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Summary

NIOSH provides national and world leadership in conducting research on the causes and prevention of work-
related illness and injury. NIOSH is a leader in the Federal Government research initiative on understanding
the potential health and safety implications of nanotechnology, and in addressing worker health and safety
needs related to nanotechnology. NIOSH research advances the understanding of nanotechnology-related
toxicology and workplace exposures, so that appropriate risk-management practices can be implemented
during the discovery, development, and commercialization of engineered nanomaterials along their
product life cycles. Through strategic planning, research, collaborating with stakeholders, and making
information widely available, NIOSH develops guidance that supports and promotes the safe and
responsible development of nanomaterials.

Plans and Priorities by Program Component Area (PCA)
PCA 5. Environment, Health, and Safety

NIOSH will continue to conduct toxicology studies to evaluate biomarkers of exposure and disease using
proteomic, metabolomic, and bioinformatic approaches; to develop innovative in vitro methodology to
better predict in vivo outcomes; and to evaluate pulmonary and dermal exposure and toxicity, and systemic
toxicity that results from occupational exposures, including effects in the cardiovascular, reproductive,
neurological, and immune systems in response to wide variety of nanomaterials and nanotechnology-
enabled products along the life cycle of the materials.

NIOSH plans to develop, test, and evaluate direct-reading instruments capable of detecting and measuring
airborne nanoparticles. Additional plans include continuing field tests of the portable aerosol multielement
spectrometer developed by NIOSH at nanomaterial producer and user facilities, as well as efforts in
detection of airborne nanoparticles, including in biological systems, to evaluate and predict biological
behavior and translocation between organ systems. NIOSH will also explore the feasibility of applying
advanced sensing technology to biomarkers as a means of evaluating nanomaterial exposure and possible
early response.
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NIOSH will continue to develop occupational safety and health guidance that can be incorporated into
business plans to both protect worker safety and promote application development and commercialization.

NIOSH plans to release a draft Current Intelligence Bulletin (CIB), Approaches to Developing Occupational
Exposure Limits or Bands for Engineered Nanomaterials.

NIOSH and the Consumer Product Safety Commission will continue collaborations to study the release of
engineered nanomaterials from laser printer toner and from three-dimensional (3D) printers. NIOSH will also
work with universities and industry to promote safe practices in nanotechnology and advanced
manufacturing, including organizing a technical conference session on this topic. NIOSH plans to work with
industry to develop practical, “real world” evaluation of hazard and risk represented by nanomaterials
through their life cycles, focus the NIOSH field research effort on outputs that support the Sustainable
Nanomanufacturing Nanotechnology Signature Initiative,2 and collaborate with industry to assess the
toxicology of carbon-based, metal-based, and nanoclay-enabled materials.

NIOSH plans to continue collaborations with trade unions and industrial partners to evaluate nanotechnology-
enabled spray coatings, composites, and other nanomaterials in construction and manufacturing.

Key Technical Accomplishments by NNI Goal
Goal 4. Support Responsible Development of Nanotechnology
Understanding and mitigating potential impacts in the workplace

As nanomaterials and nanotechnology-enabled products make their way into commerce, NIOSH works to
fully understand the potential health and safety impacts of nanotechnology in occupational settings. NIOSH
researchers develop hazard and safety assessments using key classes of engineered nanomaterials,
including different forms of carbon nanotubes (CNTs); metals and metal oxides; high-aspect-ratio materials
including boron nitride nanotubes, carbon nanofibers, silver and titanium nanowires, and nanocellulose
crystals and nanofibers; and two-dimensional nanomaterials including graphene, graphene oxide, and
nanoclays. NIOSH has performed “real-world” evaluations of hazard and risk represented by various
nanomaterials through their life cycles, including the characterization of aerosols generated in spray coating
of paints, sealants, and disinfectants. Environmental chambers are being used to evaluate sanding, sawing,
and cutting of nanotechnology-enabled polymer composites and construction materials, as well as sanding
of coated surfaces, in a controlled environment. NIOSH also has collaborated with over 20 national and
international universities and numerous industrial partners in the characterization of toxicological effects
of pulmonary and dermal exposure to a wide range of industrially relevant nanoparticles and
nanotechnology-enabled materials.

Agencies participating in the NNI are also actively engaging with industry to share nanotechnology-related
environmental, health, and safety knowledge and best practices. NIOSH field research teams visit
nanomaterials producers and users and conduct industrial hygiene evaluations. NIOSH has used its research
findings to develop guidance documents to protect workers from occupational injury and illness.

NIOSH provided a second draft of the CIB on Occupational Exposure to Silver Nanomaterials for public review?
and held an open public meeting to solicit comment.

2 https://www.nano.gov/node/831
3 https://www.cdc.gov/niosh/docket/review/docket260a/pdfs/260-A-Draft-Silver-NM-CIB_8-24-18 1.pdf
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NIOSH published three workplace design solutions and one poster (see Figure 1 below), to provide options
to companies for controlling possible exposure of their workers to nanomaterials on the job.

NIOSH collaborations with industry to conduct voluntary in situ assessments of workplace exposures

NIOSH has established collaborations that evaluate in situ workplace processes, and develops methods to
identify and quantify worker nanomaterial exposure. Collaborating organizations gain access to NIOSH’s
expertise in nanomaterial characterization and exposure control technology. NIOSH field research teams
visit nanomaterials producers and users, including additive manufacturing and 3D printing facilities. During
2018, NIOSH collaborated with 14 companies and completed 10 field assessments. NIOSH developed an
inexpensive (<$75) local exhaust ventilation system for small commercially available thermoplastic 3D
printers (>98% reduction in ultrafine particulate emissions) that should be adaptable to many brands.
NIOSH field team members evaluated the workplace environment at the largest CNT producer in the United
States and made engineering control and work practice recommendations to bring exposure levels down by
a factor of ~10. Final results are pending. NIOSH also evaluated the work environment during destructive
testing of CNT-enabled concrete. Final results are pending.

Controlling Health Hazards When Working with Nanomaterials:
Questions to Ask Before You Start
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Here are some questions you should ask yourself
before starting work with nanomaterials.

Have you done a job hazard analysis? What is the physical
form of the nanomaterial? How much are you using? Can
'you reduce exposure to the nanomaterial by changing

its form (for example, putting powder into a solution) or
reducing the amount you are using?

Here are some options you can use to reduce exposures to nanomaterials in the workplace.
These options correspond with the questions on the left.

DRY POWDER

(typically highest potential for exposure)

SUSPENDED
IN LIQUID

PHYSICALLY BOUND/
ENCAPSULATED

(typically lowest potential for exposure)

How are you using the nanomaterial? Could the work
activity 715 the likelihood of expo:
low or high? Can you change the way you do the
activity to reduce the exposure?

Based on the form and the work activity, what
engineering controls will be effective? What are
the key design and operational requirements for
the control? How does the non-nanomaterial base
material or liquid affect exposure?

L

Have you considered the role of administrative
controls? Have you set up a plan for waste
management? Have you considered what to do in
case of a spill or how you will maintain equipment?

If the measures above do not effectively control the
hazard, what personal protective equipment can
be used? Have you considered personal protective
equipment for the non-nanomaterial base material
or liquid?

Ty

Are you i

Applies to Dry Powder Nanomaterials
- Higher potential for exposure: Dumping bags of
powder, bagging or sieving of products.
+ Lower potential for exposure: Scooping/weighing of

product, transperting containers with light surface
contamination or closed barrels/bottles/bags

Applies to Dry Powder Nanomaterials
« Chemical fume hood - Ventilated bagging or

+ Glove box dumping stations

Applies to Nanomaterial Suspended in Liquids

- Higher potential for exposure: Spraying, open top
sonication, producing a mist

+ Lower potential for exposure: Cleaning up aspill,
pipetting small amounts, brushing

Applies to Nanomaterial Suspended in Liquids
« Chemical fume hood
+ Glove box

= Local exhaust ventilation
« Ventilated spray booth

Applies to Physically Bound/Encapsulated Nanomaterial

- Higher potential for exposure: Cutting, grinding, sanding,
drilling, abrasive blasting, thermal release

+ Lower potential for exposure: Manual cutting and
sanding, painting with a roller or brush

Applies to Physically Bound/Encapsulated Nanomaterial
« Chemical fume hood
+ Glove box

- Wet cutting/machining
+ Ventilated tool shroud

« Nanomaterial
handling enclosure

- Establish a chemical
hygiene plan

« Perform routine
housekeeping

« Train workers

- High-efficiency particulate

air (HEPA)-filtered local
exhaust ventilation

- Use signs and labels
« Restrict access to areas

where nanomaterials
are used

- Nitrile or chemical resistant gloves

= Lab coat or coveralls

- Safety glasses, goggles, or face shield

- Nanomaterial handling
enclosure

Applies to All Nanomaterial Forms

- Handle and dispose of all
waste materials (including
cleaning materials/gloves)
in compliance with all
applicable federal, state,
and local requlations

- Use sealed/closed bags

or containers, and
secondary containment

+ Label containers, such

as“contains nanoscale
titanium dioxide”

Applies to All Nanomaterial Forms

- Respiratory protection when indicated and engineering
controls cannot control exposures, and in accordance
with federal regulations (29 CFR 1910.134)

- NIOSH guidance on respirators can be found at
www.cdc.gov/niosh/topics/respirators/

d in learning more about how you can safely work with nanomaterials or want to stay up-to-date on nanotechnology safety? See the
NIOSH NTRC website for more information and links to guidance documents: www.cdc.gov/niosh/topics/nanotech/

» Local exhaust ventilation
- Downdraft table

- Wetwipe oruse a
HEPA-filtered vacuum

+ Do not dry sweep or use
compressed air

- Blasting cabinet

- Incorporate nanomaterial
safety into existing
programs such as hazard
communication

- Use personal protective equipment during spill
cleanups and equipment maintenance
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Figure 1. NIOSH workplace poster, Controlling Health Hazards When Working with Nanomaterials: Questions to
Ask Before You Start. Image credit: NIOSH.*

4 https://www.cdc.gov/niosh/docs/2018-103/default.html
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