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WAAROM NANOMATERIALEN?

) Zou je dit goud kopen?

Goud (~ 10 nm)

PP

Nano Goud = Rood

Niet elektrisch geleidend
Magnetisch

Exposief en katalystisch

Bulk goud = Geel
Elektrisch geleidend
Niet magnetisch
Chemisch inert

4| Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen?

> Nanomaterialen worden veelal toegepast
om de functionaliteit van een product te
veranderen of te verbeteren:

)
)

~w N N v

Antibacteriéle eigenschap

Lichter en tegelijkertijd sterker
materiaal

Isolerende werking
Transparante kleur
Krasbestendig opperviak
Betere geleiding
Brandvertrager

Etc...
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WAT ZIJN NANOMATERIALEN?

) Nanoschaal:

The Scale of Things - Nanometers and More

>
Things Natural

200 um

I

Hurren it
60420 um wide

Rad blood cells
withwhits cell
~25um

“10 nm diameter

ATPayrtteas

DN&,
~2-12 nm diameter

e ofsilison
pacing erths of im

Things Manmade

I Hsad of a pin
7 1-2mm

3
%
3

~— Microworld —

The Challenge

doices.cp. 2
phowspckéderacion
Genter wiph tnzapral

Sengconducoy sErRge.

~— Nanoworld —

Carl
~1.3 nm diameter
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Onder nanomaterialen worden over het
algemeen materialen verstaan met één of
meerdere externe dimensies, of een interne
structuur, op een schaal van 1 tot 100 nm (EU,
2011).

Variatie in karakteristieken deeltjes:

Size distribution ‘ Shape Surface area ‘ Agglomeration Surface chemistry

= >
= |z
N
MJ
= .
» q A

Size
Q

o
O
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TNO 7
WAAROM RICHTEN WE ONS OP DE RISICO’S?

) Zelfde massa maar een groter oppervlak:

Particle Number of Particle Surface
Diameter 4 Particles Area
(nm) (per cm?) (um?¥*em?)
= £ 5 153,000,000 12,000
c
= 3 20 _ 2,400,000 3,016
S ~ 250 4 1,200 240
5,000 0.15 12

) Groter oppervlak is meer reactief in het lichaam

) Focus niet-oplosbare synthetische nanomaterialen

Changa In reactivity

6 | Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen? 14 November 2019
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) ARBO RISICO’S

- BLOOTSTELLING
- GEVAAR
- RISICO
- BEHEERSING
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TNO o
BLOOTSTELLING (1/6) - NANO IN NEDERLAND 2013
2 v L olmmn

Productie nano

; Inkt/toner
(bquad matrix) (powderfom)

|

s Applicatie nanoproducten

essional apphication of MNM-enablad end products "
+ Autoschadeherstel (coatings)
* Bouw (betonmortel)
* Metaal industrie (coatings)

& He
il
» Schilders (verf/coatings)

O% » Schoenherstel (coatings/schoendeodorant)
% @o %%@ » Textiel (impregnanten)
1 hofes:mdnstnﬂﬂ‘-!-e\abhdmdprﬂmsmasoumm(egpmfessamalusedmtedcmmmboammm, sports equrpment etc)
o Bekker et al. 2013

4 Mamtenance and end-of e activities (L. Tecycling, inciner2tion, waste-disposal, etc)
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GO0

TNO 7
BLOOTSTELLING (2/6) - NANO IN NEDERLAND 2019

Totaal aantal werkne op
50,0
400
300
20,0 14
10,0 3.4
B 1.7 =
o . S — —
' 2010 N N R IR C IR R C R C I A R D @ @S
@7’@ & S ‘\\%'b\ b&\& b\’é« S rz}'{’\ boéé 6056 > © & & & 6\\,-%6 o
Fig. 2. Global v > optimistic view (USD & \;&\b S° L8 @S S é\ﬁ\b ° é@?’ ®¢0° . 0? N ,\‘\\e\’e
billion). B9 &QQ NP F F RS o F L ¥
2 @ A R ((\\ 6$ &
S ® & &
© QD W
%0

Sectoren
TNO, 2019
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BLOOTSTELLING (3/6) - METEN VAN NANO

) Massa nanodeeltjes:
) De deeltjes dragen nauwelijks bij aan de massa
) Lastig te meten vanwege de kleine toename in gewicht

) Andere meeteenheden: i ————
\ “ mmmmmnafm‘; ‘

) Deeltjesaantallen
) Deeltjesgrootteverdeling

) Oppervlakte deeltjes

) Meetmethode voor nanodeeltjes:
) Combinatie van bovenstaande + elektronenmicroscoop

» Nieuwe uitdaging in data analyse

10 | Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen?
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BLOOTSTELLING (4/6) - ACTIVITEITEN MET EEN
HOGE BLOOTSTELLING?

.lg_-l-' ! ;!:- i

.f‘.:llfll =

Synthese Werken met Toepélésing van End of life van
nanomaterialen poeders vloeistoffen nanoproducten

11| Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen? 14 November 2019
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BLOOTSTELLING (5/6) - MEETRESULTATEN (1/2)

) Synthese van nanomaterialen

Emission #/cm3

) Werken met poeders

1.<1g

Cleaning Dumping
I 1e+07 -
1e+06 -
1e+0f- |
:
. 1e+03
«
£
1e+03 S
c 2
=3 Transfering
B 1e+07-
£
w
1e+05- |
1e+00- 1 ‘
1e+03-
) ] B \ .
o o
) ¥ . . = 8 2 2 8
1. Gas-phase 2. Chemical vapor condensation 3.Wet chemistry 4 Mechanical reduction “7 =] - ‘; =]
Process : A ! S
= - o = -
o~ o

12 | Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen?

Handled amount

3.>1kg -~ —

Harvesting

. !
o

=] 2
S =

. A

T [}
o~
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BLOOTSTELLING (6/6) - MEETRESULTATEN (2/2)

) Toepassing van vioeistoffen

~

End of life van nanoproducten

12407-

Emission #/cm3

Emission #/cm3

1e+01-

' ' . i '
1. Propellant gas spraying 2. Pressure spraying 3. Pump spraying 4 Sonication 5. Brushing/rolling Abrasion Cutting Driling Grinding Sanding Weathering
Process Process

13| Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen?
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GEVAAR (1/3) - DATA BESCHIKBAAR

) Variatie in nanomaterialen maakt
gevaarsbeoordeling lastig

) O.a. fysische en chemische
eigenschappen van het nanodeeltjes
van groot belang

) OECD dossiers tonen complexiteit
en uitdagingen.

14 | Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen?

STV LYWONVN GIHNLOVHNNYIN S0 SASIH TVILNALO] WOHS SHINHOM ONLLIAL0HA NO SINITIAIND OHM

iy

TABLE 2. CLASSIFICATION OF HAZARDOUS PROPERTIES OF NANOMATERIALS (MNMS) THAT HAVE AN EXISTING OECD DOSSIER

Acute Skin Serlous eye | Respiratory Germ cell Cardnogenicity | Reproductive | Spedfic target | Specific target
toxicty corrosion/ damage/eye or skin mutagenicity organ toxicity | organ toxicity
Irritation Irritation sensitization {single {repeated
exposure) exposure]
Fullerene (C, ) Nat Mo No datz® No data Mo data No
SWENT No No No Ne Cat 28° (LF m No data No data Cat1(L)
MWCNT-7:
Cat2 (M),
MWENT No No Cat 2A (H)® Ne Cat2(H) IARC 2B No No data Cat 1 (M)
Other MWCNTs:
IARC 3
Cat1
AgNP No No No Cat 1B (M) No Mo data No Mo data inhalation (H)
Cat 2 oral (H)
AuNP Mo data No data No data Mo data No data Mo data Mo data No data ink c"l. ::n H
Cat2
sio, Mo Mo No Ne No Mo data No Mo data inhalation (H)
No dats; Cat1
Tio, No No No No Mo IARC 28 Cat2(L) Mo data inhalation (H)
CeO, No No data No data No data No data Mo data Mo data No data I'I'ldc:;o:'l{M]
Dendrimer No data No data No data No data No data No data No data No data No data
Nanoclay Mo data No data No data No data Mo data Mo data Mo data No data No data
N . Cat1
Zno Ne Ne Ne No dara Mo Mo data Mo Mo data Inhalation (M)

AgNP: sitver nancparticles; AUNP. gold nanoparticles; CeQ; cerium dioide; MWONT, mult- < L low level of evidence.
walled carbon nanotubes; Si0;: sllican dioxide; SWCNT: single-walled carbon nanotubes;TIO;  * |ARC refers to the International Agency for Research an Cancer categaries of confidence in

titanium dioxide; ZnC: zinc axide. carcinogenicity: IARC Cat 2B = possibly carcinogenic; |ARC Cat 3 = not enaugh evidence to
® Na: no hazard class assigned based on data draw conclusion,
® Mo data: no studies available in OECD dossier. * Mt moderate level of evidence

= GHS categories Cat 1 usually implies serious and/or ireversible damage; Cat 2 milder or 9 H high level of evidence
reversible damage. Within a category A Implies more serious and B milder damage
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Wettelijk verplichte toxiciteitdata (REACH) van het exacte nanodeeltjes:

Key studie identificeren; NOAEL vaststellen, omrekenen naar DNEL/OEL gebruikmakend van
extrapolatiefactoren.

Toxiciteitsdata of grenswaarde van verwant nanodeeltje en/of moeder material:

Geen (internationale) overeenstemming over criteria die bepalen of nanodeeltje verwant is; b.v.
mechanisme, phys/chem

In vitro toxiciteitsdata en computational chemistry (QSARS)

Relatie in vitro — in vivo onbekend; geen (internationale) overeenstemming gebruik in vitro data
Hazard banding: uitsluiten van effecten van ernstig naar minder ernstig (NRV’s)

Vaak een combi van bovenstaande

15 | Stand der wetenschap: Wat weten we nu over de arbo risico’s van nanomaterialen? 14 November 2019



GEVAAR (3/3) - GRENSWAARDEN

)} Veelal niet gezondheidskundig.
> WHO heeft in 2018 een overzicht gepubliseerd van geadviseerde grenswaarden.

Particle Surface Derivation

Particle Surface e rivation
concentration | concentration |  approach concentration | concentration | concentration | approach
(particle/ml, (niem) g/ (particle/ml, |  (nmem)
fibres/cm?) fibres/em?)
Guidotti Fine particulate ) Ttanium Warheit 2013 reactivity oEL 2000 ND ND A
MNM 2010 rratter <2500 nim BOEL 30 ND ND Ervironmental dioxide leTio,
"‘h‘! - F"‘m(ﬂ"ﬂh
. 3 times LEPC Titanium X .
Warheit 2013 TiO,, panide OEL 5000 ND ND
MNM "‘“G’m # || = L POV ND far mare than ND Ervironmentzl dioxide 07“5 =
(st 20 minutes

DNEL dermal
chronic Sapghg
Carbon Sne2009 | MWCNT eposure, | | > IV N N QRA
CMAR Bl 2007 nanomaterials, EEL 0.1 x bullkt WEL ND ND Bridging assessment weight
MM facior 3
Acceptance DNEL dermal
v L Carbon Stone2009 | MWONT chronic b‘:;""‘g O N oA
Fibres AGS 2013 """ﬁ m“’a’d (default, ND oo ND Beldoing/ exposure
respirable Foupng Oral exposure
fractien Fulleri B DNEL oral 40
P Carbon Stone 2009 acute Vg ND ND QRA
Fibres ES12007 Fibrous NM BEL ND om ND [ty GG, | o | bodyweight
mmsulﬂel:“ DNEL oral
Stodkmann- Carbon Bridkging/ . a7
Fibres ivala 2014 | nanofibees, ONFs L ND oo ND i Carbon Stone2009 | pobyalkyh ders w"'g‘_‘"ﬂ "o o 5
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TNO 7
RISICO’S (1/3) - AANPAK RISICOBEOORDELING

Karakterisatie
Gevaar beoordelen | Blootstelling beoordelen

Tox data nano-
vorm

Tox data

—— H
Kwantitatieve rfsi'wbznurdeﬁm i
Niveau van Bestaande
blootstelling meetdata

vergelijkbare stof
_‘___‘_l_._

Tijdelijke Kwantitatief
referentiewaarde model

Gevaars- Gevaars- Blootstellings-
classificatie klasse klasse
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RISICO’S (2/3) - MODELLEN

Stoffenmanager

Stoffenmanager

Home
Educational Information>

Disclaimer

Nano module 1.0

Nano module TR

You are here: Home

(‘ Login

E-ma

Password:

LCARA)

WELCOME

Welcome to the S Introduction
This medule allows you to qui —
exposure to Manufactured Na -

selected or included in the Ac
For more information on expo

W Factsheets good practices
W PIMEX-movies exposure t

You can use the Safety Data ¢
products to determine whethe
the backaround page for an o
MNG is likely.

1F after consulting the datafin
of MNO, but you suspect that
It is still possible to use Stoffe

Stoffenmanager Nano applies

 Farticles are not (water) s
The particles are purposel
by-product, such as the pi
processes, and

W The size of the primary pa

sres of a nanopowder is Iz

m It concerns single particle:

1F your particle does not meet
suitable to assess your subst:
Stoffenmansaer 4.

TNOLE™  pReso

Agpyme
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Synthesis

Formulation Risk Control

¥ Human popuiations

Sprayer

* Sprayer

Use

General | Exposure patway's | Hazard scenario(s)

Incirect through zone(s)

Diwect contact

Indirect

exposure zone(s) | routs(s) exposure relevant material
M inhatation
 |incoor air | entre, indoor 2 & Environ-X | TiO2 | Titanium sioxice &
O dermal
[ oral

[ °
+

~ Inhalation | exposure entire, INGoar 3 (TItaNM dioxide)

pm—— " Add concentration estimatels)

MCDA ba

Available Protective Conirols

innovation
for life s ——

NanoSafer Control Banding Report for
Airborne Occupational Exposure
Assessment

Assessment preparad by

Name:
Address:

Monday, Mar 27, 2017

Assessment of

Material assessed: TI02
Froducer:

Classified 25 nanomaterlal consisting of:
Nanochject

Work situstion assessed: Fowder transfer
Process type: Fowder Handing

Fisk Assessment

s0urce routs peak conc. | long-term cone. unit  |use PPEefficacy|  peakestimate |long-term estimate)
Target populalion presence | | casured dota P [ahalaton | ® | 1090000000.0] | 1000]  |pertlesi & 7 | 208 regucbon 82400000 0 patclesi| 3000 0 pariclesims
Protective equipment used W ARTE [imnataton v|® 0000 || 500]* (mgima ® 20% rEULHON

+ I Select— e

Concentration estimate(s)

LCARA)

e LGARA B

n

» rOUt? | (material?)




Concentration (ng/mL)

TNO 7
RISICO’S (3/3) - EPIDEMIOLOGISCH ONDERZOEK

) Vroege cardiovasculaire effecten van CNTs: ) Vroege effecten op immunologie en long van CNTs:
ICAM-1
phase! phaset phaset
800- ‘ CCL-20 sIL-1RII FGF-BASIC
aa 95- 85 n
| %3 | | | ‘ 90-¢$'__|_|,_!ﬂ50' ‘ |_HL| I
CEES =]
5
600- = 8- 50- T
| Prase £ : - : o : - - : : '
— £10ne 5 control  lablow  labhigh  operator control  lablow  labhigh  operator confrol  lablow  labhigh  operator
| nlw E phase2 phase2 phase2
l ‘ s 0oL20 SIL-1RI FGFBASIC
400- E & 6.0- —
g B == L
525" == —— 50- = |
EM' $ —_— = 45-
\ 40-
! ) ! ' | | | 8.8- T 1 1 v . i : )
Control Y Categow'-ab high Gpgratots contol  lablow  labhigh  cperator ool lsblow  labhigh  operator contel  lablow labhigh  operator
) Exposure category
Kuijpers et al. 2018 Vlaanderen et al. 2017
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— TNO 7
BEHEERSMAATREGELEN (1/4)

www.stofvrijwerken.tno.nl www.ecellibrary.com

— [Secanch | A ——
innovation innovation —
- TINIO 27572 AND pr\A® = TINIO 107573

Indusiy

AWM group |
AWM sub-group |
b

CONTACT FORM

DATABASE  BACKGROUND | FORUM

Fine partic
ocarcinoger.

e

Fer TNO, itis
~ and to devel

Togather with &
Starmix and oth.
eftactive manage
extractors, which
times. The resulti
TNO Performance

s s A 0 22
comepem e T T e

D17 e sumecs yom ol

Evary tool or systar
user exposure to ha
passad its tast do ne
exposure limits for PL
weighted average) M
Outah labour inspecte,

Anphelt roling

Y
S

Nuisls (MWF) Inhalation Cross.sactional (a-postarion 088
asign)
Matal working fluids (MWF) Inhalation Gross-sactions! (a-posterion 090
Locat ventiation systams ot specified, loas! veniilaion sysiems  Grinding Matal werking flulds (MWWF) Inhalation Gress-sactional (a-p o0
assign)
12348=

Rasuns founa: 414

ADDRESS
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BEHEERSMAATREGELEN (3/4)

v
. _ - INDUSTRIAL SETTINGS INDUSTRIAL SETTING
N ALEEN LR L I (MEDIUM SCALE PRODUCTION) | (LAREE SCALE PRODUCTION)

A sgmaann™, Mo BetPractiasane " ey Pawder) S e Custom-fabricstod enclosures  Custom-fabricated anclosuras
(| meerdts v protective lovs e Local axhaust enclasure HEPA filtared dawn flow bocth  EDA filtared down Flow booth  HEPA filtared down flow reom
“\\:T"“ﬂ""f,ﬁ ’ (Liguid disparsions) e
A Matarial 3 Labaratary . - HON VENTILATED
v . Oy Prossiiar) e VENTILATED TECHHICAL MEASURES TECHNICAL MEASURES
¥ . Wiaighing (Ory Powder] v-,dl;w |i=b.umn-ll-lnnrl 3 E = - E
Py — rtial anclosura = = - -
“ ENMsdisperst it Hitril ‘u‘iﬁ'iﬂimq Local axhaust snclasure ’ £ E 22 =o = 8 £ E—_; E B 3 'EE =
= * NEl] EEeaet—— e E‘.E ERY Sw E = -§“‘ B2 ?E —BE— L H
‘ P e i = 2 Bz of 2 27 Bz 25 B5h 53
xl/ _Eu E% £E g E n:é :E = LgY 4 2
§ e 8z 85 §r 3 ¢ §; 83 6 gi3 i ¢
A i 098 22 0§ 1% 3 oYrEog o
e & heof Mixing (Dry Powrdar} Veniilated Laboratory Hoad E xa 2 = B LI E
. comsie mityrest s | Mixing Local axhaus srckasurs | =
d disparsian: (Gl Bax) : .
e Matarial Unpacking *® » ® ® ®
@Iy:i:u:m"miul e e e | By . .
. oy partial enclosisra) | Waighing |Dry Powdar and liguid disparsions] x x x x x x
Hortoil gloves s . Hitila 1 I *® ¥
(car) o { Packing/ La Y
S by Filing [partizl anclesura) — X
v Mo v No
. PNy Mixing (Dry Pow der and liquid dispersion] x X X b 4 ¥
e S INEE T TS 2
S ot~ = e == Synthasis {Dry/ liquic) x X X
- \_/"’J e - Vantilated Iiab-uzbwy Hoad 3 -
' {sawing . grinding. etc} Wi :En\l;!yﬂnnlnx Paciing / lbag filling X X x X X
lextandabls arms]
Double itla gloves -~ ) Sprayirg
(ean) M_Hn'mnn [= Movable LEV [ —
malding pems Machiring b 4 x x ®

T — Fompesing [ nston meling x

GUIDES™* VIANC-
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BEHEERSMAATREGELEN (4/4)

Control measure Efficiency (%) Specific sources®
Nano dataset® Proposed*

FFP1 "43-95 50

Filtering half mask ~ APFs (EN 529, 2005 from 5
: FFP2 50-99.999 80 ’

(disposable) - countries - Finland, Denmark,

FFP3 78 —99.9999 90 Italy, Sweden, United
Filtering half mask, unpowered Half mask + P2 "47 —99.997 85 S;ﬁioz?'cm S (] u
(elastomeric face piece) ~ : ’

Half mask + P3 50—-99.9999 90 NIOSH Decision Logic (2004)

Filtering full mask, unpowered Full Mask + P2 | "98-99.9 (n=2) 85 ANSI 288.2 (1992) -
(elastomeric face piece) Fullmask+ P3 | "99.5-99.9998 = 90 | o 275119 g

Shaffer & Rengasamy, 2009
Powered Air Purifying Respirator 85190 | 98 | Stoffenmanager-nano

>39. -
(PAPR) Helmet / hood (>99.9999) (THL T2, TH3) G
* Proposed value based on all sources

A Based on reviewed nano dataset incl. experimental data obtained in EU projects
B Specific sources that determined the proposed value Goede et al. 2018
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Toekomstsperspectief:

Rekening houden met veiligheid in een vroeg stadium van de ontwikkeling van een product (safe
innovation)

Read-across- en groeperingsbenaderingen voor nanodeeltjes
Hoe houden we gelijke tred met snelle ontwikkeling?

Tot slot:
Nanomaterialen bieden de maatschappij nieuwe mogelijkheden,
Maar aandacht voor de eventuele risico’s blijft belangrijk.
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