NIOSH Response to Reviewers’ Comments on Draft NIOSH
Current Intelligence Bulletin

Evaluation of Health Hazard and Recommendations for
Occupational Exposure to Titanium Dioxide (11/22/05)

This Response to Comments Document (RCD) addresses written comments submitted to
NIOSH from the public and a panel of five external peer reviewers during the public
comment period. The comments and other information are posted on the NIOSH Internet
Docket Office website in Docket 033: http://www.cdc.gov/niosh/docket/

Responses from NIOSH are organized by document chapter; comments not specific to
one chapter are in “Overall Comments”. Comments are presented “as is”.

Comment sources are coded as:

DECOS (Dutch Expert Committee on Occupational Standards): Coenen (Comments
from 3 members of DECOS, Dr. P(eter) Boogaard, Prof. Dr. P(aul) Borm, and Dr.
G(erard) Swaen, via Gezondheidsraad/Health Council of the Netherlands)

ACC: Bergeson (American Chemistry Council Titanium Dioxide Panel)

NPCA: Irish (National Paint and Coatings Association)

CPMA: Robinson (Color Pigments Manufacturers Association, Inc.)

BD: Forrest (Bacou-Dallox)

BMT: Burdge (BMT Designers and Planners, Inc.)

OBWC: Rourke (Ohio Bureau of Workers Compensation)

AC: Calpin (Analytics Corp.)

EX1 through EX5: Expert Peer Review Panelist 1, 2,3, 4, or 3

The submission from Causation Ltd. UK (link in table below) does not contain reviewer
comments about the document (sent coefficients for analyses) and therefore is not
included in this response document.

Submissions from the Public in Order of Receipt

Submission to the docket from Coenen (Gezondheidsraad Health Council of the Netherlands) (4 pages, 185kb)

Submission to the docket from Bergeson (American Chemistry Council Titanium Dioxide Panel) (163 pages, 33,600kb)

Submission to the docket from Irish (National Paint and Coatings Association) (5 pages, 296kb)

Submission to the docket from Robinson (Color Pigments Manufacturers Association, Inc.) (13 pages, 470kb)

Submission to the docket from Forrest (Bacou-Dalloz) (1 page, 26kb)




Submission to the docket from Burdge (BMT Designers and Planners, Inc.) (1 page, 32kb)

Submission to the docket from Rourke (Ohio Bureau of Workers Compensation) (1 page, 40kb)

Submission to the docket from Calpin (Analytics Corp) (1 page, 29kb)

Submission to the docket from Tomenson (Causation Ltd, UK) (5 pages, 29kb)

Review from external reviewer 1 (8 pages, 490kb)

Review from external reviewer 2 (6 pages, 268kb)

Review from external reviewer 3 (10 pages, 570kb)

Review from external reviewer 4 (7 pages, 332kb)

Review from external reviewer 5 (5 pages, 219kb)

Overall Comments:

BMT: To evaluate potential employee exposures to nano-particles air sampling data in
traditional units, weight per unit air volume is incorrect. The recommended exposure
limit must be related to surface area of the airborne nano-particles.

Response: Ideally, based on the correlation of risk with surface area, NIOSH agrees that
it would be better to base the RELSs on surface area than mass. However, current
technology limits the ability to routinely measure particle surface area in the workplace.
Therefore, NIOSH has developed separate RELs for fine and ultrafine TiO, particles.
Although not an ideal solution, NIOSH has determined that this is workable for routine
workplace measurement.

There is still some concern about particles smaller than 100 nm, however. The REL for
ultrafine TiO, may not be sufficiently protective for commercially-produced
nanoparticles of sizes smaller than 100 nm. RELs based on surface area would solve this
problem, but the technological problem of no good method for routine workplace
measurement would remain. Therefore, NIOSH did not change its recommendations.

BMT: Evaluating exposures to nano-particles in micrograms per cubic meter of air does
not adequately indicate the hazard. The hazard evaluation must be related to surface area
which can accurately affect the risk from exposure.

Response: The risk assessment is based on the surface area of the particles predicted to
be deposited in the lung. Because of the practicalities of dust measurement in the




workplace, rather than base recommendations on surface area, NIOSH recommended
separate mass-based exposure limits for fine and ultrafine particles.

DECOS (member 1): The NIOSH draft on TiO; (fine, ultrafine) is an innovative effort
to link animal data to human epidemiological outcomes, in order to derive exposure
standards to both fine and ultrafine TiO,. As such this report is the first to classify
ultrafine TiO; along with its fine counterpart. The report concludes that no clear evidence
of elevated risks of lung cancer is found in production workers exposed to (fine) TiO,
dust, and is conform the recent (February 2006) IARC evaluation. The authors then
focussed on the animal responses induced by TiO,, thereby focussing on inhalation
studies and the most relevant metric of exposure. The gravimetric standards derived more
or less reflect the surface driven inflammatory and carcinogenic animal response induced
by both species of TiO,. In its exercise NIOSH assumes that the tumourigenic effects of
TiO, exposure in rats are not chemical specific but occur through inflammation as a
secondary genotoxic mechanism. Lung tumour prevalence and lung inflammation in the
rat are taken as crucial response to derive an equivalent dose in human to derive a
recommended exposure limit in human (Figure 4-1). In its BMD model (Figure 4-4) to
relate surface area dose to lung tumours, only inhalation studies were used (Lee et al,
1985; Heinrich et al, 1995).

Response: NIOSH concurs with the commenter on this point.

OBWC: With regard to removing any warning about titanium dioxide having
carcinogenic properties: either it does, or it doesn't, and we rely on your agency to be
straight shooters. If you are proposing a trade-off in the form of removing the warning in
exchange for allowing publication of the document, then I request that you don't do it.
First of all, it's simply not right. Secondly, when I make recommendations for exposure
controls to employers and tell them that the exposure in question may be carcinogenic,
they take my advice more seriously.

Response: As detailed in the revised CIB, NIOSH believes that there is sufficient
evidence to consider ultrafine TiO, as a potential occupational carcinogen. However, the
currently available data for fine TiO; are insufficient to classify it as a potential
occupational carcinogen.

NPCA: The most significant flaw in this document is its failure to produce adequate
support for characterizing any observed health effects as peculiarly resulting from
exposure to fine and/or ultrafine TiO, particulates, rather than to small particulates in
general. As a result, we are unconvinced that there is sufficient evidence to ascribe any
detrimental health effects to exposure specific to TiO; particulates. Although NIOSH has
classified TiO, as a potential occupational carcinogen in 1988, based on observations that
TiO, caused lung tumors in rats in a long-term, high-dose bioassay, the International
Agency for Research on Cancer (IARC) currently classifies TiO; only in Group 3
(“limited evidence of animal carcinogenicity and inadequate evidence for human
carcinogenicity”). Given the ambiguous state of the scientific evidence pertaining to the
carcinogenicity of TiO,, it is incumbent upon NIOSH to provide more specific
information that would tie any observed health effects to TiO, specifically, rather than




merely to fine or untrafine particulates, which is, of course, an entirely different matter.
Given the failure to meet this fundamental requirement, it is our view that this study has
failed to meet the basic prerequisite for scientific and legal validity, and that in its current
state, NIOSH cannot validly rely upon it as a basis for a recommended exposure limit of
any kind.

Response: NIOSH recognizes that the carcinogenicity observed in the animal studies

may well be an irritant cascade produced by the physical form of TiO; and not related to
the chemical nature of TiO,. The Institute’s position in the draft CIB was that the data
collected for TiO, likely had implications for the potential carcinogenicity of other poorly
soluble, low toxicity particles. However, discussion of all potential exposures to poorly
soluble, low toxicity particles was beyond the scope of this document and may be
considered separately in future NIOSH deliberations.

NIOSH objects to the characterization that the observed health effects were not tied to
TiO,. In fact, the reported health effects upon which the risk assessment was conducted
were observed in animals exposed to fine and ultrafine TiO; particles, and nof to a non-
specific mixture of uncharacterized particles. Therefore, it is with confidence that the
Institute linked the health effects with exposure to TiO,.

NIOSH would also note that since the draft CIB was produced, IARC has revised its
carcinogen classification for TiO,. The current classification is Group 2B (possibly
carcinogenic to humans.) IARC determined: There is inadequate evidence in humans for
the carcinogenicity of titanium dioxide. There is sufficient evidence in experimental
animals for the carcinogenicity of titanium dioxide.

NPCA: Additionally, even assuming for the sake of argument that any observed health
effects can be ascribed to TiO,, the NIOSH CIB insufficiently characterizes the issue of
particle size distribution (fine versus ultrafine). Accordingly, it is incumbent upon
NIOSH to provide additional information on this point. Since, as noted, the exposure
data for nano-sized TiO; particles reveals that any relevant health effects derive not from
TiO, specifically, but from fine and ultrafine particulates in general, all affected parties
need clarification about whether this document will ultimately come to represent
NIOSH’s approach for all inert ultrafine particulates not otherwise addressed by specific
occupational exposure standards.

Response: Although NIOSH has determined that the findings made in the TiO, CIB
likely have implications for exposures to other poorly soluble, low toxicity particles, the
Institute has not yet conducted sufficient analysis to make recommendations pertaining to
all poorly soluble, low toxicity particulates in the workplace. That analysis is beyond the
scope of the current document although NIOSH may address that in future deliberations.

It is unclear how NIOSH could further characterize particle size distribution to address
the commenter’s concerns. The Institute has provided a sampling protocol that will aid
employers in characterizing the particle size distribution for their workplaces. In addition,
recognizing that sampling technology is not yet available to routinely measure particle




surface area in the workplace, NIOSH has proposed mass-based RELs, which while not
ideal, do much to address concern for the differential potency of fine and ultrafine TiO,.

NPCA: As an industry that is a significant user of TiO,, we believe the CIB fails to
account for the absence of reported health impacts and other epidemiological evidence of
risk to our worker population (and many other similar industries) from these particulates.
In our manufacturing environments TiO; (as well as many other powders and pigments of
varying particle distributions) have historically been evaluated and properly managed to
comply with exposure limits for respirable or total dust (particulate). When proper
ventilation and/or PPE are used, the lack of health impacts appears to indicate that these
existing and available protection methods are already successfully serving to protect
human health fully.

Response: NIOSH has addressed the epidemiological evidence in Chapter 2 of the CIB.
Additionally, a statistical comparison of the animal and human data was made to
determine whether the human data could rule out or call into question the risks estimated
from the animal data. Details of this analysis are contained in Appendix F of the draft
CIB and Appendix C of the final CIB. Results of that analysis indicated that the existing
epidemiological data was not inconsistent with the risks calculated from the animal data.

CPMA: Entire submission (13 pages) relates to overall document and relevance to
pearlescent pigments. See:

http://www.cdc.gov/niosh/docket/pdfs/NIOSH-033/Submissions/0033-051506-
robinson submission.pdf

Response: NIOSH has responded to the CPMA comments concurring with ACC in the
responses to the ACC comments. Here the responses pertain to the direct CPMA
comments only.

pigment revealed no adverse effects.? All the acute oral
toxicity tests performed to date indicate LD50 values of
greater than 5000 mg/kg.>'*

Response: Oral toxicity testing is not directly relevant to occupational inhalation
exposures, particularly in the case of TiO, where the mechanism presumed to operate is
inflammation followed by secondary genotoxicity. Therefore, the cited oral LD50 studies
are not pertinent in this case. Attempts to get the cited reports from the commenter were
unsuccessful, so NIOSH cannot comment further on the details of those reports.

free of impurities. Chronic health effects have not been
identified as a result of exposure to pearlescent pigments
containing titanium dioxide, this is despite many years of
industry use. Any exposure to titanium dioxide in
manufacturing processes which use pearlescent pigments
would be controlled by existing regulations. Pearlescent
special effect pigments used




Response: Anecdotal observation of industry use of a product is not a substitute for an
epidemiological study. As described above, NIOSH conducted a statistical comparison of
existing epidemiological studies with the animal studies to determine if the human studies
could rule out risks as high as observed in the animal studies. This was not the case.
Existing regulations for TiO, in the workplace allow substantially higher worker
exposure than the NIOSH RELs described in the CIB. NIOSH does not concur with the
commenter that existing regulations are sufficient to protect workers from exposure to
TiO; particulates in the workplace, particularly ultrafine TiO,.

It is our understanding that, after two years as a
“high carcinogenicity concern” substance, titanium dioxide
remains assigned to a priority candidate list. From this
candidate list, NIOSH may determine to prepare a hazard
identification document after which titanium dioxide may be
assessed by the California Carcinogen Identification
Committee. As discussed

Response: NIOSH is unclear as to the meaning of this comment. NIOSH does not
maintain a list of “high carcinogenicity concern” substances nor a priority candidate list.
NIOSH has prepared this CIB in response to a request from the Titanium Dioxide Panel
of the American Chemistry Council (formerly the Chemical Manufacturers’ Association)
to reevaluate the evidence of carcinogenicity of TiO; after its 1988 determination that
TiO; is a potential occupational carcinogen.

exposed to titanium dioxide. If no significant connection
between higher concentration workplace exposures and lung
cancer can be determined from four studies, there would
appear to be little evidence to support the NIOSH
assessment that titanium dioxide exposures pose a high
concern warranting review and possible listing in the
California Proposition 65 list of carcinogens.
Particularly if we consider that ordinary exposures to
consumers would be no more than a fraction of that
experienced by workers in an epidemiological study.

Response: With regard to the epidemiological evidence, as explained above, NIOSH has
evaluated the epidemiology and has conducted a statistical comparison with the animal
data. NIOSH does not have a designation of “high concern warranting review and
possible listing in the California Proposition 65 list of carcinogens.” In addition, NIOSH
is concerned solely with occupational exposures and not with exposures to consumers or
the environment.

et al. (1978 and Mohr et al. (1984), all involved doses of
titanium dioxide which were many times the allowable limit
for nuisance dust exposures in the workplace. Such doses
of any dust material are known to overwhelm the clearance







































































































