects. 

Nonetheless, their conclusions are that the X-ray absorption of the mattress support, of whatever 

type, is an issue which must be taken into account and that incubator manufacturers should consider 

to improve the radiological characteristics of their equipment. Moreover, if on one hand it is 

desirable that incubator manufacturers indicate the attenuation of cots and their accessories, on the 

other hand the operators should consider this information when they evaluate which model to buy 

and mostly during the babies exposure. 

 

4.3 Patient doses in standard techniques  

Several interesting considerations arise from the collected data. First of all, it is to be noted that 

depending on the incubator model used in the different hospitals, the employed techniques are not 

adapted to the specific incubator, although the present study shows that the attenuation is not the 

same for each model. At the same time, the standard technique depends on each centre, even if the 

incubator used is the same. Certainly the standard technique is dependent on the radiologic 

equipment available and the DR technology allows to work with higher kVp values, and lower mAs 

values. However, as it can be seen from the different level of patient entrance dose for the same 

incubator, the technique used mostly follows a habit, rather than a rigorous optimisation process. 

The entrance dose varies of a factor greater than 4 between the lowest and the highest values 

detected. The current-time product, mAs, is the quantity responsible for the greatest variability 

found. The general sensation coming from kV, mAs and dose distribution obtained is that the 

radiographer usually attempts to limit the dose by reducing the kV, when it is not possible to lower 

the mAs due to technical limitation of the X-ray device available. This is carried out in spite of the 

fact that it is in general advisable to use higher kV (always in the reasonable range that was here 

considered) in order to lower the radiation dose absorbed by the patient, also because of the lower 

attenuation of incubator support, as shown before. It is remarkable that the median entrance skin 
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dose found and its variability are strictly connected with those found in other works, like those of 

Yu, Olgar et al., Dougeni et al., Jones et al., Armpilia et al., Smans at al., Faghihi et al., Fayre et al. 

[2, 5, 12, 14, 15, 16, 17, 18], despite the time elapsed and the technology evolution. In spite of the 

limits and critical issues found, the median DAP (that was overestimated as it does not take into 

account the effective collimation) is of 10 mGycm2, a lower value than the proposed European DRL 

of 15 mGycm2 (taken from Tab.10.2a of [19]). 

 

Undoubtedly, in evaluation of NICU patients radiation dose in portable radiograph, gonadal 

shielding must be considered, too. The use of gonadal shielding decreases radiation exposure in 

paediatric radiography, observing the principle of ALARA and adhering to the Image Gently 

campaign in children [20]. However, routine use of shields in infant patient is still under discussion 

because important diagnostic information can be masked. Even if the radiation dose to the gonads 

caused by a single radiograph is low (in the range of 20–80 μGy) [21], and therefore the associated 

risk of radiation-induced malignancy is quite small, NICU neonates can be exposed to several 

radiographs and gonadal shielding certainly reduces patient exposure. Moreover, detection of 

important diagnostic information in abdominal radiographs rarely regards only the pelvic regions 

[22]. 

 

 

5. Conclusions 
 

This work dealt with some radiation protection issues in the neonatal intensive care units in a 

number of hospitals in Italy, both reference centres for this speciality and general hospitals. The 

mean and maximum number of X-ray exams on each patient were evaluated, together with the 

typical skin entrance dose in each centre. Also, the attenuation of the patient support of the 

incubators found in the various hospitals was measured, in the range of 50-70 kV, with and without 

an added filtration of 0.1mmCu plus 1mmAl. The results show a high variability and indicate a sub-
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optimal radiography technique in NICUs. There seems to be room for techniques improvement, X-

ray equipment and incubators provided. In addition, the use of gonadal shielding could clearly 

decrease infant patients exposure, especially when they are imaged with several radiographs.  

Hopefully, increased awareness about radiation protection issues of professionals involved in 

neonate patients care may contribute to better results in the future. Regardless, the doses estimated 

for the patients, both as entrance skin dose and dose area product, are consistent with those found in 

other studies and with those used as reference levels. 
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Novità  ICRP e NCRP 
a cura di Raffaella Rosasco 

 

 

 

 

ICRP propone due documenti draft in pubblica consultazione. 

 

ICRP Publication 1XX - Radiation Weighting for Reference Animals and Plants (consultazione 

pubblica fino a Marzo 2019). 

Da tempo è riconosciuto che il grado di impatto biologico su un organismo, risultante da una data 

dose assorbita (in Gray) di radiazioni ionizzanti, può variare in base al tipo di radiazione impiegata. 

Questa differenza può essere quantificata sperimentalmente e riportata come Effetto Biologico 

Relativo (RBE) di specifici tipi di radiazioni. I valori di RBE sono determinati sperimentalmente e 

corrispondono al rapporto tra dosi di una radiazione test e una radiazione low-LET di riferimento 

che produce lo stesso effetto osservato. I valori di RBE sono stati misurati per molte finalità sia in 

esperimenti in vitro che includono linee cellulari umane e animali, che in esperimenti in vivo con 

animali. Tali studi hanno mostrato che la gravità di un effetto biologico dipende non solo dalla dose 

e   dall’energia della radiazione che ha rilasciato la dose, ma anche dal rateo con il quale la 

radiazione è emessa e, molto importante, l’endpoint in studio. La necessità di applicare questa 

conoscenza alla radioprotezione dell’uomo ha condotto a un’aggregazione e analisi di dati di RBE 

per ottenere “fattori di ponderazione della radiazione” (radiation weighting factors) e ha condotto 

alla quantità radioprotezionistica “dose equivalente” (in Sievert, Sv) dove la dose assorbita viene 

moltiplicata per il fattore di ponderazione della radiazione appropriato per il tipo di radiazione 

considerato. Mentre la protezione dell’uomo è stata focalizzata sull’evitare le reazioni tissutali 
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(deterministiche) e limitare gli effetti stocastici ( cancri/effetti ereditari), la protezione del 

complesso biota è stata largamente focalizzata su obiettivi riguardanti la vitalità della popolazione. 

Il presente report revisiona i dati di RBE relativi al biota per un emettitore beta di bassa energia 

(trizio) e per radionuclici alfa emettitori. Per il trizio, i valori ottenuti si attestano intorno a 1.5-2 

confrontati con i raggi X e 2-2.5 confrontati con i raggi gamma; i valori per le particelle alfa sono in 

genere sostanzialmente più alti. È stato proposto, per finalità di radioprotezione, di usare una dose 

assorbita pesata per l’RBE,  con un RBE ponderato per i biota di 1 per tutte le radiazioni a basso-

LET e 10 per le particelle alfa.  Tuttavia, se si stima che le esposizioni alle particelle beta del trizio 

o altre basse energie, radiazioni a basso-LET siano incluse o prossime ai Derived Consideration 

Reference Level (DCRL), si dovrebbe garantire una valutazione sull’uso di valori di RBE più alti. 

 

 

ICRP Publication XXX – Rafiological Protection from Naturally Occurring Radioactive Material 

(NORM) in Industrial Process (consultazione pubblica fino al 22 Febbraio 2019). 

 

L’obiettivo di questa pubblicazione è fornire una guida sulla radioprotezione nelle industrie che si 

occupano di NORM. Le industrie che si occupano di NORM danno origine a numerosi pericoli e il 

pericolo radiologico non è necessariamente rilevante. Tali industrie sono varie e possono riguardare 

esposizione alle persone e all’ambiente dove è necessario considerare delle azioni protettive. Il 

NORM non presenta alcuna reale prospettiva di un’emergenza radiologica connessa con le reazioni 

tissutali o con un immediato pericolo di vita. Tuttavia, il rilascio accidentale di grandi volumi di 

NORM può ripercuotersi in effetti di detrimento sull’ambiente, incluso la natura radiologica. Il 

NORM associato ai processi industriali è una situazione di esposizione esistente, ad eccezione di 

quando il NORM è utilizzato per le sue proprietà radioattive, che dovrebbero essere indirizzate alla 

base del principio di giustificazione (delle azioni prese) e ottimizzazione della protezione sopra o 
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sotto appropriati valori di riferimento. Le esposizioni al radon e al toron dovrebbero essere trattate 

secondo le raccomandazioni della Pubblicazione 126. 

Si raccomanda un approccio integrato ai processi del NORM, partendo con una caratterizzazione 

della situazione e delle strategie di protezione già implementate per trattare altri pericoli dei luoghi 

di lavoro, e la valutazione di azioni aggiuntive. Le selezione e l’implementazione delle strategie di 

protezione per i lavoratori dovrebbero essere una risposta proporzionale alla gravità del pericolo. 

Secondo le caratteristiche della situazione di esposizione, in particolare i percorsi di esposizione 

effettivi e potenziali, la distribuzione di dose individuale e la prospettiva di l’ottimizzazione, si può 

selezionare un appropriato livello di riferimento, sia sotto pochi mSv per anno o al di sopra di pochi 

mSv se necessario, ma molto raramente eccedenti i 10 mSv per anno. Sulla stessa filosofia, si usa il 

controllo del luogo di lavoro e delle condizioni del lavoro per ridurre il rischio, mentre il controllo 

dei lavoratori interviene quando non è stata già raggiunta una protezione adeguata mediante i 

controlli su luogo di lavoro. 

Si dovrebbe adottare un approccio graduale nelle richieste di implementazione. L’esposizione del 

pubblico dovrebbe essere affrontato attraverso il controllo degli scarichi, dei rifiuti e dei residui, 

dopo la caratterizzazione della situazione. Il valore di riferimento per la protezione del pubblico 

dovrebbe essere scelto sotto pochi mSv per anno. La protezione delle specie non-umane dovrebbe 

essere affrontato come parte della valutazione ambientale, considerando tutti i pericoli e gli impatti. 

Ciò dovrebbe includere l’identificazione degli organismi esposti nell’ambiente e usando rilevanti 

Derived Consideration Reference Levels (DCRL) per accertare la gravità degli impatti e decisioni 

di informazione sulle opzioni per il controllo dell’esposizione.  
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NCRP Commentary No. 27: Implications of Recent Epidemiologic Studies for the Linear-

Nonthreshold Model and Radiation Protection (Maggio 2018). 

 

Per oltre 40 anni il modello lineare senza soglia (LNT) dose-risposta è stato utilizzato per 

sviluppare linee guida pratiche e prudenti in merito alla protezione dei lavoratori e i membri del 

pubblico dai potenziali e dannosi effetti delle radiazioni ionizzanti, nello specifico, delle radiazioni 

a basso-LET. 

Il Commentary No. 27 è stato prodotto da un gruppo interdisciplinare di esperti di radiazioni che 

hanno valutato criticamente recenti studi epidemiologici sulla popolazione esposta a basse dosi e a 

basso dose-rate di radiazioni ionizzanti. Gli studi erano stati giudicati in base alla loro forza a 

supporto del modello LNT usato in radioprotezione. NCRP conclude che i recenti studi 

epidemiologici supportano il continuo uso del modello LNT nella radioprotezione.  Ciò è in accordo 

con le valutazioni effettuate da altri comitati scientifici nazionali e internazionali, basati su dati più 

vecchi che nessuna relazione dose-risposta appare più pragmatica o prudente ai fini della 

radioprotezione rispetto al modello LNT. Il Commentary propone una revisione critica di 29 studi 

epidemiologici di elevata qualità sulle popolazioni esposte a radiazioni con basse dosi e range bassi 

di dose-rate, pubblicati prevalentemente negli ultimi 10 anni. Gli studi di cancri solidi o leucemia 

sono stati enfatizzati, con più brevi considerazioni sui tumori della mammella e della tiroide, effetti 

ereditari e alcuni non cancri, come per esempio problemi cardiovascolari e cataratte. Sono stati 

valutati per ogni studio i metodi epidemiologici e gli approcci dosimetrici e statistici. Questi 

componenti sulla qualità dello studio sono stati usati per classificare ogni studio in base al sostegno 

o meno del modello LNT usato in radioprotezione. La classificazione è stata: forte, moderata, 

debolmente moderata, non a supporto e inconcludente. 

Le varie review nazionali e internazionali nell’ultimo decennio in merito ai rischi associati alle 

esposizioni a bassi livelli di radiazioni hanno generalmente concordato con i dati epidemiologici 
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umani sulle incidenze di tumori indotti osservati a dosi acute di 100 mGy e superiori che sono 

maggiori che quelli osservati a dosi < 100 mGy, la regione delle basse dosi. Per le finalità di questo 

Commentary, che si focalizza sulle radiazioni a basso LET, una bassa dose è < 100 mGy rilasciata 

in modo acuto, e un basso dose-rate è < 5 mGy/h per ogni dose accumulata. 

 

 

Report No. 181 – Evaluation of the Relative Effectiveness of Low-Energy Photons and Electrons in 

Inducing Cancer in Humans (2018) 

Questo report riguarda la valutazione di specialisti in microdosimetria, danni del DNA, 

radiobiologia cellulare, studi su animali e epidemiologia umana in merito all’evidenza possibile in 

questi campi di studi rilevanti per stimare l’efficacia relativa di fotoni ed elettroni a bassa energia 

nell’induzione di tumori nell’uomo. Per ogni area specialistica (linee di evidenza), sono derivate le 

funzioni di densità di probabilità (PDF) per l’efficacia biologica osservata per lo scopo dello studio 

in ogni linea di evidenza per definiti gruppi a bassa energia. E’ stata poi effettuata una valutazione, 

impiegando queste PDF e valutazioni della rilevanza dei dati da ogni linea di evidenza al rischio di 

tumori nell’uomo, sull’efficacia relativa di definiti gruppi di fotoni o elettroni a bassa energia 

(confrontati con fotoni o elettroni ad alta energia) nell’indurre tumori negli uomini. 

  



  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 


