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PRESENTAZIONE 

L’idea di una rassegna degli articoli scientifici pubblicati dai ricercatori su riviste internazionali, peer-
reviewed e indicizzate, nasce dalla necessità di dare visibilità a questo tipo di trasferimento dei risultati 
delle attività di ricerca anche al di fuori della comunità scientifica. Infatti, questa produzione, benché 
contribuisca significativamente al prestigio dell’Istituto, è difficilmente fruibile al di fuori di un ristretto 
gruppo di specialisti, in quanto gli argomenti sono molto tecnici, viene pubblicata in lingua inglese, e non 
sempre le riviste sono accessibili gratuitamente. Gli articoli vengono menzionati, solo con la citazione, 
nei consuntivi annuali dei piani di attività, che hanno però una ben diversa finalità e diffusione.  
La raccolta dei lavori pubblicati nel primo trimestre 2025 consta di 28 articoli nei quali almeno uno degli 
autori è un ricercatore Inail. La multidisciplinarietà che caratterizza le tematiche affrontate, il cui filo 
conduttore è sempre la salute e sicurezza del lavoro, rispecchia la natura dei dipartimenti scientifici.  
L’indice degli articoli è presentato in ordine alfabetico e contiene i collegamenti ipertestuali alle schede 
riassuntive, che riportano il titolo, i nomi degli autori, l’abstract in inglese, un breve sunto in italiano che 
ne rende il contenuto fruibile ad un’ampia platea di lettori e il link al full text (nel caso di riviste open 
access) per consentire la lettura dell’articolo originale a chi sia interessato.  

Tra gli articoli scientifici pubblicati sul presente numero si segnala Naturally occurring asbestos in Southern 
Italy: Geological and mineralogical investigation of fibrous antigorite from Calabrian serpentinites in view of its 
hazard assessment, che esamina i parametri chiave che definiscono le proprietà simili all’amianto, rilevanti 
per la tossicità delle fibre, in un affioramento di serpentinite con antigorite fibrosa nei pressi di San 
Mango d’Aquino in Calabria. I risultati mostrano che l’antigorite di San Mango mostra un comportamento 
analogo all’amianto. Negli ultimi decenni, sono state documentate malattie non professionali correlate 
all’amianto nelle popolazioni che vivono in prossimità di siti di amianto naturale (NOA). Ciò evidenzia la 
necessità di valutare i rischi geologici e ambientali associati ai NOA. Lo studio mette in evidenza le 
implicazioni di salute pubblica legate alla presenza di antigorite fibrosa per le comunità circostanti. 

Si segnala, inoltre, l’articolo Determination of additives as markers of microplastic contamination in the 
environment, che illustra un metodo per analizzare gli additivi chimici presenti nelle polveri campionate 
presso un impianto di trattamento di rifiuti elettrici ed elettronici (RFI), dove era previsto un elevato 
contenuto di microplastiche, identificando sostanze tossiche e microplastiche a cui i lavoratori possono 
essere esposti. 

Giovanna Tranfo 
Direttrice del Dipartimento di medicina, 

epidemiologia, igiene del lavoro e ambientale 

Corrado Delle Site 
Direttore del Dipartimento innovazioni tecnologiche e sicurezza degli impianti, 

prodotti e insediamenti antropici 
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ASSESSING LOW-BACK LOADING DURING LIFTING USING PERSONALIZED ELECTROMYOGRAPHY-
DRIVEN TRUNK MODELS AND NIOSH-BASED RISK LEVELS 

Refai MI, Varrecchia T, Chini G, Ranavolo A, Sartori M. 

SUMMARY 

Workplace injury risk due to physically demanding tasks is currently assessed using ergonomic 
guidelines. The Revised NIOSH Lifting Equation (RNLE) is a commonly used approach that assesses risk 
of low-back loading during different lifting tasks. Advances in musculoskeletal models have enabled the 
estimation of person-specific musculoskeletal models (pEMS) driven by surface electromyography and 
joint angle information. In this study, we applied both RNLE and pEMS to assess risk and low-back 
loading in seven healthy participants performing lifting tasks at different risk levels. We found that the 
pEMS estimated objective parameters of low-back loading in line with the different risk levels proposed 
by RNLE. However, the low-back compressive and shear loads were higher than the limits proposed by 
the RNLE. Moreover, we show that the lumbosacral compressive loads can be a better parameter to 
demarcate risk levels. These approaches can be implemented with wearable sensorized garments to 
monitor personalized musculoskeletal health in the workplace providing us a better insight into 
possibility of individual risk. 

BREVE SINTESI 

Il rischio di lesioni sul posto di lavoro dovuto a compiti fisicamente impegnativi viene attualmente 
valutato utilizzando linee guida ergonomiche. La Revised Niosh Lifting Equation (RNLE) è un approccio 
comunemente utilizzato per valutare il rischio di carico lombare durante le diverse attività di 
sollevamento. I progressi nei modelli muscoloscheletrici hanno permesso di stimare modelli 
muscoloscheletrici specifici per la persona (pEMS) guidati dall'elettromiografia di superficie e dalle 
informazioni sull'angolo articolare. In questo studio abbiamo applicato RNLE e pEMS per valutare il 
rischio e il carico lombare in sette partecipanti sani che svolgevano attività di sollevamento a diversi 
livelli di rischio. Abbiamo riscontrato che il pEMS stimava parametri oggettivi di carico lombare in linea 
con i diversi livelli di rischio proposti dalla RNLE. Tuttavia, i carichi di compressione e di taglio a livello 
lombosacrale erano superiori ai limiti proposti dalla RNLE. Inoltre, dimostriamo che i carichi compressivi 
lombosacrali possono essere un parametro migliore per delimitare i livelli di rischio. Questi approcci 
possono essere implementati con indumenti sensorizzati indossabili per monitorare la salute 
muscoloscheletrica personalizzata sul posto di lavoro, fornendo una migliore visione della possibilità di 
rischio individuale. 

CITAZIONE BIBLIOGRAFICA 

Refai MI, Varrecchia T, Chini G, Ranavolo A, Sartori M. Assessing low-back loading during lifting using 
personalized electromyography-driven trunk models and Niosh-based risk levels. Front. Bioeng. 
Biotechnol. 2025;13:1486931. 

DOI: https://doi.org/10.3389/fbioe.2025.1486931 
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ASSESSMENT OF THE HYDROGEN PRODUCTION POTENTIAL IN A ZEOLITE ASSISTED TWO-PHASE 
DARK AND PHOTO-FERMENTATION PROCESS FROM URBAN WASTE MIXTURE 

Gottardo M, Khorramian N, Pavan P, Battista F, Bolzonella D, Lauri R, Valentino F. 

SUMMARY 

Waste-based sustainable solutions proposed by scientific and industrial communities for energy 
production are an approach, that can respond to the growing concerns regarding climate change and 
fossil resources depletion. This study investigates a two-phase bioprocess combining dark fermentation 
(DF) and photo-fermentation (PF) to enhance hydrogen yield while anaerobically treating urban organic 
food waste and sewage sludge. A key objective was to assess the effect of waste composition and 
temperature on hydrogen accumulation. 

BREVE SINTESI 

L’articolo descrive un processo di produzione biologica dell’idrogeno (H2), sfruttando matrici organiche. 
Lo studio investiga l’influenza della variazione delle materie prime e della temperatura sulla resa 
produttiva di H2. 

CITAZIONE BIBLIOGRAFICA 

Gottardo M, Khorramian N, Pavan P, Battista F, Bolzonella D, Lauri R, Valentino F. Assessment of the 
hydrogen production potential in a zeolite assisted two-phase dark and photo-fermentation process 
from urban waste mixture. Res. 2025;14(3):43-59. 

DOI: https://doi.org/10.3390/resources14030043 
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ASSISTING GAIT STABILITY IN WALKING AID USERS EXPLOITING BIOMECHANICAL VARIABLES 
CORRELATION 

Fortuna A, Lorenzini M, Cho Y, Arbaud R, Castiglia SF, Serrao M, Ranavolo A, De Momi E, Ajoudani A. 

SUMMARY 

Walking aids for individuals with musculoskeletal frailty or motor disabilities must ensure adequate 
physical support and assistance to their users. To this end, sensor-enabled human state monitoring and 
estimation are crucial. This letter proposes an innovative approach to assessing users’ stability while 
walking with WANDER, a novel gait assistive device, by exploiting the correlation between the 
eXtrapolated Center of Mass (XCoM) and the Base of Support (BoS) edges. First, the soundness of this 
metric in monitoring gait stability is proven. Experiments on 25 healthy individuals show that the 
median value of Pearson’s correlation coefficient (p-value < 0.05) remained high during the forward 
walk for all subjects. Next, a correlation-based variable admittance (CVA) controller is implemented, 
whose parameters are tuned to physically support users when a gait perturbation is detected (i.e. low 
values of Pearson’s correlation coefficient). To validate this approach, 13 healthy subjects were asked 
to compare our controller with a force threshold-based (FVA) one. The CVA controller’s performance in 
discriminating stable and perturbed gait conditions showed a high sensitivity value, comparable to FVA, 
and improved performance in terms of specificity. The number of false and missed detections of gait 
perturbation was considerably reduced, independently of walking speed, exhibiting a higher level of 
safety and smoothness compared to the FVA controller. Overall, the outcome of this study gives 
promising evidence of the proposed metric capability in identifying user stability and triggering 
WANDER’s assistance. 

BREVE SINTESI 

Gli ausili per la deambulazione per persone con fragilità o disabilità motorie devono garantire un 
supporto fisico e un’assistenza adeguati ai loro utenti. A tal fine, il monitoraggio e la stima dello stato 
umano sono fondamentali. Questa lettera propone un approccio innovativo per valutare la stabilità 
degli utenti mentre camminano con WANDER, un nuovo dispositivo di assistenza alla deambulazione, 
sfruttando la correlazione tra il centro di massa eXtrapolated e i bordi della base di appoggio. Nel 
complesso, i risultati di questo studio dimostrano in modo promettente la capacità della metrica 
proposta di identificare la stabilità dell'utente nell’andatura e di attivare l'assistenza di WANDER. 

CITAZIONE BIBLIOGRAFICA 

Fortuna A, Lorenzini M, Cho Y, Arbaud R, Castiglia SF, Serrao M, Ranavolo A, De Momi E, Ajoudani A. 
Assisting gait stability in walking aid users exploiting biomechanical variables correlation. I EEE J. Robot. 
Autom. 2025;10(2):2040-2047. 

DOI: https://doi.10.1109/LRA.2025.3526444 
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BALANCING POSTURAL CONTROL AND MOTOR INHIBITION DURING GAIT INITIATION 

Fiori L, Ramawat S, Marc IB, Giuffrida V, Ranavolo A, Draicchio F, Pani P, Ferraina S, Brunamonti E. 

SUMMARY 

This study examines the relationship between stopping a planned gait initiation due to sudden 
environmental changes and maintaining body stability. Using a gait initiation version of the Stop Signal 
Task (SST), we studied changes in anticipatory postural adjustments (APAs) during gait initiation and 
suppression. We found that trial-level variables, such as the time to start or stop stepping, interacted 
with biomechanical factors like the center of mass displacement relative to the base of support affecting 
performance. A critical biomechanical threshold was identified, beyond which stopping movement was 
unlikely. These findings highlight the strong link between limb action control and body equilibrium, 
offering a framework within a motor control paradigm. By integrating biomechanical elements, the 
model effectively simulates real-life scenarios, identifying key variables for studying neural correlations 
between action and postural control, and aiding in the development of injury prevention and 
rehabilitation tools for individuals with movement and posture impairments. 

BREVE SINTESI 

Questo studio esamina la relazione tra l'interruzione di un’andatura pianificata a causa di improvvisi 
cambiamenti ambientali e il mantenimento della stabilità corporea. Utilizzando una versione dell’SST 
(Stop Signal Task) per l'avvio dell’andatura, abbiamo studiato i cambiamenti negli aggiustamenti 
posturali anticipatori (APA) durante l'avvio e la soppressione dell'andatura. Abbiamo scoperto che le 
variabili a livello di prova, come il tempo per iniziare o interrompere il passo, hanno interagito con fattori 
biomeccanici come lo spostamento del centro di massa rispetto alla base di appoggio, influenzando le 
prestazioni. È stata identificata una soglia biomeccanica critica, oltre la quale l'arresto del movimento 
era improbabile. Questi risultati evidenziano il forte legame tra il controllo dell'azione degli arti e 
l'equilibrio del corpo, offrendo un quadro di riferimento all'interno di un paradigma di controllo 
motorio. Integrando elementi biomeccanici, il modello simula efficacemente gli scenari della vita reale, 
identificando le variabili chiave per lo studio delle correlazioni neurali tra azione e controllo posturale e 
contribuendo allo sviluppo di strumenti di prevenzione degli infortuni e di riabilitazione per gli individui 
con problemi di movimento e postura. 

CITAZIONE BIBLIOGRAFICA 

Fiori L, Ramawat S, Marc IB, Giuffrida V, Ranavolo A, Draicchio F, Pani P, Ferraina S, Brunamonti E. 
Balancing postural control and motor inhibition during gait initiation. iScience. 2025;28(3):111970. 

DOI: https://doi.org/10.1016/j.isci.2025.111970 
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CANCER MORTALITY AND SECTORS OF EMPLOYMENT: A COHORT STUDY IN ITALY 

Massari S, Bauleo L, Gariazzo C, Michelozzi P, Dei Bardi L, Zengarini N, Maio S, Stafoggia M, Davoli M, Viegi 
G, Cesaroni G, Marinaccio A, on behalf of BIGEPI Collaborative Group.  

SUMMARY 

Cancer is known to be a multifactorial disease. The large impact of occupational exposures on the 
burden of cancer continues to be a paramount public health concern that deserves more attention. The 
study aims at evaluating cancer-specific mortality risk in relation to sectors of employment. We used 
the cohort of Rome Longitudinal Study (ROLs) and linked with the National Social Insurance Agency 
(INPS) database to obtain working histories. We considered the longest duration of employment in a 
sector as a proxy of the exposure, and the insurance activities as the reference category. A Cox 
regression adjusted model was used to examine the association between the cancer specific cause of 
death and the sector of employment in men and women.  
The study population comprised 910,559 (52% of the total population of the cohort after linkage with 
INPS) 30+ yr employees (53% men and 47% women) followed for a total period of about 7 million years. 
The outcomes confirmed some well-known associations (e.g. lung and pleura in construction, pleura in 
paper and printing, lung in wood and leather) and suggested possible high-risk sectors that have not 
been thoroughly investigated yet. In men we observed an increased mortality risk for stomach cancer 
in the printing and paper industry (HR = 1.69) as well as for stomach and lung cancer in cleaning activities 
(HR = 1.98 and HR = 1.55, respectively), Among women, there was an elevated  mortality risk in the 
cleaning industry for all malignant cancers (HR = 1.15), liver cancer (HR = 1.94) and cancer of the lympho-
hematopoietic tissue (HR = 1.65).  
The results showed an increased risk of cancer death in some traditional industrial sectors such as 
construction and wood and leather products and unexpected and limited evidence in sectors like 
cleaning, accommodation and food services and hairdressing. The adopted method proved to be 
effective in monitoring occupational risks and activating proper prevention initiatives and further 
insights. 

BREVE SINTESI 

Questo studio analizza la mortalità per cancro in relazione ai settori lavorativi. A partire da una coorte 
di popolazione di Roma, a ciascun individuo è stata attribuita la storia lavorativa prevalente nel settore 
di impiego, ottenuta dagli archivi Inps. Seguendo ciascun soggetto nel tempo, fino all’eventuale decesso, 
è stata utilizzata una metodologia statistica di sopravvivenza per studiare l’associazione tra il settore 
lavorativo e la morte per cancro, suddivisa per genere. 

CITAZIONE BIBLIOGRAFICA 

Massari S, Bauleo L, Gariazzo C, Michelozzi P, Bardi LD, Zengarini N, Maio S, Stafoggia M, Davoli M, Viegi 
G, Cesaroni G, Marinaccio A, BIGEPI Collaborative Group. Cancer mortality and sectors of employment: 
a cohort study in Italy. BMC Public Health. 2025;25(1):458. 

DOI: https://doi.org/10.1186/s12889-025-21328-z 
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CLIMATE CHANGE AND OCCUPATIONAL HEALTH AND SAFETY. RISK OF INJURIES, PRODUCTIVITY LOSS 
AND THE CO-BENEFITS PERSPECTIVE 

Marinaccio A, Gariazzo C, Taiano L, Bonafede M, Martini D, D'Amario S, De' Donato F, Morabito M, Worklimate 
working group. 

SUMMARY 

Climate change is a fundamental threat to human health and outdoor workers are one of the most 
vulnerable population subgroups. Increasing heat stress and heatwaves are directly associated with the 
health and safety of workers for a large spectrum of occupations. Heat stress negatively affects labour 
supply, productivity, and workability. The aims of this study are to estimate the risk of work-related injuries 
for extreme temperature outdoor exposure in Italy, to evaluate the loss in productivity and the associated 
insurance costs for supporting the co-benefits analysis of the adaptation measures. The relationship 
between air temperature and occupational injuries (in the period 2014 - 2019) was evaluated using a time-
series approach, by means of a specific over-dispersed Poisson generalized linear regression model, 
applied to compensation data. To assess the effect of temperature on workability, the wet bulb global 
temperature (WBGT) was estimated by different levels of humidity and vapor pressure. The costs of injuries 
have been estimated according to the potential consequences in terms of paid insurance premium and 
including all management and human resources costs. We estimated 25,632 (95%CI 22,353 - 28,862) 
occupational injuries in Italy attributed to heat (between 75° and 99° percentiles) in the period 2014 - 2019, 
which corresponds to an average of 4272 cases for year. A decrease in productivity of about 6.5% was 
estimated for workers engaged in physical activities requiring high metabolic rates for every unit degree 
increase in temperature between 19.6 °C and 31.8 °C. The overall compensation costs associated to 
extreme heat exposure have been estimated to more than 292 million euros between 2014 and 2019, 
almost equal to 49 million euros per year. Prevention measures and adaptation strategies for contrasting 
the occupational exposure to extreme temperatures can help contain both the risk of injury and, 
productivity loss, in a co-benefits perspective. 

BREVE SINTESI 

Lo studio analizza la relazione tra incidenti sul lavoro temperature estreme ambientali in Italia, in termini 
di casi attribuibili e analisi dei co-benefits delle misure di adattamento. Da una analisi statistica dei rischi 
di incidente desunti da dati Inail, si è determinato che circa 25.000 di questi nel periodo 2014 - 2019 sono 
attribuibili al caldo. Vengono valutati i costi degli incidenti in termini di premio assicurativo, inclusi quelli di 
gestione, e gli effetti sulla capacità lavorativa. 

CITAZIONE BIBLIOGRAFICA 

Marinaccio A, Gariazzo C, Taiano L, Bonafede M, Martini D, D'Amario S, De‘ Donato F, Morabito M, 
Worklimate working group. Climate change and occupational health and safety. Risk of injuries, 
productivity loss and the co-benefits perspective. Environ Res. 2025;269:120844. 

DOI: https://doi.org/10.1016/j.envres.2025.120844 
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CORRELATIONS BETWEEN GENDER, AGE, AND OCCUPATIONAL FACTORS ON THE WORK ABILITY 
INDEX AMONG HEALTHCARE PROFESSIONALS 

Paneni V, Gambelunghe C, Tomassini L, Buresti G, Rondinone BM, Persechino B, Fruttini D, dell’Omo M, Pucci 
C, Gambelunghe A. 

SUMMARY 

Background: The Work Ability Index (WAI) measures how well employees’ abilities match their job 
demands. This study assessed the WAI among health workers and explored how age, gender, and job 
roles affected it. The research was conducted in a central Italian hospital, with a focus on health workers 
undergoing health surveillance (September 2020 - April 2021).  
Methods: Data were collected using validated questionnaires that assessed the WAI and risk factors for 
metabolic syndrome among participants. Demographic information, including age, gender, and 
occupation, was also obtained. The study involved 1847 health workers, with an average age of 43 years, 
mainly women (67.6%). Occupational categories included administrative staff, nurses/healthcare workers 
(HCWs)/midwives, physicians, and healthcare technicians. Statistical analyses, such as t-tests, ANOVA, and 
chi-squared tests, were performed to explore the relationships between WAI scores and 
demographic/occupational variables.  
Results: The study suggested a relationship between WAI scores and gender, age, and occupation. Men 
workers exhibited higher mean WAI scores than women, while older workers (> 55 years) had lower WAI 
scores compared with younger ones. WAI scores varied by job role, with physicians scoring the highest. 
Conclusions: The findings suggested that demographic and occupational factors were associated with 
variations in work ability among health workers. These findings can help improve workforce management, 
occupational health, and research on aging workers. It is important to acknowledge the limitations of this 
study. Given its cross-sectional design, causal inferences cannot be established; further longitudinal 
research is needed to confirm these findings and explore potential causal relationships. 

BREVE SINTESI 

Lo studio ha valutato il Work Ability Index tra 1.847 operatori sanitari di un ospedale dell’Italia centrale, 
analizzando anche come età, genere e mansione influissero sulla capacità lavorativa. 
I dati, raccolti tramite questionari validati (settembre 2020 - aprile 2021), hanno evidenziato che gli uomini 
avevano punteggi WAI medi più alti delle donne, mentre i lavoratori più anziani (> 55 anni) avevano 
punteggi più bassi. In base alla professione, i medici registravano il punteggio più elevato. 
I risultati indicano che fattori demografici e occupazionali erano associati a variazioni nella capacità 
lavorativa tra gli operatori sanitari, con implicazioni per la gestione della forza lavoro e la salute sul lavoro. 

CITAZIONE BIBLIOGRAFICA 

Paneni V, Gambelunghe C, Tomassini L, Buresti G, Rondinone BM, Persechino B Fruttini D, dell’Omo M, 
Pucci C, Gambelunghe A. Correlations between gender, age, and occupational factors on the Work 
Ability Index among healthcare professionals. Healthcare. 2025;13(702). 

DOI: https://doi.org/10.3390/healthcare13070702 
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DES MODIFIED SILICA GEL AS DISPERSING MATERIAL FOR MINIATURIZED MATRIX SOLID PHASE 
DISPERSION APPLIED TO TRIAZOLES DETERMINATION 

Della Posta S, Gallo V, Limiti E, Trombetta M, Gherardi M, Gentili A, De Gara L, Fanali C. 

SUMMARY 

Matrix solid phase dispersion (MSPD) represents one of the most useful methods for pesticides 
determination in vegetables. This extraction method involves the use of a solid, dispersing material, 
which is homogenized together with the sample in a mortar and loaded into a cartridge for the analyte’s 
elution with a suitable solvent. 
Innovative MSPDs involve the use, as dispersing material, of silica gel (SCG) impregnated with deep 
eutectic solvents (DESs). SCG high porosity can facilitate DES impregnation process due to hydrogen 
bonds or electrostatic interactions among them. 
A miniaturized MSPD extraction for triazoles from tomato using as dispersant DES modified SCG, 
followed by HPLC-MS extracts analysis, was developed. Four DES modified SCGs were tested in the 
MSPD procedure and the best result in terms of extracted triazoles was obtained using a choline 
chloride – Propylene Glycol DES modified SCG. Ethyl Acetate was selected as MSPD procedure extractive 
solvent resulting more efficient than methanol, acetonitrile and chloroform. The optimization of the 
extraction procedure involved the study of SCG to DES ratio (w/v), sample to dispersing material ratio 
(w/w) and extractive solvent volume able to obtain the greatest recovery of triazoles from tomato. The 
optimized method was validated and maximum values of 3.6% and 8.3% were obtained for intra-day 
and inter-day precision respectively. For each analyte the calculated limit of quantification was similar 
or lower than their Maximum Residue Limit. Triazoles mean recovery ranged from 70 to 102%. 
The new ChCl-propylene glycol DES modified SCG represents a valid alternative to conventional 
dispersing material in MSPD procedure apply to pesticides determination. 

BREVE SINTESI 

Con un approccio mirato allo sviluppo di metodi analitici rispondenti ai requisiti della chimica analitica 
verde, in ottica one health è stato sviluppato un nuovo metodo di estrazione e analisi di residui di 
pesticidi dal pomodoro che, grazie alla miniaturizzazione del sistema estrattivo, consente di utilizzare 
bassi volumi di solventi estrattivi. Inoltre, l’impiego dei cosiddetti solventi eutettici profondi limita 
l’impiego di solventi tossici. Il metodo è stato applicato all’estrazione di triazoli dal pomodoro. 
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DETERMINATION OF ADDITIVES AS MARKERS OF MICROPLASTIC CONTAMINATION IN THE 
ENVIRONMENT 

Fricano A, Bianchi F, Di Filippo P, Pomata D, Riccardi C, Simonetti G, Buiarelli F. 

SUMMARY 

Microplastics are generally inert particles, which may have low toxicity, but adverse health effects can 
arise from chemical additives commonly included in plastics. These additives are used to improve the 
workability, stability, and durability of the material, and include substances like softeners, fillers, and 
colorants. Some additives can be hazardous chemicals such as organic phosphates, phthalates, 
terephthalates, adipates, benzoates, citrates, sebacates, and trimellitates. Chromatography coupled 
with Mass Spectrometry is an effective method for analyzing these additives and can aid in identifying 
microplastics in the environment. This study reports the use of chromatographic techniques and mass 
spectrometry to analyze various additives, including phosphates, phthalates, terephthalates, adipates, 
benzoates, citrates, sebacates, and trimellitates, in settled dust from a workplace. Both gas and liquid 
chromatography were used to separate analytes based on their different chemical and physical 
properties. A successful extraction and evaporation process, followed by efficient clean-up steps, was 
essential for accurate detection. The method achieved low limits of detection (LOD) and quantification 
(LOQ), and good instrumental repeatability, thanks to thorough cleaning of sorbents and extraction cells 
before analyzing real samples. This was crucial because of the widespread presence of the analytes in 
the environment. The optimized approach allowed the detection of most of the analytes in dust 
samples, including some that are substances of very high concern, persistent, bioaccumulative, and 
potential endocrine disruptors. In addition, safe, non-toxic, and biodegradable plasticizers were also 
detected. This research serves a dual purpose: identifying toxic chemicals and detecting microplastics 
in dust samples that workers might be exposed to. 

BREVE SINTESI 

Le microplastiche sono particelle inerti con bassa tossicità, ma gli additivi chimici presenti nella plastica 
possono causare effetti negativi sulla salute. Questi includono sostanze pericolose come fosfati, ftalati 
e tereftalati. Lo studio utilizza cromatografia e spettrometria di massa per analizzare tali additivi nella 
polvere di un ambiente di lavoro. Il metodo ottimizzato consente di rilevare analiti pericolosi e 
plastificanti biodegradabili, identificando sostanze tossiche e microplastiche a cui i lavoratori possono 
essere esposti. 
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EVIDENCE ABOUT THE POSSIBLE ROLE OF PHTHALATES AND BISPHENOL A IN RECURRENT 
PREGNANCY LOSS AND ENDOCRINE DYSFUNCTIONS: A CASE–CONTROL STUDY 

Caporossi L, Viganò P, Paci E, Capanna S, Alteri A, De Rosa M, Pigini D, Partenzi E, Papaleo B. 

SUMMARY 

Objectives. A case–control study was conducted to investigate the exposure levels to some specific 
chemicals, in women with infertility issues, compared with fertile women. Methods. A total of 186 cases 
and 196 controls were recruited. Each participant provided a urine sample for the determination of six 
phthalate metabolites (mono-ethyl phthalate, MEP; mono-n-butyl phthalate, MnBP; mono-n-ottyl 
phthalate, MnOP; monobenzyl phthalate, MBzP; and two metabolites of the diethyl-hexyl phthalate 
(DEHP): mono(2-ethyl-5-hydroxyhexyl) phthalate, MEHHP and mono(2-ethylhexyl) phthalate, MEHP) in 
addition to bisphenol A, BPA. Each woman also completed a questionnaire. The urine samples were 
analyzed using HPLC/MS/MS methods. Results. The analysis revealed significantly higher metabolite 
concentrations in cases than in controls for all metabolites, except MnOP. Stratification based on 
infertility factors, showed a significant association of MnBP, MBzP, BPA and DEHP with ovulatory and 
endocrine dysfunctions. Furthermore, higher mean concentrations of MEP and DEHP were observed in 
women with recurrent pregnancy loss (RPL) and idiopathic infertility, respectively. Conclusion. These 
findings suggest that some of the analyzed chemicals may play a role in female infertility. Exposure to 
DEP (diethyl phthalate) and DEHP appears to be associated with RPL and idiopathic infertility. Further 
investigation is required to explore potential sources of these risks. 

BREVE SINTESI 

È stata condotta una indagine caso/controllo finalizzata a comprendere il ruolo dell’esposizione ad 
alcuni agenti chimici interferenti endocrini (ftalati e bisfenolo A) sulla fertilità femminile. È emersa una 
maggiore presenza di queste sostanze nella popolazione infertile rispetto alla popolazione fertile ed in 
particolare per le donne con ricorrenti aborti spontanei e infertilità “idiopatica” sono emersi valori 
significativamente maggiori, rispettivamente, di DEP e di DEHP, rispetto alle donne con altri fattori di 
infertilità. 
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FROM KNOWLEDGE TO ACTION: ASSESSING THE EFFECTIVENESS OF IMMERSIVE VIRTUAL REALITY 
TRAINING ON SAFETY BEHAVIORS IN CONFINED SPACES USING THE KIRKPATRICK MODEL 

Evangelista A, Manghisi VM, De Giglio V, Mariconte M, Giliberti C, Uva AE. 

SUMMARY 

Safety in the industrial sector is paramount, with national legislations establishing specific regulations 
to reduce accidents. These regulations emphasize risk removal and proper operator training as 
preventive measures. However, traditional training can be time-consuming and costly, leading 
companies to meet only the minimum requirements. In particular, confined spaces pose significant 
dangers, often resulting in fatal, cascading accidents due to a lack of proper safety procedures. 
Therefore, effective training is crucial to mitigate these risks. Advanced technologies like Immersive 
Virtual Reality (IVR) present new opportunities for cost-effective and extensive training campaigns by 
eliminating the risks associated with real environment training, offering a safe yet realistic experience. 
Despite the widespread adoption of IVR training applications in industrial research, there is a notable 
lack of systematic approaches to evaluate their effectiveness. Conducting such evaluations is crucial to 
ascertain their impact on essential training outcomes, including participant engagement, knowledge 
transfer, and enhanced safety behaviour during work activities. To address this gap, we developed an 
IVR-based training platform for confined space safety procedures and established a systematic 
validation procedure using the Kirkpatrick model to assess its effectiveness compared to conventional 
training methods. Results demonstrate that IVR training provides an excellent user experience, better 
knowledge transfer than the traditional approach, and improved performance in simulated procedures, 
reducing execution errors and completion times. This dual focus on creating and validating the IVR 
system underscores its potential as an effective training tool in hazardous environments such as 
confined spaces, where proper training can prevent tragic fatalities. 

BREVE SINTESI 

Per la prevenzione degli incidenti fatali che spesso si verificano negli ambienti confinati, la Realtà 
Virtuale Immersiva (IVR) può rappresentare uno strumento di formazione alternativo a quello 
tradizionale, offrendo un'esperienza realistica ma sicura. È stata sviluppata e validata una procedura 
per testare l'efficacia di una piattaforma IVR come strumento formativo, in termini di coinvolgimento 
dei partecipanti, trasferimento delle conoscenze e miglioramento dei comportamenti durante le attività 
lavorative.  
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IDENTIFICATION, MAPPING, AND QUANTIFICATION OF ASBESTOS MINERALS IN ACM AND NOA 
USING NIR-SWIR HYPERSPECTRAL SCAN IMAGING: PRELIMINARY STUDY 

Marzini L, Osticioli I, Ciofini D, Agresti J, Bellagamba S, Paglietti F, Mencaglia AA, Siano S. 

SUMMARY 

The paper aimed at extending the Near Infrared-Short-wave infrared (NIR-SWIR) spectroscopy approach 
in characterizing Asbestos Containing Materials (ACM) and Natural Occurring Asbestos (NOA) through 
the development and testing of a novel portable asbestos mapping tool based on Hyperspectral 
Imaging (NIR-HSI) tool. This was built using high resolution spectroscopy over a range of about 170 nm 
around the OH overtone bands (about 1370 – 1420 nm), a supercontinuum laser for vibrational 
excitation, compact XYZ translation stages, and dedicated software. The vibrational reflection data 
measured using this system allowed discriminating different asbestos minerals and to define the 
methodological basis for their quantification in various matrices. Point scan NIR-SWIR reflectance 
images with a spatial resolution of about 50 μm allowed successfully mapping asbestos inclusion in 
proximity of the surface of a set of samples. The experimentation demonstrated the possibility of 
characterizing asbestos in NOA or ACM directly in situ, through mineral mapping providing qualitative 
and semi-quantitative information on the asbestos fiber contents. 

BREVE SINTESI 

Tale lavoro ha utilizzato la spettroscopia nel Vicino Infrarosso-Ora Corta (NIR-SWIR) per la 
caratterizzazione dei materiali contenenti amianto (ACM) e dell'amianto naturale (NOA). È stato altresì 
sviluppato e sperimentato un nuovo strumento portatile di mappatura dell'amianto basato sull'imaging 
iperspettrale (NIR - HSI). Questo strumento è stato costruito utilizzando una spettroscopia ad alta 
risoluzione su un intervallo di circa 170 nm intorno alle bande di overtone OH (circa 1.370 – 1.420 nm), 
un laser in super-continuum per l'eccitazione vibrazionale, stadi di traslazione XYZ compatti e un 
software dedicato e un software dedicato. I dati di riflessione vibrazionale misurati con questo sistema 
hanno permesso di discriminare diversi minerali di amianto e di definire le basi metodologiche per la 
loro quantificazione in varie matrici. Le immagini di riflettanza NIR-SWIR a scansione puntiforme con 
una risoluzione spaziale di circa 50 μm hanno permesso di mappare con successo la presenza 
superficiale di amianto. La sperimentazione ha dimostrato la possibilità di caratterizzare l'amianto in 
NOA o ACM direttamente in situ, con informazioni qualitative e semi-quantitative del contenuto di fibre 
di amianto nel campione. 
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LOW-INTENSITY PULSED ULTRASOUND INDUCES MULTIFACED ALTERATIONS IN CHROMOSOME 
SEGREGATION, CYTOSKELETAL FILAMENTS AND CELL JUNCTIONS 

Udroiu I, Todaro F, Vitaliti A, Palmieri D, Guida E, Perilli G, Duranti L, D’Ottavi C, Mattei M, Dolci S, Paradossi 
G, Bedini A, Silvestri I, Sgura A, Domenici F. 

SUMMARY 

Low-intensity pulsed ultrasound (LIPUS) is a widely used non-invasive approach with therapeutic 
purposes since it provides physical stimulation with minimal thermal effects. The skin epithelium is the 
first barrier of the human body that interfaces with LIPUS and is subjected to the highest intensity. Little 
is known about the impact of LIPUS on the skin surface. This work investigates the biological effects of 
one-hour exposure to 1 MHz LIPUS on human keratinocytes HaCaT and tumoral SK-MEL-28 skin cells. 
Specifically, we evaluated the cellular state immediately after LIPUS treatment by analyzing cytogenetic 
endpoints and the response of cytoskeleton and cell junction proteins. Herein we demonstrate that 
LIPUS induces genomic damage as shown by an increase of chromosome malsegregation and a 
consequent decrease of cellular proliferation. The mechanical stimulus produced by LIPUS is also 
transmitted to the cytoskeletal compartment, inducing the expression and re-organization of junction 
proteins (i.e., E-cadherin and Desmosomes) and intermediate filaments (i.e., F-actin and Cytokeratins) 
with impact on cell morphology and cell adhesion. These in vitro results highlight the different outcomes 
following the cytogenetic damage and the resilience response exerted by the cytoskeleton upon 
mechanical stress, laying the foundation for future in vivo investigations. 

BREVE SINTESI 

L'epitelio cutaneo è la prima barriera del corpo umano che si interfaccia con gli ultrasuoni pulsati a 
bassa intensità (LIPUS). Il lavoro indaga gli effetti biologici dell'esposizione a LIPUS ad 1 MHz sui 
cheratinociti umani HaCaT e sulle cellule cutanee tumorali SK-MEL-28 valutando lo stato cellulare dopo 
il trattamento analizzando endpoint citogenetici e la risposta del citoscheletro e delle proteine di 
giunzione cellulare. Si dimostra che i LIPUS inducono un aumento della malsegregazione cromosomica 
e una conseguente diminuzione della proliferazione cellulare. Lo stimolo meccanico trasmesso anche 
al compartimento citoscheletrico, induce l'espressione e la riorganizzazione delle proteine di giunzione 
e dei filamenti intermedi con impatto sulla morfologia e sull'adesione cellulare. 
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MICROPLASTICS IN AGRICULTURAL CROPS AND THEIR POSSIBLE IMPACT ON FARMERS' HEALTH: 
A REVIEW 

Masciarelli E, Casorri L, Di Luigi M, Beni C, Valentini M, Costantini E, Aielli L, Reale M. 

SUMMARY 

The indiscriminate use of plastic products and their inappropriate management and disposal contribute 
to the increasing presence and accumulation of this material in all environmental zones. The chemical 
properties of plastics and their resistance to natural degradation lead over time to the production of 
microplastics (MPs) and nanoplastics, which are dispersed in soil, water, and air and can be absorbed 
by plants, including those grown for food. In agriculture, MPs can come from many sources (mulch film, 
tractor tires, compost, fertilizers, and pesticides). The possible effects of this type of pollution on living 
organisms, especially humans, increase the need to carry out studies to assess occupational exposure 
in agriculture. It would also be desirable to promote alternative materials to plastic and sustainable 
agronomic practices to protect the safety and health of agricultural workers. 

BREVE SINTESI 

L’uso indiscriminato di prodotti in plastica ed il loro smaltimento inadeguato contribuiscono al crescente 
accumulo di plastiche in tutti gli ambienti. Le proprietà chimiche delle plastiche e la loro resistenza alla 
degradazione naturale portano alla produzione di microplastiche (MPs) che si disperdono nel suolo, 
nell'acqua e nell'aria e possono essere assorbite dalle piante. In agricoltura, le MPs possono provenire 
da molte fonti (film di pacciamatura, pneumatici di trattori, compost, fertilizzanti e pesticidi). I possibili 
effetti delle MPs sugli organismi viventi rendono necessari studi per valutare l'esposizione professionale 
in agricoltura. Si dovrebbe inoltre promuovere l’uso di materiali alternativi alla plastica e pratiche 
agronomiche sostenibili per la sicurezza dei lavoratori agricoli. 
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NATURALLY OCCURRING ASBESTOS IN SOUTHERN ITALY: GEOLOGICAL AND MINERALOGICAL 
INVESTIGATION OF FIBROUS ANTIGORITE FROM CALABRIAN SERPENTINITES IN VIEW OF ITS 
HAZARD ASSESSMENT 

Petriglieri JR, Capitani G, Ballirano P, Barale L, Piana F, Tomatis M, Di Carlo MC, Gianchiglia F, Campopiano A, 
Olori A, Bruno MR, Montereali MR, Nardi E, Fantauzzi M, Rossi A, Skogby H, Belluso E, Turci F, Pacella A. 

SUMMARY 

In the last few decades, non-occupational asbestos-related diseases have been documented in 
populations living near naturally occurring asbestos (NOA) sites, including regions in Greece, Cyprus, 
China, New Caledonia, Turkey and Italy. This highlights the critical need to assess geological and 
environmental hazards associated with NOA. Fibrous antigorite, among the > 400 naturally occurring 
fibrous minerals, has emerged as a potential health and environmental hazard. This work examines the 
morphometrical, mineralogical and surface properties of a fibrous antigorite vein from a serpentinite 
body at San Mango D’Aquino (Calabria, Italy), relevant to assessing its potential toxicity. The geological 
site, described through field and petrographic analyses, was selected as representative of serpentinites 
outcropping over a large area in central Calabria. Results on the morphometric variation induced by a 
standardized mechanical stress, mineral solubility, and surface chemical reactivity indicated that: i) the 
fibrous morphology, expressed as % of WHO (World Health Organization) fibres, was largely preserved 
and consistent with asbestos standards; ii) antigorite fibres have a durability higher than chrysotile and 
close to a previously characterized fibrous antigorite from Val Varenna, Italy; iii) fibres showed a 
remarkable redox reactivity, even higher than chrysotile, suggesting that they may promote particle-
derived radical imbalance in vitro and in vivo. Our findings revealed that the antigorite fibres from San 
Mango possess several critical properties commonly associated with asbestos toxicity. On this basis, we 
identify the NOA site of San Mango as a potential emission source of hazardous antigorite fibres, with 
significant environmental and public health implications for the surrounding communities. 

BREVE SINTESI 

L’antigorite fibrosa è emersa come un potenziale pericolo per la salute e l'ambiente. Questo lavoro esamina le 
proprietà morfometriche, mineralogiche e di superficie di una vena di antigorite fibrosa proveniente da un 
corpo di serpentinite a San Mango D'Aquino (Calabria, Italia), rilevanti per valutare la sua potenziale tossicità. 
Le fibre di antigorite esaminate possiedono diverse proprietà critiche comunemente associate alla tossicità 
dell'amianto. Pertanto, il sito NOA di San Mango costituisce una potenziale fonte di emissione di fibre di 
antigorite pericolose, con significative implicazioni ambientali e di salute pubblica per le comunità circostanti. 
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ON THE ENHANCEMENT OF THE LONG-TERM WASHABILITY OF E-TEXTILE REALIZED WITH 
ELECTRICALLY CONDUCTIVE GRAPHENE-BASED INKS 

Improta I, Rollo G, Buonocore GG, Del Ferraro S, Molinaro V, D’Addio G, Rosa A, Lavorgna M. 

SUMMARY 

This research explores the development of highly durable, flexible electronic textiles (e-textiles) for 
wearable electronics, focusing on improving their washability and performance. A conductive graphene-
based ink is screen-printed onto a polyester textile. Water-based polyurethane (PU) coatings with 
variable crosslinker ratios and thickener are applied to solve washability issues. The results show that 
PU coatings significantly enhance the electrical stability and durability of printed pathways after multiple 
washing cycles. The conductivity remains intact after 120 washing cycles, indicating that the final 
properties of the e-textile, which contains 6 wt% thickener and 3 wt% crosslinker, provide effective water 
protection. The results highlight the promise of these coated e-textiles for wearable electronics 
applications, especially in the occupational and healthcare sectors, where long-term flexibility, 
washability are critical. 

BREVE SINTESI 

La ricerca è stata effettuata nell’ambito del BRIC Inail “SMART-SHIRT” (PAR 2022 - 2024 - ID 39) ed esplora 
lo sviluppo di tessuti elettronici flessibili e altamente resistenti (e-textiles) per l'elettronica indossabile, 
concentrandosi sul miglioramento della lavabilità e delle prestazioni. Un inchiostro conduttivo a base 
di grafene viene serigrafato su un tessuto di poliestere. Per risolvere i problemi di lavabilità, vengono 
applicati rivestimenti poliuretanici (PU) a base d'acqua con rapporti variabili di reticolante e addensante. 
I risultati mostrano che i rivestimenti in PU migliorano significativamente la stabilità elettrica e la durata 
dei percorsi stampati dopo molteplici cicli di lavaggio. La conduttività rimane intatta dopo 120 cicli di 
lavaggio, indicando che le proprietà finali dell'e-textile, che contiene il 6 wt% di addensante e il 3 wt% di 
reticolante, forniscono un'efficace protezione dall'acqua. I risultati evidenziano la promessa di questi e-
textiles rivestiti per le applicazioni di elettronica indossabile, in particolare nei settori professionale e 
sanitario, dove la flessibilità e la lavabilità a lungo termine sono fondamentali. 
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PSYCHOLOGICAL DISTRESS IN PATIENTS WITH ASBESTOS-RELATED DISEASES AND THEIR FAMILIES: 
A SYSTEMATIC LITERATURE REVIEW 

Franzoi IG, Sauta MD, Bonafede M, Francioso G, De Luca A, Barbagli F, Granieri A. 

SUMMARY 

Background: Exposure to asbestos in the workplace is currently recognized as one of the leading causes 
of work-related deaths, with more than half of deaths attributable to cancer. Aims: The aim of this 
systematic literature review was to investigate the mental health and psychological distress of patients 
affected by asbestos-related diseases and their caregivers. Methods: The review was conducted using 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. The studies were identified 
in October 2023 by searching four electronic databases: Scopus, Web of Science, PubMed and 
PsycInfo/PsycArtcicles. Risk of bias was assessed using the JBI checklist. Results: Fourteen articles were 
identified. The studies focused exclusively on the psychological distress of patients with malignant 
mesothelioma (MM) and their caregivers. MM appears to have traumatic effects on both patients and 
caregivers, who may experience anxiety and depression, an impoverished emotional life, somatization, 
social withdrawal, and a deterioration in their quality of life. In addition, a need for information about 
MM, its progression and associated care tasks was identified, and patients and caregivers reported 
frequently seeking information from online sources. Conclusions: Our review has shown that there are 
still few studies addressing psychological distress in MM patients and their caregivers, and none 
addressing distress in the context of other asbestos-related diseases. The somatopsychic consequences 
of MM in patients and caregivers should encourage institutions and health professionals to develop 
assessment and intervention models that are tailored to the specific suffering and needs of MM patients 
and their caregivers and promote their residual vitality. 

BREVE SINTESI 

Questa revisione sistematica ha esaminato il disagio psicologico nei pazienti con mesotelioma maligno 
(MM) e nei loro caregiver. Dai 14 studi analizzati emerge che il MM provoca ansia, depressione e 
isolamento sociale. È necessaria una maggiore attenzione istituzionale per sviluppare interventi mirati 
a supportare il benessere psicologico di pazienti e caregiver. 
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QUIET WORKAHOLICS? THE LINK BETWEEN WORKAHOLISM AND EMPLOYEE SILENCE AND MORAL 
VOICE AS EXPLAINED BY THE SOCIAL-COGNITIVE THEORY OF MORALITY 

Knoll M, Fida R, Marzocchi I, Searle R, Paciello M, Connelly C, Ronchetti M. 

SUMMARY 

When employees engage in potentially harmful behavior, organizations and societies rely on others to 
voice these issues. We propose that workaholism, a way that some individuals develop to deal with and 
thrive in today's intense and demanding work environment, reduces these individuals' intention to 
engage in moral voice and increases employee silence. Drawing on social-cognitive theory of morality, 
we propose that this occurs because workaholism, being driven by an inner compulsion to working 
extensively, disengages moral self-regulation which, in turn, affects both the activation of moral 
behavior (i.e., voice intentions) and the inhibition of immoral behavior (i.e., employee silence). Further, 
based on social-cognitive theory's premise that moral behavior is jointly regulated by personal and 
social standards, we propose that a context that endorses this inner pressure to work (i.e., climate of 
self-interest) strengthens the relationship between workaholism and moral disengagement. Findings 
from two three-wave time-lagged studies of Italian and UK employees suggest that workaholism—but 
not workload—is associated with moral disengagement and indirectly with more silence and less moral 
voice intention. Additionally, Study 2's moderated-mediation model showed that perceived climate of 
self-interest moderates the relationship between workaholism and moral disengagement and revealed 
dimension-specific effects of workaholism. 

BREVE SINTESI 

Viene illustrato il costrutto del workaholism, o dipendenza dal lavoro ed il suo legame con le condotte 
morali dei lavoratori nel proprio contesto di lavoro. Nello specifico sono state studiate, attraverso due 
studi longitudinali a tre ondate condotti su dipendenti italiani e britannici, le relazioni della condizione 
del workaholism rispetto alla predisposizione del lavoratore a essere moralmente proattivo o, viceversa, 
passivo (rispettivamente costrutti del “Voice” e “Silence”).  
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RELATIONSHIP OF LONG-TERM AIR POLLUTION EXPOSURE WITH CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE: AN ITALIAN MULTICENTRE OBSERVATIONAL STUDY 

Maio S, Fasola S, Marcon A, Angino A, Baldacci S, Bilò MB, Bono R, Fois AG, La Grutta S, Marchetti P, Sarno G, 
Squillacioti G, Stanisci I, Pirina P, Tagliaferro S, Verlato G, Villani S, Gariazzo C, Stafoggia M, Viegi G, BIGEPI 
group. 

SUMMARY 

Background: Recent evidence showed that 50% of chronic obstructive pulmonary disease (COPD) may 
be attributable to air pollution. We aimed to investigate the association between long-term air pollution 
exposure and COPD symptoms/diagnosis in an Italian epidemiological study. 
Methods: A total of 14,420 adults living in Ancona, Pavia, Pisa, Sassari, Turin and Verona were 
investigated in 2005 - 2011. Data on risk factors and health outcomes were collected by questionnaires; 
mean annual concentrations of particulate matters (PM) like PM10 and PM2.5 as well as NO2 and mean 
summer concentrations of O3 (µg/m3) at residential level with a 1 km resolution (period 2013 - 2015) 
were obtained by machine learning techniques. The relationship of pollutant exposure and COPD 
prevalence was assessed by logistic regression models (single pollutant) and principal component 
logistic regression models (multipollutant) adjusting for sex, age, education level, smoking habits, 
season of interview, and city-specific climatic index and including a random intercept for cohorts. 
Results: A 10 µg/m3 increase of PM10, PM2.5 and NO2 exposure was related to COPD diagnosis and 
symptoms (OR 1.31, 95% CI 1.03 to 1.65 for PM2.5; OR 1.26, 95% CI 1.03 to 1.54 for PM10 and OR 1.07, 
95% CI 1.00 to 1.15 for NO2) using a multipollutant approach. Similar results emerged for dyspnea (OR 
1.24, 95% CI 1.05 to 1.47 for PM2.5; OR 1.21, 95% CI 1.05 to 1.39 for PM10 and OR 1.06, 95% CI 1.01 to 
1.11 for NO2). Associations between COPD symptoms and summer O3 were less clear. By multipollutant 
models, OR estimates were lower than those by single pollutant models. 
Conclusions: Further evidence about the relationship between air pollution and respiratory effects in 
Italian adults was provided indicating PM as the main driver. 

BREVE SINTESI 

Lo studio analizza l’associazione tra esposizione di lungo termine ad inquinamento atmosferico e i 
sintomi/diagnosi di ostruzione polmonare cronica (COPD). A partire da dati multicentrici (6) ottenuti da 
questionario, ad ogni soggetto è stata assegnata una esposizione di PM10, PM2.5, NO2 e O3. La relazione 
tra prevalenza ed esposizione è stata stimata con un modello logistico corretto per confondenti 
individuali. Incrementi di PM10, PM2.5 e NO2 sono relazionati ad incremento di rischio di COPD. 
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SCALING UP THE GRAPHENE PRODUCTION FROM R&D TO THE PILOT PLANT STAGE: IMPLICATIONS 
FOR WORKERS' EXPOSURE TO AIRBORNE NANO-OBJECTS 

Natale C, Tombolini F, Ferrante R, Sebastiani F, Gordiani A, Manigrasso M, Del Rio Castillo AE, Bonaccorso F, 
Sabella S, Boccuni F. 

SUMMARY 

Given the exceptional thermal, electrical, and mechanical properties of graphene, the interest is now shifting from 
scientific and technological application to industrial deployment, testified by the significant increase in demand 
for graphene-based products. Consequently, it is paramount that occupational safety and health (OSH) research 
now places utmost importance on ensuring the well-being of workers at every stage of graphene production. The 
present study evaluates workers’ exposure potential during the production cycle of few-layer graphene (FLG) by 
liquid-phase exfoliation, incorporating the Prevention-through-Design approach in the transition from the 
laboratory scale to the pilot plant production. A measurement campaign was conducted according to the multi-
metric approach proposed by the Organization for Economic Cooperation and Development and European 
Committee for Standardization guidelines. Multi-metric real-time instruments were used to determine particle 
number concentration (PNC), particle size distribution and lung deposited surface area (LDSA) along with time-
integrated instrumentation to collect airborne ultrafine dust for off-line gravimetric analysis and chemical and 
morphological characterization. The obtained data indicate that the FLG powders storage, including the cleaning 
of equipment and surfaces, is the most critical step for exposed workers, with higher levels of PNC and LDSA 
compared to the other production phases. Recommendations for OSH risk mitigation strategies in the scaling up 
of the FLG production process have been proposed according to OSH principles for nano and advanced materials 
development. In particular, production and storage of FLG in liquid suspension or bound to a solid matrix should 
be preferred rather than in powder form. When not possible, a closed system with local exhaust ventilation is 
recommended. Finally, if the particles transport towards other areas of the plant is not properly mitigated, the 
sole use of personal protective equipment during the powder handling phases will be not sufficient for protecting 
workers from the potential exposure. 

BREVE SINTESI 

La domanda di prodotti a base di grafene è aumentata notevolmente nell’ultimo periodo grazie alle proprietà 
innovative di questo materiale, rendendo fondamentale la ricerca sulla salute e sicurezza dei lavoratori in ogni sua 
fase di produzione. Questo studio valuta i rischi dell’esposizione dei lavoratori durante un ciclo di produzione del 
grafene. I risultati ottenuti indicano che lo stoccaggio delle polveri di grafene, compresa la pulizia delle attrezzature 
e delle superfici, è la fase più critica per i lavoratori esposti. Sono state quindi proposte raccomandazioni per le 
strategie di mitigazione dei rischi utili per lo sviluppo del processo produttivo su scala industriale. 
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SEX DIFFERENCES IN RESPONSE TO HBV VACCINATION IN A COHORT OF HEALTH CARE WORKERS 

Anticoli S, Capanna S, Volpin A, Melis P, Ortona E, Vonesch N, Tomao P, Scapellato ML, Ruggieri A. 

SUMMARY 

Globally, healthcare workers (HCWs) are at higher risk of contracting Hepatitis B Virus (HBV) infection 
than the general population, due to their frequent contact with blood or body fluids. For this reason, 
WHO underlined the importance of HBV immunization for all HCWs. Although sex is now considered 
one of the key factors influencing the intensity and duration of the immune response to vaccines, sex-
specific analysis of vaccine-induced anti-HBs antibodies is rarely conducted. Our study aimed to 
evaluate the anti-HBs antibodies' long-lasting protective titers in male and female HCWs to identify sex 
differences in the humoral response to the HBV vaccine. The study was conducted on 2106 HCWs (1636 
females and 470 males) working at the Padua University Hospital, Italy. Our results report significantly 
higher anti-HBs levels in female HCWs than in males, particularly when considering HCWs for whom the 
elapsed time since vaccination is greater than 10 years, suggesting a greater persistence of anti-HBs in 
females. In conclusion, our findings could contribute to understanding differences in the antibody 
response to the HBV vaccine between male and female subjects and improving vaccination strategies 
for HCWs. 

BREVE SINTESI 

Per gli operatori sanitari (OS) il rischio di contrarre l'infezione da virus dell'epatite B (HBV) è maggiore 
rispetto alla popolazione generale, a causa del frequente contatto con sangue o fluidi corporei. Anche 
l’Organizzazione mondiale della sanità ha ribadito l’importanza della vaccinazione contro l’HBV per tutti 
gli OS. Nonostante sia noto che il sesso è un fattore chiave che influenza l'intensità e la durata della 
risposta immunitaria ai vaccini, poche indagini hanno applicato analisi sesso-specifiche per valutare gli 
anticorpi anti-HBs indotti dal vaccino. Questo studio è stato condotto su 2.106 OS (1.636 femmine e 470 
maschi) che lavoravano presso l’AOU di Padova per valutare titoli e durata degli anticorpi anti-HBs e 
identificare differenze legate al sesso. I risultati hanno evidenziato livelli di anti-HBs significativamente 
più elevati nelle donne rispetto agli uomini, in particolare se si considerano le donne per le quali il tempo 
trascorso dalla vaccinazione è superiore a 10 anni, suggerendo una maggiore persistenza di anti-HBs 
nelle donne. Una comprensione più approfondita delle differenze sesso-specifiche nella risposta 
anticorpale al vaccino anti-HBV potrebbe contribuire al miglioramento delle strategie di vaccinazione 
nel settore sanitario. 
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SHORT-WAVE INFRARED SPECTROSCOPY FOR ON-SITE DISCRIMINATION OF HAZARDOUS MINERAL 
FIBERS USING MACHINE LEARNING TECHNIQUES 

Bonifazi G, Bellagamba S, Capobianco G, Gasbarrone G, Lonigro I, Malinconico S, Paglietti F, Serranti S. 

SUMMARY 

Asbestos fibers are well-known carcinogens, and their rapid detection is critical for ensuring safety, 
protecting public health, and promoting environmental sustainability. In this work, short-wave infrared 
(SWIR) spectroscopy, combined with machine learning (ML), was evaluated as an environmentally 
friendly analytical approach for simultaneously distinguishing the asbestos type, asbestos-containing 
materials in various forms, asbestos contaminated/uncontaminated soil, and asbestos-contaminated/-
uncontaminated cement, simultaneously. This approach offers a non invasive and efficient alternative 
to traditional laboratory methods, aligning with sustainable practices by reducing hazardous waste 
generation and enabling in situ testing. Different chemometrics techniques were applied to discriminate 
the material classes (PLS-DA), principal component analysis-based discriminant analysis (PCA-DA), 
principal component analysis-based K-nearest neighbour classification (PCA-KNN), classification and 
regression trees (CART), and error-correcting output-coding support vector machine (ECOC SVM) 
classifiers were tested. This research aligns with the United Nations’ Sustainable Development Goals 
(SDGs), promoting sustainable, low-waste testing methodologies. 

BREVE SINTESI 

Le fibre di amianto sono note per essere un potente agente cancerogeno e la loro rapida individuazione 
è fondamentale per garantire la sicurezza dei lavoratori, proteggere la salute pubblica e promuovere la 
sostenibilità ambientale. In questo lavoro, la spettroscopia a infrarossi a onde corte (SWIR), combinata 
con l'apprendimento automatico (ML), è stata utilizzata come approccio analitico per la rilevazione in 
tempo reale di fibre di amianto; ciò ha consentito di distinguere simultaneamente il tipo di amianto, i 
materiali contenenti amianto in varie forme, il terreno e suolo contaminato da amianto. Questa 
metodologia offre dunque un'alternativa non invasiva ed efficiente ai tradizionali metodi analitici di 
laboratorio. 
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TENDON ANOMALY IDENTIFICATION IN PRESTRESSED CONCRETE BEAMS BASED ON AN 
ADVANCED MONITORING MEMS AND DATA-DRIVEN DETECTION OF STRUCTURAL DAMAGE  

De Alteriis G, Mariniello G, Pastore T, Silvestri AT, Augugliaro G, Papallo I, Mennuti C, Bilotta A, Schiano Lo 
Moriello R, Asprone D. 

SUMMARY 

The growing importance of state assessments in civil engineering has led to intensive research into the 
development of damage identification methods based on vibrations. Natural frequencies and modal 
shapes have garnered great interest because modal parameters are invariant of structure. Moreover, 
thanks to the global nature of modal parameters, their variations are not limited to the location of the 
damage. This is an important advantage that offers the opportunity to identify damage with sensors 
whose position does not have to coincide with the damaged area. The integration of MEMS sensors into 
structural health monitoring (SHM) systems offers a promising approach to long-term structural 
maintenance, especially in large-scale infrastructure. This paper presents an anomaly detection 
technique that analyzes raw sequential data within a statistical framework to detect damage that causes 
prestress loss of the tendon by exploiting a distributed monitoring system composed of six high-
performance MEMS sensors. The proposed system is preliminarily evaluated to identify the frequency 
of the first mode, and then the proposed methodology is validated on acceleration data collected on a 
240 cm beam in three different damage configurations, achieving a high detection accuracy and 
showing that its output can also evaluate the damage localization.  

BREVE SINTESI 

La crescente importanza delle valutazioni dello stato nell'ingegneria civile ha portato a un'intensa 
ricerca sullo sviluppo di metodi di identificazione dei danni basati sulle vibrazioni. Le frequenze naturali 
e le forme modali sono invarianti della struttura e, inoltre, le loro variazioni non sono limitate alla 
posizione del danno. Questo lavoro presenta una tecnica di rilevamento delle anomalie che sfrutta un 
sistema di monitoraggio distribuito composto da sei sensori MEMS ad alte prestazioni. 
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THE IMPACT AND EFFECTIVENESS OF VIRTUAL REALITY APPLIED TO THE SAFETY TRAINING OF 
WORKERS IN OPEN-CAST MINING 

Pireddu A, Innocenti A, Lusuardi LM, Santalucia V, Simeoni C. 

SUMMARY 

This paper presents the results of an interactive virtual reality (VR) training program aimed at enhancing 
Health and Safety (H&S) management practices in quarrying operations. The course was designed 
based on industry best practices, as well as both voluntary and mandatory standards relevant to marble 
mining activities. It combines experiential learning with a performance monitoring system that tracks 
completion rates, time taken, and scores based on user decisions. The primary objective was to assess 
the impact of VR training across different user groups, categorized by age, prior safety experience, 
familiarity with equipment and processes, and VR proficiency. This study involved 40 participants and 
analysed 15 variables, including occupation, age, H&S skills, process knowledge, equipment familiarity, 
VR skills, physical impact of VR, number of attempts before completion, percentage and time of 
completion, achieved scores, retention of knowledge, and user feedback before and after training. 
Performance measurement was carried out using two methods: a Microsoft Forms questionnaire with 
16 questions, completed by participants one week after training, and Simula Solution, which 
automatically tracked and recorded performance metrics (time, percentage, errors, and scores) during 
each session. The survey successfully identified which demographic groups were most affected by VR 
training. The findings of this study could have important implications for improving H&S practices in the 
mining sector by empowering workers to engage in training and interact with process resources. This 
allows them to experience virtual accidents in a controlled, risk-free environment. 

BREVE SINTESI 

L’articolo presenta un corso interattivo in realtà virtuale (VR) volto a migliorare la salute e la sicurezza 
nelle attività estrattive. Il corso è stato progettato secondo pratiche industriali e standard cogenti e no, 
applicabili all’estrazione del marmo. Il programma interattivo combina l'apprendimento esperienziale 
con il monitoraggio delle prestazioni come i tassi e i tempi di completamento e i punteggi basati sulle 
decisioni degli utenti. L'obiettivo primario era quello di valutare l'impatto della formazione VR su diversi 
gruppi tra i partecipanti alla sperimentazione. I risultati ottenuti mirano a migliorare le pratiche di 
sicurezza e salute nell'industria mineraria, e consentono ai lavoratori di partecipare, interagire e 
sperimentare incidenti virtuali in ambiente controllato e privo di rischi. 
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TRACING THE ORIGIN AND EVOLUTION OF THE FUNGAL MYCOPHENOLIC ACID BIOSYNTHESIS 
PATHWAY 

Bidon B, Yaakoub H, Lanoue A, Géry A, Séguin V, Magot F, Hoffmann C, Courdavault V, Bouchara JP, Gangneux 
JP, Frisvad JC, Rokas A, Goldman GH, Nevez G, Le Gal S, Davolos D, Garon D, Papon N. 

SUMMARY 

Like bacteria and plants, fungi produce a remarkable diversity of small molecules with potent activities 
for human health known as natural products or secondary metabolites. One such example is 
mycophenolic acid, a powerful immunosuppressant drug that is administered daily to millions of 
transplant recipients worldwide. Production of mycophenolic acid is restricted to a very limited number 
of filamentous fungi, and little is known about its biosynthetic modalities. It is therefore a particular 
challenge to improve our knowledge of the biosynthesis of this valuable natural compound, as this 
would contribute to a better understanding of the specialized metabolism of fungi and could also lead 
to the identification of new fungal producers for the supply of immunosuppressants. Here, we were 
interested in deciphering the origin and evolution of the fungal mycophenolic acid biosynthetic 
pathway. Large-scale analyses of fungal genomic resources led us to identify several new species that 
harbor a gene cluster for mycophenolic acid biosynthesis. Phylogenomic analysis suggests that the 
mycophenolic acid biosynthetic gene cluster originated early in a common ancestor of the fungal family 
Aspergillaceae but was repeatedly lost and it is now present in a narrow but diverse set of filamentous 
fungi. Moreover, a comparison of the inosine 5'-monophosphate dehydrogenase protein sequences 
that are the target of the mycophenolic acid drug as well as analysis of mycophenolic acid production 
and susceptibility suggest that all mycophenolic acid fungal producers are resistant to this toxic 
compound, but that this resistance is likely to be based on different molecular mechanisms. Our study 
provides new insight into the evolution of the biosynthesis of the important secondary metabolite 
mycophenolic acid in fungi. 

BREVE SINTESI 

L’acido micofenolico (MPA) è una micotossina ma anche un metabolita secondario d'importanza medica 
e biotecnologica. L’articolo, in collaborazione con Nico Papon, University Angers, Francia, e Jens Frisvad, 
Technical University Denmark, Danimarca, è uno studio genomico/bioinformatico e metabolomico 
(UPLC-MS) delle pathway biosintetiche di MPA in specie di Penicillium e Aspergillus. La pubblicazione 
rappresenta un contributo verso ricerche applicate su MPA e altre micotossine in ambienti di lavoro. 
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TRANSFORMING TRAINING WITH NEW ENABLING TECHNOLOGIES: A PROPOSAL TO VERIFY THE 
EFFICACY OF VIRTUAL REALITY TOOLS IN THE OCCUPATIONAL HEALTH AND SAFETY SECTOR 

Bentivenga R, Bernabei M, Carli M, Colabianchi S, Costantino F, Ferrarotti A, Pietrafesa E, Sorrentino E, Stabile S. 

SUMMARY 

In the context of digital transformation in the occupational health and safety sector, this research 
focuses on the efficacy of virtual reality training tools in ensuring workplace safety during maintenance 
activities. A comprehensive methodology, including focus groups and workshops, is utilized to define a 
study protocol and evaluate the proposed virtual reality solution. The study suggests that immersive 
virtual reality training, which integrates the Skill-Rule-Knowledge framework, has the potential to 
enhance workers’ ability to manage unforeseen situations. It emphasizes the importance of practical, 
scenario-based training and outlines a detailed evaluation process. The conclusion highlights the need 
for ongoing validation and future steps to extend the application to supervisors, fostering improved 
health and safety management in the workplace. 

BREVE SINTESI 

In questo lavoro viene realizzato uno studio preliminare attraverso il quale analizzare l'efficacia degli 
strumenti di formazione in Realtà Virtuale utilizzati nell’ambito della salute e sicurezza sul lavoro in 
specifiche attività di manutenzione. Utilizzando una metodologia che include focus group e workshop, 
viene definito un protocollo di studio per valutare la soluzione innovativa di Realtà Virtuale proposta. 
Lo studio indica che la formazione immersiva in Realtà Virtuale, integrando il framework Skill-Rule-
Knowledge, può migliorare la capacità dei lavoratori di gestire situazioni impreviste. Sottolinea 
l'importanza della formazione pratica e immersiva basata su scenari e descrive un processo di 
valutazione dettagliato. Viene evidenziata anche la necessità di una convalida continua e di estendere 
l'applicazione a ulteriori scenari per promuovere una migliore gestione della salute e sicurezza sul 
lavoro. 
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URINARY METABOLOMICS OF PLASTIC MANUFACTURING WORKERS: A PILOT STUDY 

De Rosa, M, Giampaoli O, Patriarca A, Marini F, Pietroiusti A, Ippoliti L, Paolino A, Militello A, Fetoni AR, Sisto 
R, Tranfo G, Spagnoli M, Sciubba F. 

SUMMARY 

The plastic manufacturing industry has a crucial role in the global economy with a significant impact in 
a wide range of fields. The chemical risk to which workers are potentially exposed is difficult to 
characterize and strictly related to both the products and processes adopted. Among the chemicals 
used, we can cite styrene, phenol, butadiene and phthalates, but nano- and microplastic particles can 
also be released in the work environment. In this pilot study, we present for the first time an NMR-based 
metabolomic approach for assessing urinary profiles of workers employed in a plastic manufacturing 
company. Urine samples from twelve workers and thirteen healthy volunteers were collected and 
analyzed by NMR spectroscopy. Forty-six urinary metabolites belonging to different chemical classes 
were univocally identified and quantified. The dataset so obtained was then subjected to multivariate 
statistical analysis to characterize each profile and highlight any differences. An alteration in some 
metabolites involved in several pathways, such as amino acid metabolism and NAD metabolism, was 
found, and a strong impact on gut microflora was also speculated. Ultimately, our work has the objective 
of adding a tile to the knowledge of biological effects possibly related to occupational exposure even if 
it is below the threshold limit values. 

BREVE SINTESI 

L'industria manifatturiera della plastica ha un ruolo cruciale nell'economia globale. Il rischio chimico a 
cui i lavoratori sono potenzialmente esposti è difficile da caratterizzare e strettamente correlato sia ai 
prodotti che ai processi adottati. Tra le sostanze chimiche utilizzate, possiamo citare stirene, fenolo, 
butadiene e ftalati, ma anche particelle nano e microplastiche possono essere rilasciate nell'ambiente 
di lavoro. In questo studio pilota, presentiamo per la prima volta un approccio metabolomico basato 
sulla NMR per la valutazione dei profili urinari dei lavoratori impiegati in un'azienda manifatturiera della 
plastica. 
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VITAMIN B6 DEFICIENCY PRODUCES METABOLIC ALTERATIONS IN DROSOPHILA 

Tesoriere G, Pilesi E, De Rosa M, Giampaoli O, Patriarca A, Spagnoli M, Chiocciolini F, Tramonti A, Contestabile 
R, Sciubba F, Vernì F. 

SUMMARY 

Pyridoxal 5’-phosphate (PLP), the biologically active form of vitamin B6 is involved in 4% of cellular 
enzymatic activities and its deficiency is responsible for or contributes to several human diseases. The 
study of underlying mechanisms is still in its infancy and requires suitable model organisms. In 
Drosophila the deficiency of vitamin B6 produces chromosome aberrations and hallmarks of human 
diseases including diabetes and cancer. However, the effects of vitamin B6 deficiency have never been 
examined at a metabolic level. 
This study evaluates the metabolic changes in vitamin B6 deficient Drosophila larvae with the aim of 
validating flies as a suitable model for diseases associated to vitamin B6 deficiency.  
To induce vitamin B6 deficiency we fed Drosophila wild type larvae with 4-deoxypyridoxine (4DP), a PLP 
antagonist. By HPLC analysis we verified that the 4DP treatment was effective in inducing vitamin B6 
deficiency. Using an NMR-based metabolomic approach we compared the metabolites in larval extracts 
from untreated and 4DP-fed larvae. 
The NMR spectra analysis identified quantitative differences for sixteen metabolites out of forty, 
including branched chain and aromatic amino acids, glucose, and lipids, thus revealing interesting 
possible associations with the phenotypes showed by vitamin B6 deficient flies. 
Our results validate Drosophila as a suitable model to study in depth the molecular mechanisms 
underlying human diseases associated with vitamin B6 deficiency and confirmed that 4DP treatment is 
effective in inducing vitamin B6 deficiency. 

BREVE SINTESI 

Il piridossal-5'-fosfato (PLP), la forma biologicamente attiva della vitamina B6, è coinvolto nel 4% delle 
attività enzimatiche cellulari e la sua carenza è responsabile o contribuisce a diverse malattie umane. 
Questo studio utilizza un approccio metabolomico basato su NMR per valutare i cambiamenti 
metabolici nelle larve di Drosophila carenti di vitamina B6. Attraverso il confronto dei metaboliti di 
estratti larvali non trattate con estratti larvali trattati con 4-deossipiridossina (4DP) per indurre la 
carenza di vitamina B6 sono state evidenziate differenze quantitative per sedici metaboliti su quaranta. 

CITAZIONE BIBLIOGRAFICA 

Tesoriere G, Pilesi E, De Rosa M, Giampaoli O, Patriarca A, Spagnoli M, Chiocciolini F, Tramonti A, 
Contestabile R, Sciubba F, Vernì F. Vitamin B6 deficiency produces metabolic alterations in Drosophila. 
Metabolomics. 2025;21(42). 

DOI: https://doi.org/10.1007/s11306-025-02236-0 

 

 

  

https://doi.org/10.1007/s11306-025-02236-0


 

 34 

 

 

 

 

 

Inail 
Dipartimento di medicina, epidemiologia, igiene del lavoro e ambientale 

Via Fontana Candida 1, 00078 Monte Porzio Catone (RM) 
www.inail.it 

http://www.inail.it



