ak dal v regula
zice nanocastici
racovnim prostred

MUDr. Michael Vit, PhD,
RNDr. Bohumil Kotlik, PhD,
Mgr. Lenka Skrabalova
SZU Praha




Definice (2011/696/EU) je nanomaterial prirodnim
materialem, materialem vzniklym jako vedlejsi produkt
nebo cilené vyrobenym materialem obsahujicim castice.
Tyto castice jsou ve formeé izolovanych castic nebo jejich
agregatii/ aglomeratti a 50 % nebo vice castic
materialu ma jeden nebo vice vnéjsich rozméru ve
velikostnim rozmezi 1-100 nm. Definice zahrnuje take
fullereny, grafenové viocky a jednosténné uhlikové
nanotrubice, které casto existuji v rozmeérech pod 1 nm
minimaine v 1D.



(1) Zameéstnavatel je povinen vytvaret bezpecné a zdravi
neohrozujici pracovni prostredi a pracovni podminky vhodnou
organizaci bezpecCnosti a ochrany zdravi pri praci a prijimanim
opatreni k predchazeni rizikiim.

(3) Zameéstnavatel je povinen soustavne vyhledavat
nebezpecné Cinitele a procesy pracovniho prostredi a pracovnich
podminek, zjistovat jejich pri¢iny a zdroje. Na zakladé tohoto
zjisténi vyhledavat a hodnotit rizika a prijimat opatreni k jejich
odstranéni a provadét takova opatieni, aby v dusledku
priznivéjsich pracovnich podminek a Grovné rozhodujicich faktory
prace dosud zarazené podle zvlastniho pravniho predpisu jako
rizikové mohly byt zarazeny do kategorie nizsi. K tomu je
povinen pravidelné kontrolovat Uroven bezpecnosti a ochrany
zdravi pfi praci, zejména stav vyrobnich a pracovnich prostfedku
a vybaveni pracovist a Groven rizikovych faktorl pracovnich
podminek, a dodrzovat metody a zplisob zjisténi a
hodnoceni rizikovych faktoril podle zvlastniho pravniho
predpisu.



(4) Neni-li mozné rizika odstranit, je zaméstnavatel povinen je
vyhodnotit a prijmout opatreni k omezeni jejich plisobeni tak,
aby ohrozeni bezpecnosti a zdravi zameéstnanci bylo
minimalizovano. Prijata opatreni jsou nedilnou a rovnocennou
soucasti vSech Cinnosti zameéstnavatele na vsech stupnich rizeni.
O vyhledavani a vyhodnocovani rizik a o prijatych opatrenich
podle vety prvni je zameéstnavatel povinen vest dokumentaci.

(7) Zaméstnavatel je povinen prizplisobovat opatreni
meénicim se skutecnostem, kontrolovat jejich Ucinnost a
dodrzovani a zajistovat



Rychly technologicky pokrok vede jednak k mozné
profesionalni expozici osob pri vyrobnich procesech
pouzivajicich nanomaterialy, jednak k ne vzdy
kontrolovanému uvadéni nanotechnologii do zivotniho
prostredi, které midze vést k nezadouci expozici bézné
populace.

Dalsim problémem je, ze dosud platné bezpecnostni standardy
vychazeji z limitnich hodnot pro latky z nichz se nanomaterialy
skladaji, avsak neberou v ivahu experimentalné ovéreny

fakt, ze na rozdil od veéetsich castic mohou nanocastice v

lidském téle pronikat do rady organti a tkani a vyvolavat
tam nezadouci toxické ucinky
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MARKET INCORPORATING NANOTECHNOLOGY (B USD)
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Figure 2.1. Expected size of the market of products incorporating ENM by 2020.
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Algoritmus mozného ,, pracovniho rizika
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Exposure Risk Assessment Knowledge Gaps
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Pro urceni toxického Ucinku chemickych latek (stanoveni vztahu
davka-odezva) byva standardné urcovana koncentrace
dané latky a doba trvani expozice.

Oproti tomu u nanocastic je, krome stanoveni davky a doby
expozice, nutné charakterizovat fyzikalné-chemicke
vlastnosti hodnocenych nanocastic

Co meérit? Jak merit?
hmotnostni koncentraci
pocCet Castic na jednotku objemu, velikost castic-pocet
castic/objem
pocet castic na jednotku plochy Ci specifickou plochu povrchu
(pomér hmotnosti k velikosti plochy nanocastic)



Anlage 2

Verdéffentlichte Empfehlungen fir BeurteilungsmabBstidbe

Derzeit liegen keine rechtsverbindlichen gesundheitshasierte Arbeitsplatzgrenzwerte fur hergestellte Nanomaterialien vor. Die folgen-
den Empfehlungen verschiedener Organisationen bzw. Hersteller dienen zur Orientierung und kdnnen nach entsprechender fachkun-
diger Bewertung als Beurteilungsmalistab herangezogen werden (Stand: 20.03.2013).

Herausgeber Nanomaterial Grenzwertempfehlung Cluelle

Institut far Arhelts,s‘_:hutz der biobestandige granuldre Nanomaterialien 20 000 Partikel/cm? im Messbereich von 1

Deutschen Gesetzlichen Un- . 3 - [13]
; Dichte > 6000 kg/m bis 100 nm

fallversicherung

Institut fur Arbe|t53(_‘,hutz der biobestandige granulare Nanomaterialien 40 000 Partikel/ cm®m Messbereich von 1

Deutschen Gesetzlichen Un- : 3 o [13]
; Dichte < 6000 kg/m bis 100 nm

fallversicherung

Institut fur Arbeitsschutz der Kohlenstoffnanoréhrchen (CNT) bei denen

Deutschen Gesetzlichen Un- WHO-Fasereigenschaften nicht ausge- 10 000 Fasermn/m? [13]

fallversicherung schlossen werden kinnen

National Institute of Occupa-

tional Safety and Health Titandioxid (< 100 nm), 0,3 mgfmg‘, 10 h/Tag und 40h/Woche, [25]

(NIOSH)

National Institute of Occupa- a3 -

tional Safety and Health Carbon nanotubes and -fibers 0,007 mg/m* (gemessen als elementarer [26]

Kohlenstoff)
(NIOSH)
Hersteller Mehrwandige Kohlenstoffnanordhrchen 0,05 mg/m? (3]

(MWNTSs)

- Ausschuss fir Gefahrstoffe - AGS-Geschéftsfiihrung - BAUA - www baua de -




Table 1 Nano reference values, based on the benchmark levels as proposed by [FA and adapted according to discussions with [FA

and the Dutch expert panel

Description

Density

Benchmark
level (8-h
TWA)

Type NP

Rigid, biopersistent nanofibers for
which effects similar to those of
asbestos are not excluded

Biopersistent granular nanomaterial
in the range of 1-100 nm

Biopersistent granular nanomaterial
in the range of 1-100 nm

Non-biopersistent nanomaterial
in the range of 1-100 nm

0.01 fibers/cm?

20,000 particles/cm’

40,000 particles/cm®

Applicable OEL

SWCNT or MWCNT or metal oxide fibres
for which asbestos-like effects are not
excluded

Ag. Au, CeO,, CoO, Fe, Fe,0,. La, Pb,
szOj, SHOQ.

Al50s, 5105, TiN, TiO,, Zn0, nanoclay
Carbon black, Cgp, dendrimers, polystyrene

Nanofibers for which asbestos-like effects
are excluded

Fats, NaCl




Evidence of Activity: OELs for CNT

OSHA Graphite PEL (respirable)
S000 | = = = e e e —— — — — — — — — —— ——— —— —
OSHA Carbon black PEL
3500 J m——— — — — — — — — — — — — — — — — — — — — — —
- Baytubes®
£ MWCNT
E 50 pg/m?
— 454 ¢
=l CNT®
30 pg/m?
o 30+ o
15- SWCNT CNT & CNF MWCNT®
1 pg/m3 1 pug/m?3 2 ug/m?
&
ﬁ | | |
INEL® REL® INEL® OEL-PL<H OEL*
[Aschberger et al 2010] NIOSH [Aschberger et al 2010] AIST lapan Bavcr
[CNT CIB 2013] [Nakanishi 2011] [Pauluhn 2010]
B5I—0.01 f/ml [benchmark exposure limit-BEL] for high aspect ratio nanomaterials (1/10™ asbestos OEL)
*Indicative No-effect Level; "Recommended Exposure Limit; “Occupational Exposure Limit; ®Period-limited (15-yr)

OEL pro CNT (uhlikové trubf
 —————————————————————————————————————————————————
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Legislativa je ve znacném zpozdéni — neda se
ocekavat v historicky kratké dobé

V oblasti occupational health and safety neni dostatek
validnich dat hlavné v oblasti occupational health risk
assessmentu i exposure assessment

Nedelat nic v managementu rizika je rozhodnuti s
moznymi negativnimi nasledky

Rozhodovani v této oblasti bude smérovat do
mekkych technik tj. komunikace, konsensus,
doporuceni

Nanotoxikologie se dramaticky vyviji, objevuji se
nove nastroje a principy ... asi budeme muset opustit
neékteré staré
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Control Banding, definice

Metoda, ktera se snazi hodnotit ,, riziko prace" do urcitych
kontrolnich systému nebo do uréitych pdsem na zakladé
kombinace nebezpecnosti latek a expozice témto latkam
Pasmo nebezpecnosti — je charakterizovano na zaklade dat
o toxicité konvencni chemické latky event. jeji nanoformy
nebo zakladé charakterizace rizika

Pasmo expozice — charakterizuje se expozice podle delky
trvani a periodicity jednotlivych pracovnich operaci, rovnez
i podle mnoZstvi exponovanych pracovniki a pouzivaného
mnozstvi latky

Pasmo kontroly technologie — zde se nasledné hodnoti
technicky systém ochrany pracovniho ovzdusi - celkové
odsavani, mistni odsavani az uzavreni technologie
(containment)



Obecné CB muze zjednodusit rozhodovaci proces s ohledem na
vybér kontrolnich postupl. S pfistupem CB neni nutné , aby se
provadeéla méreni nanocastic v pracovnim prostredi s naslednym
porovnanim se standardy expozice (OEL)

CB zahrnuje odhad v urcCitém pasmu nebezpecnosti, pro ktere je
nebezpecna latka prirazena, na zakladé informaci o riziku (casto z
materialu bezpecnostnim listu ; MSDS) v kombinaci s expozicnimi
faktory, jako je volatilita latky, mnozstvi zpracované latky, denni
expozice, biopersistence apod.

Ve vztahu k nanotechnologiim je CB vhodny kontrolni pristup k
Fizeni expozice nanocasticim. CB je zvlasté vhodny pro kontrolu
chemickych rizik tam, kde jsou omezené toxikologickeé
informace a expozicni limity na pracovisti nejsou
objektivné dostupné. U uméle vytvorenych nanomateridll jsou
systémy CB prezentovany jako akceptovatelny pristup, ktery
napomaha v komplexnim hodnoceni rizik na pracovisti.

‘)



Not a mutagen, reproductive or
developmental toxicant or carcinogen (see
* note)

OewpoﬁomlEqus\anu (OEL)
range from approximately 10 pg/m3 to 0.5

Occupational Exposure Limits (OELs)
range from approximately 30 ng/m® to 10
pgim®

| Category 1 Category 2 Category 3 Category 4
e |mitant to the skin or eyes ®  Mcderate to high acute systemic toxicity e Mutagenicity** *  Highly potent pharmacological activity
®  Low acute or chronic system effects such as cardiac or liver toxicity e Carcinogenicity (observed at approxamately 10 pg/kg or
®  Low potency (effects at 10-100 mg/kg or ®  Reversible systemic toxicity e Developmental and/or reproductive toxicity less in animals or humans)
greater) ®  Moderate chronic systemic toxicity with low | ®  Significant pharmacological potency ® |rreversible effects
*  Effects that are reversible severity (toxicity observed at approximately (effects at or below approximately 0.01 - 1 ®  Mutagenicity
e Onset of symptoms is immediate 1-10 mg/kg) mg/kg) e  Carcinogenicity
¢ Not a mutagen, reproductive or ¢ Corrosive e Sensitizers ¢ Developmental and/or reproductive toxicity
developmental toxicant or carcinogen e Weak (skin or respiratory) sensitizers *  Well absorbed by occupational exposure e \Well absorbed by occupational exposure
®  Has good wamning properties (odor ®  Moederately absorbed via inhalation or by routes routes
threshold below a concentration which may dermal exposure ® |rreversible effects e  Severe acute or chronic systemic effects
cause toxic effects) ®  Onset of symptoms - may be immediateto | ®  Severe acute systemic effects e  May affect sensitive sub populations in a
*  Occupational Exposure Limit (OEL) delayed e Severe chronic systemic effects significant manner (e g. asthmatics)
approximately 0.5 mg/m3 or 9reater e Moderate degree of medical intervention | ®  Potential need for immediate medical *  Occupational Exposure Limits are
(i.e., not life threatening) may be needed intervention approximately 30 ngim® o less
®  May have poor or no warning properties ®  Poor or no waring properties

* = In some cases,

10, 2006.

, John P. et al, History, implementation and evolution of the
aceutical hazard categorization and control system, Chemistry Tod

compound may produce chronic or “-genic’ effects at high doses (usually > 20 mg/kg/day); In these cases scientific judgment as to the likelihood of this occurring occupationally and
classifying its inherent risk may be needed, ** = mutagenicity in the Ames assay alone without mammalian cell data or other endpoints may be an exception to classification in this category; in this case,
a scientific judgment may also need to be made based on class of compound and “active moiety”




Category 3

Omhlndlingnacoopubhfoerw-

glasses and safety shoes, Use good
manufacturing pnctices (e.g.. cGMPs).
Wear a certified Dust/Mist filtering
facepiece respirator or a higher level of
respiratory protection for high dust-
generating operations. If exposure
monitoring indicates exposures are below
the OEL, respiratory protection may not be
required.

Use local exhaust ventilation and/or
enclosure at dust-generating points in the
process.

2
Wear appropriate gloves; lab coat, nylon
coveralls or disposable Tyvek suit; safety
glasses and safety shoes. Use good
manufacturing practices (i.e., cGMPs).
Use a powered, air-purifying respirator
(PAPR) with HEPA cartridges or a
supplied-air respirator (SAR), unless air-
monitoring data has shown that a lower
level of respiratory protection is adequate.
Protective garment (coveralls, Tyveks, lab
coat) is not to be worn in common areas
(e.g., cafeterias) or out-of-doors.
Use local exhaust and/or enclosure at dust-
generating points. Emphasis is to be
placed on closed material transfer systems
and process containment, with limited open
handling of 4
High-enotw operations such as milling,
particle sizing, spraying or fluidizing should
be done within an approved emission
control or containment system.
Develop cleaning procedures and
techniques that limit potential exposure.

e \Wear appropnate gloves; lab coat, nylon

coveralls or disposable Tyvek suit;, safety
glasses, safety shoes, and disposable

Protective garment (coveralls, Tyvek, lab

coat) is not to be worn outside the work area.

Clean/dirty/decontamination areas are to be
established. Establish a means of personnel
decontamination prior to entering the
dwmmsndmnamﬂmm
Negative/positive air pressure relationships

room/degowni
Area access is to be restricted.

® High-energy operations such as milling,

particle sizing, spraying or fluidizing should
only be done within an approved emission
control or containment system.

Develop cleaning procedures and
techniques that limit potential exposure.

Emphasis is to be placed on closed material
transfer systems and process containment,
with no open handling of powders. Use
enclosures and containment measures to
reduce potential exposures.

Use a powered, air-purifying respirator
(PAPR) with HEPA cartridges or a supplied-
air respirator (SAR) until processes have
been monitored to show that respiratory

protection is not required.

Solutions Handling

Enclose systems where possible.
Processing tanks are to be kept covered.
Process samples should be taken from
sample ports if feasible.

Wear a certified Dust/Mist filtering facepiece
respirator or a respirator supplying a higher
level of protection until processes have been
monitored to show that respiratory protection
is not required.

Ensure gloves are protective against
solvents in use.

glasses, safety shoes, and disposable
booties. Use good manufacturing practices
(Le., cGMPs),

Protective garment (coveralls, Tyvek, lab
coat) is not to be worn outside the work

area.
Clean/dirty/decontamination areas are to
be established. Establish a means of
personnel decontamination prior to
entering the degowning room such as a
misting shower.
Negative/positive air pressure relationships
and buffer zones required (i.e., ante-
room/degowning room/airlock).
Area access is to be secured and
restricted,
mwmmmmamm
be established.

A highly specialized ventilation system
should be installed with failure protection.
High-energy operations such as milling,
particle sizing, spraying or fluidizing must
be done within an approved emission
control or containment system.
Ciean-in--place systems should be in

Develop cleaning
techniques that limit potential exposure.

Powders Handling
Emphasis is to be placed on closed
material transfer systems and total process
containment, with no open handling of
powders. Use enclosures and containment
measures to reduce potential exposures.
Use a powered, air-purifying respirator
(PAPR) with HEPA cartridges or a
supplied-air respirator (SAR) until
processes have been monitored to show
that respiratory protection is not required.

facepiece

supplying a higher level of protection until
processes have been monitored to show
that respiratory protection is not required.
Ensure gloves are protective against
solvents in use.

Farris, John P. et al, History, implementation and evolution of the pharmaceutical hazard
categorization and control system, Chemistry Today, Vol 24: 5-10, 2006.
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UK COSHH Essentials

France ANSES (Risk Potential Hierarchy)

Germany (Chemical Management Guide)

The Netherlands (Stoffenmanager)

Norway (KjemiRisk)

Belgium (Regetox and SOBANE)

Singapore (SQRA)

Korea (KCT)

Swiss Guidelines on the Precautionary Matrix for Synthetic
Nanomaterials

US Nanotool

ISO/TC 12901-2 Notechnologie-Occupational risk
management apllied to engineered nanomaterials, Part 2
Use of the control banding approach



508 D. H. Brouwer

Table 1. Summary of the most important characteristics of the various CB tools

Hazard banding Exposure banding Matrix
Number
Allocation of bands/
system Source domains/type of activities® levels
Application
Powder ready-to-use Emission Exposure
CB tool Short name  Binary Score N  Synthesis handling  products  Abrasion potential potential N
Precautionary Matrix - + 1 (+) (+) (+) (+) + — 1
NanoTool — + 4 + + - — + — 4
ANSES + 5 (4 + + + + - 4
Stoffenmanager Nano  + — 5 + + + (+) — + -
NanoSafer + + 4 — + - - - + 5
Guidance + — 3 + + + + + — 3

*Based on Schneider ef al. (2010).

1 Precautionary matrix does not distinguish separate hazard and exposure bands.
N Number of bands.

CB Control band.

RL Risk level.

+ Used/addressed by tool.

— Not used/addressed by tool.

(+) only implicitly addressed by tool.

Metody NANO control bandi

—
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Hodnoceni ,rizikovosti" - nebezpecnosti
soucet vSech faktoru nebezpednosti, maximalni hodnota
je 100 bodu. Ze 100 bodu je 70 bodu ptidéleno na
zakladé charakterizace nanomaterialu. 30 bodu je
pridéleno na zakladé charakterizace vychoziho ,,
konvencniho" materialu. Vétsi vahu pri rozhodovani
o celkove skodlivosti proto maji vlastnosti nanocastic.

0 - 25 bodu: mala nebezpecnost,

26 — 50 bodii: stredni zavazna nebezpecnost,

51 - 75 bodu: vysoka nebezpecnost,

76 — 100 bodi: velmi vysoka nebezpecnost



Povrchova reaktivita

Tvar castic

Rozpustnost

Karcinogenita

Negativni vliv na reprodukci

Mutagenita

Negativni vliv na pokozku

Dychaci cesty sensibilizujici vlastnost

Toxicita vychoziho materialu

Karcinogenita vychoziho materialu

Negativni vliv vychoziho materialu na plodnost
Mutagenita vychoziho materialu

Negativni vliv vychoziho materialu na pokozku:

Dychaci cesty sensibilizujici vlastnost vychoziho
materialu



chemické slozeni povrchu posuzovaného materialu je
klicovou slozkou, ktera ovlivauje toxicitu vdechnutych
¢astic. Aktivita volnych radikdlu na povrchu ¢astice je
primarnim faktorem, ktery urcCuje celkovou povrchovou
reaktivitu povrchu daného materialu. Body jsou
urcovany na zakladé kvalitativniho hodnoceni, zda je
povrchova reaktivita vysoka, stredni nebo nizka. Pro
hodnoceni budou vyuzity védecké studie, pokud jsou
pro dany material dostupné.

vysoka povrchova reaktivita: 10 bodu,

stredni povrchova reaktivita: 5 bodu,

nizka povrchova reaktivita: 0 bodu,

neznama povrchova reaktivita: 7,5 bodu.



Studie prokazaly, ze expozice vlaknitym casticim (napr. azbest) jsou
dlouhodobé spojovany se zvysenym rizikem vyskytu fibréz nebo
rakoviny.

Také u trubicovitych struktur, napr. uhlikatych nanotrubic bylo
prokazano, ze zpuUsobuji zanéty a poskozeni tkdné v plicich krys. Na
zakladé téchto studii je proto nejvys$si pocet bodu pfirazen ¢asticim
s tvarem vlaken nebo trubicek.

Casticim s nepravidelnym tvarem (které nezahrnuji vidkna a
trubicky) je dan stfedni po¢et bodu vzhledem k tomu, Ze obvykle
maji vétsi povrchovou plochu ve srovnani s casticemi kulového
tvaru.

vlaknité nebo trubicovité castice: 10 bodu,

castice nepravidelného tvaru: 5 bodu,

kulové castice: 0 bodq,

neznamy tvar castic: 7.5 bodu.



Podle modelu ICRP (International Comission on Radiological
Protection) je u Castic od 1 do 10 nm vétsi nez 80%
pravdepodobnost, ze dojde k jejich depozici v plicich, u Castic
od 10 do 40 nm vice nez 50% pravdepodobnost a u castic od
41 do 100 nm vice nez 20% pravdépodobnost depozice

v plicich.

Na zaklade této pravdepodobnosti depozice (bez ohledu na
misto depozice v plicich) a vhledem k tomu, ze mensi Castice
maji vetsi celkovou povrchovou plochu ve srovnani s vetsimi
casticemi pro danou hmotnostni koncentraci, je prideleni
bodl vztaZeno k velikosti ¢astic.

1-10 nm: 10 bod{,

11 - 40 nm: 5 bodq,

< 41 - 100 nm: 0 bodd,

neznama velikost castic: 7.5 bodu.

(]



V rade studii se prokazalo, ze Spatné rozpustné
nanocastice po vdechnuti mohou zpusobovat
oxidativni stres, ktery muZe mit za nasledek
zanety, fibrozu nebo vznik rakoviny.

Protoze rozpustné nanocastice mohou takée
zpusobovat vedlejsi efekty i po rozpusténi v krvi,
jsou jim také pridéleny body, ale v mensim
rozsahu nez nerozpustnym casticim.

nerozpustné castice: 10 bodd,
rozpustné: 5 bod,
neznama rozpustnost: 7.5 bodu.



Karcinogenita: body jsou pridéleny podle toho, zda jsou

nanocastice karcinogenni nebo ne.
ano: 6 bodd,
ne: 0 bodu,
neni znamo: 4.5 bodu.

Negativni vliv na reprodukci: body jsou ptidéleny
podle toho, zda nanocastice maji nebo nemaji negativni vliv

na plodnost.
ano: 6 bodd,
ne: 0 bodu,
neni znamo: 4.5 bodu.

Mutagenita: body jsou pfidéleny podle toho, zda jsou

nanocastice mutagenni nebo ne.
ano: 6 bodd,
ne: 0 bodu,
neni znamo: 4.5 bodu.



Negativni vliv na pokozku:

body jsou pridéleny podle toho, zda maji nebo nemaji
nanocastice negativni vliv na pokozku.

ano: 6 bodu,

ne: 0 bodu,

neni znamo: 4.5 bodu.

Vznik astmatu:

body jsou pridéleny podle toho, zda nanocastice
prispivaji ke vzniku astmatu nebo ne.

ano: 6 bodu,
ne: 0 bodq,
neni znamo: 4.5 bodu.



Nektere materialy, tvorici nanocastice, maji pro svou
makroskopickou formu stanovenée expozicni limity
v pracovnim prostredi.

Je zndmo, Ze toxicita nanocdastic se muze znaéné lisit od
toxicity vetsich castic stejného materialu, presto i toxicita
vychoziho materidlu mize slouZit jako dobry ukazatel pro
hodnoceni vlastnosti nanocastic.

Body jsou pridélovany podle expozicniho limitu
v pracovnim prostredi (OEL, occupational exposure limit)
vychoziho materialu.

< 10 yg m -3: 10 bodu,

10 yg m=3 - 100 pg m-3: 5 bodu,
101 pg m3 -1 mg m=3: 2.5 bodu,
>1 mg m-3: 0 bodu,

neni znamo: 7.5 bodu.



Karcinogenita vychoziho materialu:

body jsou prideéleny podle toho, zda je vychozi material
karcinogenni nebo ne.

ano: 4 body,
ne: 0 bodu,
neni znamo: 3 body.

Negativni vliv vychoziho materialu na reprodukce:
body jsou pridéleny podle toho, zda ma nebo nema vychozi material
negativni vliv na plodnost.

ano: 4 body,

ne: 0 bodu,

neni znamo: 3 body.

Mutagenicita vychoziho materialu:

body jsou pridéleny podle toho, zda je vychozi material mutagenni
nebo ne.

ano: 4 body,

ne: 0 bodd,

neni znamo: 3 body.



Negativni vliv vychoziho materialu na
pokozku:

body jsou prideleny podle toho, zda ma nebo nema
vychozi material negativni vliv na pokozku.

ano: 4 body,

ne: 0 bodu,

neni znamo: 3 body.

Vliv vychoziho materialu na vznik astmatu:
body jsou prideleny podle toho, zda vychozi
material prispiva ke vzniku astmatu nebo ne.

ano: 4 body,

ne: 0 bodu,

neni znamo: 3 body.



Hodnoceni expozice:

soucet v8ech faktord expozice. Maximalni pocet bodu je
100.

Faktory expozice urcuji, do jaké miry mohou byt
zamestnanci potencionalné vystaveni nanocasticim
daného materialu, predevsim inhalaci, ale take pri
kontaktu s pokozkou.

0 - 25 bodu: velmi nepravdépodobna expozice,
26 - 50: malo pravdépodobna expozice,

51 - 75: pravdepodobna expozice,

76 - 100: predpokladana expozice.



Odhadované mnozstvi chemicke latky
pouzité behem pracovniho ukonu

Prasnost

Pocet zaméstnancu pfi hodnocené
expozici/pracovni operaci

Frekvence pracovni operace
Trvani pracovni operace



Odhadované mnozstvi chemické latky pouzité behem
pracovni operace.

> 100 mg: 25 bodd,

11 - 100 mg: 12.5 bodu,

0 - 10 mg: 6.25 bodu,

mnozstvi neni znamo: 18.75 bodu

Prasnost - body jsou pfidéleny podle miry prasnosti/rozptyleni
materialu. Dokud nebude urcena kvalitativni Uroven
prasnosti/rozptyleni daného materialu, bude tato mira odhadnuta.

uroven prasnosti/rozptyleni urcena jako nulova - celkova mira
expozice bude hodnocena jako velmi nepravdépodobna

vysoka Groven prasnosti/rozptyleni: 30 bodd,
stfedni Groven prasnosti/rozptyleni: 15 bod{,
nizka aroven prasnosti/rozptyleni: 7.5 bodu,
nulova Groven prasnosti/rozptyleni: 0 bod,
neznama uroven prasnosti/rozptyleni: 22.5 bodu.



Pocet zameéstnancll s podobnou expozici - body jsou pfidéleny podle
poctu zaméstnancy kvalifikovanych pro danou ¢innost.

>15: 15 bodu,

11 - 15: 10 bodu,

6 - 10: 5 bodu,

1 - 5: 0 bodd{,

neni znamo: 11.25 bodll.

Cetnost pracovniho ukonu - body jsou pridéleny podle Cetnost
pracovniho ukonu.
denné: 15 bodu,
tydné: 10 bodd,
meésicné: 5 bodd,
méneé casto nez mésicné: 0 bodd,
neni znamo: 11.25 bodu.
Trvani pracovniho tkonu: body jsou pfidéleny podle trvani pracovniho
ukonu.
4 hodiny: 15 bodu,
1 - 4 hodiny: 10 bodq,
30 - 60 min: 5 bodu,
méneé nez 30 min: 0 bodu,
neni znamo: 11.25 bodu.



expozice

(O - 25) extrémneé (26 — 50) malo (51-75) (76 — 100)
nepravdépodobna pravdépodobna pravdépodobna predpokladana
o (76—100) \{elml RL 3 RL 3
o vysoka
>
% (51-75) vysoka RL 2 RL?2
%% | (26-50) stiedni RL 1 RL 1 RL 2 RL3
(0—25) mald RL1 RL1 RL1 RL 2

RL 1: postaci pfirozena ventilace na pracovisti

RL 2: nutné pouzit digestor/odsavac par

Vyslednd mira rizika (risk level - RL):

RL 3: nutna opatreni zamezuijici Sifeni posuzované latky

RL 4: nutna konzultace s odbornikem

Na zakladé celkové nebezpeclnosti a
celkové expozice (soucet bodu) je
vysledna mira rizika (RL) pro danou
¢innost uréena pomoci nasledujici
tabulky



Current

Name or
Activity Scenario Description description of Engineering
Number (free text) nanomaterial CAS# Activity classification Control
Synthesis of metal foams by
mixing metal nanoparticles with Metal
polystyrene latex nanoparticles | nanoparticles
in DI water. Dry powders are (Cu, Ni, Ag),
weighed inside glovebox and polystyrene Ni: 7440-02-0,
mixed with other nanoparticles latex Cu: 7440-50-8, |Handling nanoparticles in
1 inside plastic container. nanoparticles | Ag: 7440-22-4 |powder form Containment




Parent material

Lowest
ool reproductive dermal
(mcg/m3) |carcinogen? hazard? mutagen? hazard?
10 Yes No No Yes

- S W NN



MNanoscale material

Particle
Surface Particle | diameter reproductive dermal | Severity | Severity
reactivity shape (nm) |Solubility |carcinogen? hazard? mutagen? | hazard? score band
Compact or
Unknown | spherical | 1-10 nm | Insoluble | Unknown Unknown Unknown | Unknown 65 High

(p




Estimated

maximum Number of Overall Risk
amount of Employees |Frequency of| Operation Level Recommended Upgrade
chemical used in with Similar | Operation | Duration | Probability | Probability Without | Engineering Control | Engineering
one day (mg) | Dustiness Exposure (annual) (per shift) score band Controls | Based on Risk Level| Control?
400 High 1-5 Weekly 1-4 hr T Likely RL3 Containment No




expozice

(O - 25) extrémneé (26 — 50) malo (51-75) (76 — 100)
nepravdépodobna pravdépodobnda  ’\pravdépodobp predpokladana

o (76—100) \{elml RL 3 RL 3

o vysoka

>

= |( (51-75) vysoka RL 2 RL 2 (

2

N7 (26 — 50) stfedni RL1 RL 1/

(0—25) mala RL1 /RG RL1 RL2

RL 3: nutna opatreni zamezuijici Sifeni posuzované latky

RL 4: nutna konzultace s odbornikem

Vyslednd mira rizika (risk level - RL):

tabulk

y

Na zakladé celkové skodlivosti a
celkové expozice (soucet bodu) je
vysledna mira rizika (RL) pro danou
¢innost uréena pomoci nasledujici
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TECHNICAL ISO/TS
SPECIFICATION 12901-2

First edition
2014-01-15

Nanotechnologies — Occupational risk
management applied to engineered
nanomaterials —

Part 2:
Use of the control banding approach

Nanotechnologies — Gestion du risque professionnel appliquée aux
nanomatériaux manufacturés —

Partie 2: Utilisation de l'approche par bandes de dangers

—



Product Exposure
information information

Y

Hazard band Exposure band
setting setting

Control band

|

Evaluation
Periodic reassessment
Risk banding

Figure 1 — Control banding process




OECD doporucuje sledovat (ENV/IJM/MONO(2009)20/REV):
Slozeni
Tvar
Morfologie
Povrchovy chemizmus
Znameé katalytické ucinky
Aglomerace/agregace
Krystali¢nost/amorfnost (+velikost krystalk()
Rozlozeni velikosti Castic
Specificky povrch
Naboj povrchu (zeta potencial)
Fotochemickou aktivitu
Porozitu
Rozdelovaci koeficient oktanol-voda
Redox potencial
Potencial tvorby radikald



Table 1 — Hazard group allocation

Category A Category B Category C Category D Categorv E
si.gn:i’Ec ant h:ngn:— Moderate Serious Severs
risk to health |Slightly toxic| ~ DaZard hazard hazard
OEL dust mg/m?
[8-h time weighted average) 1-10 0.1-1 0,01-0,1 <001
Acute toxicity Low Acute tox 4 Acute tox 3 Acute tox 1-2
LD50 oral route mg kg > 2000 300 -2 000 50- 300 < 50
LD50 dermal route mg/kg =2000 1000-2000 |200-1000 < 200
LC50 inhalation 4H (mz/1)
=5 1-5 05-1 = 0,5 -
Aerosols/particles
Severity of acute STOT 3E 2-3;
- - STOTEE1 - -
[life-threatening) effects Asp.Tox 1
Adverse effects per oral route Adverse Adverse effects
[mg/kg] [single - effects seen  |seen )
exposure)d £2000 £300
Adverse effects per dermal Adverse Adverse effects
route (mg/kg) (single expo- |- effects seen  |sean R i}
sure] # <2000 <1000
Prevalent
) Moderate/strong moderate to
Slight cutane- | cytaneous aller- strong respir-
Sensitization Negative ous allergic gic reactions - atory allergic
reactions” reactions
Skin sens.1*
Resp, sens. 1
Mutagenic in
maost relevant
in vive and in
Mutagenicity/genotoxicity KMegative MNegative Negartive Negative VILNO A553Y5.
Muta 2
Muta LA - 1B

—




Table 1 [continued)

Categoryv A | Category B Category C Category D | CategoryvE
No Slight _
- Moderate Serious Severse
significant hazard -
isk to health | Slightly toxic hazard hazard hazard
Irritant/corrosivenessd Severe irritant
skin/feyes
None to Irritant to res-
Irritant piratory tract
Eyelrrit.2; |- STOT SE 3; - -
skin Irrit. 2
D 1
EUH 0&& Eye Dam.
Corrosive
Skin Cor, 1A - 1B
Some evidence in Fﬂnﬁ.ru:.ed
Carcinogenicity Megative MNegative animals . ]lrn“mmammal 5 ar
Care.2 Carc. 1A- 1B
Reprotoxic
defects in
animals and
; or suspected
Eﬁ%ﬁmﬂntalfrﬂprﬂduﬂm Megative Negative Megative or proved in
humans
Repr. 14,
1B, 2
Likelihood qfchrunicel’fem Unlikely Unlikely Passible Probahble
(e Systemic) STOT RE 2 STOTRE 2
Adverse effects per oral route Adverse effects  [Adwverse
(mg/kz-day) (90 chronic seen effects seen
study) a <100 £10
Adverse effects per dermal Adverse effects  [Adwverse
route (mz,/ke-day) (90 day SEEn effects seen
chromic study] 4 <200 <20
. . B ) . igh evidence
B Mo evidence of | Low evidence |Probable evi- Hizgh evidence High
IH/Occupational health adverse health|of adverse  |dence of adverse [ofadverse | ohooros
FEpEIEnES effects health effects |health effects  |health effeces |PT7R0%%

4 Informative only as this part of IS0/TS 12901 focuses only on inhalation contrel.

—




Deliberate
—=| aerosolisation ~ EB4
or spraying

H

High potential
of dust generation
dustiness/process

dependent

Amount of NOAA
NOAA >1kg
In the form of |—| Low potential
a powder of dust generatlon
dustiness/process
dependent

High potential
of dust generatlon
dustiness/process

dependent

Manufacturing
L] use and
handling

Amount of NOAA
>01g

Low potential
of dust generatlon
dustiness/process

dependent

High potential
of dust generatlon
dustiness/process

dependent

Amount of NOAA
<019

Low potentlal
of dust generatlon
dustiness/process

dependent

SRR

Figure 6 — Exposure banding process: NOAA in powder form
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Pro dosazeni rovnovahy jednoduchosti a ucinnosti, jsou
navrzeny pet kontrolnich kategorii (nebo pasma), ktere by
mely napomahat predchazeni expozici NOAA.

Koncepcné, pet kontrolni postupy se skladaji z:

- CB 1: Prirozené nebo nucené vétrani

- CB 2: Mistni odveétrani: odsavaci zakryt, stérbinoveé
odsavani a pod.

- CB 3: Uzavrené odvétrani (uzavrené vetraci systemy) :
vetrany box, uzavreny reaktor s odvodem

- CB 4: Zcela uzavreny systém: izolovany box s
pracovnimi rukavci

- CB 5: Zcela uzavreny systém kontrolovany odbornikem :
nutno vyzadat znalecky posudek



Table 2 — Control band matrix as a result of hazard band and exposure potential band

Hazard band Exposure potential band
EE 1 EE 2 EEB 3 EE 4
A CE1 CE1 CEB1 CE 2
B CE1 CE1 CB 2 CE 3
C CE 2 CE 3 CE 3 CE 4
D CE 3 CE 4 CE 4 CES
E CE 4 CES CES CES

Table 3 — Risk or priority bands

Hazard band Exposure band
1 2 3 4
A Low Low Low Medium
E Low Lo Medium High
C Low Medium Medium High
D Medium Medium High High
E Medium High High High
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Figure 8 — Evaluation and risk banding process
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1. Gather information on
parameters
2. Conduct assessment

Risk
Assessment
£ Nanotool 3. Identify appropriate
control band
6. Monitor exposures to 4. Integrate knowledge of
NRV standard risk assessment
7. If exposures > NRV, re- Exposure S parameters in designing
assess risk level and Senioring Control controls
effectiveness/ e f:{;’;:;‘ CB Nanotool 5. Implement control
adequacy of control [isSIEs

FIGURE 2. NOEM Model with activity integration.

NOEM model CANADA 20




Diagram showing potential concentration of airborne nanoparticles in the workplace.

NP/cm3

0 time

nocastice v pracovnim prosti‘.
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Agreements with social partners concerning NRVs

Table 1 Provisional nano reference values for the four classes of ENPs.

Rigid, biopersistent nanofibres for 0.01 fibres/cm3 SWCNT or MWCNT or metal oxide fibres
which effects similar to those of (= 10,000 fibres/m®)  for which asbestos?like effects are not
asbestos are not excluded excluded by manufacturer.
Biopersistent granular nanomaterial > 6000 ka/m® 20,000 particles/cm®  Ag, Au, Ce0,, (a0, Fe, Fe,0 La, P,
in the range of 1 and 100 nm Sb;0z, SNO5
Biopersistent granular and fibre < 6000 kg/m* 40,000 particles/cm®  Al,05, Si05, TiN, Ti05, Zn0, nanoclay
form nanomaterials in the range Carbon Black, €60, dendrimers,
of 1and 100 nm polystyrene
Nanofibres for which asbestos-like
effects are excluded
Non-biopersistent granular Applicable OEL e.g. fats, common salt (Nacl)
nanomaterials in the range of
1and 100 nm




a. Referencni nano hodnoty (NRV) jsou prozatimni NRV pro posouzeni
koncentrace nanocastic ENPs na pracovisti. NRV jsou zalozeny na zasadou
predbézné opatrnosti, jsou to hodnoty stanovené do doby nez budou
stanoveny HBR-OEL (Health-Based Doporuceny expozice na pracovisti
Limity) nebo hodnoty DNEL (Odvozena uroven, nedochazi k nepriznivym
U¢inkdim), definované v souvislosti s nafizenim REACH pro specifické
nanocastice, nebo pro skupinu nanocastic.

b. Prozatimni NRV signalizuji takovou uroven, kdy je tfreba provést
hodnoceni a nasledné rizeni rizika na pracovisti. V pripadé, Ze prozatimni
hodnota NRV je prekrocena, je to pokyn k provedeni opatreni, které sméruje
ke snizeni expozice zaméstnancd.

c. Prozatimni hodnota NRV je definovdna jako 8 hodinovy vazeny prumér
(8 hodinového-TWA). Prozatimni NRV definuje maximalni uroven pro
koncentrace nanocastic v pracovnim ovzdusi. Hladina v sobé zahrnuje
koncentraci pozadi, ENPs vcetné PGNPs (process generated nanoparticles).

d. ENPs mohou byt hodnoceny spolecné s PGNPs v pripad€, ze jsou pod
hodnotou NRV. Pokud dojde k prekroceni NRV, pak jsou pozadovany dalsi
analyzy pro definovani PGNPs, aby bylo mozné prijmout konkrétni technicka
opatreni



e. v pripadech, kdy nejsou k dispozici dostatecné udaje o nanomaterialu,
méla by byt uplathovana zdasada predbézné opatrnosti. Princip predbézné
opatrnosti znamena, ze zameéstnavatel musi vynalozit usili na to, aby
zabranil zameéstnance expozici nanocasticim - v pripadech, kdy expozice je
nevyhnutelné snizit délku a intenzity expozice na co mozna nejnizsi miru.

f. Stavajici pravni predpisy upravujici nebezpecné latky na pracovisti také
plati pro ENPs. Napriklad, v pripadé, zameéstnanci pracuji s nanomaterialy,
jejichz zakladni material ma vlastnosti CMR nebo v pripadé, ze sam ma
nanomaterial CMR vlastnosti, pak pravni predpisy upravujici CMR musi byt
respektovany a prisna opatreni k omezeni rizika musi byt realizovana. rizik
opatreni musi byt pouzita.



Limity pouziti CB :
faktory a skore pravdépodobnosti expozice a zavaznosti nebezpecnosti

Vyhody CB :
transparentni, logicky a jednoduchy nastroj,
podpora rozhodovani na zakladé nejistoty

Metodou Nanotool bylo hodnoceno vice nez 30 pracovist, s tim, ze
doporuceni, ktera byla provedena na zakladé vyse uvedeného postupu
byla stejnd nebo konzervativni nez doporuceni provedena primyslovymi
hygieniky (Brouwer, 2012)

Celkové Ize fici, ze Upravy a validace riznych pfistupl CB se o¢ekava v
pristich nékolika letech.

Vznikaji nové vyzkumné iniciativy, které jsou zaméreny na srovnani CB
modelq.

Nicméne, vsechny CB nastroje vyslovné stanovi, ze jejich pouziti by nikdy
nemelo nahradit komplexni hodnoceni rizik odborniky (v pripadé , ze je
dostatek toxikologickych a expozicnich dat)
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Dekuji za pozornosi.




