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On the cover left to right: (1) Scanning electron microscopy (SEM) image of ag-
glomerated particles of pigment-grade rutile TiO,; (2) SEM image of agglomerat-
ed ultrafine-sized particles of rutile TiO,. Images courtesy of Bill Fox, Altairnano,
Inc,, and Dr. Aleks Stefaniak and Dr. Mark Hoover, NIOSH Nanotechnology
Field Research Team. Used with permission.
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Disclaimer

Mention of any company or product does not constitute endorsement by the Na-
tional Institute for Occupational Safety and Health (NIOSH). In addition, citations
to Web sites external to NIOSH do not constitute NIOSH endorsement of the spon-
soring organizations or their programs or products. Furthermore, NIOSH is not
responsible for the content of these Web sites.

Ordering Information

To receive NIOSH documents or other information about occupational safety and
health topics, contact NIOSH at

Telephone: 1-800-CDC-INFO (1-800-232-4636)
TTY: 1-888-232-6348
E-mail: cdcinfo@cdc.gov

or visit the NIOSH Web site at www.cdc.gov/niosh.

For a monthly update on news at NIOSH, subscribe to NIOSH eNews by visiting
www.cdc.gov/niosh/eNews.
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Foreword

The purpose of the Occupational Safety and Health Act of 1970 (Public Law 91-596)
is to assure safe and healthful working conditions for every working person and to
preserve our human resources. In this Act, the National Institute for Occupational
Safety and Health (NIOSH) is charged with recommending occupational safety and
health standards and describing exposures that are safe for various periods of em-
ployment, including (but not limited to) the exposures at which no worker will suf-
fer diminished health, functional capacity, or life expectancy as a result of his or her
work experience.

Current Intelligence Bulletins (CIBs) are issued by NIOSH to disseminate new sci-
entific information about occupational hazards. A CIB may draw attention to a for-
merly unrecognized hazard, report new data on a known hazard, or disseminate in-
formation about hazard control. CIBs are distributed to representatives of academia,
industry, organized labor, public health agencies, and public interest groups as well
as to federal agencies responsible for ensuring the safety and health of workers.

Titanium dioxide (TiO,), an insoluble white powder, is used extensively in many
commercial products, including paint, cosmetics, plastics, paper, and food, as an
anticaking or whitening agent. It is produced and used in the workplace in varying
particle-size fractions, including fine and ultrafine sizes. The number of U.S. work-
ers currently exposed to TiO, dust is unknown.

This NIOSH CIB, based on our assessment of the current available scientific in-
formation about this widely used material, (1) reviews the animal and human data
relevant to assessing the carcinogenicity and other adverse health effects of TiO,, (2)
provides a quantitative risk assessment using dose-response information from the
rat and human lung dosimetry modeling and recommended occupational exposure
limits for fine and ultrafine (including engineered nanoscale) TiO,, and (3) describes
exposure monitoring techniques, exposure control strategies, and research needs.
This report only addresses occupational exposures by inhalation, and conclusions
derived here should not be inferred to pertain to nonoccupational exposures.

NIOSH recommends exposure limits of 2.4 mg/m?’ for fine TiO, and 0.3 mg/m* for
ultrafine (including engineered nanoscale) TiO,,as time-weighted average (TWA)
concentrations for up to 10 hours per day during a 40-hour work week. NIOSH has
determined that ultrafine TiO, is a potential occupational carcinogen but that there
are insufficient data at this time to classify fine TiO, as a potential occupational car-
cinogen. However, as a precautionary step, NIOSH used all of the animal tumor re-
sponse data when conducting dose-response modeling and determining separate
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RELs for ultrafine and fine TiO,. These recommendations represent levels that
over a working lifetime are estimated to reduce risks of lung cancer to below 1 in
1,000. NIOSH realizes that knowledge about the health effects of nanomaterials is
an evolving area of science. Therefore, NIOSH intends to continue dialogue with the
scientific community and will consider any comments about nano-size titanium di-
oxide for future updates of this document. (Send comments to nioshdocket@cdc.gov.)

NIOSH urges employers to disseminate this information to workers and customers
and requests that professional and trade associations and labor organizations in-
form their members about the hazards of occupational exposure to respirable TiO,.

John Howard, M.D.

Director, National Institute for Occupational
Safety and Health

Centers for Disease Control and Prevention




Executive Summary

In this Current Intelligence Bulletin, the National Institute for Occupational Safety
and Health (NIOSH) reviews the animal and human data relevant to assessing the
carcinogenicity of titanium dioxide (TiO,) (Chapters 2 and 3), presents a quantita-
tive risk assessment using dose-response data in rats for both cancer (lung tumors)
and noncancer (pulmonary inflammation) responses and extrapolation to humans
with lung dosimetry modeling (Chapter 4), provides recommended exposure limits
(RELs) for fine and ultrafine (including engineered nanoscale) TiO, (Chapter 5),
describes exposure monitoring techniques and exposure control strategies (Chapter
6), and discusses avenues of future research (Chapter 7). This report only addresses
occupational exposures by inhalation, and conclusions derived here should not be
inferred to pertain to nonoccupational exposures.

TiO, (Chemical Abstract Service [CAS] Number 13463-67-7) is a noncombustible,
white, crystalline, solid, odorless powder. TiO, is used extensively in many commer-
cial products, including paints and varnishes, cosmetics, plastics, paper, and food as
an anticaking or whitening agent. Production in the United States was an estimated
1.45 million metric tons per year in 2007 [DOI 2008]. The number of U.S. workers
currently exposed to TiO, dust is not available.

TiO, is produced and used in the workplace in varying particle size fractions includ-
ing fine (which is defined in this document as all particle sizes collected by respi-
rable particle sampling) and ultrafine (defined as the fraction of respirable particles
with a primary particle diameter of <0.1 ym [<100 nm]). Particles <100 nm are also
defined as nanoparticles.

The Occupational Safety and Health Administration (OSHA) permissible exposure
limit for TiO, is 15 mg/m’, based on the airborne mass fraction of total TiO, dust
(Chapter 1). In 1988, NIOSH recommended that TiO, be classified as a potential oc-
cupational carcinogen and that exposures be controlled as low as feasible [NIOSH
2002]. This recommendation was based on the observation of lung tumors (nonma-
lignant) in a chronic inhalation study in rats at 250 mg/m’ of fine TiO, [Lee et al.
1985, 1986a] (Chapter 3).

Later, a 2-year inhalation study showed a statistically significant increase in lung
cancer in rats exposed to ultrafine TiO, at an average concentration of 10 mg/m’
[Heinrich et al. 1995]. Two recent epidemiologic studies have not found a relation-
ship between exposure to total or respirable TiO, and lung cancer [Fryzek et al.
2003; Boffetta et al. 2004], although an elevation in lung cancer mortality was ob-


















































































































































































































































































































































































































