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We participate in the Nation
Nanotechnology Initiative (NNI)

WWW.Nano.gov



Nanomaterials

1 -100 nanometer size
Special properties

Naturally occurring (incidental) and
specifically engineered
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Size-Dependent Properties
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Engineered Nanomaterials

Carbons

e.g., Fullerenes, nanotubes
Oxides

e.g., TIO, ZnO, SIO, CeO, Fe;0,
Metals

e.g., Ag, Fe, Al, Si, Zn, Cu, Ni
Semiconductors

e.g., CdSe, CdS, InAs, InP
Polymers/organics

e.g., liposomes, dendrimers
Hybrids

e.g., nanoshells



The Reality: Nano-enabled products on the market now

Mercedes Eddie Bauer
CLS-class Wilson Double Ruston Fit Nano-
Core tennis balls Care khakis
. Wyeth Rapamune
€8] IR SIS Immuno-suppressant
Bond Plus

dental adhesive

Smith & Nephew Acticoat 7
antimicrobial wound dressing

Samsung Nano

Laufen Gallery washbasin SilverSeal Refrigerator
with Wondergliss
Kodak EasyShare
LS633 camera
Hummer H2
NanoOpto subwavelength

polarizing beam splitter/combiner



Woodrow Wilson International Center for Scholars, Project on Emerging Nanotechnologies



Nanotechnology & Energy

Super-strength light-weight materials
Drill bits
Turbine blades
Machinery and vehicles
Sensors
Enhanced recovery of fossil fuels

Piezoelectric materials (mechanical energy to
electricity)

Thermionics (heat to electricity)
Pollution control (filtration, leaching)




Nanotechnology & Energy

Batteries

Fuel cells

Ultra capacitors
Photovoltaic devices
Catalysts

Lubricants

Power transmission line
materials



Risk Management of
Engineered Nanopatrticles:

The Simple Questions

Are they hazardous?
Can they be measured?
Can they be controlled?



The FocusFree Engineered Nanoscale
Particulate Matter—“Nanoparticles”
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Are They Hazardous? Parameters That
Could Affect Nanoparticle Toxicity

Size

Shape

Composition

Solubility

Crystalline structure
Charge

Surface characteristic
Attached functional groups
Agglomeration

Impurities



Hazard and Risk Picture - Carbon Nanotubes

Doses approximated exposure at the PEL for graphite (5 mg/m3) for 20 days

Aspiration of SWCNT resulted in:

Rapid but transient inflammation and damage

Granulomas and fibrosis at deposition sites of large
agglomerates of SWCNT

Rapid and progressive interstitial fibrosis at deposition
sites of dispersed SWCNT

Results were verified with inhalation study

Message:

*SWCNTs more fibrogenic than an equal mass of
ultrafine carbon black or fine quartz.

The PEL for the ‘large’ form of a material
may not be a good quide for the nano form.




Single Wall Carbon Nanotube Toxicity to Respiratory
Tract
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Current Research Results Nanoparticle
Toxicity to Respiratory Tract (Cont.)

Hubbs, Mercer et al; SOT 2009: Pharyngeal
aspiration of MWCNT

« MWCNT Penetrate the pleura
e Persistent inflammation and fibrosis

"Preliminary findings that justify further
research”

Sager, Castranova et al; SOT 2009: Fate of ultrafine
TIO2 v. fine TiO2 following installation in rats

e Suggestion that ultrafine (Nano) TiO2 migrates
more readily to the interstitium than fine TiOZ2.

Until more research can be conducted, a prudent app roach is warranted




Risk Assessment: Ultrafine (Nano) TiQ
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European Respiratory Journal
August 2009

Exposure to nanoparticles is related to pleural
effusion, pulmonary fibrosis and granuloma

Y.Song 1*, X. Li 2, X. Du 1

1 Dept of Occupational Medicine and Clinical Toxicology, Beijing Chaoyang
Hospital, Capital University of Medical Sciences, Beijing, China

2 Dept of Pathology, Beijing Chaoyang Hospital, Capital University of Medical
Sciences, Beijing, China

— Describes seven cases of unusual and progressive
lung disease and two deaths amongst workers at a
Chinese factory, and pins the likely cause on
nanoparticles.




Song et al. -Summary

Spraying a polyacrylic ester paste onto a polystyrene
substrate that was subsequently heat-cured. Paste
composed of a complex mixture including butanoic
acid, butyl ester, N-butyl ether, acetic acid, toluene, di-
tert-butyl peroxide,1- butanol, acetic acid ethenyl
ester, isopropyl alcohol and ethylene dioxide and
finally some type of nanoparticle, 30 nm in diameter.

Basic lack of any industrial hygiene
No ventilation, no PPE



Key data needed for full risk assessment were
absent from the study

1) Data for determining the airborne concentrations of
nanoparticles to which the workers may have been
exposed,

2) Data for determining the type or types of
nanoparticles present in the spray to which the
workers were exposed and which were observed Iin
biological tissue and samples; and

3) Data for determining whether the effects seen Iin the
workers may have been associated with |
nanoparticles or with other organic chemicals in the

spray.



Can nanoparticles be measured?
Sure.

Mention of any company or product
does not constitute
endorsement by NIOSH



Field Research Team Background

Formally organized in 2006 as a component
of the NIOSH Nanotechnology Research
Center

Has conducted 25 site visits in a variety of
workplaces

Tasked with “seeing what's out there”....

Attempting to fill an important knowledge gap
regarding nanomaterial creation and use:

IS THERE A RELEASE??7? TO WHAT EXTENT?



Nanoparticle Emission Assessment

What has been used?

Direct-reading, Real-time, instrumentation
capable of measuring particle number
concentrations

Transmission Electron Microscopy  (TEM)
evaluation of filter-based samples to examine:

particle morphology, size, count, elemental
analysis

Non-Gravimetric, filter-based samples to
measure mass . Example - Metals, Carbon



Correlate Simple and Complex Measurements

Starting Point

Particle Counters TEM and |
Elemental analysis



Condensation Particle
Counter (CPC)

TSI 3007:
particle size range 10 nm to greater than 1.0 um
concentration range 0 to 100,000 particles/cm?

Optical Particle
Counter/Sizer (OPC)

ART Instruments (ARTI):
0.3 to >10 um In six sizes simultaneously

OPC

CPC

1nm 10 nm 100 nm 300 nm 1 um 10 um



Nanomaterial Emission Assessment Technique

Production System Measure background particle number
OFE . concentrations at 3 to 5 locations with a
CPC and OPC

Turn Production System Repeat particle number concentration

ON > measurements at suspected emission
points
Are particle number concentrations with the product lons system ON higher

than average background particle number concentrati ons with the system OFF?

Collect co-located open-face air filter samples

YES ” for TEM and analytical analysis at locations
of possible emissions identified by the CPC
and OPC. Collect a second set away from the
process to use as background samples.

NO > Controls appear to be adequate

No further testing is necessary



NEAT - Initial Assessment

Limitations

Background fluctuations and other
“Incidental” sources of nanoparticles

TEM sensitive to filter loading

Area versus personal breathing zone
monitoring



Example CPC particle number concentration data

hood, hood turned off

Area Particles/cm 3
Background (CNT) 1,246 -19,500
Weighing of CNT inside of 1,476

Opening of CNT CVD
reactor

998 (controls on)
42,400 (controls off)

Silica Iron compound

2,300 (outside spray booth)
79,700 (inside spray booth)

Electro conductive testing of
guantum dots

935




Example CPC particle number concentration data

Area Particles/cm 3
Inside a class 100 clean 0
room

Shopvac with HEPA filter 0

Shopvac with no filter 80,700

Propane powered forklift 45,021

Electric arc welding 84,590




Field Studies: Findings
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Can they be controlled? Factors Influencing Control Selection

mild/ __, , severe/
reversible irreversible

kilograms 8 hours

1
A ' A

Occupational Health Hazard

Engineered Local
Exhaust Ventilation

Quantity Task
A Duration
Closed Systems
milligrams 15 minutes

slurry/suspension —> agglomerated ——— highly disperse
Physical Form



Conventional Controls Should Work

Exhaust Ventilation
_J L

Diffusion
Dominates

Inertla
Dominants




Controls for Laboratory-Scale Work




Lab Scale Using Local Exhaust

Ventilated enclosure used to
control potential emissions during
destructive sample testing of
electrospun nanofiber on a
cellulose substrate.

Particle counts used to measure
possible releases during testing.
Counts outside enclosure were
not significantly above
background.

Photos courtesv of Mark Methner. PhD. CIH. NIOSH



Example Controls for Larger Scale, Pilot or Manufacturing




Larger Scale

Mixing of carbon nanofibers inside ventilated
enclosure (face of opening is covered in plastic
strips for easy access). Air is drawn underneath
plastic strips and up to ceiling exhaust vents.

Photo courtesy of Mark Methner, PhD, CIH, NIOSH



Example Control Manufacturing

Photo courtesy Nanocomp Technologies, Inc.



Example Control Manufacturing

Photo courtesy Nanocomp Technologies, Inc.



Case Study: Use of LEV during reactor cleanout

Next version...
Average percent reduction from the use of a local exhaust

ventilation unit
96 +/- 6% based on particle counts
88 +/- 12% based on mass

Mark Methner, PhD, CIH; JOEH June 2008
Photos courtesy of Mark Methner, PhD, CIH, NIOSH



What about PPE ?

Always the last line in the hierarchy of
controls

Prevent dermal exposure

Use of respirators should be based on
orofessional judgment and the results of

nazard assessment and risk management
practices




Filtration performance of an example NIOSH
approved N95 filtering facepiece respirator

n = 5; error bars represent standard deviations
TSI 3160; Flow rate 85 L/min



Recommendations from
NIOSH
Summary of issues
Approaches to consider
Basic Guidance
Updated as new
information comes on-line
Input requested

Research progress in 10 key areas
Continuing project plans
Opportunities for collaboration

www.cdc.gov/niosh/topics/nanotech



Global Outreach: the GoodNanoGuide

Protected Internet site on occupational practices for the safe handling of nanomaterials
Multiple stakeholders contribute, share and discuss information
Modern, interactive, up-to-date

[ http://GoodNanoGuide.org ]
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Special thanks to the NIOSH
Nanotechnology Research Center
Coordinator, Charles Geraci PhD, CIH
et al.

and
Kristen Kulinowski, PhD (Rice University ICON)



There is still more work to be done.
Thanks for your attention.

LHodson@cdc.gov

www.cdc.gov/niosh/topics/nanotech



