
Recognize, Evaluate, Control



Lots of Questions for Occupational Health!

•What is a safe exposure limit?

•How to I measure employee exposure?

•Should I treat nanowaste as hazardous
waste?

•Should I offer medical exams for my
employees?

•Should I filter my exhaust stack
effluent?

•Do respirators and other filters work for
nanoparticles?

•What should I tell people who handle
nanoparticles?



Exposure Limits



Proposed OELs for Nanoparticles



Carbon Nanotubes?

• Graphite standard (OSHA): 5000/15000 µg/m3 averaged over an
8 hour day– clearly not appropriate

• Graphite Standard (ACGIH) : 2000µg/m3 averaged over an 8
hour day– clearly not appropriate

• Carbon Black (ACGIH): 3500 µg/m3– clearly not appropriate
• Bayer (Baytube: MWCNT) Corporate Standard: 0.05 mg/m3*
• Nanoctyl MWCNT Corporate Standard: Standard: 0.0025 mg/m3

• Pending NIOSH MWCNT proposal: 0.007 mg/m3 (based on limit
of ability to measure)

• Asbestos Standard (OSHA-Optical): 0.1 fiber/cc
• Asbestos Standard (EPA-PCM): 0.01 fibers /cc
• Asbestos Standard (EPA-TEM): 0.02 structures/cc
• Molecular Foundry: Background--No exposure permitted

*  For Bayers “short-tangled” and thus “low toxicity” MWCNTs. Implication is that this
standard may be inadequate for longer/thicker/less tangled and thus potentially more toxic
MWCNTs



Where do Exposures Occur?



Industrial Exposures (NIOSH)



Limitation of Wet Methods



Do Exposures Occur in Labs?

From Marylin Hallock, MIT

From A. Maynard, NIOSH

Several reports in the literature of
researchers being exposed during
manufactureing, harvesting and handling of
CNTs



NIOSH Findings



Measuring Exposures



How to I measure employee exposure?

• Minimally, use a direct reading instrument to
measure airborne nanoparticle level--
— IPA CNC laser scattering photometer
— not chemistry or size specific, measures

particles from 10-3000 nm
— Reads in units of particles/cc
— High background limits sensitivity

• Use “surface” area meter, nothing to compare
results to, better suited for things like metal
oxides, where catalysis of ROS is the main tox
driver
— reads in units of µm2/cc

• Very expensive particle size selective direct
reading instruments, e.g. SMPS ($60K+)  p/cc
— Research tools only

TSI 3007

TSI surface
area meter



Metals and Metal Oxides

• Use traditional filter collection and elemental
analysis

• Use size selective sampler
—Cyclone
—Cascade impactor

• Not very useful for short duration operations of
the type found in labs, maybe better in a factory
setting

• Sensitivity varies and may not be adequate



CNTs: Use Residual Metal
Catalyst as a Surrogate

• Characterize residual metal concentration in bulk
• Measure worker airborne exposure to that metal via

filter sampling and ICP or AA analysis
• Back-calculate CNT exposure

• Example
—Measure 1.0 mg/m3 of iron catalyst in air sample
—Catalyst is present at 10% in the CNT
—CNT exposure = 1.0 mg/m3 x 100%/10% = 10 mg/m3



NIOSH’s Approach

Some degree of size
specificity can be
had by using a micro
particle meter and a
nano particle meter
in parallel (NIOSH)

Filter collection for
metal analysis or
TEM analysis

Looking for levels
25% above
background with the
direct reading
instruments

Micro meter Low micro + nano meter



NIOSH’s Approach

10-3000 nm meter

Filter
sample at “source”
for TEM analysis

µm scale particle
counter

BZ filter
collection for TEM
analysis



Filter Sampling/TEM Analysis

•Allows differentiation of ENP
from background UFP

•Allows characterization of size,
agglomeration, chemistry

•EXPENSIVE!



LBL: Eliminate Background UFP Interference

•We use zero background techniques to
measure exposure to engineered
nanoparticles

•This is a bottomless glovebox or hood
antechamber with HEPA filtered air supply

•Run filtered fan to fill glovebox with
particle-free air

•Repeat nano operation, while monitoring
with direct reading instrument

•~500x better sensitivity

•If nothing detected, operation allowed to
proceed without modification

•If exposure detected, work must be altered to
eliminate exposure

•80% of the time we don’t see anything



Disposal of Waste Nanoparticles



Should I treat Nanoparticle-Containing
Waste as Hazardous

• Not explicitly required under federal
or California law
—Although EPA rules now require some

non-research users of CNTs to ensure
that CNTs don’t end up in US waterways

• DOE Consensus--Treat all waste
containing engineered nanoparticles
as if it were hazardous unless it
ABSOLUTELY isn’t (e.g. cured
composite plastic with CNTs might
not be treated as hazardous)

• Don’t call it hazardous, just treat it as
if it were hazardous



In UK, CNTs are Classified as
Hazardous Waste



Medical Surveillance or Monitoring



Should I offer Medical Exams for My
Employees Exposed to Nanoparticles?

• No specific regulations
• No clear consensus, although many

DOE labs now offer exams
• LBNL offers CNT workers a baseline

exam and periodic follow-up
“asbestos” medical examinations
—Medical tests are of low sensitivity,

radiation risk from chest x-ray, etc
• See NIOSH Guidance Document for

more thoughts (referenced later)



Effluent Scrubbing



Should I Filter/Scrub My
Exhaust Stack CNT Effluent?

• No legal requirement to do so
• Highly contentions issue
—Potential future liability
—Community relations
—Safety of maintenance workers

• Some companies are, some aren’t



Engineered, Administrative and
Personal Protective Controls



Will Safety Controls Work?

• Will air filters remove nanoparticles from air with
the expected efficiency?

• Will respirators work effectively against
nanoparticles?

• Will ventilation systems capture nanoparticles as
they do for larger particles?

• Will gloves and coveralls keep nanoparticles off
of the skin?



Collection
nadir

•Classical Mechanical
filter



Do respirators and other filters work
for nanoparticles?



NPPTL  Year Month Day  Initials   BRANCH

Summary : Percentage Penetration Results

2.14 - 88.958.98 - 72.511.58 - 88.06
Surgical
MaskFDA

0.86 - 95.054.31 - 81.631.00 - 87.02
Dust
MaskN/A

0.06 - 0.070.155 - 0.1640.009 - 0.014FFP3CE

0.69 - 0.841.45 - 2.220.27 - 0.50FFP2CE

0.0006 -
0.0010.007-0.0090.003 - 0.022P100NIOSH

0.20 - 1.562.0 - 5.20.61 - 1.24N95NIOSH

Monodisperse Aerosol Test
(MAT) (%)

    (40 nm)              (300 nm)

Polydisperse
Aerosol Test

(PAT) (%)
TypeApproval



NPPTL  Year Month Day  Initials   BRANCH

Particle Penetration Through Clothing
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• Some fabric
swatches behave like
filter media

• Particle penetration
driven by pressure
differences

• Particle penetration
is a function of the
air permeability of
the fabric

• FY09 NIOSH research
project 10 cm diameter circular swatch

Single layer of needle-punched Aramid material
TSI 3160; Face velocity = 0.63 cm/sec; Flow rate 1L/min



Data from Nanosafe Consortium

No Surprise: Nonbreathable materials are more impermeable to nanoparticles



Gloves

• Glove contaminated
with nanotubes

• Do gloves protect
against nanoparticles?



Nanosafe Glove Findings



Glove Penetration-Early Study





Does Exhaust Ventilation Work?



Does Ventilation Work?



This Backdraft Ventilation
is not Completely Effective



Poorly Designed Local Exhaust



At This Scale, Fume Hood Not
Completely Effective



All Controls in Place

• Enclosure
• Ventilation
• Respirator
• Coveralls
• Gloves
• Air sampling

All required by the
EPA!



Fully Enclosed, Ventilated



Fully Enclosed, Ventilated



Limitations on Controls



Air Shower Decon



Contamination Control



LBNL Rules for Engineered Controls

• Zero exposure to ENP
• Work that could (or does) generate an aerosol

containing engineered nanoparticles must be
conducted in a ventilated system such as fume
hood, appropriate BSC, glove box or glove bag

• Avoid HEPA filtered stand alone hoods or biosafety
cabinets if not exhausted to the outside

• NEVER use laminar flow hoods
(clean benches)

• Test and maintain these systems



Spills

• Small spills cleaned up by lab personnel
• Large spills cleaned up by hazmat team
• Refer any people exposed in the incident for a

medical review
• Clean up spill using wet methods/HEPA vacuuming
• Treat all clean up equipment as “contaminated”
• Dispose of waste appropriately



LBNL Administrative Controls

• Develop and implement a chemical hygiene plan
specific to the scope of activities

• Housekeeping
—Clean surfaces after each shift if contaminated

• Consider reactivity of material when selecting method
• Dedicated HEPA Vacuum
• Wet wiping

• Work practices
—Keep materials in closed containers except
when inside ventilated systems



Posting and Labeling

• Post signs at entrance to work
area warning of nanomaterials

• Label storage containers
• Label contaminated equipment



LBNL: Worker Competency

• Identify people potentially exposed to nanoparticles
• Provide appropriate nanosafety training
• Provide awareness-level training to guests (users)

•You can take the LBNL awareness class on line
(use “non-LDAP log in) at:
http://ehswprod.lbl.gov/coursebuilder/course/
courselogin.aspx?cid=100&sid=1238  (non-
LDAP log in)



MSDSs often of Little Use



Everybody is Working On This!



Newest NIOSH Guide (3/2009)

• Update of prior
guidance

• Some good
information

• Doesn’t change a
whole lot over earlier
editions



ASTM E 2535-07 (10/07)



DOE NSRC Safety Guideline



NIOSH Medical Surveillance Guide (2/2009)



ISO Technical Report 12885 (10/2008)

• Health and safety practices in occupational
settings relevant to nanotechnologies
—Literature review
—Exposure assessment techniques

• Air sampling
• Dermal exposure assessment

—Risk assessment strategies
—Exposure control strategies
—Administrative controls
—Recordkeeping
—Waste management, fire and explosion control
—PPE



Early Nanotechnologist?


