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L’analisi del rischio da esposizione a nanomateriali nei luoghi di lavoro

Ci sono evidenze in

nano-tossicologia”?
Quali test possono
essere realizzati?

Il rischio € la combinazione
di pericolo ed esposizione?

La comunicazione del
rischio come influisce
sulla percezione?
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Dove avviene l'esposizione?

Come puo essere misurata?
Con quali parametri?

Quali misure sono state

realizzate?
Sono efficaci?

Di quanto si riduce il

rischio?
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Questioni chiave

% Regolamentazione, normative e policy

% Effetti sulla salute dei lavoratori
% Caratterizzazione e misurazione
% Procedure di gestione del rischio e strumenti di comunicazione

% Studi su popolazioni di lavoratori: bio-monitoraggio degli esposti e
gestione dei dati

< Principio di precauzione e responsabilita
% Formazione per gli attori coinvolti

% Approccio di Prevention-trough-Design
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Il quadro normativo nazionale

“Allo stato attuale della normativa italiana di salute e
sicurezza sul lavoro i nanomateriali rientrano negli obblighi
di valutazione dei rischi specifici cui sono soggette le stesse

tipologie di sostanze a prescindere dalla
dimensione/nanoforma”

‘ D.LGS. 81/08 e s.m.l.

!!l. !l!! !!!I(I.! llVll!

"L’imprenditore é tenuto ad adottare nell’esercizio dell'impresa le
misure che, secondo la particolarita del lavoro, I’'esperienza e la
tecnica, sono necessarie a tutelare l'integrita fisica e la personalita
morale dei prestatori di lavoro.”
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http://www.google.com/url?url=http://www.pixlemon.com/signs-cartelli-zeichen/cartello-adesivo-cm-4x4-pericolo-generico-general-warning-sign-W0010000ADB0040X0040.php&rct=j&frm=1&q=&esrc=s&sa=U&ei=mMKeU_fQEMvnygO3-YDQBg&ved=0CBYQ9QEwAA&usg=AFQjCNH1HgaXAxKVN7ueIGEKnNC30S0fYQ

Le 11 raccomandazioni dell’'OMS

Recommendation 1: The GDG recommends assigning hazard dasses to all
MNMs according to the Globally Harmonized System (GHS) of Classification
and Labelling of Chemicals for use in safety data sheets. For a limited
number of MNMs this information is made available in these guidalines
(Table 2) (STRONG, moderate quality evidence).

Recommendation 2: The GDG recommends updating safety data sheets
with MNM-specific hazard information, or indicating which toxicological
end-points did not have adequate testing available (STRONG, moderate-
quality evidence).

Recommendation 3: For the respirable fibres and granular biopersistent
particles’ groups, the GDG suggests using the available classification of
MNMs given in Table 2 for provisional classification of nanomaterials of the
same group (CONDITIONAL, low-quality evidence).

Recommendation 4: The GDG suggests assessing workers’ exposure in
workplaces with methods similar to those used for the proposed specific
OEL value of the MNM {(CONDITIONAL, low-quality evidence).

Recommendation 5: Because there are no specific regulatory OEL values
for MNMs in workplaces, the GDG suggests assessing if workplace exposure
exceads a proposed OEL value for the MNM. A list of proposed OEL values is
provided in Annex 1 of these guidelines. The chosen OEL should be at least
as protective as a legally mandated OEL for the bulk form of the material
(CONDITIONAL, low-quality evidenca).

Recommendation 6: If specific OELs for MNMs are not available in
workplaces, the GDG suggests a stepwise approach forinhalation exposure
with, first an assessment of the potential for exposure; second, conducting
a basic exposure assessment and third, conducting a comprehensive
exposure assessment such as proposed by OECD or CEN (CONDITIONAL,
moderate-quality evidence). For dermal exposure assessment, there
was insufficient evidence to recommend one method of dermal exposure
assessment over another

Recommendation 7: Based on a precautionary approach, the GDG
recommends focusing control of exposure on preventing inhalation
exposure with the aim of reducing it as much as possible (STRONG,
moderate-quality evidence)

Recommendation 8: The GDG recommends reduction of exposures to
a range of MNMs that have been consistently measured in workplaces
especially during cleaning and maintenance, collecting material from
reaction vessels and feeding MNMs into the production process, in the
absence of toxicological information, the GDG recommends implamenting
the highest level of controls to prevent any exposure of workers. When
more information is available, the GDG recommends taking a more tailored
approach (STRONG, moderate-quality evidence).

Recommendation 9: The GDG recommends taking control measures
based on the principle of hierarchy of controls, meaning that the first
control measure should be to eliminate the source of exposure before
implementing control measures that are more dependent on worker
involvement, with PPE being used only as a last resort. According to this
principle, engineering controls should be used when there is a high level
of inhalation exposure or when there is no, or very little, toxicological
information available. In the absence of appropriate engineering
controls PPE should be used, especially respiratory protection, as part of
a respiratory protection programme that includes fit-testing (STRONG,
moderate-quality evidence).

Recommendation 10: The GDG suggests preventing dermal exposure by
occupational hygiene measures such as surface cleaning and the use of
appropriate gloves (CONDITIONAL, low-quality evidence),

Recommendation 11: When assessment and measurement by a
workplace safety expert is not available, the GDG suggests using control
banding for nanomaterials to select exposure control measures in the
workplace. Owing to a lack of studies, the GDG cannot recommend one
method of control banding over another (CONDITIONAL, very low-

WHD GUIDELINES
ON PROTECTING WORKERS

FROM POTENTIAL RISKS
OF MARUFACTURED NANOMATERIALS

3 Vearh! Heattn
Orgarezation

quality evidence).

http:/fwww. who.int/occupational_health/publicati
ons/manufactured-nanomatarials/en/
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La raccomandazione dell’'OMS sulla valutazione dell’esposizione

v In base ai risultati della revisione sistematica della letteratura,
I’OMS ha proposto una raccomandazione «condizionale>», poiché le
evidenze sono di qualita moderata e mancano valutazioni costi-
efficacia

v'Le tecniche di misura approfondite sono sicuramente piu costose di
quelle di base _ma i benefici che derivann dalle informazianiche si

ottengono Recommendation 6: If specific OELs for MNMs are not available in re.
workplaces, the GDG suggests a stepwise approach for inhalation exposure
v'Sl1 necessit; with, first an assessment of the potential for exposure; second, conducting @
dell’esposi: a basic exposure assessment and third, conducting a comprehensive e
exposure assessment such as proposed by OECD or CEN (CONDITIONAL,
v Per i LMI ci moderate-quality evidence). For dermal exposure assessment, there
valutazioneé was insufficient evidence to recommend one method of dermal exposure
assessment over another.
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@) OECD Le linee guida OECD - WPMN

BETTER PCLICIES FOR BETTER LIVES

No. 88 - Investigating the Different Types of Risk Assessments of Manufactured Nanomaterials

No. 85 - Evaluation of in vitro methods for human hazard assessment applied in the OECD Testing Programme for
the Safety of Manufactured Nanomaterials

No. 82 - Strategies, Techniques and Sampling Protocols for Determining the Concentrations of Manufactured
Nanomaterials in Air at the Workplace

No. 80 - Alternative testing strategies in risk assessment of manufactured nanomaterials: current state of
knowledge and research needs to advance their use

No. 76 - Grouping and Read-Across for the Hazard Assessment of Manufactured Nanomaterials
No. 63 - Physical-chemical parameters: measurements and methods relevant for the regulation of nanomaterials

No. 57 - Guidance Manual towards the Integration of Risk Assessment into Life Cycle Assessment of Nano-Enabled
Applications

No. 56 - Analysis of the Survey on Available Methods and Models for Assessing Exposure to Manufactured
Nanomaterials

No. 55 - Harmonized Tiered Approach to Measure and Assess the Potential Exposure to Airborne Emissions of
Engineered Nano-Objects and their Agglomerates and Aggregates at Workplaces

No. 36 - Guidance on Sample Preparation and Dosimetry for the Safety Testing of Manufactured Nanomaterials
No. 23 - Report of the Questionnaire on Regulatory Regimes for Manufactured Nanomaterials (2010)
No. 11 - Emmision Assessment for Identification of Sources and Release of Airborne Manufactured Nanomaterials in

IN(\II.
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2018

the Workplace: Compilation of Existing Guidance
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http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2018)24&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2018)4&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2017)30&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=ENV/JM/MONO(2016)63&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2016)59&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2016)2&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2015)30&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2015)20&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2015)19&doclanguage=en
http://www.oecd.org/officialdocuments/displaydocument/?cote=env/jm/mono(2012)40&doclanguage=en
http://www.oecd.org/env/ehs/nanosafety/reportofthequestionnaireonregulatoryregimesformanufacturednanomaterials2010.htm
http://www.oecd.org/env/ehs/nanosafety/name,24989,en.htm

Le principali strategie di misura dei nanomateriali nei luoghi di lavoro

- BSI, 2007, 2009 \ﬁé - Lee et al, 2011 —

VS
* Brouwer et al,
2009, 2012 u —_—
o |

(review)

Methner et al, 2010, 2012, 2017 . CEA, INERIS, INRS, o Ogura, 2013 (for CNT)
(NEAT 1 e 2) 2011
« Rachamandran et al, 2011 (AIHA)
« NIOSH, 2011 (for TiO,)  Morawska et al, 2012 (review)
« NIOSH, 2013 (for CNT e CNF)
- Ostraat et al, 2013 (review) * Kuhlbush et al, 2011 (review)

« IUTA et al, 2011
« Asbach et al, 2012 (nanoGEM)

s » IEOIR 2782 0l - OECD ENV/IM/MONO(2009)16 S
— ISO [ - ISO/TS12901-1:2012 - OECD ENV/JM/MONO(2015)19 Al
S - OECD ENV/IM/MONO(2017)30 OEC
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Necessita di un approccio armonizzato

“...there is a need for specific adjustments of various methods to test and
characterise nanomaterials owing to their special material properties.”
Source: EU-OSHA - European Agency for Safety and Health at Work, 2011

« A common European approach to the regulatory
testing of Nanomaterials (NanoREG-NanoREG2)

- Harmonized approach to measure and assess T ren POLIGIES FOR BETTER LIVEs
potential exposure to NOAA (OECD - WPMN) -

erosh

r\ N("l (

« Nano Exposure and Contextual Information Database
(NECID)

« Nanotechnologies - Occupational risk management

applied to ENMs approach (ISO/TS 12901-2:2014) International

Iso Organization for

RS2 Standardization

« WHO Guidelines on Protecting Workers from
Potential Risks of Manufactured Nanomaterials -
Systematic review

Y World Health
/¥ Organization
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Lo standard OECD per la misura dei nanomateriali

Tier 1 - Information Alcuni punti chiave...
Gathering i i o .
L s OECD suggerisce di utilizzare nel Tier 1
m ? A wnrhgta e aw e e anonsbly suchaded - - -
% A b < e anche le informazioni ottenute
" Tier 2- Basic Exposure dall’applicazione dei tools di Control
Assessment 3 . . ap mp=
o4, wih PO Banding (ove disponibili)
o <> ———— “ Per ogni Tier sono definiti i requisiti minimi
— - della strumentazione di misura
bt e (o et st < P >
- - <+ Sono forniti criteri per decidere se e
i oo i opportuno o meno procedure con il livello
R,k 4P, O dhem successivo di indagine
L o g T— » OECD sottolinea la possibilita di realizzare
R e ' due o tre livelli di indagine parallelamente
Take additional risk management
measures to mitigate exposure ENV/JM/MONO(ZO.Z 5)1 9
Ave Tha 1ud g i no

vy o !

Harmonized tiered approach to measure and assess the potential

— exposure to airborne emissions of engineered nano-objects and
Document and archive their agglomerates and aggregates at workplaces.
LLU | ot sher 2 yoarsar i cone of shangee http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?

cote=env/im/mono(2015)19&doclanguage=en
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Punti di attenzione

“ Caratterizzazione dei materiali prodotti
“Misura del background

 Inter-comparazione tra gli strumenti di misura
s Approccio multi-parametrico

<+ Analisi statistica dei dati
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La raccomandazione dell’OMS sulla gestione del rischio

Recommendation 11: When assessment and measurement by a
workplace safety expert is not available, the GDG suggests using control
banding for nanomaterials to select exposure control measures in the

WHO GUIBELINES
ON PROTECTING WORKERS

workplace. Owing to a lack of studies, the GDG cannot recommend one

OF MANUFACTURED NANOMATERIALS

method of control banding over another (CONDITIONAL, very low-
quality evidence).

a) Vearh! Heattn
87 Orgarization

htp:/fwww . who.int/occupational_health/publicati
ons/manufactured-nanomatarials/en/
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Definizione di Control Banding

«Control Banding € una tecnica utilizzata per guidare la valutazione e gestione del rischio nei
luoghi di lavoro. Si basa sulla determinazione delle misure di controllo (ad es. Ventilazione,
contenimento e sistemi chiusi, etc.) attraverso la combinazione di una banda di pericolo e una di
banda di esposizione»

Esempio di bande di
controllo per
esposizione ad agenti
chimici per inalazione

INQ\IL
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Table 1. Control bands for exposures to chemicals by inhalation

Fonte: NIOSH

http://www.cdc.gov/niosh/topics/ctribandin
g/ctribandingfaq.html
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Revisione dei principali Control Banding tools per i NM

. Potenziale
S Punteggi HB & otenziale di EB CB RL
decisionale di emissione . .
esposizione

Control Banding x v 4 v x 4 4 4
Nanotool

Risk Assessment Model X v 1 x 4 1 x 3
Good Nano Guide X X 3 v v 3 4 X
Control Banding Tool v x 5 v x 4 5 x

for Nanomaterials

Precautionary Matrix X X 1 v v 1 2 x
for Nanomaterials

Guidance Working v x 3 v x 3 3 X
Safely with

Nanomaterials and

Nanoproducts

Stoeffenmanager Nano v v 5 X v 4 x 3
Nanosafer v v 4 x v x

Control Banding 7 x 5 v x 4 5 4
Approach

INQ\IL

Fonte: modificato da Eastlake et al. 2016
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Lo standard ISO per il Control Banding Implementazione pro-attiva

1. Raccolta di informazioni

ISO/TS 12901-2:2014

a. Caratterizzazione del NM Nanotechnologies -- Occupational risk management
_ _ o applied to engineered nanomaterials -- Part 2: Use of
b. Scenario di esposizione the control banding approach

https://www.iso.org/obp/ui/#iso:std:53375:en

c. Descrizione dei luoghi di lavoro

2. Identificazione delle Bande di Pericolo (albero decisionale)
3. Identificazione delle Bande di Esposizione (albero decisionale)

Processo produttivo
Materiale disperse in matrice solida

Materiale in sospensione liquida

Qa0 T o

Materiale in forma di polvere

4. Determinazione delle Bande di Controllo (matrice)

INQ\IL

Fonte: ISO, 2014
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https://www.iso.org/obp/ui/#iso:std:53375:en

Raccolta di informazioni

1. Caratterizzazione del NM

1. Identificazione del NM

2. Caratterizzazione chimico-fisica

3. Dati tossicologici
2. Caratterizzazione dell’esposizione
Stima dell’esposizione
Livello di dettaglio e grado di incertezza
Forma del NM
Quantita di NM prodotto/utilizzato

Potenziale per la generazione di polveri

S kR W N o=

Misure quantitative di esposizione (simulazioni in laboratorio)

3.  Caratteristiche dei luoghi di lavoro (potenziale di emissione)

1. Riduzione delle emissioni

2. Riduzione della trasmissione

3. Riduzione dell'immissione

4. Misure quantitative di esposizione (di area/personali)

INQ\IL

Fonte: ISO, 2014
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Identificazione delle bande di controllo

EB1 EB2 EB3 EB4
CB1 CB1 CB1 CB2
CB1 CB1 CB2 CB3

CB2

CB3 CB3

mUOW>I

ce3  [NCE4NN
CB4  CB5  CB5  CBS

CB1 = ventilazione generale (naturale o meccanica)
CB2 = ventilazione locale (cappe di aspirazione)
CB3 = ventilazione chiusa (scatola ventilata, reattore chiuso con aperture regolate)
CB4 = contenimento (glove box, sistema chiuso)
m CB5 = contenimento completo e parere di uno specialista
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Punti di forza e di debolezza

F“\'
) ‘,‘I
% Strumenti di ausilio in caso di informazioni incomplete // ‘5-*——}
™
] ] . . ; ; ] <
“ Indicazioni di gestione del rischio «low-cost» \ )
M.\\Q-p‘ _*—/;
e “ Strumenti di analisi preliminare
| \
L j “ Possibile sovrastima/sottostima del livello di rischio
_\ “:\—'Q_‘/‘Q
\ < Difficile applicabilita in tutti gli scenari
L/
< Necessita di integrazione con misure di esposizione
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Il Progetto NANO-LAB

Obiettivo principale:
“sviluppare strumenti innovativi di
gestione e comunicazione del rischio da
esposizione a nanomateriali nei
laboratori di ricerca e sviluppo, basati su
un approccio di prevenzione al fine di
assicurare lo sviluppo sicuro e
responsabile dei processi
nanotecnologici”

INQ\IL

3 casi studio @NEST Lab

Control

Banding . .
Misure di

esposizione

ISTITUTO ITAUANG
DITECROLCGIA

“'1 |
Y NEST

()
=
g

M « < nanotecIT

Gestione del rischio e strumenti di

Simposio tecnico «Nanomateriali e nanotecnologie: opportunita e rischi»
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I principali output del Progetto

Pubblicazioni scientifiche

Molecular Sciences

International Journal of N
lmnw
~ &

Sufety Sowence 129 (2020 10479

- ' Article

N\ Workers” Exposure to Nano-Objects with Different
Dimensionalities in R&D Laboratories: Measurement
Strategy and Field Studies

Contents lists avallable ar Sclencebiect

Safety Science

LSEVIEL journal homepage: www, elsavier com/locatelsalety

Fabio Boceuni '*, Riccardo Ferrante !, Francesca Tombolini !, Daniela Lega 2,

Alessandra Antonini %, Antonello Alvino ?, Pasqualantonio Pingue 7, Fabio Beltram 7,

Workers’ exposure to nano-objects in R&D laboratories: An integrated risk '») Lucia Sorba 7, Vincenzo Piazza *!, Mauro Gemmi ¥, Andrea Porcari * and Sergio lavicoli 1

managemenl and communication approach — ' Ialian Workers' Compensation Authority—Department of Occupational and Environmental Medicine,
Epidemiology and Hygiene, Via Fontana Candida 1, 100078 Rome, [taly; ri.ferrante@inail.it (R.F)

F. Boccuni™, R. Ferrante”, F. Tombolini”, P. Pingue", A. Porcari‘, S. lavicoli ftombolini@inailit (FT.); siavicoli@inail it (S.1)

Italian Workers' Compensation Authority—Department of Technologies, via del Torraccio di Torrenova 7,

Porsiv Catvoe. Rot, Mty 1400133 Rome, ltaly; d.lega@inailit (D.L.); aLantonini@inailit (A.A.); a.alvino@inailit (A.A.)

by aba ' 2 Novmouls Sugmeriore & Lo ohvee. Plasza Sae S v 12, 56127 . 1 i Q S X Z & ¥ A X .
Ladamaxion NRST, Sciol Aamaly Stperiale & dnfiogn Manosornts, Plttan S Stveitng 13, S5127. T, ity Labaratorio NEST—Scuola Normale Superiore and Istituto Nanoscienze—CNR, Piazza San Silvestro 12,
* fradivy Axuciotion fir eduwrinl Beanrck - AIRE, Viale Gorrzr, 25, (0108 Ronag, Maly

"

* ooy Workors' Comprensaton Avhovity (INALLL Dipt. &f Ovcapaninnal and Envirenmonn Medone Bridemiodngy and Hygore, Via Forceno Cosdide, 1. (00078 Ments

1-36127 Pisa, Italy: pasqualantonio. pingue@sns. it (RP); fbeltram@snsit (FB.); luciasorba@nano.cnrit (LS)
' Laboratorio NEST—Scuola Normale Superiore and [talian Institute of Technology (IIT)—Center for
Nanotechnology Innovation, Piazza San Silvestro 12, 1-56127 Pisa, Italy; Vincenzo.Piazza@iitit (V.I');

ARTICLE INFO ABSTRACT
muaurogemmi@iit it (MG}
Keymnnds The growing development of emsergiog and enabling technologles, inchuding manotechoologies. culls for o re- 5 Italian Assoctation for Industrial Research (AIR]), Viale Gorizia 25/¢, 1400198 Rome, Italy: porcari@nanotec. it
et echmodor y sponsible approach to identify, evaluate, prevent and communicate health and safety (HE&S) conceres related (o ® ) X . o )
» ;. yrrespondence: f.hoce ') t: Tel: +39(0)-*241581.559
Ooeupational safety and health them, This study proposes i1 methodology to manage the potent@al rishs related to research and devdopmens (R Correspondence: £boccuni@inail.it; Tel.: +39-(0) 1418155
M 3 : 1 ‘. % PN " . * . 3 LS "y 5 » ) 3| L ] % i B “ }

Contred lmnding D) activities oo nanomaterials (NMs), combining qualitative rish evaluation, ver-sile exposure assesuvent and t  Current address: Sentec Ltd., 5 The Westbrook Centre, Milton Road, Cambridge CB41YG, UK
Risk communicatinn & ; X o o ¢ 4 c ¢

: communkatian tols This methodology gives an example of an evidence-based approach to address un = > : ANE A
Natsalubed Received: 7 December 2017; Accepted; 16 January 2018; Published: 24 [anuary 2018

Lapease measumments certaintiey celaed t workers' exposire in NMs we and production. 1t ordginates from o stancdardieed Control
Banding (CB) approach, in which the bazard bands are combined with the expasure potential, in order to define

the leved of comrol measares requined in the workplace. Field measurements, data collection andd off-line unalysis Abstract: With the inc l't'.‘lsillg interest in the }"Oh‘l“i.ﬂ benefits of n.lnnwchm)Inglw-, concern is stll
Isave been employed 1o imegrate the CH model and o obtam an improved risk management wol. It has been a : B

: TOWINS »v mav present emerging risks for workers. Various strategies have bee evelope
tosted In a FAD Ssboratory in which NMs with different dimensionalities were manudactared and used; graphene growing that they may present emerging risks for workers. Various strategies have been developed to
manowires and nanoparticles. The final catcome is o risk anabysis included in o pictogram (Nanolabel) associated assess the exposure to n.mu-ohiocts and their agg!umemtea and .‘iggn:‘:.‘,dlt’.‘« (.\()A.‘\l mn the \\'urkpln\‘e,
to ol procoy phestt and Ishossioty, frlication e syeilic levol of.xiak el pirtaniny mamagegicnt: mpkaores integrating different aerosol measurement instruments and taking into account multiple parameters

addressed to R&D personnel, HES players and other workers involved. It s o dynamsc system that con be slapied
1o the different R&D activities and 1o the different competences and shills of target personmel. Resulis shows the
approach address workers' expostare o KMs with promising opplications als in industrial contexts

that may influence NOAA toxicity. The present study proposes a multi-metric approach for measuring
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Per approfondimenti...

INQ\IL

/7
0’0

Application of a Pilot Control Banding Tool for Risk Level Assessment and Control of Nanoparticle
Exposures (Paik et al., 2008; Zalk et al., 2009)

Libro Bianco. Esposizione a nanomateriali ingegnerizzati ed effetti sulla salute e sicurezza nei luoghi di
lavoro. INAIL 2010

Guidelines on the Precautionary Matrix for Synthetic Nanomaterials (Hock et al., 2011)
Control Banding Approaches for Nanomaterials (Brouwer, 2012)
Development of a Specific Control Banding Tool for Nanomaterials (ANSES, 2010; Riedker et al. 2012)

Stoffenmanager Nano version 1.0: a web-based tool for risk prioritization of airborne manufactured nano
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