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Dr. John Howard . ) '
Director .

NIOSH Docket Office ,

Docket NIOSH-099 -
Robert A. Taft Laboratories

Cincinnati, Ohio 45226

Dear Dr. Howard:

The U.S. Geological Survey (USGS) is pleased to forward comments on the National Institute
for Occupational Safety and Health (NIOSH) report Asbestos and Other Mineral Fibers: A
Roadmap for Scientific Research. We hope your review procesis will benefit from these lessons
learned from current USGS research on asbestos and other mlnera] fibers and dusts as well as
experience gained through our participation in the Inter-Agency Asbestos Workgroup. '

We are providing reviews from the two USGS members of the [Inter-Agency Asbestos
Workgroup, Gregory Mecker and Robert Virta, as well as Geoff Plumlee, a senior scientist who -
conducts research on a variety of topics related to the interactions between minerals and human
health. They have responded to your request for comments on the content of the draft report, as
well as comments on additional key issues that need to be addressed and additional research that
should be conducted. Because each of our scientists has a diffé_rent and valuable perspective, we
are providing their comments, individually identified, as additions to the electronic version of the
report that NIOSH provided to workgroup members. We are elnclosing both paper and electronic
copies of the combined document. '

As our reviewers’ comments demonstrate, we commend the NIOSH Mineral Fibers Work Group
for providing a roadmap that outlines research that is critically heeded to fill significant and
fundamental knowledge gaps. Although NIOSH is primarily concerned with occupational
exposures, much of the research outlined will apply to other arcas such as environmental
exposure. The document calls for partnerships with other Federal agencies that will expand the
relevance of the proposed research well beyond the occupational domain. We encourage these
partnerships and look forward to continuing to work with NIOSH and others to move forward in
these areas. : : :
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Again,-we appreciate the opportunity to comment, and look forward to future work with NIOSH
on these important issues. :

Sincerely, : )

7 %¢ .EI . ‘:% %Za"“’—“‘
Mark D. Myers ' '
Director

Enclosures
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Asbestos has been a highly visible issue in public health for over three decades During
the mid- to late- 20th century, many advances were made in the scientific understanding
of worker health effects from exposure to asbestos and other{mineral fibers and it is now
well documented that fibers of asbestos minerals, when inhaled, can cause serious
diseases in exposed workers. Yet, as we enter the 21st century, many questions and areas
of scientific uncertainty remain. For instance, because of the compiemty of the
mineralogy, the scientific literature contains various lnCOI'ISlSj;[ ncles in'the definition and
application of the term asbestos for health protection gurdance"and regulatory purposes.

Foreword" .

As the federal agency responsrble for conductmg research and mak o:recommendations

concerning asbestos and other-mineral fibers. Most 1mportently, the Roadmap outlines a
research program that _“7[“ provide answers to:current smentl!ﬁc questions, reduce
scientific uncenamtres :and provrde a sound sc:e ific foundation for future policy
development

.. NIOSH mvrtes con ents on‘the occupatio al health issues 1dent1ﬁed and the fiber

: research; strategy sugge ted in th'“" sadmap. NIOSH secks other views about additional
key issies that need to be. dentlﬁe ,.)ddltlonal research that Eneeds to be conducted, and
suggested m thods to conduct the research In particular, NIOSH is seekmg input from
analytic approaches sources of pamcular types of fibers suitable for expenmental
studies, and worker,populations suitable for epidemiologicalistudy. NIOSH is interested
in available and forthcémmg research results that can help answer the questions set forth
in the Roadmap. Information also is requested on existing v\;orkplace exposure data,
health effects, and control technologies.

NIOSH recognizes that results from fiber toxicity research may impact both occupational
as well as environmental health policies and practices. Many'/ of the issues that are
important in the workplace are also important to eommumtres and to the general
population. Therefore, NIOSH intends to pursue partnershlps with Federal agencies,
including the Agency for Toxic Substances and Disease Regrstry (ATSDR), the



Page: 2

Sequence number: 1

Author. Greg Meeker

Subject: File Attachment

Date: 4/3/2007 10:41:58 AM

é(}eneral comments on Roadmap draft

Sequence number: 2 . ;-
Author: Robert virta :
Subject Note
’ Date 4732007 10:14:02 AM
="iThis was a well thought out and well written document and I applaud the authors on their unb:ased approach

““to the issue. The research topics proposed in this document are much needed considering the current state
of our knowledge of asbestos/cell inferactions, the asbestos/nonasbe’st:fonn amphibole issue which has been
ongoing for more than 30 years without resolution, and the contmumg problems with the asbestos-monitoring
process itself. It is especially encouraging that the authors are cons:denng problems with sample analysis in
their roadmap as the health and analysis issues are so strongly intertwined with regard to asbestos.

Specific comments are noted in the text. Recommended changes in the text are underiined. Explanations for
the changes also are given. Most of my comments request c.'anﬁcat:on of terminclogy but there are some
technical con‘ect:ons and questions about statements made in the document
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Review of Asbestos and other Mineral Fibers: A Roadmap for Scientific Research, -
Middendorf, et al. .

Greg Meeker’s General Comments

Overall, the document outlines research that is critically needed to fill significant and
fundamental knowledge gaps to assist in establishing sound| scientifically based public
policy to deal with asbestos disease, exposure, and public health The document is well
written and covers many, if not most, of the significant research needs. Although NIOSH
is primarily concerned with occupational exposures, much of the research outlined in the
document will apply to other areas such as environmental exposure Indeed, the
document calls for partnerships with other Federal agencies|to extend the relevance of the
proposed research beyond the occupational domain. We encourage such partnerships,
not only to broaden the relevance of the document, but also to take full advantage of the
expertise and depth of knowledge available within the Fede{al family of agencies in areas
such as mineralogy, earth science, microanalysis and analytical methods development.

A critical area not thoroughly addressed in the NIOSH Roadmap is need for research into
the fundamental mineralogical properties that may relate to tomcnty These properties
include, but are not limited to, surface chemistry, surface charge, morphology, bulk
_chemistry, trace element chemistry, accessory minerals, crystal defects, and intergrowths.
Because each geologic formation has unique properties, any mineral of interest will be
different in some respect to similar minerals from different local1t1es Without
understanding these differences it will be extremely difficult if not impossible to truly,
understand toxicity. Part of any comprehensive research effort for asbestos should be 2
complete characterization of the minerals by understanding|as many of the properties
listed above as possible. Such an effort will require a properly funded effort by research
mineralogists employing state-of-the-art analytical techniqu;es and methods.

Many of the issues identified in the NIOSH Roadmap result at least in part, from
analytical limitations and in some cases historical m1sunderstandmg or misuse of terms
leading to false assumptions on the part of scientists, regulators and the public. The
Roadmap outlines many of these problems but there are some areas where the draft either
fails to recogmze such issues or is inconsistent with respect to application of temunology
One such area is the use of morphological terms for pamcles throughout the draft, in
particular the use of the terms fibrous, fiber, asbestos, acmflar prismatic, and cleavage
fragment. Another example is in discussions of specific mmerals mineral nammg
conventions, and the historic use, and misuse, of mineral nomenclature

Throughout the draft NIOSH uses the term fiber to descrlbe a particle that meets the
counting criteria of a specific analytical method. Such partlcles have also been
informally referred to as "federal fibers." The term fiber ce{mes with it the implication
that the particle originated from a fibrous material. F 1brous has many definitions but
most generally means that the material has certain morphologlcal properties consistent
with organic fibers (see Lowers and Meeker, 2002, for a tabulatlon of asbestos-related



terminology). By using the term fiber to describe a countab‘ile particle the reader
(particularly the non-specialist) is misled into an assoc1at10n of the particle with fibrous
or perhaps even asbestiform source material. It is vitally lmportant that the difference
between a countable particle and a true fiber be made clear even though for single
particles it is often impossible to distinguish between the tw?o. This objective can be
accomplished in part by using a different term to describe a|countable particle (perhaps
simply countable particle), and reserving the term fiber for particles that originated from
a fibrous source material or displdy morphological properties consistent with fibrous
growth. This is important because toxicity may or may not /depend on whether the
material is truly fibrous. In either case, the distinction between fibrous and non-fibrous is
crmcal and must be preserved. :

Another area of concern is the use of the phrase fibers and Jiber-like cleavage Jfragments.
This phrase is used throughout the draft and gives the false unpllcatlon that there exist
only two particle types that must be considered when evaiuatmg a sample for particles of
potential concern. Cleavage fragments, as defined in the dr'aft form as the result of
breaking of a larger crystal along specific crystallographic planes Some definitions of
cleavage specifically state that cleavage planes must also be possible crystal growth faces
of the mineral in question. The implication that only fibers jand fiber-like cleavage
fragments are of-issue neglects all other particle types that mlght meet the counting

~ criteria or more importantly, dimensions considered to be of concern from a health -

. - perspective. Such particles include acicular, and prismatic élngle crystals. Acicular and

prismatic single crystals that meet counting criteria are common in many geologic
environments including the vermiculite mine near Libby, MT, (Meeker et al, 2003) and in
the soils and rocks in El Dorado Hills, CA (Meeker et al. 2006) These particles are
often mistakenly called cleavage fragments. Acicular and prismatic single crystals form
by growth not by breaking and must be recognized as such E’md considered in any
evaluation of samples for potentially hazardous material. The health effects of acicular
and prismatic single crystals that are of a size and shape consndered to be problematic by
the health community are unknown. Any research program designed to evaluate the
toxicity of cleavage fragments of a glven size range should Eaiso consider acicular and
prismatic single crystals in the same size range, and recogmze the difference between the
particle types.

With respect to counting criteria, the document should more clearly acknowledge the

"origin of the 3:1 and 5:1 aspect ratio rules used in most analytlcal methods. These

methods were developed primarily for use in the mine, mill! workplace, or for
commercial products where the material in question was lik‘ely to be commercial-grade
asbestos. As such, an amphibole or chrysotile particle with'a 3:1 aspect ratio would
likely represent a true fiber broken down by processing to (or actually grow with) a
shorter length thus producing an aspect ratio of 3:1 or 5:1. iIn such a case the term fiber
could be used appropriately because the source material wefs by definition, fibrous. Of
course, ambiguity would still result in situations where both fibrous and non-fibrous
forms of the same mineral are or could be present, thus the original concern with
differentiating between fibers and cleavage fragments. This is not to suggest that only
fibrous particles are of concern or should be studied. The c:urrent controversies in the




asbestos community exist because of a lack of knowledge féga:rding the toxicity of the
non-fibrous pa.rtlcle types. Until these particles are thoroughly evaluated serious
questions will remain.

Another area of concern in the draft is the use of mineral nomenclature particularly for
the amphiboles. The current academic nomenclature systerr'l for amphiboles was
authored by Leake et al. in 1997. That system recognizes approximately 70 distinct
amphibole minerals, many of which occur in complete solid solution (i.e. tremolite-ferro-
actinolite). These minerals are named primarily by crystal éhem;stry (the exceptions
being the primary division between monoclinic and orthorhbmbic amphiboles) and the
chemical boundaries between the minerals are arbitrarily defined, primarily for
convenience. Prior to 1997, the academic nomenclature was based on Leake et al., 1978.
Although similar to the 1997 nomenclature, many of the chemlcal boundaries are
different. Prior to 1978, amphiboles were defined prlmarily by optical properties which
led to ambiguities and multiple names in the literature for the same mineral. In addition
to the academic nomenclature, common and commercial names for many asbestiform
amphiboles, such as amosite and crocidolite, exist.

The "Libby amphibole" provides an excellent example of the difficulties that have erisen
from the co-mingling of different amphibole nomenclatures! The names used for the
Libby amphibole were originally tremolite, soda tremolite, sodmm-nch tremolite, and, in

. one case, richterite. This terminology was used by the geologlc and mineralogic

communities, as well as by the health, regulatory, and industrial communities. In 1978,
the Intemational Mineralogical Association (IMA), Committee on Amphibole
Nomenclature made the decision to redefine amphibole names on the basis of crystal
chemistry, and published a classification system based on hfighly accurate chemical
analyses, including determination of the iron oxidation state. This change in
nomenclature went largely unnoticed or was simply 1gnored outside of the community of
academic mineralogists, and the Libby amphibole contmued to be known as a Na-rich
variety of tremolite until 2000, when mineralogists began to reinvestigate the material
and apply the current academlc nomenclature (Wylie and Verkouteren 2000, Meeker et
al,, 2003). If one considers the Libby amphibole in the historical context and takes the
position that most of the Libby amphibole is winchite and richterite, and is therefore not
regulated, the following would also be true. Prior to 1978, l411 of the Libby amphibole
would have been considered to be a form of tremolite and regulated based on the existing

- nomenclature and the prescribed optical analysis methods for asbestos under NESHAPS.

Between 1978 and 1997 15 % of the Libby amphibole would have been identified as

tremolite based on Leake et al, 1978. After 1997, due to an arbitrary change in the IMA

chemical boundaries, only 6 % of the Libby amphibole would be classified as tremolite
(Leake et al, 1997). This situation is obviously untenable and unwittingly, gives the
power to redefine federally regulated material to the IMA. |As a further complication, the
analytical precision required for accurate classification of amphiboles using the IMA -
nomenclature is beyond the capabilities of standard TEM-EDS analysis as prescribed in
certified methods such as ISO 10312 (Meeker and I.,owers,f2004).



The example above illustrates a subtle but critical point, the Libby amphibole was not
originally misidentified or mistakénly identified as tremolité The Libby amphibole was
correctly identified prior to 1978 as a sodium-rich tremolite based on existing
nomenclature and analytlcal methods and also correctly identified as winchite, richterite,
and tremolite after reinvestigation and application of the new academic nomenclature
using different analytical methods. This situation should be no different to the continued
use of the term amosite when everyone knows the current academic term is
cummingtonite-grunerite. :

* A final general comment regards the application of analytical methods and the

development of new analytical criteria for asbestos research Most of the discussions in
the NIOSH Roadmap regarding analytical methods come from a perspective of analytical
methods for monitoring rather than analytical approaches for basic research, A
monitoring method establishes specific measurement cnterla for the analyst and, for the
most part, instructs the analyst only to record those criteria. | This form of analysis comes
from a need to measure large quantities of material, often by contract laboratories where
research expertise may not be present or available on a routine basis and also to insure -
consistency for interlaboratory comparisons. It is clear thatldevelopment of improved
methods for monitoring analysis is needed as outlined in thé Roadmap. However, the
goals outlined in the Roadmap require a much broader appr'oach to research whereby the
physical properties to be measured are not restricted by a predefined set of criteria.
Because of the complexities and fundamental differences bétween samples from different
deposits or locations, the researcher must be allowed broad latltude to investigate as
necessary the fundamental properties of each individual materlal Obviously, such a
rigorous program cannot be conducted by every laboratory mvolved in the program but a
small set of qualified laboratories should be funded for directed fundamental research on
subsamples of any materials used in the broader research program.
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Consumer Product Safety Commission (CPSC), the Environmental Protection Agency
{EPA), the Mine Safety and Health Administration (MSHA)! the National Institute of
Standards and Technology (NIST), the National Institute of Environmental Health
Sciences (NIEHS), the National Toxicology Program (NTP)! the Occupational Safety and
Health Administration (OSHA), and the United States Geola gical Survey (USGS), as
well as with labor, industry, academia, practitioners and other interested partics. These
partnerships will help to focus the scope of the research that ‘can contribute to the

scientific understanding of asbestos and other mineral flbersl to fund and conduct the

research activities, and to develop and disseminate educatlo‘nal materials describing
results frorh the mineral fiber research and their 1mpl1cat10ns! fof: ccupatlonal and public
health policies and practices.

John Howard, M.D.
Director

ii
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Executive Summary

Prior to the 1970s, attention concerning the health effects of fibers was focused on six
commercially exploited minerals termed “asbestos:” the serpentine mineral chrysotile,
and the amphibole minerals amosite, crocidolite, actinolite asbestos, anthophyllite
‘asbestos, and tremolite asbestos. The realization that fiber shape might be more
important than chemical composition in explaining the health effects of asbestos
broadened interest to man-made fibers (e.g., synthet:c vitreous fibiers. {[SVF]) and to other
naturally occurring mineral fibers. To date, interest in the lattef:has emphasized the
importance of fibrous minerals exploited commercially (e.g 1lastonite, seplohte and
attapulgite) or found as cq tammants in certain mined commodltlc" £ nchterltc and
winchite in vermiculite). 1) -the - W

been—steaér’ry—deehﬁmg—buﬁhefe

“identi

fyin minerals covered, as well

ave: (1) an aspect ratio of 3:1 or greater and a length greater than 5 pm; and
(2) the minétalogic characterlstlcs (i.e., the crystal structure and elemental composition)
of the asbestos minerals (chrysotile, cromdollte amosite, anthophyllite asbestos, tremolite
asbestos, and actineli Aasbestos) or their nonasbestiform analogs (the serpentine minerals
antigorite and lizardit “and the amphibole minerals contained in the cummingtonite-

_’

grunerite mineral series, the tremolite-ferroactinolite mineral series, and the glaucophane- -

riebeckite mineral series). -

Several issues have been raised about the minerals covered by this definition. The first

issue is whether other fibrous minerals, amphiboles and zeolites, should also be included;
the second is whether the inclusion of fiber-like cleavage fragments of nonasbestiform
amphiboles is appropriate; and the third issue is whether the specified dimensional
criteria for fibers are appropriate. ' '

1ii
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U.S. asbestos production ceased in 2002 and its use has declined in the United States but worldwide production (and consumption)}
as remained refatively sleady for the past 4 years. Many old asbestos products still rematn in use and new products continue to be .
manufactured and/or imported so there :
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= JTh:s suggestion is based on data from the latest USGS Minerals Yearbook chapters on asbestos and USGS
special repoﬂ‘s {on the Web at htlp: //rnmera!s usgs. gov/mmera!s/pubs/commod:ty/asbestoso
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TAIong, thin nonasbestiform cleavage fragments whose mineralogical properties are similar to those of its asbestos analog
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= !Long thin cleavage fragments are the concem of this paragraph, so :t should be stated directly.
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When developed in the early 19870s, regulatory definitions of asbestos were formulated for use in the occupational setting (i.e.,
anufacturing or mining of asbestos) to deal
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i=:|The definitions, particularly with regard fo the length-to-width {aspect) ratio cntena were a compromise
because of the select:on of the PCM as the method of analysis.
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~workers’ health. To bridge the uncertainty gaps, thi

Phase contrast microscopy (PCM) is the primary method used for analysis of air samples,
but it has several limitations including: resolution is limited to fibers greater than about
0.25 pm in diameter and it cannot differentiate between different minerals. The

- analytical methods used for asbestos take on substantial significance because the current

REL is set considering the limit of quantification of the PCM method rather than solely g ,

‘on estimates of risk. With a lower limit of quantification, a lower REL may have been

proposed to reduce the risk of occupatronal cancer among asbestos exposed workers. In

that is practical and reliable and able to dlscrlmmate between types of fibers.

To reduce the uncertainty and controversy eoncemmg exposure :sessment and health
effects of asbestos and other mineral fibers, strategic research endedve s are needed in
tox1cology, epidemiology, exposure assessment, and'# nalytical methotlsz. The resulting
science can contribute to the potential developme fit of new policies for asbe;

mineral fibers with recommendations for exposurgiindices that more effecti

1§ protect
dmap proposes to. address the
mpling and analytical methods
es to fibers and health
mportant determinants of

following three strategic goals: (1) to develop impro
for fibers; (2) to develop information o occupational expos
outcomes; and (3) to develop a broader
toxicity for fibers and fiber-like cleavage:fragmer

Developing improved sampling and analync_ dnethods r‘ﬁbers will involve: (a)
reducing inter-operator: and intér-laboratory varlablllty of the current fiber analytical
methods; (b) developmg fiber ana]ytlcal methods with improved resolution to visualize
smal!er diameter ﬁber to-assure: more complete fiber counts; {c) developmg a practical

Developingififormation anc knowledge on occupational exposures to fibers and health
outcomes will‘involve (a) collecting and analyzing available occupatlonai exposure
information to aséértain the characteristics and extent of exposure to various types of
fibers and to fiber- hl() 'l;eavage fragments; (b) collecting and analyzing available
information on health outcomes associated with exposures to various types of fibers and -
fiber-like cleavage fragments, and (c) conducting epidemiologic studies of workers
exposed to various types of fibers and fiber-like cleavage fragments to better define the

association between fiber exposure and health effects..

Developing a broader understanding of the important determinants of toxicity for fibers
and fiber-like cleavage fragments will involve conducting in vitro and animal studies to
ascertain what physical and chemical properties influence the toxicity of fibers and fiber- -
like cleavage fragments. '

iv
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As the Roadmap makes clear, the ideal outcome of a comprehensive research program for
asbestos and other mineral fibers would be the development of a unified theory of
toxicity for thoracic-sized mineral fibers. A unified approach would specify criteria, such
as a range of chemical composition, dimensional attributes (e.g., length range, diameter
range, aspect ratio}, and dissolution rate/fragility (biopersistence), for inclusion of fibers
as potentially toxic. It would be particularly advantageous if these criteria could be based
primarily on results from in vitro or short-term in vivo studies. This would reduce the
need for comprehensive toxicity testing and/or epidemiological evaluation of cach
material. Such an approach would have the advantage of identifying the pertinent
_ qualities and attributes of fibers; and newly identified or manufactured fibers could be

" compared to the criteria to determine a likelihood of health effec s:A unified theory of
fiber toxicity would clearly ldentlfy the potency of fiber: for causing Specific diseases
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=:\The Roadmap outlines the concept of a “unified theory” of tox:crty for mineral fibers. This idea is
commendable and should be perused, however, the general properties outlined, size, shape, general
structure, and general chemistry, will similar for a significant portion of the material covering the surface of the
earth. Therefore, extreme caution must be used in applying any “unified theory” of toxicity beyond that of
fundamental research because of the extreme consequences relating to real or perceived environmental
exposure and the very real financial consequences to industry should such a “unified theory be misapplied i in
the future.
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Abbrevia_tions

A/C asbestos-cement

ASTM  ASTM International

EDS energy dispersive X-ray spectroscopy -

EM electron microscopy

EPA US Environmental Protection Agency

EU ~ European Union ' _
IMIS Integrated Management lnformatlon System
1SO International Standardization Organization

MSHA Mine Safety and Health Admmlstratlon
MTD  maximum tolerated dose
NIEHS National Institute of Environmental HealthVS iences
NIOSH National Institute for Occupational Safety ‘and“Health
NIST  National Institute of Standards and Té "hnology
NORA  National Occupational Research Ag -
NTP National Toxicology Program
OSHA  Occupational Safety and Health Administration
PCM phase contrast microscopy=
" PLM polarized light microscopy
REL recommended'exposure limit™,
SEM scannmg electron mlcroscope
STEM
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SWCNT
TEM
TWA
USGS
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| effccts ofas aestos and é

- workers’ health.

_compounds, and are defined by their distinct structure and elemental composition.

* that grow in a fibrous habit and have properties that have been commercially valuable.

1 INTRODUCTION

Prior to the 1970s, attention concerning the health effects of fibers was focused on six
commercially exploited minerals termed “asbestos:” the serpentine mineral chrysotile,
and the amphibole minerals amosite_crocidolite, actinolite asbestos, anthophyllite
asbestos, and tremolite asbestorealization that fiber shape might be more important

than chemical composition in explaining the health effects of asbestos broadened interest
to man-made fibers (e.g., synthetic vitreous fibers [SVF]) and to other naturally occurring
mineral fibers [Stanton et al. 1981]. To date, interest in the latter fA%emphasized the

i

_ lastonite, sepiolite, and
attapulgite) or found as col lammants in certain mined com ”p' -. i (e.g., richterite and

' Wlnchlte in Vermlcullt 2 ny of the asbestos and other' brous erals typically occur

lnal exposure tg& nany of these

Gin givenythe mixed an %7%%& nature

of exposure in many work environments and thePeneral 3;_. good expos
characterization information. : )

This document considers naturall
meeting the definition of fiber g

an attempt to minimize uncertamty arld " N

.(Sectlon 3).
Although this docy occurring minerals, a substantial effort
has gone into investiga effects of, some of the synthetic

itferences among various fiber types may
for asbestos and other mineral fibers.

nd con [GYersy concerning exposure assessment and health
inerd] fibers, strategic research endeavors are needed in
_ posure assessment, and analytical methods. The resulting. .

To e 'u } the uncertain

dllows is an overview of the current understanding and
td with asbestos and other minerals.

uncertainties associa
1.1 Minerals, Mineral Fibers, and Asbestos .
Minerals are typically crystalline substances comprised of inorganic elements and

Asbestos is a term applied to silicate minerals from the serpentine and.amphibole groups

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research _ ' Page 1 of 47
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Sequence number; 1
Author. Greg Meeker
Subject: Note

Date: 4/3/2007 9:59:29 AM

=:|Strictly speaking, amosite and crocidolite are not minerals. All minerals are naturally occurring, naturally
occurring minerals /s redundant. See definition of mineral below. As discussed above, strategic efforts are
needed in toxicology, epidemiology, exposure assessment, analytical methods, and mineralogy.

Sequence number: 2
Authar: Robert Virta
Subject: Note

Date: 4/3/2007 9:5%:30 AM

(==Was this richterite asbeslos and winchite asbestos at Lrbby? If so, it should state that instead of leaving it

[l

" unspecified.

Sequenoe number: 3
Author: Geoff Piumlee
Subject: Note

Date: 4/3/2007 9:59:29 AM

{==)As shown by Brad Van Gosen (Van Gosen, 2007) and other geologists, asbestiforrn minerals occurin a
number of different geologic environments. However, to say that they occur in “geclogic formations
throughout the United States” is not technically correct. They occur in specific, geo!ogrcaﬂy pred:ctable
portions of the US, NOT throughout.

Sequence number: 4
Author: Robert Virta
Subject: Note

Date: 4/3/2007 9:59:30 AM

=\°Fiber” in this case refers to the definition of fiber established for regulatory purposes. That should be stated
since very few mineralogists would call a particle with a 3:1 aspect ratio a fiber.

Sequence number: 5
Author: Greg Meeker -
Subject: Note

Date: 4/3/2007 9:59:29 AM

{z=JThe definition of mineral is not cormrect. A mineral is 1) naturally occurring, 2) has a specific crystal structure,
e and 3) has a specific chemistry. There is no such thing as organic elements, only organic compounds.
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The crystals of asbestos minerals form long, thin, flexible fibers when separated.

~ Minerals in the serpentine group are sheet silicates; amphiboles are double chain silicates.
Chrysotile is the only asbestos mineral in the serpentine group 1 asbestos minerals —
crocidolite, amosite, anthophyllite asbestos, tremolite asbestos, and actmollte asbestos —
are m the amphrbole group.

Although a large amount of information has been generated on asbestos, considerable
confusion surrounds the identification of asbestos for a variety of reasons. Several
systems for naming amphiboles have been used, and the nomenq}_&fhe has not been
unified under a single system until recently [Leake et al 199% atk of consistency
in nomenclature has led to uncertainty in the scientific liter i3 egulatory agencies, and

metamorphism of pre-e_xisting mineral O,
~ other forms. transitional forms are'g,

Ay in a variety of forms called “habits.”
%‘P’ovnment during formation. The

S+ ly descriptive; some of the habits

siginlude fibrous, massive, prismatic, acicular,

i pogsnble for both asbestiform and non-asbestiform

h¢ term “mineral fibers” has embraced not only fibers that
afFasbestiform habit (in which bundles of fibers can be separated
di¥idual fi brils), but also fibers that grow as needle-like (acicular)
single crystals and Br-like particles that result from the fracture of a mineral along
cleavage planes Sle is controversy about whether cleavage fragments and acicular
crystals are as hazardous as asbestos fibers. Mineral fibers that grow in asbestiform habits
are clearly of health concern; it remains uncertain whether particles with similar

dimensions from similar minerals, but with nonasbestiform habit, represent a similar

health concern. -

longitudinally into ' ‘ _

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research Page 2 of 47
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Sequence number: 1
Author: Robert Virta
Subject. Note

Date: 4/3/2007 10:43:55 AM

-““_"JM:ght suggest a change to “Chrysomfe is the only asbestos variely in the serpentine group. The five -
commerclaﬂy exploited and currently regulated asbestos varieties of amphiboles are crocidolite,
amosite..

If you are referring to asbestos, using varety may be more accurate than mineral, since minerals occur in
both asbestos and nonasbestiform varieties. Adding ‘regulated” asbestos varieties still implies that there are
other forms of amphibole asbestos in nature. Or you could be more direct and state that other varieties of
amphibole asbestos have been identified.

Sequence number: 2

Author: Greg Meeker

Subject: Note

Date: 4/3/2007 9:59:29 AM

{=:)Crocidolite and amosite are not minerals.

Sequence number: 3
Author: Greg Meeker

- Subject: Note

: Date 4f3/2007 9:59:29 AM
(= Nomenclature was also unified under Leake el. al., 1978.

Sequence number; 4-
Author: Robert virta
Subject: Note

Date: 4/3/2007 10:44:01 AM

(== Might suggest a change o * alteration of minerals. They also may be found partially altered fo other
minerals. Thus transifional fonns " and “.....characteristics of one mineral af one Iocat:on along its length
and those of another mineral in another portion of the same fiber.” \

 Alterations have to be from pre-existing minerals so "pre-existing" can be removed. Présumab!y the
document is referring to some of the fibers in the Libby deposit in this paragraph. intergrowths and partially
altered fibers also are common with the talc-amphibole intergrowths of some fibrous ta!c samples.

Sequence number 5
Author: Greg Meeker
Subject: Note .
Date 4/3/2007 9:59:29 AM

==|The term acicular can be used to described a fibrous particle but acicular single crystals are generally not
ﬁbrous This was a signfficant issue in the El Dorado Hills controvérsy (see Meeker et al., 2006).

Sequence number: 6
Author. Robert Virta
Subject: Note

Date 47372007 10:44:07 AM

= ight state the point directly as “....controversy about whether long, thin nonasbestiform cleavage fragments,
similar in morphology to its asbestos analog, represent a similar....." -

" This should be stated directly instead of in an unclear manner if this is what ybu mean.,
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L1.1 Asbestos Use and Occupational Exposures

Production and use of asbestos have been steadily declining in the U.S. In 2003 through
2005, there was no domestic production of asbestos and no employment in mining and
milling of asbestos in the U.S. In 2003, 5000 metric tons of asbestos were imported,
compared with an estimated 2000 metric tons in 2003 (see Figure 1). The primary
current uses for asbestos materials are in roofing (80%), gaskets (8%), and friction
products (4%) [Virta 2006]. Although the importation of raw asbestos has declined,
‘information is not available on the importation of asbestos alread icontained in finished,
manufactured products. : ™

Thaussnd Matrie Tans

: =7
Figure 1. US Asb @991-2005 [Virta 2006]. Data are also found at:
http:!lminé s goy S V’asbestoslasbesmcsm pdf. :

ithe NI S H Recommended Exposure Limit (REL) since 1986 The
number of workers WHgS

he asbestos exposures were measured and reported in OSHA’s
database system duriffg the 8-year period of 1987-1994 dropped from an average of 890
per year to 241 per year during the 5-year period of 1995-1999. The percentage
exceeding the NIOSH REL dropped from 6.3% in 1987-1994 to 0.9% in 1995-1999.
During the same two periods the number of exposures measured and reported in MSHA’s
database system dropped from an average of 47 exposures per year during 1987-1994 to .
-an average of 23 exposures per year during 1995-1999. The percentage exceeding the
NIGSH REL dropped from 11. l% in 1987-1994 to 2.6% in 1995-1999 [NIOSH 2002a].

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research -Page 3 of 47
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Sequence number: 1
Author: Greg Meeker

Subject: Note
Date: 4/3/2007 10:44:16 AM

{z=)The graph from Virta 2006 represents raw asbestos imports. It does not represent asbestos in products or
processed matenals and therefore may be misleading as used. '

Sequence number; 2
Author: Robert Virta
Subject: Note

Date: 4/3/2007 9:59:30 AM

i==JEstimated data for 2006 are available on the USGS Web site. The statements and graph can be updated orl
can provide data for 2006 that are not yet published, if requested.
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Consequent]y, " Ry s e ""‘" in strong for asbestos-cerrient {A/C) products, such as A/C -

panels for constructionget buildings and A/C pipe for water-supply lines. Currently over
70% of the world pre¢ Juction is used in Eastern Europe and Asia [Tossavainen 2005].

Historically, chrysotile has accounted for more than 90 percent of the world's asbestos
production, and it presently accounts for over 99 percent of the world production [Ross
and Virta 2001; Virta 2002]. Mining of crocidolite (asbestiform riebeckite) and amosite
(asbestiform cummingtonite-grunerite) deposits accounts for most of the-other asbestos
production, and small amounts of anthophyllite asbestos have been mined in Finland
[Ross and Virta 2001]. g :

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Rescarch Page 4 of 47 -
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Sequence number; 1
Author: Robert Virta
Subject. Note

Date: 4/3/2007 10:44; 33 AM

‘== jMight state as “....are present in the host rock of some mined mineral commodities.”

Asbestos and cleavage fragments are not contaminants in mined products; they occur in deposits naturéﬂy
and would be belter referred to as accessory minerals. '

Sequence number: 2
Author: Robert Virta
Subject Note

Date; 4/3/2007 10:44:36 AM

{=z)The entire European Union has banned imports and use of ashestos with only limited exceptions. See the’
web at hitp.//www blinternet com/~ibas/Frames/f_lka_alpha_asb_ban_280704.htm for a complete list of
countries banning asbestos if you wish to reference this point.

Sequence number: 3
Author: Robert Virta
Subject: Note

Date: 4/3/2007 9:59:30 AM

1 o)

oomp!ete

:\You might want o note that croc:dohte mining ceased in 1997 and amos:te mining ceased in 1992 to be more
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-1.2 Asbestos-related Disease Trends

Epidemiological studies of workers who have been occupationally exposed to asbestos
fibers have clearly documented such exposure as etiologic for several respiratory

- diseases, including lung cancer, malignant mesothelioma, diffuse fibrosis of the lung, and

non-malignant pleural abnormalities including acute pleuritis and diffuse and localized
thickening of the pleura. Results of some studies suggest that other diseases (e.g.,
laryngeal cancer, digestive system cancers, and immune disorders) are also associated
with exposure to asbestos fibers [ATSDR [2001]. )

1600

1400
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]
g Foo
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ﬁ

Figure 3. Number of asbesty
2007] Source NatlonalO

ok deaths since 1968 and malignant mesothelioma
deaths sinc £999 usi ":': certificate data in the National Occupational Respiratory
Mortality Systeiin( ' Data from NORMS show that despite the reduced

1960s to the late "‘ 90y<Aihd have apparently plateaued at nearly 1,500 per year only since
2000 (Figure 3) [NIQSH 2007]. A delayed impact of exposure reduction on asbestosis
mortality is expected for two primary reasons: 1) the latency between exposure and
disease onset is long, commonly one or two decades; and 2) asbestosis is a chronic
disease and affected individuals typically live for many years with the disease before
succumbing). Ultimately, it is anticipated that the annual number of deaths will decrease
substantially as a result of documented reduced exposures. However, asbestos usage has
not been completely eliminated and asbestos-containing materials remain in place in -
structural materials and machinery, so hazardous exposures remain a potential risk, so
some asbestosis is anticipated to continue to occur for decades to come.

- Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research Page 5 of 47
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Flgure 4. Number of mahgnant mesolthella deaths, U.S. 3 nts age 15 and over, 1968-

Mortality System (NORMS),

A specific code for maljg M&; esothehoma - used by exposure to asbestos

I A :_i
and some other mineralfibers: ) inheiro et
recent revision of ghe *?“ ternatioga ;

1.3 Components of Asbestos Definitions for Health Protective Regulations
Regulatbry definitions of asbestos consist of both policy and analytical components. The

“policy component consists of a broad statement of agency intent about what should and
should not be considered as asbestos. The analytical component describes the sampling
and analytical methods to be used for collecting, characterizing, and counting fibers.

Asbestos and Other Mineral Fibers: A Rdadmap for Scientific Research

- NIOSH
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Ideally, an agency’s asbestos definition will have analytical components that are closely
aligned with the policy components,

Asbestos is a human carcinogen [HHS 2005a]. Based on asbestos’ carcinogenicity,
NIOSH established a REL of 100,000 fibers per cubic meter of air (100,000 fibers/m’),”
which is equal to 0.1 fiber per cubic centimeter of air (0.1 fiber/cm) measured as an 8
hour time-weighted average (TWA) [NIOSH 1976]. The averaging time for the REL was
changed to 100 minutes in accordance with NIOSH Analytical Method #7400 [NIOSH
- 1994a). The change was first noted in testimony presented by H to OSHA [NIOSH
- 1990], and reaffirmed in comments to MSHA in 2002 with theXplanation that the 100
minute averaging time would help “to identify and control jorgdi
and contribute to the overall reduction of exposure _througgut He:

microscopy (PCM) analytical method, but exposu th&REL is Tv ed with a .
residual risk for lung cancer. A risk-free leve! ofi€kposure,to asbestos fibersthas not been

inerals antigorite ':'s dfizardite? : it the amphibole minerals
e 32

contained in the cummitigfonitcogrunerite mifleral series’ the tremolite-ferroactinolite

i

g%; e-riebeckit

ath, BREpts growth habit) typically used by mineralogists

'neraather, NIOSH uses only specific physical criteria

colfic dimensiol rl criteria) and compositional criteria

. &

The NIOSH REL applig to asbestos particles which have an aspect ratio of at least 3:1
and a length greater fan 5 um. Thus, the NJOSH asbestos REL applies to particles
meeting the dimensional criteria of a fiber from chrysotile, crocidolite, amosite,
anthophyllite asbestos, tremolite asbestos, and actinolite asbestos. It also applies to
particles meeting the dimensional criteria of a fiber from other minerals contained in the
cummingtonite-grunerite series (which includes amosite), the tremolite-ferroactinolite
series (which includes tremolite and actinolite), the glaucophane-riebeckite series, and the

serpentine minerals antigorite and lizardite. :

Asbestos and Other Mineral Fibers: A Roadmayp for Scienﬁﬁé Research Page 7 0f47
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Sequence number: 1
Author. Greg Meeker
Subject: Note -

Date 47312007 10:44:51 AM

and fosters to confusion. This usage would be like USGS dec:dmg to adopt the term smcos:s to describe aﬂ
disease resulting form inhalation of particles containing silicon chemically bonded to oxygen.
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-asbestos minerals if tli¢

Several issues have been raised about the minerals covered by. this definition. The first
issue is whether other amphiboles, fibrous minerals, and zeolites, should be included.
Second is whether the inclusion of cleavage fragments of nonasbestiform amphiboles is
appropriate. A third issue is whether the specified dimensional criteria for fibers are
appropriate. ‘

1:.2.1.1 Fibrous Minerals

li%ate minerals with

structures and chemical composmons similar to fibers from 4SBestos minerals, and which
have either demonstrated health-effects in exposed workg 61’ or CafRe

predicted to produce health effects. This situation is 1 expow-closed
vermiculite mine in Libby, MT. Vermiculite ore mis ntaminated

with amphibole fibers mineralogically ldentlﬁed ichterite, as
well as tremolite asbestos [Meeker et al. 20034%3 Eeovered

by any of the OSHA, MSHA or NIOSH defi mtion : Pthese fibers
has resulted in high rates of lung diseases similar to tf ceurrence of asbestos-related
diseases among asbestos-exposed worke) e %ﬂ
Inhalational exposure to other fibrous A ', iite which is a fibrous

zeolite, also causes similar respiratory

In addltlon to health effec served in “]_L an; 3 ﬁndmgs from ammal studies
bsence of evidence to the contrary,
NIOSH has historicallyifnaintai there is a scicgee basis to assume that, regardless of
other differences, variousi; thwdl%ensm and biopersistence similar to fibers from
the tradltlo nalsFix iy rals%@% similar potential for causing respiratory

ﬂ"""

particles meet the dimensional criteria of a fiber.as determined
microscopically (ﬁber-hke eIeavage fragments) :

The basis for NIOSH's recommendation to regulate cleavage fragments as asbestos was
first articulated in NIOSH testimony to OSHA in 1990. In that testimony, NIOSH based
its recommendation on four elements

o The first element was based on results of experimental animal carcinogenicity
studies of various minerals demonstrating that carcinogenic potential depends on

Asbestos and Other Mingral Flbers A Roadmap for Scientific Research : . Page 8 of 47
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Sequence number: 1
Author: Greg Meeker
Subject: Note

Date 4/3/2007 10:46:20 AM

iz7)See discussion in my general comments regarding Libby nomenclature It is not clear that winchite and
" richtenite from Libby are not covered in OSHA, MSHA, and NIOSH regulations, only that they are not
specifically listed.

Sequence number: 2
Author; Robert Virta
Subject: Note .

Date 4/3/2007 10:45:04 AM

(==} have problems with the way this argument is presented with the Libby examp!e MSHA and EPA sludied
the Libby site in the 1980s as a source of asbestos exposures. Amandus at NIOSH also documented
exposures at Libby in the 1980s. Consequently, the agencies were aware thal asbestos; whalever its
composition, was present. The issue of correct identification of the asbestos variety arose only after Meeker,
Wylie, and other researchers began looking at the chemistry and other characteristics of the asbestos more
closely in the past 7-8 years. As written, the paragraph implies that because the fibers were winchite and
richterite they were ignored and exposures restlted in high rates of lung disease. This was nof the case so
the paragraph should be reworked to convey the point properly.

You might reword line 8 to “.......tremolite asbestos [Meeker et al. 2003]. Although the fibers were treated as
asbestos in the past, winchite asbestos and richlerite asbestos technically were not covered........ definitions
of asbestos. The high rates of lung diseases similar.....in other industries, however, clearly demonstrate that
winchite asbestos and richterite asbestos do pose a serious health risk.”
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particle length, diameter, and biopersistence. The testimony characterized the
evidence as suggesting that neither mineralogic identity nor origin of the particle
are critical factors in carcmogemc potential.

¢ The second element was based on results of epldemloioglc studies of worker
populations with mixed exposures to asbestos fibers and nonasbestiform cleavage
fragments or with exposures to cleavage fragments alone. The testimony-
characterized the evidence for excess lung cancer risk attnbutable to fiber-like
cleavage fragment exposure as "equivocal."

n minerals can occur in

e The third element was that asbestiform and nonasbe 110
‘%?entlon of asbestlform

the same area. Thus determmmg the locatlon an

mined/quarried commodltles by tremoh é.-'
anthophyllite asbestos. .

‘ entlate nonasb rm cleavage fragments
Reet.the dimensioiihepiteria of a fiber when

1 a Cati]

] 0f airborne asts fibers. In the face of scnentlﬁcally
inconclusive cpldemlcﬁ oy :

ic2 f__ ce for !ung=
fiber-like e fragmeni3aN T upon the other three elements to
explicitly séconinmen 2th, crzlike cleava ¢ fragments of nonasbestiform analogs of

cleavage fragments? '- Ol

."*‘

asbestg 3 unts of airborne asbestos fibers.

The NIOSH?p cleayage ¥hgments has been criticized. Othersallege that the
- scientific e nﬁL _t_F an studies and animal toxicity studies does not definitively

demonstrate cal &alth effects from exposure to fiber-like cleavage fragments.

Critics of the NIOSEhpolify argue that cleavage fragments do not cause cancer, and that

defining fiber-like cléavage fragments as asbestos fibers-does not provide any additional
protection for the hedlth of workers but increases costs and liability exposure. However,
a conclusion that exposure to fiber-like cleavage fragments does not cause cancer lacks
certainty due to the limited quality of relevant human health and animal data.

Much of the evidence comes from studies of a cohort of workers from a talc mine in New
York. Industnal talc is a mixture of talc, tremolite, anthophylhte serpentine and
dolomltemg an exposure survey NIOSH identified airborne fibers of asbestos, but
the mining company maintained that the material is not asbestiform. Thc initial

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research | Page 9 of 47
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Sequence number: 1

Author: Greg Meeker

Subject: Note

Date: 4/3/2007 10:45:52 AM :

i == Industrial talc does not always contain the other minerals listed. It depends on the local geology and

" metamorphic history (see Van Gosen et al., 2004).
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study had a number of self-identified limitations, including its size (388 workers), lack of
information on prior employment, and short duration of employment for some lung
cancer cases. [NIOSH 1980]. Since 1980, the New York Talc Study has been updated
and reanalyzed in five additional publications [Stille 1982; Lamm 1988; Brown 1990;
Gamble 1993; Honda 2002]. Each publication examined the population differently
including: extending the observation period, expanding the size of the cohort, evaluating
potential confounders, or adding statistical analyses. Among these different studies, the
mortallty patterns reported were 51mllar showing an increased mortality from lung cancer

respirable dust for all job categones and years [Oestensta ; '; U92]. Honda et al.
- [2002] conclude that the reason for increased lung capsgr- el

3255

N '! =
not well correlated w1th talc ore dust exposure. Thé¥ also conclude tﬁ i the increased

£

Sy,

(Orkers, the same itherent .

limited information on potentlal confo . e deprior occupatlonal

exposures. _ :
Several animal studies haye: ' el %5 the to v of fiber-like cleavage
fragments In one stud His ' 1991], eual weights of the respirable

liree of the spel ns were identified as asbestiform; the
b ‘:’.?5}' R 4

carcinoghh lClty wase AT

e

fragments ':1‘1 bestiform n' The group exposed to the shortest ﬁber—llke cleavage

TN 7
the owest 1 o1 dence of mesothelioma; however, it is not certain whether
"'u‘.i-_s fd i

the low rate of di T

It has been observed, that only a small proportion of the cleavage fragments formed when
nonasbestiform materials are fractured meet the NIOSH fiber definition, and those that do
typically have shorter lengths and wider diameters than asbestiform fibers {Siegrist and
Wylie 1980; Wylie 1988). These and other differences between asbestiform fibers and
fiber-like cleavage fragments might contribute to a shorter biopersistence in the lung for
cleavage fragments. Asbestiform fibers tend to break longitudinally so that a deposited -
fiber can break into a multitude of fibrils as longas the originally deposited fiber [NRC
1984] and therefore can be just as difficult to clear from the lung. In contrast; fiber-like

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research Page 10 of 47
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cleavage fragments tend to break transversely, resulting in several shorter particles that
may be more casily cleared by macrophages. As a result of differences in surface
structure, fiber-like cleavage fragments are weak and brittle in comparison to asbestiform
fibers [Zoltai 1981]. Dissolution of ¢leavage fragments proceeds along cleavage planes
and results in smaller cleavage fragments. However, dissolution of fibers from
asbestiform amphiboles begins at the ends of the fibersand proceeds inward from the ends
before the surface layer is dissolved [Zoltai 1981]! a gnesium leaching from the surface
of chrysotile fibers in the lung is highly variable, and more is leached from thin fibers.
However, the gross structure of the fiber is not changed early in th@dissolution process
{Morgan and Holmes 1986]. While fibers from asbestiform an L ibol€s have strong
surfaces c]eavagc fragments are expected to be weaker beca af various types and

al rule revision removmg non-
that "various uncertamtles in the data’ and a

qualj é%b _' s €nts concerning occupational exposures. Further
the subp pila ¥ estlfg‘rm ATA which, based on mechanistic and
toxncologlca data, may be 1& cnated w1th a carcmogemc effect, do not appear to present

In 2005, the Mine Safety and Health Administration (MSHA) followed in OSHA's
analysis when it proposed revising its asbestos standard [MSHA 2005]. (=¥

A U.S. Environmental Protection Agency (EPA) peer consultation worksh.op in 2003,
convened to discuss a proposed protocol to assess asbestos-related disease risk, knew of
little data to directly address the question of whether cleavage fragments with durability

' OSHA was makmg reference to the scientific data on which NIOSH based its own carcinogenic health
effect recornmendation to OSHA.

Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research Page 11 of 47
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. =z }Most dissolution studies such as those by Zoltai (1981) did not address in detail effects of surface area. Also,
photos of the fibers in Zoltai and refated references could be interpreted to show evidence of dissolution
along the fiber length, not just from the ends.

Sequence number: 2
Author: Greg Meeker
Subject: Note

Date 41312007 9:59: 29 AM

==jThe discussion regarding dissolution is a bit too generalized and neglects other particle types such as
ac:cu!ar and prismatic single crystals. Cleavage particles do nof require defects fo cleave. Cleaving is an
inherent property determined by the crystal structure. Crushing and milling could cause defects but, _
depending on the process may not. Dissolution may be controlled by defects in some cases and may not in
- others. Single acicular and prismatic crystals could have the same atomic layer surface structure as -
-asbestos crystals depending on the formation mechanism and as such might dissolve in a simifar way.

Understanding these propemes in relation to toxicity requires that these different particle types be
distinguished.

Sequence number; 3

Author: Robert Virta

Subject: Cross-Out ) Co

Date: 4/3/2007 9:59:51 AM !
Sequence number: 4

Author; Robert Virta

Subject: Note

Date 41312007 10:02:09 AM

[

(z=iThis implies MSHA had a similar ATA issue based on the discussion of the preceding paragraphs. However,
the paragraph probably only refers to the recommended lowering of its PEL by MSHA to mafch that of OSHA
in 2005. You might modify wording of the sentence for clarification if this is correct.
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and dimension equal to fibers from the asbestos minerals would have similar or dissimilar

- potency for lung cancer, although their general view was that durability and dimension
are critical to pulmonary pathogenesis. They thought that, "it is prudent to assume
equivalent potency for cancer in the absence of other information to the contrary” and -
recommended that a rat inhalation study using tremolite cleavage fragments be
considered to address the issue [EPA 2003].

There continues to be uncertainty at the Federal level about whether exposure to fiber-
like cleavage fragments from non-asbestiform analogs of asbestosnerals cause cancer

1.2.1.3 Fiber Size Criteria and Biopersistence

" Data gathered from epidemiologic and ammal stué#%f dicate that the
health risk posed by fiber exposures are largely % rmmed by the fibers &diimensional

charactenstlcs (length and dlameter) the ﬁbe ist removal fromihe lung
g e the lung de endmg on

A0 etermmes " fi bers' ¢ likely to be dep051ted in deep
regions of the lung. Ipfadditioigsome evndene mdlcate’ythat thinner fibers have a
greater potential thaiy: “'_'f
spaces. Fibers and pa __ wi - iameters lessH]
syl ndsper ritoneal spaees and are more likely to enter
the lymph i -,‘? ' tems theﬁhan these factors there is little evidence on

e

counted to assess compl:ance with exposure llmlts for asbestos. However beyond the
roles played by length and diameter, no data exist to demonstrate that fiber aspect ratio
plays a role in determining the pathogenicity of fibers.

Clearance of fibers deposited in the lung is an important physiological defense
mechanism that influences the risk associated with fiber exposure. The role of fiber

" length in pathogenicity has been the subject of considerable study and has recently been
reviewed [Dodson et al. 2003]. Evidence from i in vitro and in vive studies in rodents
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indicate that fibers with a length equal to or greater than the diameter of rodent lung
macrophages (about {5 pm) are most closely linked to biological effects observed in the
lung [Blake et al. 1998]. Alveolar macrophages appear to be capable of phagocytizing

‘and removing fibers shorter than approximately 15 pm in length, either by transport to

the mucociliary system or to local lymph channels. Above this length, the alveolar

" macrophage appears to be ineffective at-physical removal, although there is some

evidence that longer fibers are partially engulfed by one or more macrophages, resulting

in differential removal rates for fibers of different lengths. While fiber lengths greater

than 15 pm appear to be associated with toxicity in experimentalstadies, a “critical”

length for toxicity in humans has been shown to be probably g rter than 15 pm {Zeidler-

Erdely et al. 2006]. Because longer fibers cannot be easily cared by macrophage

removal the ease with which long fibers can break into slgt’er len influences their
hages are unsu essful in

.k }y asbestos fibers longer
othelloma is most assocxated

fs at the majority of asbestos fibers in lung-and mesothelial
than 2 2 min length. Although the presence of the short fibers does
not substantiate caus w”’i the authors concluded that short, thin asbestos fibers should be

included in the list of#ftber types contributing to the induction of human malignant
mesothelioma.

NIOSH is currently attempting to ascertain the relationship between fiber dlmensmns
(length and diameter) and the risk for developing lung cancer or asbestosis by updating
the cohort of chrysotile exposed textile workers studied by Dement et al. [1994] and
Stayner et al. [1997]. Archived samples collected by NIOSH at this textile plant

were analyzed by TEM to obtain the bivariate fiber size distribution. Fiber-size specific
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exposure matrices {length and diameter} were determined and assigned to specific jobs
within the plant. Analyses are underway to determine the influence of fiber dimension on
lung disease risk [Kuempel et al. 2006]. ‘

Berman and Crump [1995] statistically analyzed data from 13 inhalation studies in which
rats were exposed to asbestos dust to determine if a measure of asbestos exposure could

" be identified that satisfactorily predicts the observed lung tumor or mesothelioma

incidence in the experiments. Samples of the original dusts used in the studies were
regenerated and reanalyzed to provide detailed information on thegfhineralogy (i.c.,

o

w"‘*’ e,

chrysoule amosite, crocidolite or tremolite), type (i.e., fiber, hdle cluster, or matnx)

size (length and width) and complexity (i.e., number of ideg -e components of a
cluster or matrix) of each individual structure The investigators IuE id not find a univariate

s &ir. retention in the lung include not only
! I'Taglhty, aﬁssolution rate in lung fluids

Ushras %ﬂg of glass fibers, are fairly soluble in lung
1 %n a matte¥of days or months, while others, such as

the lung for decades. While some evidence indicates
e Heya dete atrnt of toxicity for some fiber types, additional
fibers nce \‘ deteﬁ‘}uc whether they conform to this paradigm [ILSI

Biopersistence of ] Iers inj he lung is a function of the site and rate of deposition, their
Al¥eolar macrophages and mucociliary transport, their solubility in (=K
lung fluids, their bregkage rate and breakage pattern (longitudinal or transverse), and their
rates of translocation across membranes. It is plausible that a change in the rate of one of
these processes could affect the rates of other processes. For example, the rate of

deposition in the alveolar region could potentially overwhelm macrophage clearance

" mechanisms and increase the rate of translocation to the lung interstitium. Surface

chemistry and diameter are important factors in the solubility of fibers. Fibers deposited
in the lung are subjected to extracellular fluid (approximately pH 7) and lysosomal fluid
(approximately pH 5); thus the solubility of a particular fiber at each of these pH levels is
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= JThere is not sufficient recognition by this writeup.that each major mineralogicaf variety of ashestos can ftself

show considerable variability in its major and trace element content, ranging from variations along an
individual fiber (this was noted in the document’s introductory matenial), to variations between different fibers
from the same geological sample, fo vaniations between different samples of the same mineral from the same
locality, to variations between samples of the same mineral from different localities of the same geologtc
environment, to variations between samples of the same mineral formed in different geologic environments.
Such variability has for at least some mineral types been shown to play an important role in the rates at which
the minerals weather or dissolve. Further, differences in the content of biologically reactive elements such as
iron between samples of the same mineral could resultin variability in the amounts of oxidative stress
generated by the fibers. Ideally, the best way to examine whether or not such compositional variability plays
any role in toxicity is to run toxicity tests on a number of different samples of the same mineral from dm'erent
S0Urces, and compare the results.

The discussion a!so leaves out the potentially complicating factor of accessory minerals intergrown with the
asbestos, or contaminant minerals introduced by grinding. Qur USGS studies have shown thal geologic
accessory minerals and grinding contaminants are common components of alf the toxicological standards
used for asbestos toxicity testing, and can include potent:ally bioreactive minerals such as crystalline silica,

-iron sulfide, nickel sulfide, and steel. Are such minerals inhaled with the fibers? If so, can they contribute to

- measured toxicity, thereby confounding the results of romc.rty testing? Do such minerals contribute to toxicity

in the workplace or environmental seftings?

Is there any concem that different degrees of surface freshness may .'nﬂuence toxicity? Have toxicity tests
been done comparing fresh!y ground versus aged samples of the same material?

4

Sequence number: 2
Author: Greg Meeker
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Date 41312007 10:48:27 AM

== 1The discussion of biopersistence cannot be separated for fundamental mmera!ogrca! properties, many of

,r

which are unknown with respect to the geochemical environment of the lung. Properties such as solubility, or
precipitation, in lung fluids in the presence of other mineral particles-are largely not understood. Processes
such as in vivo splitting not been investigated. Understanding such processes requires a rigorous
understanding of the specific mineral sample in question including poss:ble accessory phases and.
intergrowths.
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relevant to its biopersistence. Fibers that are more soluble will be less biopersistent, and
fibers with larger diameters will take longer to dissolve than thinner fibers, all else being
equal. The effect of high dust exposures on translocation and clearance mechanisms may
also alter fiber clearance rates. A better understanding of the biological fate of fibers
deposited in the lung is critical to understanding the mechanisms underlying differences
in toxic potential of various fibers of different dimensions and compositions. Since fiber
biopersistence is thought to play an important role in the development of disease, it may
prove to be an 1mportant characteristic to incorporate into occupatlonal safety and health
policy concerning exposures to fibers. 2

o AT :_an'
5o q ntlﬁcatlon Ot

rather than solely on estimates of risk. Had a lo f‘ :
a lower REL may have been proposed to reduéé

between types of fibers: The fiber co' 12 rules used in &l analysis of air samples '

result in an index of exposure which haghicEnc it __‘, ing human health data
and risk assessments. However, any P 56 ystire for asbestos is not
based upon a complete count of sampled b hin fibers are not visible by
PCM.

There are two ana )ﬁw compong: asbestos fiber definition applied to

air samples:

L IMICrOSCOpY (TEM) [NIOSH 1994b — Analytical Method
M] is used to quantify the asbestos fiber fraction of fibers

are used to poport1onally reduce fiber counts obtained by PCM Method 7400,
yielding corrected counts of asbestos fibers.

The method is currently annotated as follows: “Other amphibole particles that
have aspect ratios greater than 3:1 and elemental compositions similar to the
- asbestos minerals may interfere in the TEM analysis. Some non-amphibole
minerals may give electron diffraction patterns similar to amphiboles. High
concentrations of background dust interfere with fiber identification.” This
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annotation might be inferred to mean that fiber-like cleavage fragments of the
non-asbestiform analogs of the asbestos minerals are to be considered
interferences; however, such an inference about the NIOSH asbestos fiber 7
definition would not meet the intent of the current NIOSH-definition.

In addition to the use of PCM (sometimes with TEM) for monitoring airborne fiber
exposures, one other microscopic technique is commonly applied to the analysis of
- asbestos: :

e Polarized light microscopy (PLM) [NIOSH 1994c — Az;
used to identify asbestos in bulk materials.

identifi catlon is required, TEM analyr Le., Method 740 >
identify individual fibers by determinin stalline stru ) _: d chemical
composition; thus, TEM characterizatiofis USét
asbestos fiber counts obtained by PCM, asithe latjer<colld rw15e include various .
fibers not specified as as% 5108 bers underdh¢’ ‘definition. PLM analysis is often
used for identifying as| gn' Ik sampleshhowever, the method rarely is used for
analyzing airborne £am les because of diffi cull%?‘s;é n sample preparation. Like PCM,
PLM cannot resolve fibais,withid; meters less than about (.25 um.

dlametc f ter than 3 p ‘k € notely to reach the thoracic reglon of the lung when
16 countmgles specify that only fibers less than 3 um in dlameter

_.._l-

that counts fibers ust e method recommended by the World Health Orgamzatlon
(WHOQO) [WHO 1997 whlch specifies counting only particles less than 3 pm in diameter
with a 3:1 or larger aspect ratio [European Parliament and Council 2003].

L.2.3 Analytical Components of the OSHA and MSHA Asbestos Definitions

i
The use of PCM in determining asbestos fiber concentrations, as required by O_Snd
MSHA, cannot assure that fiber-like cleavage fragments are excluded from
determinations of asbestos fiber concentrations. While there are ample ways to
distinguish asbestiform materials from nonasbestiform materials in bulk samples, reliable
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{=JSTEM is not the same as TEM with EDS. STEM refers to the abifity of the TEM to collect a scanning image.
" TEM with EDS (and sometimes other techniques such as EELS} is generally referred to as analytical electron
microscopy (AEM). ' '
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E_f}t is often not true that asbestiform is easily distinguishable nonasbestiform material in bulk samples. Libby is
an excellent example of the problem encountered by attempting to apply traditional methods for such :
purposes. In hand-sample much of the Libby amphibole locks like what would traditionally be called
nonasbestiform, yet at high magnification such samples are extremely fibrous and when disturbed easily
generate tremendous quantities of respirable particles. Furthermore, the material generated often contains a
complete range of morphologies inciuding fibrous and asbestiform bundles, as well as single acicular and
prismatic crystals, and perhaps cleavage fragments that are not easily classified info a particular
morphological bin. It is for this reason that it is important to record all particle types as NIOSH advocates in
the Roadmap, but it is equally as important not to lump them into a single category calfled fibers or simply try
fo distinguish between fibers and non fibers (“cleavage fragments’).. Only by completely understanding all
particle types from a given source or deposit will it be possible to completely understand the toxicity of the
rmaterial. : ' oo
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and reproducible analytic methods are not available to distinguish individual fibers in air
samples as nonasbestiform or asbestiform. The lack of reliable and validated analyticai
methods that can distinguish between fibers from the asbestos minerals and fiber-like
cleavage fragments of their nonasbestiform analogs in air samples is clearly a major
limitation in applying asbestos definitions intended to exclude fiber-like cleavage
fragments. The challenge is especially great for envitonments with mixed (i.e.,
asbestiform fiber and fiber-like cleavage fragment) exposures. It is critically important
that an analytical method that is able to clearly discriminate between fibers and fiber-like
cleavage fragments be developed and validated.

‘mentioned in a non- mandatory appendlx to the OSH A . The appendix

“a great deal

igg is to introduce a

L) ARG

fferent régd mgs” between different

count of regulated ﬁbers only. These results are then used to compare to
regulatory limits. [AS¥T M 2006]. NIOSH has begun a validation evaluation of the ASTM
method.

- More powerful than PCM for distinguishing fiber types, electron microscopy can

determine electron diffraction patterns that might reveal a particle’s crystal form to be
more representative of a cleavage fragment than an asbestiform fiber, and can also be
used to better visualize fine morphological structures that can be used to distinguish the
two. Using scanning transmission electron microscopy (STEM), it is also possible to-
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determine elemental composition, which can be used to identify mineral fibers from
commonly encountered interfering fibers of fabrics (e.g., cellulose, nylon, cotton) and of -
glass and ceramics, which cannot be identified under PCM.

.Other procedures have been suggested with the intent of ensuring that the fiber counts on
air samples do not include cleavage fragments [IMA-NA 2005; NSSGA 2005]. These
procedures include reviewing available geological information and/or results from
analysis of bulk materials to establish that asbestos is present in the sampled
environment, or specifying dimensional criteria to establish that aifborne particulates
have population characteristics typical of asbestos fibers (e.g. ,4{‘_; €an fiber aspect ratios’

I

exceedmg 20:1). .‘Whether these suggested procedures woul s\ure-adequate health

Sshissociated with

short-comings of current analytical tech %
uncertainties, NIOSH proposes to address¥

* cleavage fragiiients.

1L

To address the
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i:: Wt is important to maintain the distinction between research analysis and methods or regulatory analysis.

" Don't restrict research analysis by over defining methodology and by over use of non research laboratories.
For this effort to succeed it will be necessary fo establish a broad based analytical research program.
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2 FIBER RESEARCH

2.1 Strategic Research Goals and Objectives :

‘The strategic goals for a fiber research program and the related objectives are idehtiﬁcd
below. Shown in brackets following each goal and objective is the number of the section
of this Roadmap in which the goal or objective is subsequently discussed.

I

~ ¢ Conduct epidcmioiogic studies of workers exposed to various types of fibers and
fiber-like cleavage fragments to better define the association between fiber
exposure and health effects [2.3.3].

‘Asbestos and Other Mineral Fibers: A Roadmap for Scientific Research : Page 19 of 47
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f\s a general comment for data collection on mineral particles, it is befter to collect as much information as
* possible into a data base that can be later culled for specific properties as needed. As much as possible,
data recording should not limited at the analysis stage because there will always be information. you wish you
had later on that the laboratories were not instructed to collect. In many cases this can be accomplished by
utilizing additional research laborafories to thoroughly characterize the materials of interest and not be
restricted to specific criteria deemed relevant at the time methods and experiments are devised.

Sequence number; 2
Author: Greg Meeker
Subject; Note

Date 4/32007 9:59:30 AM

==|The analylical components in this sect:on are, for the most part, goals for monitoring analysis, not the
fundamenta! mineralogical research analysis that will also be required.

Sequenc:e number: 3

Author: Geoff Plumlee
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@To be most effective, the occupational exposure and epidemiological studies really must be accompanied by -
a detailed characterization of the mineralogical, morphological, chemical, trace element content and oxidation
state(s), bioreactivity, chemical solubility, etc., of the materials to which the cohorts have been exposed.
Similar characterization is needed of the fibers and other mineral phases found in pathological samples. Only
by such a linked approach can questions such as the effects of compositional variability on toxicity be best
sorted out. ' ' : -
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“resources and facilitate the simultaneous collection g oflat

IIl. - Develop a broader understanding of the lmportant determinants of tomclty
for fibers and fiber-like cleavage fragments [2.4].

¢ Conduct in vitro studies to ascertain what pHysical and chemical properties
influence the toxicity of fibers and fiber-like cleavage fragments leading to a

. better understanding of how fibers induce disease [2.4.1]; and

¢ Conduct animal studies to ascertain what physical and chemical properties

Research conducted to support these three research goal Bedintegrated to optimize

be accomplished by or in partnership with our Fedefal pattners or sta E@.
private sector. Any research that is undertaken s} ould ensyre that the reu
interpreted and applied within the context of 61
decision-making and policy-setting.

2;2 Develop improved samplihg andianalytical methot

There are important scientific gaps in un erstang iiihpacts of exposure to.
mineral fibers. Any changes in the scope 6§ min eFals@anththe-Characteristics of their fibers
included in an updated fiberdefinition will 1 y have (5056 accompanied by
improvements to currefitly use G nalytical méthods or development and application of
ds, These iethods will f ed to provide accurate information about
XD 101tl ;m- compassed biFthe policy component of the definition.

ee: ’fﬂ}gﬂq} ,SM including between asbestiform fibers of

7‘}'}? the healt

owever, (hisEBYId be T 15
ot avallable%t can £

methods, such as those discussed in Section 1.2.3, and additional modlﬁcatlons to the
current analytical methods will have to be explored; Improvements in exposure
assessment methods are important to increase the accuracy of the methods used to
identify, differentiate, and count fibers.

Some barriers to improving the current methods have been identified. Requiring optical
microscopes to have objective lenses with higher resolution to resolve thinner fibers in
samples may not be sufficient to improve risk assessments. Requiring the use of electron
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that would perrmt an assessment of the potentlal bigperst

microscopy (EM) would improve capability to detect small fibers, but it would also
increase analytical costs and the lag time between sampling and obtaining results. In
some workplace situations, such as in construction, this would eliminate the small
window of time available to apply appropriate controls to reduce exposures.

Several potential improvements are currently under study. Some of the studies are aimed
at improving the accuracy of current techniques, such as the evaluation of thoracic -
samplers for the collection of airborne fibers and the use of gridded cover slips when
performmg PCM ana]ysm Another study is intended to evaluatSTM mcthod and

.:|.

between asbestos fibers and fiber-like cleavage fragments _.,“ﬁ itk ‘n an acceptable range.

des”
L, v

TN

t other mlCI‘OSGﬁ c pethods.

energy dispersive x-ray spectroscopy) are needed ﬁ
identification need to be investigated.

exactly the same fields, resulting in an uncontrollable component of the variation that
exists in fiber counts between microscopists. A mechanism to allow recounts of fibers
from the same field areas would remove this additional variation component and allow a
better assessment of the variation between microscopists.in analyzing samples.

A technique is under development for improving the accuracy of PCM fiber-counting by
allowing exactly the same fields of view to be examined by multiple microscopists or the
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slide by the laboratory in which they were produced. A s

 fiber lung burdens iEXP

same microscopist on different occasions [Pang et al., 1984; Pang et al. 1989; and Pang
2000]. The method involves the deposition of an almost transparent TEM grid onto the
sample. Included with the grid are coordinates allowing each grid opening to be _
relocatable. Photomicrographs of typical grid openings superimposed on chrysotile and
amosite samples have been published [Pang et al. 1989]. Slides prepared in this manner
have been used in a Canadian proficiency test program for many years. The main errors
affecting the counts of each fiber type (chrysotile, amosite, and SVF) have been
evaluated by examining large numbers of slides by large numbers of participants in this
program. A scoring system for identifying the performance of %@;ﬁopists has been
developed [Pang 2002] based on errors compared with a refcr fice value defined for each
: analysis of the

intragroup precision in this study was able to identify thogs
[Harper and Bartolucci 2003]. In a pilot study, the pogle ed" elatlve idard deviations,
without the outliers, met the requirements for an '”'“ sethair sampling
study is needed to validate these findings and tg%%u

entlfy other techmque i
inter-laboratory and inter-operator variabilitysn

the optical resolution to abou0.1 pm, an o-‘ it ersio‘ i)
aperture of 1.49 wouldﬁ?e%%}d Also, tl‘fe se of 15X eyepiece oculars would help
improve the v1snb1h pal‘tlc% d fibers 0 he sample. However, because risk
estimates for workera%%aatm ll exposed toiaSbestos have been determined based on
fiber counts mad by the Gt LGN ‘%{}gd #fiber counts made with improved

Sol HdRotbe

microscopgie: capa lities w directly comparable to current
occupatifinal exposure ﬂnlts fOras)

While i al migfoscopy resolution might be useful in establishing
new cnterna pr.counting ﬁc s, studies would need to be conducted to evaluate inter-
operator and i 7 differences similar to that which has been conducted for the
current PCM met ﬂc {its from experimental ammal studies and the evaluation of

are most associated with mesothelioma and fibers < 0.15 pm in diameter with lung cancer
and asbestosis [Lippman 1988], so even improvement in the resolution of optical
microscopy may net provide the information needed to completely assess the risks for
mesothelioma, lung cancer, or lung fibrosis.

Transmission ¢lectron microscopy (TEM) can resolve fibers with diameters <0.01 pm
which is adequate for detecting the presence of asbestos and other mineral fibers
collected in airborne samples. TEM, as well as scanning electron microscopy (SEM),

* provide improved resolution for detecting and sizing fibers. Both methods also provide
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the capability for mineral identification using selected area x-ray diffraction and/or
elemental analysis (e.g., energy dispersive x-ray analysis). The cost of using TEM and/or
SEM for routine sample analysis would be considerably higher than PCM analysis and
the turnaround time for sample analysis would be increased substantially. In addition, any
routine use of electron microscopy (EM) methods for counting and sizing fibers would
require an analysis of inte’r-operator and inter-laboratory variability.

2.2.3 Develop a practical ana!yttcal method for air samples to dtj_’ferenttate between

ologles The

proposed procedure uses a new graticule that has not bégh tested for conformance with
the traditional graticule used in PCM%s stos analysis. ’i:;sa emﬁes additional counting
rules to classify particles, and there are ; cs provide a
consistently achievable or meaningful e 'ET data are available to

show inter- or intra-operator or mter-labo ; " _ hése issues must be
addressed before the stagda, 2L dbred )
project addressing thes issuesE:

world mininE a8 ore- processing samples.

The outcomes of aims (b} and (c) would include a measure of method accuracy and a
determination as to whether the method meets the accuracy reqmrements of regulatory

and other agencies.

While electron microscopy (EM) may not be suitable for routine analysis of samples, EM
techmques used to identify minerals (e.g., differentiate asbestlform fibers from fiber-like

5
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cleavage fragments) need to be further investigated and evaluated to determine whether
the results can be reproduced by multiple microscopists and laboratories.

2.2.4 Develop analytical methods to assess fiber durability.

While research is being conducted to determine the ability of biological assays to

evaluate the biopersistence (e.g., durability) of fibers in the lung, there is a need to

consider how fiber “durability” might be incorporated into the analysis of an air sample

containing a heterogeneous mix of fibers/particulates. Research hseveral types of

glass fibers and some other synthetic v1treous fibers indicate th ey issolve in media

@iahan chrysotile and

cgihshown to dissolve

'e‘cg. ounting ﬁbers The rcmoval
lmng fiber chne

c ju ice analytlcal time.

% ﬁthough selectlve_ dissolution might be
ind characterize a procedure that

fraction of dust that penetrates into the thorax (i.e., beyond the
wind pipe); and the réSpirable fraction of dust that reaches the alveolar lung. The thoracic
convention is recognized by NIOSH and other organizations that recommend exposure
limits, and NIOSH has begun to appiy it in the derivation of RELs {e.g., metalworkmg
fluids).

the mouth; the thor“- it

Fibers currently are coliected for measurement using a standard sampling method, which
is described in Method 7400 [NIOSH 1994a], in MDHS 39/4 [HSE 1993], and in [SO
8672 [1801993] [n these methods air samples are taken usmg a membrane filter housed
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'“**:]Selectfve dissolution could dramatically increase fiber counts depending on the specific geologic conditions of
formation for the minerals of interest. Soluble phases growing befween amphiboles particles such as in Libby
will easily dissolve with acid treatment. The amount of dissolution may be different for the same amphibole
type (i.e. tremolite) dependmg on the location and conditions of formation making direct comparisons difficuit.
Laboratory dissolution may or may not be similar to in vivo dissolution and wr” likely depend on accessory
phases present in any given sample.

Sequence number: 2
Author: Robert Virta
Subject: Note

Date: 4/3/2007 10:04:11 AM

{=Z)it is true that minerals will dissolve at d:fferent rates in solutions and pH i is a factor, Would durability testing
be limited to the pH range encountered in the lung and in equivalent fluid compositions? It is difficult to
determine from this paragraph and should be clarified.
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in a-cassette with a cowled sampling head. Early studies [Walton 1954] showed that
some exclusion of very coarse particles occurs due to elutriation in the vertical cowl, but
its selection characteristics should have little effect on the collection efficiency for fibers.

~ However, when Chen and Baron [1996] evaluated the sampling cassette with a

conductive cowl used in sampling for asbestos fibers, they found inlet deposition was
higher in field measurements than predicted by models.

Currently, NIOSH does not recommend an upper limit for asbestos fiber diameter, which
has generated some criticism that some fibers counted by NIOS [dViethod 7400 (A rules)
may not be mhalable NIOSH and others havc recommended, F»_,‘ﬂ’ O SH ethod 7400 (B

1996]. However, this method has not been field-tested fef tion and analysis of
occupational exposures to many types of mineral and ergdn} het

Pin,

iy fibers in the th size range.

_u R,

Two separate but complcmentary projeé!
samplers for fibers [Jones et al. 2005

length at least up to 60 umvﬁmdlcatmg that 's & i
fibrous aerosol shoul 43@;10 8}1 crent than tf of an isometric aerosol. In the Jones et al.
amplers to produce adequately uniform

There is a need to ascertam and document the number of workers and the types of jOb
tasks in which workers are potentially exposed to asbestos, fiber-like cleavage
fragments, or other mineral fibers. Commensurate with this assessment is the need to
measure and characterize worker exposures that could be used for conducting an
analysis of risk. Health surveillance of workplaces where exposure to asbestos, fiber-
like cleavage fragments, or other mineral fibers might occur could provide information
on preclinical indicators of disease or sentinel health problems. This information will
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be beneficial in prioritizing research and identifying populations for potential
epidemiological studies.

2.3.1 Collect and analyze available occupatiohal exposure information to ascertain the
characteristics and extent of exposures to various types of fibers and fiber-like
‘cleavage fragments.

A strategy for prioritizing fiber research should include the systematic collection and
evaluation of information on:

The body of knowledge concerning human health effects from exposure to fibers consists
primarily of epidemiologic studies of workers exposed to asbestos, some synthetic
vitreous fibers (e.g., glass fibers, glass and mineral wool, ceramic fibers), and several
other mineral fibers (e.g., wollastonite, attapulgite, erionite). Theére is general agreement
on the interpretation of human health effects data of workers exposed to fibers from the
asbestiform minerals. For example, NIOSH recently commented on the MSHA proposed
rulemaking on asbestos, stating that “NIOSH remains concerned that the regulatory
definition of asbestos should include asbestiform mineral fibers such as winchite and
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richterite, which were of major importance as contaminants in the Libby, MT

vermiculite” [NIOSH 2005].

L

_ The results from epidemiologic studies of workers exposed to other types of mineral

fibers and to fiber-like cleavage fragments are less clear and often equivocal. 1t is also
important to determine whether other mineral fibers pose the same potential health risks

_as those observed in workers exposed to fibers from the asbestiform minerals. In the

short term, it may be possible to review, analyze, and summarize the available
information on a select group of amphlbole minerals that grow meﬁb%us hablii, such as
. . 1

winchite and richterite. .

In addmon to existing mformatlon from epldemlologlc sr.u es, f 1evant information on
health outcomes in human populations exposed to varioy 54 pes o 'fgbrs may also be

available from existing public health, occupationa £%d Bhvironmentals clllance

systems and registries in the U.S. and other coules. Information from n

surveillance systems or reglstrles partlcularlyﬁ“ oo for stroggl fiber-assoc gg% diseases
" ] derstanding of risk

sanied with sufficient

latency period) pos Gk for malignant and nonmalignant respiratory disease. Results
from epidemiologic studies of workers exposed to other fiber types have provided limited
supporting evidence and additional epidemiologic studies should be considered for
worker populations exposed to various types of synthetic (organic and inorganic) fibers
and naturally occurring mineral fibers. Studies of populations exposed to different fibers
of similar dimension coiild contribute to a better understanding of fiber durability.

The following criteria should be considered in selecting and prioritizing possible worker
populations for study: 1) adequate exposure information (e.g., fiber concentrations, fiber
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=)Please keep in mind that traditional analysis methods for asbestos are not capable of clearly dfst:ngmshmg

“between minerals such as winchite and richterite (Meeker and Lowers, 2004). This is another example of
why it is necessaty to include research laboratories employing non standard methods such as electron probe

microanalysis.

-
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- dimension and durability characteristics, other confounding workplace exposures); 2)
good work histories; and 3) sufficient latency-and number of workers to provide adequate
statistical power to detect the health outcome(s) of interest; and 4) availability of data on
other potentially confounding risk factors.

In addition to epidemiologic studies that address etiology, epidemiologic studies can be
used to better understand the pathogenesis of fiber-induced lung diseases. For example,
appropriately designed epidemiological studies could be used to assess the relationship
between lung fibrosis and lung cancer. Epidemiologic studies algda ..& vide an

isfa mcludmg cancer,

Further epidemiological investigations n a reC_e )
related discase in the Sierra foothills [Pa etal. 20 P

it Bricles are fi ber-llke
A cleavage fragments. If the nature of the study populati. its, exposure can be conclusively %ﬂ
: determined to be to fiber-like cleava gments, add|t|%tudles of thls population .

and other similarly exposed populations;
toxicity of these particles.

variety of ex fre indices. Exposure -effect analysis based on bivariate data for
- ' . all fibers, inoliiding those shorter than the traditional length cut-off of 5 pm, could
' . contribute to an understanding of where a health-based exposure index cut-off for

fiber length should be set.
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* Author: Robert Virta

Subject: Note
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{=)Do you really want to cite Pan? He includes many caveats (lack of control of the sample population, part of
‘the cohort with previous asbestos exposures, lack of control over time of residency in the region, etc.) on
pages 1022 and 1023 of the Discussion section in his paper. That suggests that the relationship between
proximity and mesothelioma risk re!atlonshlp may still be suspect. Perhaps you could cite a paper with fewer
caveats

,Sequenoe number; 2
Author. Greg Meeker
Subject: Note

Date 41312007 10:10:20 AM

= The majority of particles in Ef Dorado HI”S are not asbestos ftbers or cleavage fragments! Most of the
pan‘:c!es are acicular and prismatic single crystals that meet the counting rules (Meeker et al., 2006). Under
the NIOSH counting rules and definition of fiber this significant information would be totally overfooked.
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“exposure indices by specifying different

2.4 Develop a broader understandlng of the important determinants of t(mclty for
- fibers and fiber-like cleavage fragments.

‘Fibers encountered in the work environment are frequently heterogeneeus which limits

the ability of epidemiological and other types of health assessment studies to evaluate the
influence of fiber size (length and diameter), chemical composition, biopersistence, and -

“other morphologic characteristics on toxicity. Toxicological testing is needed to address

some of the fundamental questions about fiber toxicity that cannot be determined through
epidemiology or other types of health assessment studies.

Animal mhalatlon studles are needed to mvestlgate the bl P

}ﬁﬁgn:e and tox1c1ty of -
ic racteristics

diameters.

Much research has been focused on lung cancéf @y 16 mesot 5l
that some minerals have low potency for causing “Y‘x,g; #$hen additional stu Fies may be
needed to mvestlgate their potentlal for causing asbes asis,and other nonmalignant

relevant to each of the dlsease outcomes a
determining whether blO ersist

this research is depen and will take considerable time
to conduct, so new, Ire mdlces cannot be developed in the
short term.

Implicit i Pl may be new risk assessments. Risk

assess -.,g its for lung%anser anaa bestosis have been conducted on worker populations
exp minerals. These risks have been qualitatively
conﬁrm ¢ quantitative dose-response inhalation studies with

asbestos havgibeen conduc '. in rats which would allow for comparisons between
minerals. ' :

udies fo ascertain what physical and chemical properties
icity of fibers and fiber-like cleavage fragments.

2.4.1 Conduct in vi
influence the tp:

Within the context of answering the key questions on fiber dimension, chemistry,
morphology, and durability, the selection of fibers to be tested should be prioritized based
on existing knowledge that workers are (potentially) exposed and on existing exposure.
information (e.g., measurement data, fiber characterization).
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The toxicological testing should involve both in vitro methods and experimental animals.
Some of the testing can be accomplished using currently available techniques, but some
of the needed tests, particularly the in vitro tests, must be developed and validated.

- An important technological barrier to toxicological testing is the inability to generate

large quantmes of fibers or fiber-like cleavage fragments in narrow length- and diameter-
classified size ranges. Although inhalation studies with size-selected refractory ceramic
fibers and glass fibers have been conducted by the Research Consulting Company
(Geneva, Switzerland) using a “water-based cyclone procedure” |Bknstein et al. 1994,

o

Bernstein et al. 1995], it has not been determined whether the gf€thod tan be adapted for

s

naturally occurring minerals. Also, the technique-is considgfedproprietary. NIOSH

S

researchers have developed a dlelectrophore51s techmqu_.r geneating size- selected

LN

differences in durabl A]though a variety of different acellular in vitro assays were
used in these studiesfall studies observed faster dissolution of SVFs compared to various
asbestos fibers in the same assay. The rate of dissolution appeared to be dependent on
chemical composition and dimension; thinner fibers tend to dissolve sooner than thicker
ones of the same fiber type. Acellular in vitro assays of durablllty need to be validated
agamst in vivo studies of bmpersnstence in animals.

The European Union has already adopted criteria for the hazard classification of synthetic
fibers using assay systems for determining fiber durability and short-term animal studics
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—|The discussion is focused on the generation of large quantities of fibers or fiberdike cleavage fragments to be used for toxicity
testmg Will these separation techniques create artificially biased samples that contain only fibers and none of the accessory or
contaminant minerals that might have been raspired in an occupational or environmential exposure?

Given the potentlial concems with naturally occurring asbestos (NOA) and NOA-contaminated soils, should asbestes-contaminated
soils and other confaminated materials be tested in order to evafuate mitigating or exacerbating effects resulting from exposure o
other materials inhaled with the fibers?

- Also, is there any concem that waler-based selection/separation techniques may sufficiently modify fiber surface chemistry to a!ter
_polential toxicity?
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for fiber biopersistence [European Commission 1997; European Commission 1999a;
European Commission 1999b]. Studies should be initiated to validate the ability of these
test criteria to screen for potential toxicity of other fiber.types (including fiber-like
cleavage fragments). Research to validate the durability assay system and conduct short-
term biopersistence studies will require fibers (and fiber-like cleavage fragments) of
uniform dimension and/or material that is representative of occupational exposure:

Research in the 'follo_wing arcas would help to address issues related to fiber durability:

¢ Apply and validate acellular in vitro assays to measure4 ber di rability;
* Conduct studies to determine the effect of surface arfa<iid chemical composition
-on the durability of various fibers. &y :

Another hypothesis is that ﬁber_di'mension determ
critical ﬁber dimensions can be tested by expo'

i,

in culture tG Sgl'
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{z=)The amounts and oxidation states of variable oxidation state elements such as iron, mahganese, and others
" present in the fibers should be characterized as completely as possible prior to and following the testing.
Presumably, the testing will include-various assays to measure oxidative stress.

e
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2.4.2 Conduct animal studies to ascertain what physical and chemical properties
influence the toxicity of fibers and fiber-like cleavage fragments.

A multi-animal testing approach has been recommended for short-term assays [ILSI
2005] and chronic inhalation studies {EPA 2000] that would provide solid scientific
evidence on which to base human risk assessments for a variety of fiber types. To date,
the most substantial base of human health data for estimating lung cancer risk exists for
workers exposed to fibers from different types of asbestos minerals.

An important consideration in the conduct and interpretation @ mm studies is the

selection of appropriately sized fibers that accounts for diffef (Bh es that exist between the
rodent and humans in fiber deposmon characteristics. Fifiets th ¢
dep051ted in the bronchoalveolar region of humans canno

Short-term animal studies should primag ot ithiatsso that information

gained (e.g., regarding overload and maxXijy HMTD]) from these studies
can be used in designing chronic inhalatior . The objectives of these
studies would be to: .

pulmonary ﬁosis, and malignant transformation; and
s [nvestigate mechanisms of fiber-induced pulmonary disease.
2.4.2.2 Long-term Animal Studies

Chronic animal inhalation studies are required to address the impacts of dimension,
morphology, chemistry, and biopersistence on critical disease endpoints of cancer
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(= -ﬁhoutd animal tests be planned that compare tox:cn‘y of unmodified dosing matenal (which includes
contaminant or accessory minerals), with dosing material that has been subjected to fiber sizing/classification/
separalion?

At least one past study that has received substantial attention for its focus on the relative toxicity of cleavage
fragments versus asbestos fibers was complicated by the fact that the cleavage fragment samples appear to
have been prepared differently than the asbestos standards (cleavage samples were ground or elutriated in
water, whereas the asbestos fibers were dosed directly). It is important that, whatever testing materials are
chosen for the proposed dissofution and toxicity studies, they be prepared in the same manner to avoid
introduction of additional processing variables, or else crosswalk studies should be carried out to address:
how differences in sample preparation may influence the resuits.
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‘than the rat) Validation of an appropnate ammal '

induction and nonmalignanf respiratory disease. The U.S. Environmental Protection

Agency’s proposed testing guidelines (SAP report 2001-01) should be used as the crlterla
for establishing the testmg parameters for chronic studies [EPA 2000].

To date, chronic inhalation studies have been conducted with different animal species

using different types of fibers. However, it is still uncertain which species of animal(s)
best predict(s) the risk of respiratory disease(s) for workers exposed to different fiber
types. Chronic inhalation studies should be initiated to establish exposure/dose-response
relationships for at least two animal species. The rat has historically, been the animal of
choice for chronic inhalation studies with fibers; however, theow inctdence of lung
54N 3, asbestos) suggest that -

conducting long-term animal mhaiatlon studies shou%d&d ,u using a multi-
animal testing approach to help provide solid scntef%t ce 1dencc on "‘ﬁee to base human
risk assessments for a variety of fibers of differgit’d i '

2

sensitiviymodel for ’ lioma
el gtildyeduce the resources

exposed workers) are needed to provide ah imprg vedBasis fof comparing the potential
; i A meral ﬁbers and varlous

be comparable in siZg g qmensmo found in the occupational environment.
The results from these: s' jith s hrysotile) would provide a “gold
Sita) 11'"8a tilify of long-term inhialation studies (in rats
o 50 human disease and establish relative differences
' -response relatlonshlps

of fiberBopersistence and fiber dimension in the development

omts are also needed. .
| =2

2.4.2.3 Statistica
The stahs’ucal analysu by Berman and Crump [1995] potency of bivariate size
distributions of asbestos in rat toxicity studies is currently being documented and updated
by the EPA. The results of this update will be of great interest and will be potentially
valuable for assessing the contribution of length and diameter to disease, as well as
differentiating the effects of fibers from various minerals. Of additional interest is
whether these statistical techniques can be adapted for use with minerals beyond the
asbestos minerals.
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;ji;?ijhould animal tests be performed comparing freshly ground versus aged fibers of the same composition?

Sequence number: 2
Author: Geoff Plumlee
Subject: Note

Date 4512007 12:20:13 PM

;rydea!!y, the cell line cultures and parho!ogy samples produced by the toxicity testmg shou!d be examined in
detail by mineralogists and chemists using high-resolution techniques to look for evidence of chemical
changes to or chem:cal reactiwty of the fibefs with the surrounding cells/tissues.

Sequence number: 3

Author: Geoff Plumlee

Subject: Note

Date: 4/3/2007 10:52:58 AM

=Does the Berman and Crump study factor in variations in fiber composmon? if nat, should the updatmg of the

statistical analysis try to factor in such compositional information?
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3 THE PATH FORWARD

Achievement of the research goals proposed in Asbestos.and Other Mineral Fibers: A
Roadmap for Scientific Research will require a significant investment of time, scientific

‘talent, and resources by NIOSH and its partners. Achieving the goals will be well worth

the investment because the occupational health protection policies that NIOSH
recommends for asbestos and other mineral fibers must be.based on the results of sound
scientific research, As with any strategic-approach, there may be unintended and

toxicity for thoracic-sized mineral fibers. A unified agproax -4
as a range of chemlcal comp051t10n dlmensmnal atf but (e.g., lengthiga
4 10pers;§;nce) for cot

_ 'm in vivo adays. This
wand/or epidemiological

progressing over 2’ ! «L
Recommendations h, £’been made to systematically mvestlgate their health cffects
within the next five years [Maynard et al. 2006]. Integrating the results of these
nanoparticle toxicity investigations into the Roadmap may further the development of a
unified theory of fiber toxicity.

Achieving the goals delineated in Asbestos and Other Mineral Fibers: A Roadmap for
Scientific Research is consonant with NIOSH's statutory mission to generate new

knowledge in the field of occupational safety and health and to transfer that knowledge
into practice for the benefit of the American worker. Advancing knowledge relevant for -
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' mdustry sector-based, resgarch to-practlce- B

use in protecting workers from adverse health effects arising from exposure to asbestos

and other mineral fibers is the ultimate goal.

Though further scientific research conducted and applied by NIOSH will continue to
focus on the occupational environment, NIOSH intends to pursue partnerships to ensure
that the resuits of any scientific research arising from the Roadmap can be extended to

. communities and the general environment.

~ To ensure that the science arising from execution of the Roadmap is apphed as broadly as
possrble NIOSH plans to partner wrth other Federal agencies, i fr,.ﬁg ng the Agency for

SCIL E;'s; IS), the National
Tox1cology Program (NTP), the Occupatronal we,'“- calth Adniif

Agenda (NORA). NOIA"
Roadmap can be s’ybg 1t

reenda for th Nation add the goals and objectives of this
vanced throuvah robust public-private sector partnership.
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' 5 GLOSSARY

Acicular: Having the shape of a needle.

Actinolite: An amphibole mineral in the tremolite-ferroactinolite series. Actinolite can
occur in both asbestiform and nonasbestiform mineral habits. The asbestiform
variety is often referred to as actinolite asbestos.

&fals, composed of
double chain SiQ, tetrahedra, linked at the vertices angds nerﬁ'ly containing ions
-of iron and/or magnesium in their structures. Amphi ak_i} inerals are of either

igneous or metamorphic origin. - ;

Amosite: An amphibole mineral in the cummingta
asbestiform habit. The name amosite i mmergial term derived
acronym for "Asbestos Mines of South” A%
as "brown asbestos." :

Anthophyllite: -An amphihole mineralths ofinthe asbestiform and
nonasbestiform mineral habits. Wheshesti ety -_5 ften referred to as
anthophyllite asbestos. B - 4

Asbestiform: A specifigdyperof mi

_dlmcnsmn --‘“ € cry ;;’-,_TB form natur ally as lon, flexible fibers. In minerals-
a5t stlform abit, fibers £8%m in bundies that can be separated into

T m{_‘,“r

smaller bundles ultiiately into ﬁbr1 "

© Aspect ratio: The ra 10 of the length of a particle to its diameter. -

Biopersistence: The ability to continue to exist in the lung or other tissue after
deposition. Biopersistence of mmeral fibers is a function of their fragility,
durability, and clearance.

Chmsotile: A mineral in the serpentine mineral group that occurs in the asbestiform
habit. Chrysotile gencrally occurs segregated as parallel fibers in veins or veinlets
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Author: Robert Virta
Subject: Note

Date: 4/5/2007 10:55:09 AM

= The sentence probab!y should be changed to "The asbest:form vanely is
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Sequence number: 2

Author: Robert Virla

Subject: Note

Date: 4/3/2007 10:54:00 AM . .
=)To clarify the sentence could be changed to “.... having asbestiform habit meet the current U.S. regulatory

definition of ashbestos.”

w5
Y

Sequence number: 3

- Author. Greg Meeker
-Subject: Note

Date: 4/3/2007 10:06:49 AM ' ,
The Clean Air Act and methods such as 1SO 10312 recognize that other asbestos minerals exist, they just are
not listed. Some regulations recogmze a general CAS registry heading “asbestos” w:thout specifying specific
minerals. .

Sequence number: 4
Author: Robert Virta
Subject: Note .
Date 4/3/2007 10:07:58 AM
=)Recommend using “width” instead of "d:ameter” since only chrysotile is cyhndncal in Ccross secﬂon

amphiboles are not.
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and can'easily separate into individual fibers or bundles. Often referred to as
"white asbestos," chrysotile is used commercially for its good spinnability in the
making of textile products and as an additive in cement or friction products.

Cleavage [ragmem. A particle, formed: by commirution of mmerals (i.c., crushing, % i
grinding or breaking) which often is characterized by parallel sides and a
moderate aspect ratio (usually less than 20:1). At any level of examination, a
population of cleavage fragments does not exhibit fibrillar bundling of any of the
fragments

Crocidolite: An amphibole mineral in the glaucophane richSeiite series, in which both
asbestiform and nonasbestlform hablts can occur _i? ocidalfle is a varietal name

,7 ment wifich meets the criteria specified .
t to a popuig tion of asbestos fibers, a population of
fragments does not efnt fibrillar bundling of any of the

o

fibrous evenifif’is not composed of separable fibrils.
Fragility: The tendency of particles to break into smaller particles.

Mineral series: A grouping of minerals that includes two or more minerals in which the
cattons in secondary structural position are similar in chemical properties and can
be present in variable but frequently limited ratios. The current trend in referring
to a mineral series is to simplify long series names by using the mmeral name of
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Sequence number: 1
Author: Robert Virta
Subject: Note :
Date: 4/5/2007 10:41:05 AM
/jThe statement about aspect ratio is nof really necessary in a definition of cleavage fragments. It might be

better to use mineralogic definitions found in mineralogy textbooks.

Sequenoe number: 2
Author. Greg Meeker
Subject: Note

Date: 4/3/2007 9:59:30 AM

i ;;:}Thls def' inition describes a countable pamcle not a fiber.

Sequence number: 3
Author: Robert Virla
Subject: Note

Date: 4/3/2007 10:.09: 29 AM

=\This definition was created for requlatory monitoring. It contrasts with nonregulatory definitions of “fi ber”
“found in dictionaries, material science books, mineralogy books, etc. It would be useful fo clarify that for the
reader so everyone knows which “fiber” is being discussed.

Sequence number: 4
Author; Greg Meeker
Subject: Note -

Date: 4/3/2007 10:09:32 AM

(Z=)The definition given here is for what is calied solid solution series not mineral series. It is not clear what
“is meant by secondary structural position. The second senfence in this definition makes no sense.
Are you saying that the term tremolite is equivalent to the termy actinolite?
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only one (end or intermediate) member (e.g., tremolite for tremolite-actinolite-
ferroactinolite).

Mineral series such as cummingtonite-grunerite and tremolite-ferroactinolite are
created whén one cation is replaced by another in a crystal structure without
signifi cantly altering the structure. There may be a gradation in the structure in
some series, and minor changes in physwal characteristics may occur with
elemental substitution. Usually a series has two named end members with any
intermediate minerals sometimes being separately namedtherwnse assigned
no discreet name but merely referred to as members o g"*— serits. Members of the

tremohte-ferroactmollte serles are hydroxylated cal' } agnesmm magnesium-

%

ay be added. The percentage (by weight) of
20% to 80%; silicon dioxide, 20% to 80%; and .

-

: Any of a number of manufactured fibers produced by

giand subSequent fiberization of kaolin clay, sand, rock, slag, etc.

Fibrous glas® ﬁ’"i neral wool, ceramic fibers, and alkaline earth silicate wools are )
the major typgs of SVF, also called man-made mineral fiber (MMMF) or man-

made vitreous fiber (MMVF).

Thoracic ttbe A particle meeting the definition of a fiber that is deposned anywhere in
" the lung airways and the gas exchange region of the lung.
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=) “Wot ;ust chemical composmon ‘but also crystalfine structure. It is the same mineral in.a different growth habit.
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Tremolite: An amphibole mineral in the mineral series tremolite-ferroactinolite. |
Tremolite can occur in both the asbestiform and nonasbestiform mineral habits. The
asbestiform variety is often referred to as tremolit¢ asbestos. -
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