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Types of Engineered
Nanomaterials

Broad Categories: Engineered Nanomaterials
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Engineered nanomaterials: enhanced
performance compared to their bulk
counterparts

At nano-scale:

— material properties
change - melting point,
fluorescence, electrical

conductivity, and More
reactive

chemical reactivity

— Surface size is larger
- more material comes
Into contact with
surrounding materials
and increases
reactivity

More Nanoscale Better
performance electrical
durable benefits conductivity




Physical-chemical properties: key to
performance AND inherent hazard
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Engineered Nanomaterials

Broad categories of nanomatenials
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Engineered Nanomaterials: What are They?
Enginesred nanomaterials are a diverse set of very small-
scale substances. They are commanty defined as enginsered
objects that hawe at least one dimension betereen | to 100
manometers (nm), of rowghly 100,000 times smaller than the
diameter of a luman hair ! While soms types of
manomaierials cour namurally or are fonmed mcidentally,
this fact sheet focuses on menomaterials that are intentionally
desipred. enginesred and mamifachmed for use in
There is tremendins varation among enFinesrsd
mﬂ: They can vary not anly in chemical

ot alse in size, shape, and surface coatings.
They can exist as films or sheets, as fibers, borms, mngs,

tobes, spheres, or immegularly shaped particles. They can be
enFineered from nearly amy chenyical substance or muneral.

al characteristics of

different from the
mnfﬂ!mswmnﬁm?m
Mlaterial strength, optical properties, conductivity and
reactivity of nanomaierials often far excesd that of their
larper bulk counterparts. These novel properties have
spumred tremendous nferest N nanotechmolopy acres: many
mdusitial, commercial and medical sectors.

While nanematerial research and development is still
relatively young, these materials are now being used in

Human Health and Environmental Concerns

rather than being confined within a matrix or bound to
surfaces.

The emronmental fate and Tansport of mnopartcles i
complicated by the fact that in air and water they can exist
as indivichal particles or agglomerates, or they can adhere to
larger particles. Becanse nmantu:hhnen ;Iuwmenf
settling, some enginssred nanomaterials can
mmaﬂdmmmdmhlmgpgmdsﬂnmm

‘more broadly dispersed over wider geographic areas
ﬂnnlugpa.m:lsitlmsm!m Individual
nanpparticles or small applomentes are so small that they
«can readily enter the boman body through inhalation,
inpestion and through the skin In workplaces, inhalation iz a
widely recognized route of uman exponre.

Decades of particle mxicology ressarch have established
that particle size influences hazard As particles becoms
smaller, several key charmacteristics of the material change
compared to their bulk comgerpart. At the same exposure
dose, compared to micrometer scale particles, nanoscals

=  are preater in sheer momber;

= have preater surface area;

= have enhanced ability to redistmbute from their site of
deposition and o travel by new pathways, inchiding the

Thae Toies LUse Reduction Instilee is o rescasch, cducation, and pokicy conter by e
Usrwesnity of Mesaschuscis Lowedl » 500 Suffal Sweet, Suite 300 » Lowell, Mosachusctis DI834-2866

Tiermics Ll At o 1583

Fh: (578) 934-3273 = Fau: (57F) 534-3050 = Wb www.luri org

TURI's Engineered
Nanomaterials Fact
sheet

Primer on 4
engineered
nanomaterials

— CNTs, quantum dots,
nano titanium dioxide,
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Carbon Nanotubes

* Divided into 2 broad categories:

—SWCNTs & MWCNTs: Dramatic variation
In size, shape, chemical composition,
reactivity, etc.
* Emerging as substitutes for chemical
toxicants
—e.d., flame retardants, antifouling paints
* Primary hazard end points of concern:

— Pulmonary fibrosis ; pulmonary inflammation
(NIOSH)

~ —Cancer ‘IARC group 2B) [one type of



Quantum Dots

* Crystalline semiconductors
— Semiconductor core: CdSe; CdTe; ZnS
— Semiconductor shell: most often ZnS

* Primary health hazard endpoints of
concern:

— Cd cores are of concern (carcinogenicity);
toxicity seems dependent on coatings and
release mechanisms of Cd2+ ions

— Dose dependent lung injury and inflammation
(based on specific functionalized CdSe)



Nano titanium dioxide

» Size-dependent effects (i.e., micrometer
versus nanoscale matters)

* Primary health hazard endpoints of
concern.
— Pulmonary inflammation
— Genotoxicity (under certain conditions)

— Carcinogenicity (potential occupational
carcinogen, NIOSH)

— organ/liver effects (at high doses)



Nanosilver

e Collodial silver

* Primary health hazard endpoints of
concern:

— Aguatic toxicity — research suggests effects
are dependent on the release of silver ions

« Functionalization/aggregation/sulfidation — all
possible mechanisms that reduce impacts




Best Management Practices — NIOSH Guidances
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Nanomaterials:

Questions to Ask Before You Start

Here are some questions you should ask yourself
before starting work with nanomaterlals.

(1)FoRM 1,

§|

Have you done a job hﬂd i 'nlhﬂ_ phrysical
fiormiof the nanomatenall How much are you using? Can
you ﬂi.ll':q.n.nul:u.l the i 'hch‘w
its fiormn ffor example, putting powder into a solution] ar

(2)WORK ACTIVITY §3

How are ¥ i il:n. I? Could the work
activity cause sxpasure? bs the lkelihood of sxposurs
licvay o hisgh? Can you charge the way you do the
activity to reduce the sposare?

(2) ENGINEERING CONTROLS b

Based o the form and the work activity, what
engineering controls will be effective? What ane
the loey design and operational requirements for
thes control? How does the non-nanomatenal bass=
materal or liquid affect exposure?

L]

Hawe you considensd the role of administrative
controks? Have you set up a plan for waste
management? Have you considered what to do in
caze of 2 spill or how you will maintain sguipment?

(5) PERSONAL PROTECTIVE g5
EQUIPMENT

[f the measures above do nat effectively control the:
harard, what personal protective equipment can
equipment for the non-nanomateral base material
ar liquid?

- mmmen i+ Dt
e ——

e et o D
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Here are some options you can use to reduce exposures to nanomaterials in the workplace.

These options comespond with the questions on the left.

DRY POWDER
(typically highest potential for exposure)

SUSPENDED
IN LIQUID

PHYSICALLY BOUND/
ENCAPSULATED
(typlcally lowest potential for exposure)

Applies to Dry Powder Manomaterials

» Higher potential for exposure: Dumping bags of

powder, bagging or sieving of products

= Lower patential for exposure Scoopingweighing of

product, transporting containers with light surface
contamination or dosed barrelshottiesbags

Applies to Maomaterial Suspended in Liquids
» Higher potential for exposure: Spraying, open top
sonication, producing a mist
« Loweer potential for exposure: Cleaning up a spill,
pipetting small amounts, brushing

Applies to Physically BoundEncapsulated Maromaterial
» Higher potential for exposure: Cutting, grinding, ssnding,

driling, abrasive blasting, thermal release

= Loweer potential for exposure: Manual cutting and

sanding, painting with a roller or brush

= (he=mical fusme hood

» Establish a chemical

Applies to Dry Powder Manomaterials
+ Ventilated bagging or

« Glowe bax dumping stations
N E———— » High-efficiency particulate
air (HEPA - Altered local

handling encla
e exhaust ventilatan

= U= signs and lab=ls

hygien= plan » Restrict acoess to areas
» Perform routine where ranomaterials
housekeeping are used
» Train warkers

= Handl= ard dispose of all

Applies ta Manomaterial Suspended in Liquids
» Chemical fums hood + Local mvhaust ventiation
» Glowe box » Ventilated spray booth
+» Nanomaterial handling
enclosure

Applies to All Hanomaterial Fonmes

= Use sealed/closed bags
o comtainers, and
s=oondary containment

= Label containers, such
2= “pontains nanascals
titanium diassde”

waste materiaks {including
cleaning materials'glowes)
in compliance with all
applicable federal, state,
ard local regulations

Applies to Physically Bound/Encapsulated Manomaterial
» Chemical fume hacd

» Wet cutting/machining

= Gowe box = Wentilated tool shroud

» Local exhaust ventilation = Blasting cabinet

» Downidraft table

= Wetwipe cruzea = Imconporate nanomaterial
HEPA-filt=red wascwum safety into existing

» D nat dry swesp or use programs such as hazand
compressed air communication

= Mitrike or chemical resistant glowes
» Lab coat or coveralls
= Safety glasses, goggles, or face shield

Applies to All Manomaterial Forms

= Respiatory protection when indicated and enginesring

controds cannocé congral ures, and in accondanoe
with federal regulations (23 CFR 19100134)

= MIJSH guidance on respirators mn be found at

www.odc gos nioshstopics respirators’

Are you imterested in leaming more about how you can safely work with nanomaterials or want to stay up-to-date on nanotechnology safety? See the
MIOSH NTRC website for more information and links to guidance documenits: www.cdc.gov/nioshs'topics/nanotechs

v Llsep-uwulpmt_admeaql@uﬂ dhuring spill
deanups and equipment mainbenance

DHHS (NIOSH) Publication Mo. 2018-103 | February 2018
hittpesa e doi.ong 1 0 2661 6MNIOSHPUB201 8103



Approaches to Safe Building a Safety Program to

Protect the Nanotechnology Workforce:

NanOteCh nOIogy A Guide for Small to Medium-Sized Enterprises

Managing the Health and Safety Concerns
Associated with Engineered Nanomaterials

General guidance, including guidance for small businesses that
Include essential elements of a risk management program

13




Best Management Practice —
Environmental Management

* Good Question???
« Efforts (US and internationally) have focused
on workplace controls to date

* Environmental management best practices
dependent on industrial hierarchy of controls




2017

Emerging Technologies & Advanced Manufacturing
Emergency Preparedness & Response
Emergent National Security Implications

Workshop s Teh o
April “4'":":: :;2:
Workshop Objectives o

Office: 540.231.5812

« Establish a community of practice that brings together
technology developers, emergency management and national
security experts

« Exchange information pertinent to the identification and
management of risks associated with accelerating technology
development, convergence and advanced manufacturing

« ldentify critical knowledge gaps that may hinder risk
assessment, emergency preparedness/response and national
security from unprecedented changes in technology development
and manufacturing



Principles of Design for Nanotechnology

Morose, G. J Cleaner Prod. 2010;18:285-289.

Size, Surface & Structure: Diminish or eliminate the hazard by
changing the size, surface or structure of the nanoparticle while
preserving the functionality of the nanomaterial for the specific
application

Alternative Materials: Identify either a nano or bulk safer
alternative that can be used to replace a hazardous
nanoparticles

Functionalization: Add additional molecules (or atom) to the
nanomaterial to diminish or eliminate the hazard while
preserving the desired properties for a specific application

Encapsulation: Enclose a nanoparticle within another less
hazardous material

Reduce the quantity: Where the above principles can not be

used, and use is necessary, investigate opportunities to use
- cecmAallar adriantitiac




