@

The biological sequence of events in the development of mesothelioma in rodents also appears to
have a series of progressive steps (Boorman et al., 1990). In inhalation studies, the first event
that is observed is fibrosis in the pleura immediately subjacent to the mesothelial lining. This is
multifocal in nature, possibly occurring more frequently in the interlobular pleura. In the few
studies where the parietal pleura has been investigated (McConnell, et al., 1999), the initial
change was found in the noamuscular portion of the diaphragm and over the ribs (as compared to
intercostal). The first indication of mesothelial change is found in these areas of pleural fibrosis.
The mesothelial cells become cuboidal (as compared to 2 normal squamous morphology) and
progress to focal hyperplasia of one to three cell layers thickness. The next step is the formation
of papillary forms of growth and overgrowth of adjacent pleura. 1t is at this stage that
mesothelioma is diagnosed. Pseudovacuolated tumor celly mdy be noted at this stage. Finally,
the tumor evolves into the classical forms noted above. The course of events is somewhat
different for instillation and injection studies. The initial response in the latter studies is
inflammation, followed by 3 ﬁbrogranulomatous reaction {(assumed to be an attempt to wall off
the fibers). A similar sequence of progression is assumed but results in a higher proportion of
sarcomatous types of mesothelioma. ’

Pulmonary interstitial fibrosis (see below for description) is invariably found in studies where
either asbestos or SVFs have caused either lung cancer or mesothelioma (Grc_im etaf., 2001).
However, there have been fiber studies where pulmonary fibrosis was observed without the
development of fiber related neoplasms (McConnell, et al., 1994).

In vitro studies may not be of high value for predicting the carcinogenic potential of a given type
of fiber, although they can give some incite into the difference between the carcinogenicity of
long and short fibers. There are several reasons for why they may not as useful for predicting the
carcinogenic activity of a given type. First, the fiber used is not subjected to physxo!oglcal
processes such as clearance and dissolution that are found in the fung. Also, the in vitro test
systems use “fresh” fibers so do not typically take into account pathology attenuating changes in
fibers that occur over time in the lung. Finally, the in vitro “dose” may have no relevance to the
lung fiber burden. However, not withstanding this, in vitro methods aré highly powerful tools for
understanding fiber/cell interactions and mechanisms of toxncxty/carcmogemc&ty (see Mossman

' for details).

Nen-cancer effects- Ammal models hawc also dcmonstmted many of the same pathologlcal
responses that are. found in humans etpoad to pamculates (IARC, various volumes). The major
noncancer cadpoiuts that have been described in animals in expenmenha! ‘studies are -
phagocytosis, inflammation and pulmonary tibrosis. In regard to these endpoints, the rodent !ung
(and presumably, other species) reacts to asbestos and SVFs as it would to any inhaled nonorganic
foreign body that is not chemically toxic, ¢.g. beryllium. The lung can only react to such
materials in a limited number of ways. In animals, if the particulate were deposited in the upper
respiratory tract, one would assume that it would be possible for it to cause local irvitation.
However, this has not been observed in inhalation studies, even at high exposure levels. Itis
assumed that the resident time for such particles is brief, not allowing for a pathologic response.
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The mucous layer in these tissues is relatively thick compared to the size of the particulate and
the methods of removal are quite efficient. The same is true for the major airways. In
experimental animals the airways are intact and have not been compromised by other toxicants as
in humans, e.g. smoking. Therefore, particulates deposited on these surfaces are again efficiently
removed via the mucociliary escalator and are either swallowed or expectorated. In either case,
the resident time in the body is relatively brief.

For a pasticulate to cause pathology in experimental animals after inhalation, it must reach the
alveolar region of the lung. Pasticulate size dictates whether this happens or not. If the particle
reaches terminal bronchiole it causes a foreign body reaction which is dictated by dose, particle
(fiber) size and to some extent physical chemistry. The lungs® initial response is an attempt to
remove the offending substance. This is accomplished by resident macrophages. If the particle
is of a size that the macrophage can engulf (phagocytize), it will be “captured and removed from
the lung either by transiocation to the airways or 'draining lymphatics. As the dose (number of -
particulates) increases, more macrophages are recnnted However, if the dose is too large for the
number of available macrophages to remove, an “overload” situation develops which results in’
other pathologic events. Such events have been documented in animals both by histopathology
and physiological tests (see Oberdorster for details). If the fiber is too large to be phagocytized
and removed, i.e. longer than the size of the macrophage [~13 um diameter in rats and bamsters,
monkeys ~15 um, and humans ~21 um diameter (Krombach et al., 1997)}, the fiber cannot be

* removed unless it is broken into shorter lengths or dissolves (Maxim and McConnell, 2001).

Both of the latter two phenomena _have been observed with several SVFs (see below).

If the dose overwhelms the physm!oglcal pulmonary defenses or the fiber is too large to be
rémioved, the initial series of events in animals occur at the junction of the terminal bronchioles
and proximal alveolar duct (this is where most of the fibers are initially deposited - It should be
noted that rodents do not have a respiratory bronchiole, as do humans). In addition to a '
stimulating the local macrophages, an influx of additional macrophages is recruited to the area.
At'thiis point, the local type I alveblar cells(in the proximal alveoli) undergo metaplasia to a
cuboidal appearance and become hyperp(asuc The resulting lesion has been termed
“bronchiolization” because the change mimics the appearance of the terminal airways. Increased
amounts of mucous production and sometimes inspissation of the material often accompany this.

Comcxdent to the bronchnohzanon. m:crogranulomas are observcd Thcse appcar to form t"rom a -

proximal pomon of the aiveolar duct, pamcularly along the alveolar dtict- ridge. Wuh time and
continued insult the frocéss proceeds peripheralty and-becomies imore apparent: - If the offending

fiber persnsLs collagen is laid dows'in the adjacent interstitium (presiiiably by direct invasionof

.....

the fiber into the epxlhehum aiid ipterstiiiom). At this time the lesion is referred to as interstitial
fibrosis. In rodent studies, the'fi bratic arcas are initially focal and widely disseminated. But, if’
the insitlt persists or the dose is high ‘enough. (ibrosis becomes more widespread. Various =~
schemes have been developed to describe these évents and-grade them as to their severity for -
comparauve purpOSes (McConnel et al:, 1984: 2002). ‘Thete is one notable diffetence betveen’
the qualitative appearance of the l¢sions produced by asbestos and SVFs inf animals.: Neutrophils
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are oflen a prominent part of the inflammatory reaction with asbestos, especially with
amphiboles, while they are rarely found in studies of SVFs, even at doses that produce fibrosis.
The inflammatory reaction can also be documented and quantified by using the results of
pulmonary lavage studies (see Oberdorster).

Stop studies (where exposure is stopped and the animals are observed during a nonexposed
recovery period) bave proved useful for determining the reversibility of the above lesions. Such
studies have clearly shown that the initial changes (macrophage response and bronchiolization)
are totally reversible with most SVFs and to some degree with asbestos. Microgranulomas
become less apparent and early fibrosis is also, to some degree, resolvable, at least with SVFs. In
rodeats, studies have demonstrated that fibrosis, even with asbestos, is not particularly
progressive, once the exposure ceases.

- While there is no exact comrelate for pleural plaques in anim:ils locafized acellular fibrotic

changes reminiscent of this lesion in humans have been observed, albeit on a much smaller scale.
The qualitative changes in the pleura are somewhat different than in the lung. Macrophages and
inflammatory cells-are almost totally absent in the pleural response. Lavage studies have not
beea conducted with pleural instillation or peritoneal injection studies so it is not known if the
same events occus with these routes of exposure of exposuse. Animal inhalation studies also
suggest that fibers need to be present in the pleura for pathologic events to occur.

In vitro studies of mesothelial cells have been conducted using both hurean and animal cells.
These have been primarily designed to study the mechanisms of cascinogesicity (see Mossman).

Irritant effects: While there is evidence of dermal and ocular irritation of humans as a response
to exposure to asbestos and SVFs, no such evidence has been.observed in animals.
Histopathological studies of the nasal cavity in rodents exposed via inhalation have not shown
any evidence of pathology, although an increased mucous response could be missed with
standard histopathology techniques. Similarly, ingestion studies in rats and hamsters of asbestos
did not reveal any irritation of the alimentary tract (ATSDR, in press)

In vitro studies on the irritant effects of cither asbestos or SVFSs in animals have not been _
reponed

Assocmnon between ﬁber length and ﬁber—hke toxlclty Thcrc are numerous ammai studxes
that demonistrate the-influence of fiber length and palhogemmty/carcmogemcny The early
studies by using intrapleural implantationvinstillation (Stanton et al., 1981) and mtrapentoneql
injection (Pott et al., 1976} in rats clearly show a dircct. relauonshlp between fiber sizgand .
carcinogenic activity.. The longer the fiber. the more carcinogenic it was in these studxes The;e
same studies provided the basis for the hypoths.sxs that short fibers, ie. shoner than 8 um in
length may not represent a significant carcinogenic risk. Howcvcr the same mvcsugalmns
particularly the intraperitoneal studies also demonstrated that if the dose was high enough even’
so-calied “innocuous” particulates, e.g. titanium dioxide, caused the induction of peritoneal
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mesotheliomas, albeit at a lower incidence than long fibers. Additionally, the latter studies also
demonstrated that if even long fibers, e.g. wollastonite and some SVFs, were not carcinogenic if
they were not biopersistent in the peritoneal cavity. There have been a few inhalation studies
have been conducted to study the influence of the fiber length on the pathology of asbestos, and
all have been persuasive for showing that short fibers are not carcinogenic. This has been
demonstrated for chrysotile (Davis and Jones, 1988; Iigren, 1998; Wagner et al., 1980), amosite
(Davis etal., 1987; 1986) and crocidolite (Davis et al., 1978; Wagner et al., 1984).

Other circumstantial evidénce for considering fiber length as being critical to the carcinogenic
potential of fibers is provided by the observation that amorphous silica has been shown to be
noncarcinogenic in several inhalation studies in rats, while some types of glass fibers of similar
chemistry have shown 1o have carcinogenic activity (JARC, 1987). In fact, amorphous silica has
been used as a “negative control” in rodent inhalation studies. A final piece of evidence for the
importance of fiber length for the carcinogenic of asbestos and SVFs is found in the hilar lymph
nodes that drain the lungs of animals exposed via inhalation to both asbestos and SVFs. These
lymph-nodes are literally filled with macrophages containing short fibers and fiber fragments
with no evidence of pathology or neoplastic change in either the lymph nodes or adjacent tissues.

To summarize studies in animals of short fibers and norifibrous particulates have shown that both
are potentially carcinogenic if they are introduced into a confined cavity, e.g. pleural or
peritoneal, at sufficiently high doses. But the same studies clearly show that the carcinogenic
potential is definitely less with fibers of the same type that are longer. Inhalation studies have
clearly shown that short fibers have not caused cancer in apimals. The other part of the equation
that needs to be considered is the influence of pulmonary clearance and biopersistence on the
carcinogenic potential of particulates. As noted above, even long fibers are not carcinogenic in
animals unless they are biopersistent in the animal.

There are only a few in vitro studies that address this subject but those that have clearly show a
refationship between fiber length and genetic damage. -For exampile, in a study of Chinese
hamster ovary cells (CHOY) short amosite failed did not cause chiomosomal aberrations while
long fiber amosite dld (Donaldson and Golyasnya, 1995) See Mossman and others for other
studies.

Thresholds of toxic action: There have been very few mhalatwn studies in ammals of cuhcr

asbestos or SVFS to'assess a caicinogenic dosé responée.” It needs to be remembered that 1o

assess ‘a carcinogenic dose response, onc must-have a multidose study that shows a carcinogenic s
response. Most'asbestos'and SVF studics were designéd to addréss the carcinogenic potential of

the fiber; fiot dose'response. The only multi-dose inhalation study of asbestos used amosite in

hamsters (McConnell et al., 1995)." In that study, theié-was 2 definiite dose-related response with

regard to’ ‘both nonneoplastlc (macrophage response, pulmonary fibrosis, etc.) and caréinogenic

activity (mesolhelxoma) Unfortunately, the potential Tung cancer résponse could not be assessed
because hamsters do not develop pulmonary tumors with particulates. There are a few inhalation

studies of SVFs that address dose responsc. The only one that was positive for cancer involved
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refractory ceramic fibers in rats (Mast et al.,, 1995). In that study there was a clear dose response
for both cancer and noncancer endpoints and a no-effect level. There are a few other multidose
studies in rats using various types of SVFs, but since none showed carcinogenic activity, one can
only evaluate the dose response for noncancer endpoints (Hesterberg et al., 1996). Again, there
was evidence in these studies of a dose-related change in the endpoints showing recognizable
change. The “stop-studies” in many of these inhalation studies (both asbestos and SVFs) provide
evidence for a dose response for noncancer endpoints. However, the number of animals
evaluated in the “stop studies™ is too small to address a cancer dose response. The only study in
primates that addresses a potential threshold of action was with chrysotile asbestos (Patek et al.,
1985). In this study, monkeys were exposed to chrysotile asbestos at an exposure level of 1
mg/m3 (0.8 ficc >5 um length) for 18 months. Ten months following the last exposure, lung
biopsies were taken and evaluated for fiber burden and histopatbology. There was no evidence
of pathology although a few asbestos bodies were observed in the fung. The monkeys were then
held unexposed for an additional ~1 1 years at which time they were subjected to necropsy
examination and the lungs for histopathology examination. Again, there was no evidence of
pulmonary pathology and the number of asbestos bodies had decreased (not reported — personal
observation).

In summary, the totality of available data suggests that there is a dose-response for both
neoplastic and nonneoplastic endpoints in animals and there is a no effect level for both asbestos
and SVFs. One attempt at deciding if a given exposure in animals is potentially carcinogenic
involves the use of noncancer endpoints. [n this scheme it was assumed that a dose that caused
pulmonary fibrosis could also represent an exposure that was potentially carcinogenic io animals.
This was because no animal study has ever produced cancer in the absence of fibrosis. The next
assumption was that since no inhalation study had ever shown fibrosis in the absence of
inflammation, one could assume that an exposure that didn’t result in inflarmmation would not
reasonably be expected to be carcinogenic. The endpoint chosen for assessing inflammation was
the presence of inflammatory cells over background in bronchoalveolar lavage (BAL) fluid aRer
a 90-day inhalation exposure. Therefore, if one did not find an increase in inflammatory cells in
BAL fluid, one could chose this exposurc as a no-effect threshold.

It is reasonable to expect that in vitro studics could shed light on the dose response of both
asbestos and SVFs. -While these types of studics are primarily designed to capture and elucidate
specific mechanisms of toxicity and cafcinogenicity, there may be insights into dose response
that could help in establishing thresholds of cifect. One such study showed that short fiber |
amosite did not cause inflammation, while tong amosite did. *The only draw backs to and invitro
approach is that these techniques do no take lung clearance phenomena into consideration and.
fibers that are not biopersistent in the lung might not be differentiated from biopersistent ones
because of the short time frame of the in vitro studics.
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Dr. Mossman’s Post-Meeting Comments

ATSDR Fibers Panel
Mechanisms of Short Fiber Toxicity

- There appears to be a striking difference in the pathogenicity of respirable fibers directly related

to fiber length, with fibers below approximately 5 microns in length being less hazardous for the
development of cancers or pulmonary fibrosis. This prompts the questions: What aré the
observed mechanisms of long fiber toxicity? Does composition matter? Are short (<5 microns
in length) fibers pathogenic? If so, what are the mechanisms of their toxicity?

One hypothesis is that long fiber effects are related to increased generation of oxidants; reviewed
in Kinoula, 1999; Hansen and Mossman, 1987). It has been shown that reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are generated by asbestos fibers spontaneously in
cell-free systems, cells in culture, and lung tissue in vivo. A primary step in response to asbestos
fiber challenge to a number of cell types is superoxide anion release from cells which have
attempted to phagaocytize long fibers whereas short fibers are encapsulated in phagolysosomes,
often without visible damage te cells. Superoxide, however, can be further dismutated to
hydrogen peroxide which can generate the reactive hydroxyl radical, catalyzed by iron vs. the
Fenton reaction. Alternatively, superoxide can react with nitric oxide to form peroxynitrite that
is associated with inflammation and lung injury. Asbestos stimulates the release of ROS and
induces oxidants intracellularly in both inflammatory cell types (Hansen and Mossman, {987;
Goodglick and Kane, 1986; 1990) and target celis (Xu et al., 2002).-Moreover, indirect evidence
for oxidant stress by asbestos is indicated by elevations of antioxidaat enzymes in cells in culture
and lung tissue afier inhalation of crocidolite asbestos (Janssen et al, 1992, 1994b). In human
mesothelial cells, these increases were not.observed with exposures to polystyrene beads, or
riebeckite, 2 chemically similar nonfibrous analog of crocidolite (Janssen et al., 1994b). The role
of oxidants by crocidolite asbestos in causation of inflammation and fibrosis has been confirmed
in rodent inhalation studies (Mossman ct al., 1990), and-supports the central dogma that asbestos
fibers activate transcription factors and carly response genes involved in proliferation and |
inflammation by generating ROS via *:frustrated phagocytosis™ (reviewed in Manning et al.,
2002}. ' : :

Several papers show that “frustrated phagocytosis™ and oxidant preduction occur selectively in
response to long vs. short-fibers:of asbestos or glass. A study of Juciginen-dependent '
chemiluminescence (CL) in human monocyics found a strong correlation between superoxide
release and fiber lengths fiom 6.to 20 microns. A}l samples of fibers except wollastonite induced
CL release in a dosé-dependent.manner. Superoxide release was non-specific for the
compositional type of fiber, and fibers with lcngths below 7 microns were only weakly active. In
studies by Blake et al. (1998), CL.induction aficr zymosan stimulation and LDH release, a
measure of lytic cell death, were measurced in Manville Code 100 (JM-100) fiber challenged rat
alveolar macrophages. A novel feature of this study was the use of fibers carefully sized to
average lengths of 33, 17, 7, 4, and 3 microns. The greatest toxicity was seen with the longer

-
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fibers which had multiple macrophages attached along the surface, indicating that incomplete

- phagocytosis was associated with toxicity. These studies reinforce the many experiments in the

literature showing that long fibers are more toxic than shorter fibers in a number of cell types,
i.e., Goodglick and Kane, 1990.

Increased fiber length has also been linked to activation of transeription factors and cytokines.
For example, Tumor Necrosis Factor-alpha (TNF) is a cytokine involved in inflammation and
fibrosis. In a study by Ye et al. (1999), glass fibers with lengths of 6.5 +/- 2.7 microns and
16.7+/-10.6 microns were used to challenge a mouse macrophage cell line. Glass fibers
stimulated TNF production and caused Nuclear Factor-kB (NF-kB) activation, a process
involving ROS. Loag fibers were more potent than short fibers which were effectively engulfed
by macrophages. Short fiber-induced TNF and TNF gene promoter activation was on the order of
one-third to one-half of long fibers. In another study (Cheng et al., 1999), crocidolite asbestos
caused parallel increases in TNF production in macrophages in a dose-dependent manner; . -
without cytotoxicity at the optimum stimulating condition. Titanium oxide dust was without
effect. TNF production may also be linked to inflammation by asbestos, and it has been shown
that injection of long vs. short amosite fibers intraperitoneally results in inflammation and
macrophage activation related to the proportion of long fibers (Donaldson et al., 1989).

Another pathway leading to activation of protooncogenes {fos/jun) that comprise the Activator.
Protein-1 transcription factor is the Mitogen Activated Protein Kinase (MAPK) cascades,
consisting of c-jun-N-terminal amino kinases (JNKs), Extracellular Signal Regulated Kinases
(ERKs) and p38 kinases. In studies by Ye et al. (2001 ) using macrophages, long glass fibers were : 3
more potent than short fibers in activating MAPK which led to activation of c-Jun and the TNF .
promoter. Studies by Zanella et al. (1996) explored the stimulation of ERKSs in mesothelial cells,
and found increases with crocidolite and chrysotile asbestos , but not with the nonfibrous -
analogs, riebeckite or antigorite. Similarly, elevations in c-fos and c-jun expression were scen
with asbestos fibers and erionite in mesothelial cells, but were not induced by 2 variety of
particulates, MMVF-10 or RCF-1 fibers at comparable concentrations.(Janssen et al., 1994a).
Long fibers of crocidolite (> 60 microns) wcre selectively associated with phosphoxylauon of the
Epidermal Growth Factor receptor in.-human mcsothelial cells {Pache et al., 1997), an event not
occuriing with MMVF-10 or particles. In general, pathogenic dusts such as asbestos or silica,..
produce a variety of cytokines from cells and activate a number of transcription factors through
ROS or RNS (Mossman and Churg, 1998 Churg et al., 2000).
Another ramification of transcnptnon factor activation is cel prohferanon Mechanistic studxes
using target célls in culture or tracheal explants have shown that long fibers are more toxic and.
more apt to cause cell proliferation than shon fibers (Brown et al., 1986; ‘Wright et al., 1986:
Marsh and Mossman, 1988; Sesko and Mossman, 1989; Woodworth et.al., 1983). These events
may be coupled, as compensatory hypcrplasia may result from initial epithelial cell injury.- In..
studies by Woodworth et al. (1983), epithelial proliteration and squamous metaplasia were -
observed with various types of fibers including glass and attapulgite, but not with nonfibrous
analogs of asbestos, i.e. richeckite and antigorite and other particles.
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An intratracheal model in rats using long (>2.5 microns) and short crocidolite asbestos afler
intratracheal instillation has yielded some mechanistic information on the differential effects of
long vs. short fibers {(Adamson and Bowden 1987a, b; 1990). These studies suggest that the
increased fibrogenic response to long fibers may be due to selective increases in cell
proliferation. In addition, both long and short asbestos fibers cause alveolar macrophages to
secrete fibrogenic cytokines, but interstitial fibroblasts exposed to short asbestos fibers do not
respond to these cytokines.

Surfactant adsorption may be a mechanism whereby reactive particles or fibers are rendered
inactive or nonpathogenic. To determine the effect of surfactant adsorption en chrysotile
genotoxicity using an assay for micronucleus induction in Chinese hamster fung cells (V79) (Lu
et al., 1994), two lengths of chrysotile fibers were used with and without pretrcatment with
DPPC, i.e. NIEHS intermediate (65%> 10 microns) and short (98% < 10 micron) fibers. The
longer fibers were most active, and DPPC treatment diminished the activity approximately 15%.
The maximum activity of the short fiber sample was 70% of the activity of the non-treated
intermediate, and the DPPC-treated short fibers expressed about 45% of the activity of the
untreated. That is, DPPC did not fully suppress the activity of the fibers, but had a much more-
pronounced effect on the short fibers. One possibility is that the partial suppression of
genotoxicity reflects suppression of a component of toxicity by surfactant on the mineral surface.
Thus, short fiber genotoxicity, as reported here, may reflect a combination of mineral surface
functional groups which direct membranolytic activity and can be modulated by interactions with
components of the pulmonary surfactant system as well as phagocytosis-associated ROS.

In conclusion, studies summarized above show decreased or no effects of short fibers and
nonfibrous analogs of asbestos in a number of bioassays. The effects of long glass and asbestos
fibers may be comparable in some studies. However, the duration of these short-term assays may
be too short to reflect important solubility changes occurring in lung over time.
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Dr. Oberdbrster’s Post-Meeting Comments

When responding to the charge questions in Topic Area 1 (physiological fate of asbestos and
SVF fibers less than 5 micrometers in length), Dr. OberdGrster pave a brief presentation to the
panel. He asked that a copy of the overheads from this presentation be included in this appendix
of the report. A copy of the overheads Dr. Oberdirster prepared for the meeting follow, including
some overheads that were not shown at the meeting due to time constraints.

Dr. Oberdérster also provided an additional comment not mentioned at the expert panel meeting.

. He noted that the panelists overlooked an important concept of short fiber toxicity which
_involves an increased retention in the lung of short fibers in people (e.g., smokers) who have
disturbed alveolar macrophage mediated lung clearance. These people, he noted, can experience

a'marked increase in short fiber retention and thereby increase the potential for fiber toxicity
significantly. Long fibers are reportedly not affected to the same degree as short fibers, as was
described in a paper by Churg (“Effects of cigarette smoke on the clearance of short asbestos
fibres from the.lung and a comparison with the clearance of long asbestos fibres,” International
Journal of Experimental Pathology 73(3): 287-297, 1992).
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Dr. Wallace’s Post-Meetfing Comments

Health Effects of Asbestos and Synthetic Vitreous Fibers:
The Influence of Fiber Length

I participated in the Agency for Toxic Substances and Disease Registry (ATSDR) expert panel
on “Health Effects of Asbestos and Synthetic Vitreous Fibers: The Influence of Fiber Length™,
held in New York City on October 29-30, 2002. 1 limited my comments to one of the topics
which ATSDR requested that the panel consider: “Topic #2: Health Effects of Asbestos and
Vitreous Fibers less than 5 micrometers in length.” My research background has involved some
studies of the surface properties and associated toxicities of respirable silica and silicate
particulate dusts, which may have some indirect relevance to one of the questions asked of the
panel under Topic #2, specificaily: “Do the mechanisms of action of other materials {¢.g., larger
asbestos fibers, silicates, mineral dusts, amorphous silica) with potentiaily similar compositions
aid in understanding small-fiber mechanisms of action?”

Dr. Ralph Zumwalde of NIOSH, who has an extensive background in the epidemiology of fiber-
associated diseases, attended the proceedings as an observer.and contributed information and
recommendations concerning the availability of data and the analyses of epidemiology studies of
occupational exposures to fibers.

In this review and revision of my comments on the panel, I also comment on the question: “Is
there indirect evidence for less-than-5 micron fiber induced adverse health effects?” because of
its association with the question of mechanism and because of some reports of inverse
correlations of fiber length with fibrosis seea in asbestos workers’ lungs.

As discussed in the following review, my cvaluation of information presented and commentary
made by and to the panel is that there is a nced for focused and short-term research on short ﬁber
hazard; and that there are new opportunitics for the design of that research.

Question: Do the mechanisms of action of other materials {(e.g., larger asbestos ﬁbggf;. ’
silicates, mineral dusts, amorphous silica) with potentially similar
compositions aid in understanding small-fiber mechanisms of action?

A. Some lessons from non-fibrous particulate studies

{. Non-fibrous crystalline sifica is cytotoxic. fibrogenic and carcinogenic.

Respirable crystalline silica pamcles, which are non-fibrous by any defi nmon. are strongly
pathogcenic for fibrotic lung disease, and 1ARC, the US EPA, and others have recently evaluated

* quartz and cristobalite, two crystalline silica polymorphs, to be carcinogenic (1).
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Exposure to these crystalline silica dusts can directly damage cells. Research suggests that
consequent to this damage, there can be intrarcellular generation of reactive oxygen specics and a
cascade of events similar to the those evoked by asbestos fiber (2,3). As depicted by Dr.
Mossman and others, that sequence may lead to the synthesis and release of TNF-alpha or other
cytokines which stimulate near-by fibroblasts to proliferate and to up-regulate their synthesis and
secretion of procollagen into the extracelluiar space of the pulmonary interstitium. There the
procollagen matures into one or several forms of collagen fibers causing simple or progressive
fung fibrosis.

The initial damage by quartz dust and by eristobalite dust to cells in vitro has been shown to be
associated with the presence of silanols, hydroxyl groups on the crystalline silica surface.
Bolasitis et al. (4,5) showed that calcining, e.g., heating, quartz resulted in the foss of surface
silanols aand a parallet loss of direct membranolytic cell damaging activity. As the dustaged in
normal humidity air, the silanols re-formed on the surface over a period of days, and toxicily was
restored parallel to that restoration. Saffiotti et al. (6) observed similar behavior with cristobalite.
In some circumstances, e.g., sand-blasting occupational exposures, highly reactive free radical
species are formed on the freshly broken crystalline silica surface; these exhibit heightened
toxicity to cells in vitro in the absence of materials- which can react to quench that activity, and
may provide a additional mechanism of heightened toxicity (7).

2. Mineral-specific fibrogenicity: Short-term in vitro bioassays for mineral particles do not work

Some silicate dusts are cytotoxic in vitro but are not strongly pathogenic in vive. Clays, layered
alumino-silicates, are not associated with strong fibrogenic activity in human workplace
exposures or in animal model exposure studies (8). In particular, respirable-sized kaolin clay
dust, perhaps the structurally simplest alumino-silicate clay, is comparable to respirable-sized
quartz dust for in vitro cytotoxicity (9) as measured by short tepm assays of cell damage, e.g.,
membranolysis, cytosolic or lysosomal enzyme release, or dye-exclusion measures of cell
viability. Therefore, direct short-term ia vitro cellular assays do not distinguish the distinct in
vivo fibrogenic potentials of quartz versus kaolin clay dusts. Because of this, the general
prevalence of clays in many mixed dust cxposures prevents the use of shon—tetm in vitro
cytotomcxty systems to predlét dust hazaxct oo

3. The first events in parucle o f ber interaction with lhe deep Iung surface:

"* An important but generally ignored component for physiologically-representative in vitro

bioassays:

a. The env:ronmcntal interface of the du..p lung is surfactant-coated
Particles or fibers’ deposntmg in the deep lung respiratory bronchloles or pulmonaty alveoh wull
first contact the aqueous “hypophase” lining on the terminal airway and airsac surfaces, T!us lhm

layer is coated at the air-liquid interface with surfactant which acts to reduce the surface tension
and physically stabilize the airspaces (10). The hypophase layer is also rich with miceliar
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dispersion of surfactant. The surfactant is comprised principally of lipids and lipoproteins. The
major constituents are phospholipids: diacyl phosphatidylcholines. Dipalmitoyl phosphatidyl
choline (DPPC) dispersed in physiological saline provides perhaps the simplest model of lung
surfactant, represeating the major surfactant constituent and generally reproducing the surface
tension-lowering characteristics of full lung surfactant.

b. toxic particles adsorb surfactant and are promptly neutralized

Both quartz and kaolin clay dust particles promptly adsorb DPPC surfactant from dispersion in
physiological saline; this immediately coats the particle surfaces and prophylactically
extinguishes their short-term cytotoxicity (12). The amounts of surfactant in the alveolar
hypophase compared to the surface areas of respirable mineral dusts and their adsorption
isotherms for DPPC suggest that there is adequate surfactant in the lung to coat and neutralize
depositing particles even in most high dust exposures (13).

¢. Restoration of particle toxicity and a possible basis for mineral-specific fibrogenicity

Subsequent to the suppression by pulmonary surfactant of otherwise prompt cytotoxic aclivity,
the surfactant-coated particles can be phagocytized by macropbages and subjected to
phagolysosomal enzymatic digestion (14). Cell-free experiments have correlated the digestive.
removal of DPPC from quartz and kaolin particle surfaces by phospholipase A2 enzyme with. the
restoration of membranolytic activity. In cell-free tests using pH -neutral acting phospholipase
A2 and in limited in vitro/in vivo tests, quanz is stripped of swrfactant significantly more rapidly
that kaolin(15). Cellular in vitro studies have found that macrophage-like celils in vitro digest
quartz- and kaolin-adsorbed DPPC at comparable rates over a period of about 7 to 10 days with
initial partial restoration starting at 3 to 5 days (16). It has not been demonstrated that this de-
toxification/re-toxification process is the mechanism dlsungmshmg quartz and alumino-silicate
expression of t0x1c1ty in vivo.

4. Site of particulate-induced fibrogenic activity

Churg et al. (17) briefly discuss the pnnclpal site of asbestos activity, noting the alveolar
macrophage is cormonly regarded as the crucial cffector cell. This is the background

-assumption also for most experiments on the cytotoxic and fibrosis-associated activity of
‘crysialline silica dusts. However, Adamson, referenced by Churg et al. ina different context, has
‘published a suite of studies which make a'casc that it is interactions of silica particles With

interstitial cells which contro the stimulation of cxacerbated collagen synthesis by pulmonary -
fibroblasts, and that-the macrophage is responsible for only an inflammatory response evoking.
neutrophil influx to the alveolus but not ticd to explicit fibrosis(18). While the- mechanism of ..
initial cell damage or stimulation may diffcr between silica or silicates and fibers, e.g., ROS from
a“frustrated” phagocytosis mechanism for asbustos and surface sifanol hydroxy! membranolysis
by quartz or clay, a paralle} analysis to Adamsen’s silica study findings might be considered in

“researching the site of asbestos action for fibrosis.
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5. Possible interferences in short-ferm bioassays

Oberdirster and others (19) have found that the conventional protocol for extended-term in vitro
cellular assays may inadvertently cause a non-physiologic surface conditioning of mineral
particles which significantly affects assay results. The use of fetal bovine serum can confer a
prophylaxis on silica and perhaps oa kaolin (20), probably due to the mineral surface adsorption
of lipo-proteins from the FBS. That may not represent a physiological situation in the intact lung
in vivo and may interfere with attempts to model the condition of particle surfaces upon
deposition in the lung and resultant effects on their expression of toxicity in vivo. For purposes
of in vitro investigation of fiber or particle toxicity, this interference might be circumvented, e.g.,
by excluding serum from the medium during a short-term peried for particle or fiber challenge.

6. Environmental conditioning of particle surfaces can affect their in vivo pathogenic actzvxty

Even animal model in vivo tests can fail to be predtctlve in the case of a cytotoxic and ﬁbrogemc
mineral in-mixed composition dusts, e:g., Guartz particles in workplace dusts: conventional
mineralogical and cytotoxicity assays may not correlate with short-or intermediate-term in vivo
fibrogenic response. Alumino-silicate surface contamination of quartz particle surfaces can delay
for months or perhaps years the ekpression of fibrogenic activity. Aluminosilicate or other
mineral occlusion of the underlying host particle can alter the expression of toxicity in vivo
during the bio-persistence of the surface contamination. This has been seen worldwide in- -
anomalies in the fibrogenicity of coal mine dust exposures (21). This was.cleatly demoanstrated
by LeBoufFant et al. {22) by in vitro and in vivo studies of the fibrogenicity of silica in coal mine
dusts and in natural lightly contaminated sands. More recently, new spectroscopic surface
analysis methods have demonstrated natural clay occlusion of quartz dusts from some workplace
where epidemiology studies had detailed anomalies in disease risk correlation with conventional
measures of dust exposure (23).

B. Fibrous mineral and crystalline silica particle differences and similarities
1. Mechanisms of toxicity for fibrous and non-fi brous materials

v

a. Conventxonal assays do no! clanfy lhe basw of asbestos or Slllca pamcle toxmty

- Churg et al (17) review iughlrghts and c:m.ats (o the general models ot‘ asbestos actwuy Some

fibers can evoke the responses from ROS generation through thé cascade to increased expression
of TNF:alpha, but have not be¢n shown to inducc fibrosis. And asbestos produces fibrosis in
some-systems without increasing TNF-alpha expression. Chrysotile contains little iron butis
fibrogenic, albeit not a potent as amphibolc.: Churg et al. suggest a comparison of asbestos and -
silica~induced fibrosis data. Their paper compares the generation of ROS, RNS, and activation:
of NF-kB and AP-1, and increased production of TNF-alpha and other factors-and find the. dusts
to be indistinguishable. In the face of this, asbestosis and silicosis differ in-histopathological
appearance: asbestosis is a diffuse fibrosis and silicosts is in localized nodules. Their conc!usxon
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is that the tabulated responses fail to explain comprehensively how asbestosis or silicosis
develop.

b. Surfactant does not fully suppress all asbestes fiber in vitro cytotoxicity

Asbsetos fiber as well as particulate silicate can adsorb the DPPC and compouents of pulmonary
surfactant {24). We have briefly researched the effect of surfactant adsorption ou chrysotile in
vitro genotoxicity, using an assay for micronucleus induction in cultured Chinese hamster lung
cells (V79 cells) (25): in our test of two chrysotile asbestos fiber samples, pre-ireatment with
DPPC in physiolagical saline surrogate lung surfactant did not fully suppress a short-term toxic
activity to cells in vitro. NIEHS intenmediate length chrysotile asbestos fiber (average 101}
micrometer length, 65% > 10 micron) and NIEHS short chrysotile asbestos fiber (average 11.6
micron, 98% < 10 micron) were tested for micronucleus induction in V79 macrophage-derived
cells for 72 hour challenge +/- DPPC surfactant pre-treatment of the fibers. For the longer fiber
sample, DPPC did not significantly affect the activity, a numerical reduction of about 20% in the
activity was observed but was not statistically significant. However, DPPC treatment reduced
the shorter-length fiber sample activity significantly, to about half that of the untreated shorter
fiber sample. Similar effects were seen for multi-nuclei induction and for dye-exclusion viability

" measure for cell toxicity. No activity was seen for either sample in a sister chromatid exchange

assay.
¢. A surface modification which did not affect long asbestos fiber toxicity in vitro

We also attempted to see if a significant surface modification of chrysotile without a significant
modification of fiber size would affect in vitro genotoxic activity (26). The NIEHS intermediate
Iength chrysotile asbestos fiber used above was mildly acid leached to remove near-surface
magnesium, but to retain fiber length. The treatment resulted in a 20% reduction in fiber length
in each of three length categories: <3 micron, 3-10 micron, > {0 micron. Spectroscopic surface
analysis and zeta-potential measurements showed significant reduction in surface-associated

. magnesium and in its influence on surface chemistry. However there was no significant change

in measured activity for micronucleus induction between the treated and non-treated fibers.

d. Is there more than one mechanism of fiber cytotoxicity? Do short fibers also actas
panticles?

One iriterpretation of these two experiments is this: at least two mechanisms are involved in the
initial damage or interaction of fibrous particics with the fung: a component which is at {least .
transiently suppressed by surfactant conditioning which significantly contributes to shorter fiber
activity, and a component which is not suppressed by surfactant conditioning, and which is not
affected by one significant modification of surface composition and chemistry, and which is the

-principal mechanism for longer fibers. That is, a model which suggests itself is the combination

of the frequently discussed “frustrated phagocytosis™ mechanism for longer fibers, e.g., those
which are too long to be fully phagocytized and intcralized by the cell target, and a surface
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property-mediated toxicity mechanism for internalized particfes or short fibers, i.e., fibers which
are internalized and subjected to conventional phagolysosomal processes.

One possible consequence of ““frustrated phagocytosis™ of longer fibers is that the partially
invaginated fiber stimulates the cell to release superoxide in 2 manner related to the respiratory
burst upon rormal phagocytosis, or that superoxide is produced by the cell in response to an
autolytic effect of enzymes or other lysosomal or cytosolic agents released into the annular
invagination of the fiber. The superoxide is then in close approximation with reactive iron
species on the fiber surface in or extending beyond the pantially invaginated fiber to create
hydroxy! radical for strongly toxic effects at the cell or neighboring ceils. The paper by M
Ohyama et al. (27) provided to the panel presents a difficult argument against frustrated
phagocytosis: The study used luciginen-dependent chemiluminescence (CL) induced in-vitro
over a short (2 hour) period, and found a strong correlation of response indicative of superoxide
release with fiber length 6 to 20 um. All samples except wollastonite induced CL response in a
dose-dependent manner. Superoxide release was non-specific for compositional type of fiber.
The four fibers with lengths below 7 um were only weakly active. Longer fiber activity
correlated with length.

Research on the surfactant suppression and subsequent lysosomal enzymatic restoration of
mineral particle cytotoxicity within a cell, suggests that short fibers which are fully taken into the
cell in a phagosome may express, in part, a cytotoxicity within the cell after removal of adsorbed
prophylactic surfactant. That is, some part of short fiber toxicity may be related to the mineral
surface-specific mechanism of non-fibrous particulate toxicity.

Those do not exhaust the possible mechanisms for long or short fiber damage to cells. Asbestos
fiber penetrating the cell orcell nucleus may exercise modes of direct genetic or epigenetic
damage. In our abové study of surfactant effects on chrysotile genotoxicity in vitro, a limited
investigation using immunofluorescent kinetochore staining indicated that both clastogenic and
aneuploidogenic effects were associated.-in similar proportion with the observed micronucleus
induction.: That is, fibers may directly or-indirectly interact with the spindle meclianism involved
in chromosomal separation during cell division. During mitosis, the nuclear membrane

-disintegrates, possibly pmvudmg mtracdlular ﬁbcrs access to the genetic material or kinetochores

and spindle apparatus. -

2. Intracellular response to ﬁber challenge
a. Long fi ber challenge :

Whatever the mechamsms of dlrect ﬁbcr damage or stimulation of the cell surface, some
components of the consequent intracellular response have been well-defined. Mossman and
others have detailed the cascade of evenis following fiber challenge to pulmonary macrophages
or pertiaps to other cells. A recent review (3) ¢xplicates the central dogma that damnage to or
stimulation of the cell by fibers is followed by an increase in intracellular reactive oxygen specics
which trigger a cascade of transcription factor activation leading to the up-regulated production
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and release of TNF-alpha or other cytokines. This also was recently the subject of a NIOSH
study by Cheng et al. (28) in which crocidolite with a median fiber length of 11.5 um challenged
lavaged rat AM in FBS-containing medium for 1 to 24 h.. Crocidolite caused paralle] increases in
TNF-alpha production and NF-kB activation.in a dose-dependent manner. A titanium oxide
control dust had no stimulatory effect on TNF-a secretion. The report by V Kinnula which was
provided to the panel (29) reviews the possible roles of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) generated by asbestos fiber in cell-free and cellular and tissue
systems. A primary step in response to asbestos “long™ fiber challenge of cells is agreed to be
superoxide anion release in cells which have attempted to phagocytize fibers. This superoxide
can forther be dismutated to hydrogen peroxide, which can generate hydroxyl radical, catalyzed
by iron via the Fenton reaction. That hydroxyl radical is extremely toxic and reactive, but
therefore short-lived.- There is somé contention that fibers stimulate the release of ROS from
inflammatory cells and not target cells. However, asbestos fiber can generate ROS
spontaneously in cell-free systems. This fiber-prompted production and release of TNF-alpha
can stimulate nearby pulmonary fibroblasts to proliferate and increase pro-collagen synthesis,
which is released extra-cellularly to mature into collagen scarmring.

b. Intracellular response to chalienge by well-classified shorter fibers and particles

Dr. Baron of NIOSH has been developing a fiber size classifier (separator) which can permit in
vitro or perhaps limited in vivo experiments with sets of fibers of fairly well-defined length (30).
A dielectrophoietic classifier can separate fibers from an airstream producing about 1 mg/day of
asize cut.. These classes of JM-100 glass fibers were recently produced for in vitro toxicology
study:

cut 1: Length = 32.7 micrometer +/- 23.5.SD; Width = 0.75 micrometer +/- 0.50 micrometer
cat2: L=16.7u+/~10.6 y; W=04%u +/-027u

cut3:L=65u+/-2Tu; W=044u+/-022u

cutd:L=43u+/-1.0u; W=040+/-0.15u

cutS:L=30u+/-10u, W=035u+/-0.14u

In recent NIOSH studies by Dr. Castranova and colleagues,-these samples were used in a
comparisonrof - long"‘and “short”:fiber cytotoxicity and of induiction of the cytokine cascade in
vitro:. Blake:€tal.(31).used 18 hour challcnge of:rat alveolar macrophages in vitro and the
lactate dehydrogenase (LDH) release assay. the t 7 micrometer.sample expressed about 2 X the
activity of the shorter samples (and also 2X the activity of the 33 micrometer longer samiple) on a
mass basis. However, all samples were active well above-control levels. The 7 micrometer fiber
set had about 8 X more fibers per gram than the 17 micrometer set, or about 3 X the linear
surface area. Thus, the 17 micrometer fong fibers. were on the order.of 6 or 7 X more cytotoxic
than the shorter 7 micrometer fibers on a lincar surface basis. Similar.effects were seen with an
assay using chemiluminescent response to zymosan challenge. And multiple macrophages werc
seen attached-along-the length of the long fibers, suggesting “frustrated or incomplete
phagocytosis was-occurring for longer fibers.
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J Ye et al.(32) challenged a mouse macrophage cell line with the 7 and with the 17 um glass fiber
cuts, for 3, 6, and 16 h. Glass fibers stimulated TNF-alpha production, activation of TNF-alpha
gene promoter activity, and activation of DNA binding activity of auclear factor (NF)-kB.
Reactive oxygen species (ROS) were involved in the activation and production. Dose was set at
5 fibers per cell; by that metric the longer fibers were more potent than short fibers by a factor of
about 3. However, on a basis of length of fiber exposed to the cell or surface area, the activities
were about equal for the long and short fibers. As seen in photomicrographs, short fibers but not
long fibers were effectively engulfed by macrophages. In a subsequent study by Ye et al. (33) it
was found that the long fibers were more potent than short fibers at the same dose of 5 fibers/cell
in activating MAP kinases which activate transcription factor c-Jun which acts on the TNF-a
gene promoter through the cyclic AMP response element and the AP-1 binding site. Again, the
activities were comparable for long and short fibers on the basis of exposed fiber length or
surface area.

Question:  ¥s there indirect evidence for less-than-5 micron fiber induced adverse health
effects?

A. Human studies

. Churg etal. (34) found the grade of interstitial fibrosis asbestosis in the lungs of a group of
chrysotile miners and millers'to be directly proportional te tremolite or chrysotile fiber
concentrations, but inversely proportional to mean fiber length and length-related parameters.
Churg et al,, (35) graded fibrosis in the lungs of some shipyard and insulation workers, finding
fibrosis grade to be strongly positively correlated with amosite concentration and pegatively
correlated with mean fiber size parameters including fiber length; they supgested *“...these
observations again raise the possibility that short fibers may be more important than is commonly
believed in the genesis of fibrosis in man.” In a study-of chrysotile miners and millers, Churg, et
al., found pleural plaques were strongly associated with mean tremolite fiber aspect ratio, but no
differences in mean fiber size, including length, were seen for any other disease studied
{mesothelioma, airway fibrosis, asbestosis, or carcinoma) (36). One member brought to the
panel’s attention a recent publication (37) analyzing fibers in lung tissue from two groups of
former chrysotile miners and millers:-the study concluded that “...fiber dimension does not seem
10 be a factor that accounts for the difference in incidence of respiratory disease between the two
groups™. ft has been generally speculated that sherter fibers in lung tissue:may be the residue of
fibers which were longer when deposited, and discase initiation was due to the originally long .
fibers, which were subjected to subsequent in vivo dissolution-or degradation into the observed
short fibers (17). This appears to be one plausible explanation of the inverse correlations reported
between fibrosis and fiber length in human lungs. But this does not limit the research opportunity
or imperative, provided by the seemingly anomalous or *counter-intuitive” results, to address
possible short fiber-associated disease mechanisms. : '

2. A possible “short fiber” exposure cohort.. Dr. Zumwalde of NIOSH suggested to the panel that
a past NIOSH study of 2,302 workers at an attapulgite mining and milling facility (38) may have
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involved exposures, in part, to short mineral fibers. A significant deficit of mortality (SMR = 43,
90% CI 23-76) from nonmalignant respiratory disease (NMRD) was observed for the cohort; but
a statistically significant excess of mortality from lung cancer was observed among whites (SMR.
=193, 90% CI 121-293), but a deficit occusred among noawhites (SMR = 53, 90% CI 21-112).
This may present an opportunity for review and re-analysis and a source for collection of
materials for study. NIOSH also is re-analyzing archived materials available from a past study of
asbestos workers in South Carolina.

Question:  Are short fibers pathogenic? What should we do?
i. Review of in vitro toxicology

For non-fibrous particles:

.~ Non-fibrous mineral particles can be cytotoxic, fibrogenic, and carcinogenic.

- That pathogenicity is mineral-specific.

~ Surface characteristics may delay expression of that pathogenic activity in vivo.

- That pathogenicity is not necessarily reflected in short-term in vitro cytotoxicity assays.

- The first interaction of particles depositing in the deep lung, namely, adsorption of the lung
lining surfactant, strongly affects mineral particle prompt toxicity.

- The bio-persistence of that surfactant prophylaxis may be a critical factor in the timing and
severity of mineral particle expression of toxicity. -

- After expression of the primary toxic event in particle challenge to cells, the intraceliulac
response may be much similar to the cascade induced by asbestos or fiber chalfenge: leading to
the induction of pathogenic, e.g., fibrogenic activity by nearby cells.

For fibrous particles:.

- Maay studies have found an association of pulmonary ﬁbrosns cancer, and mesothefioma with
occupational exposures to long fibers, e.g., fibers with length greater than the dimensions of the
target cells.

- Long fibers clearly are cytotoxic in vitro.

- Long fiber cytotoxicity and the initiation of pathogenic processes are generally considered to be
resultant from a “frustrated phagocytosis™ mechanism.

- Some studies of fiber burden and diseasc in tissue from asbestos workers have shown an

.inverse correlation of disease with fiber length. :
- Those disease-comelated shorter fibers appcar in some of the cases to be mineial specific, €.g.,

associated with contaminant amphibole snorc than with seprentine asbestos:

- Limited in vitro study data suggest that shorter fibers may have a component of cytotoxlcny
which is surface associated, perhaps independent of a “frustrated phagocytosis™ mcchamsm
involved in long fiber toxicity.

- In short term in vitro assays, well- comro!l«.d for fiber lcngth, shorter glass ﬁbexs can cause:
intracellular events comparable on a fiber or surface basis to those associated with longer fiber

.challenge and with asbestos fiber challenge.
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2. Interpretability of short-term in vitro assays

The ability to interpret many in vitro experiments on particle of fiber toxicity is complicated by
the lack of modeling of initial conditioning of particles in the lung and the time course of
expression of toxicity in vivo. Surfactant adsorption in the lung can dramatically alter the short-
term in vitro toxicities of mineral particles, and may determine if toxicity is expressed in times
long or short compared to clearance.

This surfactant effect and associated delay in toxicity expression does not appear to be a factor
for long fiber asbestos expression of in vitro toxicity. Whether this is a factor for short fibers is
unkaown. That is, if short fibers have a component of toxicity independent of a “frustrated
phagocytosis” mechanism but dependent on a surface-property mechanism then such
conditioning and time delays in expression of toxicity could be critical in the design of
experiments for the detection and analysis of short fiber toxicity by in vitro or short-term in vivo
assay. .

3. Research opportunities

a. The ability to collect milligram quantities of well-classified (sizéd) small fibers presents the
opportunity to do carefully size-controlled in vitro studies and possibly some (more limited) in
vivo studies, e.g., by nose-only inhalation or tracheal instillation.

b. Epidemiology study results suggest types of fibers which should be compared and contrasted
in such experiments, e.g., short tremolite vs. short chrysotile.

¢. A review of epidemiological studies of attapulgite or other short fiber exposures may provide
an identification of other short fiber asbestos and non-asbestos materials for toxicological study
for which human disease epidemiology information is available for comparison. :

d. Preceding the initiation of new toxicology studies, a review of past in vitro studies might
identify the controls for surface conditioning of the test fibers: were effects of lung conditioning.

" modeled, or were non-physnologxc effccts of mcdmm adsorbates poss»ble in past studics"

e. So—des:gned in vxtro toxicology studies of classified short fibrous matenals which have kriown
positive or.negative correlations with palhology could be attempted to determie if there isa
short fiber toxicity with a reasonable potcatial to initiate disease in vivo, and if that potenual is

dependent on fiber mineral type or surface property or morphology

fA slmllar review of short-term in vivo studies mlght help the design of methods of challenge
and time course for tests of materials sclcctcd from the in- vutro study results '

g Results of the in vitro and in vivo studics would suggest |f useful application could be made to

dusts of current concern, e.g., Libby vermiculite or World Trade Center disaster-associated dusts.
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Appendix E

Panelists’ Comments Submitted After the Meeting

Note: The expert panelists were asked to provide premeeting comments and to participate in the

discussions at the expert panel review meeting. In addition, several panelists chose to
submit additional written comments after the expert panel review meeting. Some panelists
submitted updated versions of their premeeting comments (see Appendix B), while others
wrote summaries of the discussions they led at.the expert panel review meeting. All post-
meeting comments are presented here, regardless of their content. Panelists were not
required o submit post-meeting comments.

This section presents the post-meeting comments exactly as they were submitted to ERG,
with only minor changes to format and references. The expert panel was not asked to
comment on the content of these post-meeting comments.

Contents:
Dr. Lippmann’s Post-Meeting Comments ................ e . E-1
- Dr. Lockey’s Post;Meeting Comments ..... . ........ e, PRI E«?
. Dr. McConnell’s Post-Meeting Comments . . ... ..ooovn i nnaens . B-17
Dr. Mossman's Post-Meeting Comments ... ... ... ... ..o i iaaan... E-27
Dr. Oberdéréter’s.Post-Meeting Comments. S ....... : E~33 .
Dr. Wallace’s Post~Meetihg COMUTERES -+« e oo e eeeeee e e .ﬁ‘—S’I
N'ote: Dr. Case submitted éost—meeting comments as a list of suggested revisions to an earlier |

draft of this report. Dr. Case’s comments have been incorporated directly into the text of
this report and are not replicated here.
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Dr. Lippmann’s Post-Meeting Comments

ATSDR Fiber Panel Review

Topic # 1. Physiolegical Fate of Asbestes and Vitreous Fibers less than 5 Microns in
Length. Discuss/review current knowledge about the physiological fate of small fibers when they
enter the body.

A What is the expected physiological depositional pattern for less-than-5-micron fibers in
the lung?

This is well established in terms of the depositional mechanisms of impaction, sedimentation,
Brownian motion and (for fibers) interception. Fibers with aspect ratios >10 behave
aerodynamically like unit density spheres with diameters three times their fiber width (Stéber et
al., 1970; Timbrel}l, 1972). The only exception, in terms of being influential in deposition in lung
airways is-for fibers longer than about 10 pm, where the mechanism of interception becomes
influential (Sussman et al, 1991). This also accounts for the fact that longer fibers have
proportionately more deposition in the airways as opposetd t¢ peripheral alveoli. The fact that
lung retention also increases more markedly with fibers greater than 10 microns is supported by
theoretical-calculations (Yu et al., 1990), analysis of lung dust content in humans (Timbrell,
1982; Churg and Wiggs, 1987; Pooley and Wagner; 1998) and studies using experimental

.animals (Morgan 1979, 1995). Thus, for fibers <5 pm in length, deposition patterns and

efficiencies will be determined almost entirely according to the fiber width, which for fibers <5
pm long will be less than about 1.6 pm. For fiber widths between about 0.1 and 1.6 mm, total
lung deposition in healthy people will be between 10 and 20%, with almost all of it in the deep
lung. For fibers thinner than 0.1 pum, deposition will increase with decreasing width, and there
will be a somewhat greater proportion of the deposition in the more proximal airways. Particles
that are not deposited remain suspended in the tidal air and are exhaled. :

There are significant differences between humans and rats with respect to deposition cfficiencies
of long as well as short fibers; respirability is very dtﬂ“ercnt and the deposmon fractions are
significantly different as well between the two species: -

B. What is known about clearance/biopersistence of less-than-5-micron fibers once deposited
in the lungs?

For these short fibers, which can be fully engulfed by lung cells and do not dissolve in airway
fluids in less than a few weeks, their clearance will-be similar to other mineral and vitreous
particles. Those depositing in lung conductive airways will be largely removed to the G.I. tract
by mucociliary clearance within about one day. Most of those depositing in the gas-exchange
region will be phagocytized by alveolar macrophages and cleared to and through the mucociliary
escalator within a few weeks. ‘Other particles may be engulfed by epithelial cells, primarily in the
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vicinity of the bronchial-alveolar duct junctions, and retained for much longer periods, with
gradual removal to lymph nodes.

The relatively rapid clearance of short fibers and compact particles from the lung has been
demonstrated in a number of studies (reviewed in Health Effects Institute-Asbestos Research,
1991; Davis, 1994; Oberddrster et al., 1990; Morgan, 1995). Such particles can be: 1) readily
transpoxted through tracheobronchial and other lymph nodes to more distal lymphatics, the
pleura, or other orgaus; 2) cleared via the mucociliary escalator and alveolar macrophages; and 3)
effectively phagocytized by a number of cell types in the lurg including epithelial cells (Churg et
al,, 2000). Once within a phagolysosome or in general in lung fluids, shorter fibers of chrysotile
asbestos (Hume and Rimstidt, 1992) or glass (reviewed in Lippmann, 1990) are more prone to
dissolution and fragmentation than longer fibers and amphibole types of asbestos.

Absent abnormalities in phagocyte function of these particles should be removed even if they are
chemically resistant if: (a) the dose is not too great to overwhelm these normal mechanisms; and
(b)-the mechanisms themselves are intact. There are medical conditions which affect these
mechanisms, however, so there are likely to be vulnerable populations (such as those with
primary ciliary disorders; these tend to be genetic and very rare such as primary ciliary
dyskinesia (incidence 1:20,000 to 1:60,000)). - Of greater frequency is the lesser effect on
mucociliary clearance in astbma. In addition environmental influences, including smoking and
nitrogen dioxide (Case et al., 1982), can affect these normal mechanisms through direct ciliary
damage or disrupted ﬁmcnon Some commeon pharmaceuticals slow mucociliary transport (for
example, some general anaesthetics and atropine), while others accelerate it (for example,
theophyllines and sympathomimetics). Bronchial secretion is also an important contributor to
clearance or impaired clearance, as can be seen most dramatically in cystic fibrosis. Overall,
then, there are a number of possible factors that may interfere with particle clearance, but none
have been associated with “fiber length” parameters with the possible exception of smoking
{Takahashi et al., 1994).

The most important physiological clearance mechanism in alveolar region is clearance by
alveolar macrophages (AM). Of importance is fiber length with respect to phagocytosis and
removal by alveolar macrophages “Short fibers are easily phagocytlzcd fibers longer than 20 pm
are not.’ There ate specnes differences in AM size. Thilis, clearance for long fibers is prolonged
as is that for short fibers when high lung burdens are reached (pamcle overload). Also, mtrmsm '
toxnclty, whlch mﬂucnces clearance, has to be consuiered Inﬂammatory conditions inthe
lung (for examp[e smokers) also contribute to impairment of alveolar macrophage«medxated
mechanical clearance and need to be considered.

Biopersistence is the sum of physiclogical clearance processes and physicochemical processes,
which togetheraccount for the retention halftime of the fibrous or non-fibrous material in the.
lung. Physncochemlcal processes include dissolution, leaching, breaking and splitting, depcndmg
on the fibrous miaterial, that can occur intra- as well as extra-cellularly, and differences in pH in
both locations are of importance here. Clearance rates of fibers of different length categories
have been determined from short- and long-term inhalation studies (Davis et al., 1986, 1987;
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Wagner, 1990). Generally, short fibers are cleared rapidly if biosoluble (pH differs
intracellularly vs. extracellularly), or at rates similar to nonfibrous particles. Breakage of long
fibers will give input into short fiber category.

The hazards associated with man-made vitreous fiber (MMVF) appear to be most strongly
associated with the ability to persist within lung tissue. This is, in part, dependent upon chemical
composition of the MMVF, in that increased concentrations of stabilizers such as aluminum
impact a greater degree of chemical durability. In vitro tests to measure fiber solubility should be
performed to reflect an acid pH of 4.5 to 5.0 such as found in phagolysomes within alveolar
macrophages as well as pH of 7.4 reflecting extra-cellular fluid. Short fibers that are ingested by
macrophages will encounter the lower pH that overall could affect their biopersistence. In
general, solubility tests identified the following rank order from lowest to greatest solubility of
MMVF in comparison to asbestos fibers: crocidolite <amosite <RCF <special purpose glass
fibers <rock wool <slag wool <conventional glass fibers (NRC, 2000).

In rodent exposure to mixed dust resulted in an increased transport of fibers across the visceral
pleura and increase production of lung tumors and mesothelioma (IARC# 140, 1996).

C What type(s)-of migration are expected within the body for less-than-5-micron fibers?

Fibers with diameters less than ~0.1 pm, which could be a significant fraction of fibers <5 um in
length, can penetrate through the respiratory epithelia and be transported through lymph channels
to hilar and peripheral (mesothelial) lymph nodes and through blood to more distant body organs.
Gelzleichter et al. (1996) exposed rats to nose only inhalation of kaolin-based refractory ceramic
fiber. It was identified that fibers rapidly translocate to the pleural tissue with a difference
between those in the pleural tissue and the parenchymal tissue. Within the pleural tissue the
geometric mean length 1.5 pm (GSD =2.0) and geometric mean diameter 0.09 pm (GSD ~1.5).
For comparison parefithymal tissue GML = 5.0 pm (GSD ~2.3) and GMD 0.3 um (GSD ~1.9.)
This would indicate the short thin fibers are capable of translocating to the pleural tissue.

This may be an important subject, at least for the parietal pleura, if it is necessary for fibers to’
reach the pleura to cause lesions (plaques and mesothelioma). It remains possible-that fibers still
within the. penpheral !ung may be capable of contributing to the mechanisms of these diseases.
Mechamsms remain Speculatxve but leng amphxbo]e fibers may tend to localize toward the lung
penphery, and it remains possxble (but unproven and indeed untested) that chemical mediators
may ¢ross the visceral pleura into the pleual : space. Cburg and Wiggs (1987), among others,
have observed that “accumulation of long fibers’ immediately under the upper lobe pleura may be
important in the geresis of mesothelioma” ~* =

Two recent studies are informative (Boutin et al., 1996; Dumortier et al., 2002). They found that
“the distribution of asbestos fibers in the pleura: was heterogeneous and that they might
concentrate in... black spots’ of the parietal pleura.” Using thoracoscopy in living patients from
“normal areas. of the parictal pleura” rather than plaques and tumor, and using controls, they
showed that, “amphxboles outnumbered chrysotlle in all samples™ and that of all fibers 22.5%
were in fact greater than or equal to 5 pm in lcngth a proportion at least as great as that usually
seen in lung tissue.. The meéans of trans!ocanon remains unknown, although these findings
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strongly suggest lymphatic drainage paths. The pathogenic significance also remains unknown,
although the authors emphasxzed their hypothesis that these fibers might contribute to plaque and -
mesothelioma genesis.

Other papers that have been published (in relation to human disease) have been for the most part
based on static “fiber burdens™ that purport to be in “the pleura” but which on careful reading are
in fact in mesotheliomatous tissues and/or pleural plaques; the false assumptions are then made
that “short fibers” - usually very short chrysotile fibers, averaging less than 0.2 pm in length -
have “translocated” to the “pleura” from the lung. In fact the * ‘pleura” was not studied, tumor
and plaque, which by definition could not contain fibers except via specimen contamination or
incorporation, most likely from adjacent lung. Both Rogers et al. (1994) and Case et al. (1994)
have also reported contamination by short crocidolite fibers of Nuclepore filter materials and in
uncontrolied studies of this nature any material from air, fluids, and paraffin in the pathology
laboratory from which the specimens originally were refemred to specimen preparation materials
are suspect.
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Dr. Lockey’s Post-Meeting Comments

What do human/epidemiological data tell us about small fibers?
Discussion Leaders: Dr. Lockey and Dr. Case

Cancer Effects

Short natural occurring fibers. A study by Higgins, et al. [1] in 1983 reviewed the mortality of
workers employed at the Reserve Mining Company at Babbit, Minnesota. These workers were
involved with mining taconite, which is a dense hard rock composed of silica, silicates and iron.
Taconite mined in the eastern tip of the Mesabi range contained amphiboles in the :
cummingtonite-grunerite series. These fibers are short in length with reportedly the vast majority
being <10 pm and are related to amosite asbestos. Of the 9,065 men employed by the company
as of July 1, 1976, 5,751 had worked one year or more. The investigators established the vital
status of 96% of those who worked for five years or longer and 75% of former workers who
worked one to four years. The total respirable dust ranged from 0.02 mg/m’® to 2.52 mg/m’ and
as high as 2.75 mg/m*® with the modal range from 0.2 mg/m? to 0.6 mg/m®. There were relatively
few measurements of fibers and those that were available demonstrated concentrations usually
low with a few at or above 0.5 fibers/ml in the crushing department. Reportedly none
approached the OSHA threshold limit value which at that time was 2 fibers/ml. Results of the
study indicated that there was no excess death in this population including those men with
cumulative exposure of 1,000 to 3,000 total dust years or 500 to 1,000 silica dust years. The
conclusions of the study indicated the death rates for all canses were significantly below
expectations including selected respiratory disease and death from malignant disease was
marginally below that expected for the State of Minnesota. There was no relationship between
lifetime dust exposure and increased mortality, nor was there any indication that malignant
neoplasm was increased after 15 to 20 years latency. The authors identified a weakness of the
study in that the average latency of the cohort was 14.7 years with 2 maximum of 24.6 years, ora
relatively short latency for development of cancer.

A study by McDonald, et al. [2] regarding the mortality from long-term exposure to
cummingtenite-grunerite from a gold extraction process at the Homestake Mine, Lead, South
Dakota was reviewed. Those workers who had worked 21 years or longer were traced and of 660
men who had died, the cause of death was ascertained for 657. Results of the study indicated
pneumoconiosis, which was mainly silicosis along with tuberculosis, and heart disease were
causes of excess death. There was a dust exposure relationship for both pneumoconiosis and
respiratory tuberculosis, but reportedly no convincing increase in respiratory cancer. It was noted
that more than 75% of the 660 men who had died started to work before 1925. The interval
between first employment and death and the 76 fatalities from tuberculosis or pneumoconiosis
ranged from 22 to 61 years with a median of 35 years. Average silica dust concentrations ranged
from 11.0 to 24.6 mppcf before 1952. A study by Dement, et al. [3] reported that 80% to 90% of
fibers in the mine had an amphibole diffraction pattern by transmission/scanning electron
microscope equipped with an energy-dispersive X-ray spectrometer. The mean total fiber
concentration was 4.82 + 0.68 f/cc (range 0.66—11.79) with 0.36 + 0.08 f/cc (range 0.07-1.29)
greater than 5 pm in length. There was one potential mediastinal mesothelioma which could not
be confirmed in the 17 respiratory malignancies (16.5 expected based on South Dakota rates).
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The results of the study were in conflict with an earlier study by Gillam, et al of the same mine of
440 males who worked at least five years underground by 1960. Reportedly there were 16 deaths
from neoplasm of the respiratory system between 1960 and 1973 where as 2.7 were expected
based on the male population of South Dakota [4].

Conclusions

There is no data regarding human exposure to asbestos fiber uniformity less than 5 um in
length.

Studies of workers exposed to cummingtonite-grunerite, a type of amphibole related to
amosite, demonstrated no consistent increase in overall mortality, mortality related to
selected respiratory disease, or respiratory cancer. The vast majority of aitborme fibers
were reported to be less than 10 pm in length.

-Studies of workers of a gold mine in Lead, South Dakota exposed to cummingtonite-
grunerite initially demonstrated an increased mortality from malignant respiratory disease.
A subsequent study did not confirin the initial finding but demonstrated an increase in
silicosis and tuberculosis. Mean total fiber concentration was 4.82 f/cc with 0.36 flcc
greater than S pm in length.

Consideration should be given for performing a feambxhty study regarding an updated
mortality analysis of these two cohorts.

MMVF Mortality Studies. Mortality studies of glass fiber and mineral wool production workers
have been ongoing in the U.S. most recently under the direction of Marsh, et al at the Univessity
of Pittsburgh, and within the European Union under the direction of the International Agency for
Research on Cancer {(IARC). The most recent follow up study by Marsh, et al. [5,6,7] of 10 U.S.
glass fiber manufacturing plants demonstrate no excess mortality from all causes, all cancers
combined, or non-malignant respiratory disease. For respiratory system cancer, there was an
observed 6% excess that was statistically significant for the total cohort but not found in workers
who had five or more years of employment. An association was seen with calendar time and
time since first employment, but no relationship was found with duration of employment, or.
increase in exposure to réspirable glass fiber. A case-control study.of respiratory system cancer
did not identify increased risk with duration of exposure, cumulative exposure, or time since first
employment. An association with non-baseline levels of average intensity of exposure to
respiratory fibers was not present when adjusted for smoking.

A previous case-control study of a glass fiber manufacturing facility included in the U.S. glass
fiber study demonstrated that differences in local versus national smoking rates may have been a
contributing factor in the excess respiratory cancer seen in that manufacturing facility. {8] The
potential confounding impact of cigarette smoking in the U.S. glass fiber and rock/slag wool
studies was further explored by Buchanich, et al. [9] and Marsh, et al. [10] and identified as the

potential unaccounted for factor regarding the small excess respiratory-system cancer not related

to exposure indices.

Previous analysis of five rock and slag wool i)lants in the U.S. demonstrated increased lung
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Concluswns

cancer mortality using U.S. but not local rates, and this was conficed to short-term workers or
those workers with less than five years duration of employment. There was no association with
measures of respirable fiber exposure. [11] Within the U.S. a case-control study of 9 slag wool
plants demonstrated an association with smoking but not MMVF exposure. {12]

Most recent analysis of the U.S. rock and slag wool workers as well as glass fiber production
workers identified ten death certificates that mentioned the term mesothelioma. [13] Of the ten
cases of mesothelioma, two on pathology review were definitely not felt to be mesotheliomas,
one¢ had a 50% chance of mesothelioma, and two others had less than 50% chance of
mesothelioma. Medical records or pathology specimens were not available on the remaining
five. Using a timeframe when specific malignant mesothelioma coding rubrics were available,
the expected mesothelioma rate (local county comparison) was 2.19 versus 1 observed. Overall
the authors felt there was no increased risk from the malignant mesothelioma in the U.S. MMVF
cohort.

The IARC have followed the mortality of workers among 13 MMVF manufacturing facilities in
Europe. [14] The most recent update demonstrated a significant increase in lung cancer mortality
in rock and slag wool workers as well as glass wool workers, using national mortality rates which
disappeared for the glass wool workers when using local adjustinent factors to the national
mortality rates. In addition, there was no association in the glass wool workers with time since
initial employment or duration of employment, and with removal of glass wool workers with less
than one-year employment-no excess lung cancer was noted.

Within the rock and slag wool cohort there was an increase in lung cancer risk but the authors
felt there was no clear information to indicate that the increased cancer risk was specifically
related to fiber exposure. [14] A subsequent cohort study demonstrated similar results. {15] A
case-confrol study nested in this latter cohort indicated no relationship between camulative rock
or slag wool exposure and lung cancer. [16,17]

Within the IARC study there were five cases of mesothelioma, two which oceurred in workers
with less than one-year employment and two in workers with most likely prior asbestos exposure.

[14]

Preliminary results of a mortality study of U.S. RCF manufacturing workers demonsirate no
significant increase in malignant or non-malignant respiratory mortality and no maLgnam

-mesothelioma.- The power of the study was limited as the cohort was relatively young. and small in

pumber. [18]

- There are no data regatdmg human exposure to6 MMVF umforrmty less than 5 pm m .
length. v
There is no pcrsuasxve cvxdencc that exposure to glass fiber, rock: wool slag wool or.
refractory cerarnic fiber has been associated with mcreased lung cancer risks based on’
ongoing U.S. and European mortality studies. -

There is no indication of an increased risk for mesothelioma.
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Non-Cancer Effects

MMVF Morbidity and Mortality Studies. Non-malignant respiratory effects: Studies of five
fiberglass and two mineral wool manufacturing facilities identified small opacities in 1.6 % of
the population studied that were predominantly irregular in shape. [19] These workers were
involved with working in facility manufacturing fibers over 3 pm in diameter and fibers
averaging 1 pm to 3 pm in diameter. The overall rate of chest X-ray changes was no different in
comparison to a non-MMVF exposed comparison group, and any relationship between exposure
indices was seen at profusion level 1/0 but not 1/1. There was no increase in upper or lower
respiratory tract symptoms. Similar results were seen in a study in Australia of glass and rock
wool production workers with no findings of asthma, pulmonary fibrosis or pleural disease. {20}
A similar study of rock wool workers also did not demonstrate increased respiratory symptoms or
abnormalities with DLCO or DL/Va. A potential additive or synergistic effect, however, was
seen regarding the FEV/FVC ratio, fiber exposure, and those with greater than 40-pack year
history of cigarette smoking. [21]

The IARC [22] study demonstrated no increased mortality from asthma, bronchitis or
emphysema, which is similar to the most recent analysis of the glass fiber workers in the United
States which did not identify increased mortality from non-malignant respiratory disease. [5] Of
interest in the IARC study was the suggestion of an increased risk from non-malignant renal
disease (SMR 0.97, 95% CIL 0.36 to 2.11) in regard to duration of employment or employment at
an early phase within the rock and slag wool industry. Within the U.S. mineral wool study a
similar trend was noted (p < .05) with a SMR of 204 {observed 12} in regard to nephritis and
nephrosis. {11] Similar type patterns have not been demonstrated in relationship to nephritis and
nephrosis deaths in U.S. glass wool manufacturing facilities. [23]

There are very limited studies on end users of man-made vitreous fibers. One study identified
increased prevalence of chest radiograph evidence of irregular opacities in workers using rotary
spun fiberglass, but there was a question of aitborne asbestos fibers within the plant site. [24,25]
In insulators 2 decrease in FEV1 was identified in comparison to a non-exposed control group
after adjusting for smoking habits and self-assessed former asbestos exposure. [26]

On-going morbidity studies of workers involved with refractory ceramic fiber (RCEF)
manufacturing have identified a relationship betwzen pleural plaques and time from initial
employment, duration of employment, and cumulative refractory ceramic fiber exposure. Pleural
changes were seen 2.7%:or 27 workers out of 1,008 of which 22 were pleural plaques. Of those
with greater-than 20 years latency from initial production job ot 20 years duration in a production
job, 16 workers or 8.0% and 5 workers or 8.1% had pleural changes, respectively. Interstitial
changes were noted in .0% at profusion category >1/0; similar to other non-specnﬁed dust -
exposed worker populations and showed a non-significant elevated OR in regard to comulative
fiber exposure of 4.7 (95% CI, 0.97 to 23.5). In regard to cumulative fiber exposure, 5.4% (8 of -
148) with greater than 45 to 135 fiber-month/cc exposure had pleural changes (OR. 5.6, 95% Cl,
1.5 —28.1). For those with >135 fiber-months/cc exposure, 9.8% (6 of 61} had pleural changes
(OR 6.0, CI 1.4 —31.0). [27] European studies concurred that there was some evidence of a_ ..
relationship between RCF latency and pleural changes including pleural plaques but not duration
or intensity of RCF exposure, but it was difficult to separate the effects asbestos and RCF
exposure and any relationship between RCF exposure and small opacities was at best ambiguous.
[28]
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Previous studies of the RCF workers demonstrated a relationship between 10 years of
employment in production job tasks prior to 1987 and small decrements in FVC for current
(165.4 ml) and past (155.5 ml} male smokers, but not never-smokers, and small decrements in
FEV1 for current male smokers only (134.9 mi). For never-smoker women there was also a
decrement in FVC (350.3 ml) per 10-years employment in production job tasks. {29] A
Iongitudinal analysis in those male workers able to provide five tests or more did not demonstrate
any further decrement of the FEV1 or FVC between uutxal and final tests. {30]

Conclusions Regading Non-Cancer Effects of MMVFE

There are no available morbidity studies of workers exposed to MMVF umformly less -
than § pm in length.

No increased mortality from non-malignant respiratory disease.

No indication of chest radiograph interstitial or pleural changes in regard to glass and
mineral wool production workers but data is limited. -

. Refractory ceramic fiber (RCF) exposure appears to be associated with the occurrence of
pleural plaques that most likely are related to increased exposure levels in the RCF
manufacturing facilities prior to 1985. ' Lo

 Potential additive or synergistic effect with MMVF exposure and small decrement in FVC
and/or FEV1 involving current or former smokers.

Within mineral wool cohort, question of potential mcreased mortality from non-malignant
renal disease such as nephritis and nephrosis.

End user studies of MM VF users are limited and are confounded by potential prevnous
asbestos exposure.

Irritant Effects-

MMVF cancause skm irritation particularly-in dn.area where clothmg comeés in close contact to
the skin'such as around the neck or forearms. Essentially this occurs i 5% of new workers-
inivolved with MMVF production. [31] Resideritial coritamination of man-made vitreous fibers ini
high concentration can also cause irritation to the upper as-well as lower respiratory tract. [32]
Glass fibers with diameters greater than 5.3 pm have been reported to be more likely to cause
skin irritation than the smaller diameter fibers, mainly due-to mechanical irritation. [33,34] There
has been documentation of eye irritation associated with MMVF as weil as nasal and pharyngeal.
irritation with unusual MMVE: dust exposure situations. [35 36} e

Conclusxons

Skm irritation appears to be related to the mechamcal eﬁ‘ects of ﬁbe: ~5} um in dlameter
and appears to be worse in hot, humid weather. '
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Accidental exposure to increased concentrations of MMVF can result in upper and lower
respiratory tract irritation as well as eye irritation.

Association Between Fiber Length and Fiber-like Toxicity

There have been no published studies that address whether asbestos fibers uniformly

<5 pm in length have been associated with pleural or parenchymal disease in human. Any
potential risk associated with fiber exposure <5 pm in length most likely would be related to an
increased risk for pulmonary asbestosis, and most likely would occur at a substantially higher
dose in comparison to exposures to asbestiform fibers (long fibers with high aspect ratios}. [37]

There is some indication that {ibers with diameters with <0.1 pm to 0.4 pm and lengths <10 pm
may have a propensity for inducing pieural plaques. [38] Methodologies used to analyze pleural
and/or parenchymal tissue for the presence of fibers and association of pleural changes differ
markedly between investigators, however. Human studies of individual exposed to ashestos
fibers are difficult to interpret in regard to toxicity solely related to fibers <5 pm in length
because exposure situations almost uniformly contain a broad distribution of fiber diameters and

length. .

Preliminary results of residents of Libby, Montana that were exposed to asbestiform tremolite
indicate a high propensity for pleural changes in comparison to interstitial changes. {39] There is
some indication that exposure to tremolite fibers with relatively low aspect ratios in comparison
to the asbestiform type tremolite may be capable of causing pleural plaques. [40] Pleural plagues
can occur with minimal exposure to asbestos and can occur within a wide range of tissue burdens
of asbestos fibers which overlap with control populations. [41]

Conclusions

Even though there are no human studies solely of MMVF <5 pum in length, the available
morbidity and mortality studies of MMVF production workers indicate limited overall
toxicity from MMVF exposure.

There are no human studies regarding exposures solely to asbestos fiber <5 pm in length

but there has been some speculation that durable fibers <10 pm in length and <0.1 to 0.4

pm in diameter may be associated with pleural plaques in relatively low concentration, in
. particular the amphibole tremolite.

be asbestos fibers <5 pm in le-ngth.,'it would appear that very high doses ﬁxay have the
propensity to cause interstitial fibrosis, particularly if the fibers are durable within
intracellular fluids.

Thresholds for Toxic Action

For asbestos and MMVF less than 5 pm in length, tﬁreéholds for toxic action in humans have oot

been established but most likely is substantially higher than the thresholds for long durable fibers
with increased aspect ratios of respirable size.
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Asbestes Versus MMVF o

Based on animal and human studies, natural occurring asbestos fibers that are of respiratory size,
long and thin with high aspect ratios, and durable within physiologic fluids represent the highest
risk for malignant (lung cancer and mesothelioma) and non-malignant (interstitial fibers)
respiratory disease. These abnommalities have not been demonstrated in MM VF manufacturing
workers,
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Dr. McConnell’s Post-Meeting Comments

How Do Animal/Experimental Data Augment
Our Understanding of Human Health Effects

Background: There have been numerous studies of the effects of various types of asbestos
{ATSDR, in press) and SVFs {(ATSDR, in press) in animals. Both fibrous and nonfibrous
particulates have been used. Most studies have been conducted in rats and hamsters, but others,
including nonhuman primates have been used. Routes of exposure have included inhalation
{whole-body and nose-only), intratracheal instillation, intraplenral implantation/injection,
intraperitoneal injection and ingestion. All of the routes of administration have their strengths
and weaknesses (advantages, disadvantages and limitations) for use for assessing potential health
effects in humans (McConnell, 1995). However, the inhalation route appears to produce the
most relevant data because it is the only route that duplicates all aspects of human fiber exposure
and disease (inflammation, fibrosis, lung cancer and mesothelioma) resulting from the exposure
(McClellan et al., 1992). Also, the neoplastic changes typically occur late in the rodents’ life,
similar to what ‘occurs in humans exposed to asbestos. Other routes of exposure are alse useful _
for comparing the toxic potential of various types of fibers and understanding the mode of action
and many of the mechanisms of fiber toxicity and carcinogenicity. Additionally, the oral route
(ingestion) appears to be the most appropriate route of exposure for studying the potential hazard
of ingested asbestos.

Cancer effects: Rats and hamsters are the most frequently used species for assessing the
potential carcinogenic effects as asbestos (IARC, 1987) and SVFs (IARC, 2002) and have been
used with various routes of exposure. Of the two species, the rat appears to be the most
appropriate one because it exhibits both lung cancer and mesothelioma in response to inhalation
of known human carcinogenic fibers, e.g. asbestos. The hamster can be a useful model if one is
only interested in the inflammatory, fibrogenic and mesotheliogenic effects of particulates.
However, the hamster does not develop lung cancer after exposure to high levels of either
chrysotile (McConnell et al., 1995) or amosite asbestos (McConnell et al., 1999). Other species
have been used but have significant limitations that preclude their general use for carcinogenic
bioassays. For exarﬁple‘, the mouse is not as usefu!l as the rat or hamster because its terminal
airways are smaller and therefore, particulates of a mean mass aerodynamic diameter (MMAD) L
of greater than >0.5 um capnot reach the deep lung (alveolar region) which is the site of primary
disease. Non-human primates would be an ideal animal model but are precluded because of their
long life-span {(would require at least 20-30 years to demonstrate a noncarcinogenic effect),
availability (a cancer bioassay requires >200 animals/sex), and expense (such a study would cost
>$20 million.

Most chronic rodent inhalation bioassays of asbestos have been conducted in rats, have not
shown significant strain differences and males and females are equally sensitive to its

carcinogenic effects (ATSDR, in press). The only large series of studies of various types of
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asbestos showed that if there is a gender difference, males might be slightly more responsive
(Wagner, et al,, 1974). Therefore, either sex is appropriate with males slightly more preferable.
Just as importantly, both sexes are probably not necessary. However, these same studies have
shown that while life-time exposure to asbestos may not be necessary, it is important to observe
the animals for most of their life-span (see below).

The types of cancer induced by asbestos and SVFs in rodents are comparable to those observed
in humans, although the preponderance of a given type and its biologic behavior appears to be
species specific. In inhalation studies in rats the preponderant form of lung cancer is
bronchoalveolar in origin, arising from type II alveolar cells. They occur late in the animal’s life,
usually after 21 months of age. This is why lifetime studies may be necessary to fully exonerate
a fiber from being considered carcinogenic. The tumors are slow growing and only occasionally
are the cause of death: The biological sequence of growth is typically from bronchoalveolar
hyperplasia to bronchoalveolar adenoma to bronchoalveolar carcinoma, although all aspects of
the sequence of progression may not be found in a given lesion (Boorman and Eustis, 1990).
Squamous cell metaplasia is not unusual and typically is found as part of the morphology of
larger tumors. Squamous cell carcinoma may predominate in a small percentage of rodent
tumors, but has rarely been observed to occur de novo. Squamous cell types may be more
common with intratracheal instillation of the fibers (Pott et al., 1994). The malignant tumors are
locally invasive and can metastasize but it is an unusual event for them to do so. When this
occurs it is usually within the hing, but distant metastases have been observed. The presence of
mitotic figures is in direct relation to the degree of malignant transformation. Tumors of the
upper respiratory tract and airways have not been observed in response to inhalation exposure of
asbestos or SVFs in rodents (IARC, 1987; 2002).

Mesothelioma has also been found in rodent carcinogenic bioassays of asbestos and SVFs
(LARC, 1987;2002. In inhalation studies in rats they are usually found at a lower incidence than
lung cancer. Again, there does not appear to be a gender predisposition and the mesotheliomas
in rodents typically occur late in life (after 21 months of age). They rarely are the cause of death.
They grow by expansion, growing over the pleural surface. They typically do not invade the lung
or other adjacent structures, although this has been observed. They usually present as multiple

lesions on both sides of the lung and involve both the visceral and parietal pleura. Rarely, distant

metastases have been observed. In inhalation studies, all of the major morphological types-
(tubulo;:apxllary, sarcomatous and mixed) have been observed, although the tubulopapillary
response is the predominate-form. There is one exception toshis and that is found in the -+ -
inhalation study of erionite, where the sarcomatous type predominated, was highly invasive and-
the tumors were exceptionally lethal causing death-in most of the rats by 15 months (Wagner et
al, 1988).. In contrast to inhalation, direct instillation into the pleural (Stanton et al., 1981) or
peritoneal cavities (Pott et al., 1987) results in a preponderance. of sarcomatous neoPIasms and in.
fact, it may be difficult to. ﬁnd mesothelial cells in many of the tumors, particularly after
peritoneal injection. However, even in these studies, the mesotheliomas seldom invade local
tissues or metastasize to other areas of the.body.
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The biclogical sequence of events in the development of mesothelioma in rodents also appears to
have a series of progressive steps (Boorman et al., 1990). In inhalation studies, the first event
that is observed is fibrosis in the pleura immediately subjacent to the mesothelial lining. This is
multifocal in nature, possibly occurring more frequently in the interlobular plevra. In the few
studies where the parietal pleura has been investigated (McConnell, et al., 1999), the initial -
change was found in the nonmuscular portion of the diaphragm and over the ribs (as compared to
intercostal). The first indication of mesothelial change is found in these areas of pleural fibrosis.
The mesothelial cells become cuboidal (as compared to a normal squamous morphology) and
progress to focal hyperplasia of one to three cell layers thickness. The next step is the formation
of papillary forms of growth and overgrowth of adjacent pleura. It is at this stage that
mesothelioma is diagnosed. Pseudovacuolated tumor cells may be noted at this stage. Fmally,
the tumor evolves into the classical forms noted above. The course of events is somewhat -
different for instillation and injection studies. The initial response in the latter studies is
inflammation, followed by a fibrogranulomatous reaction (assuraed to be an attempt to wall off -
the fibers). A similar sequence of progression is assumed but results in a higher proportion of
sarcomatous types of mesothelioma. -

Pulmonary interstitial fibrosis (sec below for description) is invariably found in studies where -
either asbestos or SVFs have caused either lung cancer or mesothelioma (Greim et al., 2001). - -
However, there have been fiber studies where pulmonary fibrosis was observed without the .
development of fiber related neoplasms (McConnell, et al.; 1994).

In vitro studies may not be of high value for predicting the carcinogenic potential of a given type
of fiber, although they can give some incite into the difference between the carcinogenicity of
long and short fibers. There are several reasons for why they may not as useful for predicting the
carcinogenic activity of a given type. First, the fiber used is not subjected to physiological
processes such as clearance and dissolution that are found in the lung. Also, the in vitro test.
systems use “fresh” fibers so do not typically take into account pathology attenuating changes in
fibers that occur over time in the lung. Finally, the in vitro “dose™ may have no relevance to the
lung fiber burden: However, not withstanding this, in vitro methods are highly powerful tools for
understanding fiber' cell interactions and mechanisms’ of toxwrcy/carcmogemcny (sec Mossman
for detaﬂs) Lo : o S

Non-cancer effécts: Ammal models have also demonstrated many of the same pathological ~
responses that are found in hiunans exposed to particulates (IARC, various volumes). The ma_)or
noncancer endpoints that have been described in animals in experimental studies are ™. -
phagocytosis; inflammation and pulmonary fibrosis. In regard to these endpoints, the rodent lung
(and presumably other speies) reacts to asbestos and SVFs as it would to any inhaled nonorganic
foreign body that is not. cbemxcally toxic, e.g. beryllium. The lung can only react to-such
materials in'a limited number of ways. In animals, if the particulate were deposited in theuppeér:
respiratory tract, one would assume that it would be possible for it to cause local irritation.
However, this has not been observed in inhalation studiés, even at high exposure levels. It is
assumed that the resident time for such particles is brief, not allowing for a pathologic response.
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The mucous layer in these tissues is relatively thick compared to the size of the particulate and
the methods of removal are quite efficient. The same is true for the major airways. In
experimental animals the airways are intact and have not been compromised by other toxicants as
in humans, e.g. smoking. Therefore, particulates deposited on these surfaces are again efficiently
removed via the mucociliary escalator and are either swallowed or expectorated. In either case,
the resident time in the body is relatively bnef.

For a particulate to cause pathology in experimental animals after inhalation, it must reach the
alveolar region of the lung. Particulate size dictates whether this happens or not. If the particle
reaches terminal bronchiole it causes a foreign body reaction which is dictated by dose, particle
(fiber) size and to some extent physical chemistry. The lungs’ initial response is an attempt to -
remove the offending substance. This is accomplished by resident macrophages. If the particle
is of a size that the macrophage can engulf {phagocytize), it will be “captured and removed from
the lung either by translocation to the airways or draining lymphatics. As the dose (number of
particulates) increases, more macrophages are recruited. However, if the dose is too large for the
number of available macrophages to remove, an “overload” situation develops which results in
other pathologic events. Such events have been documented in animals both by histopathology
and physiological tests (see Oberdorster for details). If the fiber is too large to be phagocytized
and removed, i.c. longer than the size of the macrophage [~13 um diameter in rats and hamsters,
monkeys ~15 um, and humans ~21 um diameter (Krombach et al., 1997)}, the fiber cannot be
removed unless it is broken into shorter lengths or dissolves (Maxim and McConnell, 2001).
Both of the latter two phenomena have been observed with several SVFs (see below).

If the dose overwhelms the physiological pulmonary defenses or the fiber is too large to be
removed, the initial sexries of events in animals occur at the junction of the terminal bronchioles
and proximal alveolar duct (this is where most of the fibers are initially deposited - It should be
noted that rodents do not have a respiratory bronchiole, as do hurnans). In addition to a
stimulating the local macrophages, an influx of additional macrophages is recruited to the area.
At this point, the local type Il alveolar cells (in the proximal alveoli) undergo metaplasia to a
cuboidal appearance and become hyperplastic. The resulting lesion has been termed
“bronchiolization” because the change mimics the appearance of the terminal airways. Increased
amounts of mucous;production and sometimes inspissation of the material often accompany this.
Coincident to-the bronchiolization, microgranulomas are observed. These appear to form froma
coalition of macrophages and fibroblasts. At this time the microgranulomas are restricted to the
proximal portion of the alveolar duct, particularly along the alveolar duct ridge. With time and
continued insult the process proceeds peripherally and becomes more apparent.. If the offending
fiber persists, collagen is laid down in the adjacent interstitium (presumably by direct invasion of
the fiber. into the epithelium and interstitium). At this time the lesion is referred to as intérstitial
fibrosis. In rodent studies, the fibrotic areas are initially focal and widely disseminated. But, if
the insult persists or the dose is hig}i enough, fibrosis becomes more widespread. Various
schemes have been developed to describe these events and grade them as to their severity for
comparative purposes (McConnell et al., 1984: 2002). There is one notable difference between
the qualitative appearance of the lesions produced by asbestos and SVFs in animals. Neutrophils
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are often a prominent part of the inflammatory reaction with asbestos, especially with
amphiboles, while they are rarely found in studies of SVFs, even at doses that produce fibrosis.
The inflamunatory reaction can also be documented and quantified by using the results of
pulmonary lavage studies (see Oberdorster).

Stop studies (where exposure is stopped and the animals are observed during a nonexposed
recovery period) have proved useful for determining the reversibility of the above lesions. Such
studies have clearly shown that the initial changes (macrophage response and bronchiolization)
are totally reversible with most SVFs and to some degree with asbestos. Microgranulomas
become less apparent and early fibrosis is also, to some degree, resolvable, at least with SVFs. In
rodents, studies have demonstrated that fibrosis, even with asbestos, is not particularly
progressive, once the exposure Ceases.

While there is no exact correlate for pleural plaques in animals, localized acellular fibrotic
changes reminiscent of this lesion in humans have been observed, albeit on a much smaller scale.
The qualitative changes in the pleura are somewhat different than in the lung.. Macrophages and
inflammatory cells are almost totally absent in the pleural response. Lavage studies have not
been conducted with pleural instillation or peritoneal injection studies so it is not known if the
same events occur with these routes of exposure of exposure. ‘Animal inhalation studies also
suggest that fibers need to be present in the pleura for pathologic events to occur.

In vitre studies of mesothelial cells have been conducted using both human and animal-cells.
These have been primarily designed to study the mechanisms of carcinogenicity (see Mossmany).

Erritant effects: While there is evidence of dermal and ocular irritation of hwmans as a response
to exposure to asbestos and SVFs, no such evidence has been observed in'animals.
Histopathological studies of the nasal cavity in rodents exposed via inhalation have not shown
any evidence of pathology, although an increased mucous response could be missed with
standard histopathology techniques. Similarly, ingestion studies in rats and hamsters of asbestos
did not reveal any mtatlon of the alimentary tract (ATSDR, in press)

In_vitro studies on the xrntant effects of elther asbestos or SVFs in animals have not been
reported. .

Association between fiber length and fibei-like toxicity: There are nurgerous animal studies
that demonstrite the influence of fiber lengthi and pathogenicity/carcinogenicity. The early
studies by using intrapleural implantation/ipstillation (Stanton et al., 1981) and intraperitonedl
injection (Pott et al.,, 1976) in rats clearly show a direct relationship between fiber size and
carcinogenic activity. The longer the fiber, the' more carcinogenic it was in these studies. These
same studies provided the basis for the hypothesxs that short fibers, i.e. shorter than 8 um in
length may not represent a significant carcinogenic risk. However, the same investigations, - \
particularly the intrapetitoneal studies also desonstrated that if the dose was high enough even
so-called “innocuous™ particulates, e.g. titanium dioxide, caused the induction of peritoneal
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mesotheliomas, albeit at a lower incidence than long fibers. Additionally, the latter studies also
demonstrated that if even long fibers, e.g. wollastonite and some SVFs, were not carcinogenic if
they were not biopersistent in the peritoneal cavity. There have been a few inhalation studies
have been conducted to study the influence of the fiber length on the pathology of asbestos, and
all have been persuasive for showing that short fibers are not carcinogenic. This has been
demonstrated for chrysotile (Davis and Jones, 1988; Igren, 1998; Wagner et al., 1980), amosite
{Davis et al., 1987; 1986) and crocidolite (Davis et al., 1978; Wagner et al., 1984).

Other circumstantial evidence for considering fiber length as being critical to the carcinogenic
potential of fibers is provided by the observation that amorphous silica has been shown to be
poncarcinogenic in several inhalation studies in rats, while some types of glass fibers of similar
chemistry have shown to have carcinogenic activity (JARC, 1987). In fact, amorphous silica has
been used as a “negative control” in rodent inhalation studies. A final piece of evidence for the
importance of fiber length for the carcinogenic of asbestos and SVFs is found in the hilar lymph
nodes that drain the lungs of animals exposed via inhalation to both asbestos and SVFs. These
lymph nodes are literally filled with macrophages containing short fibers and fiber fragments
with no evidence of pathology or neoplastic change in either the lymph nodes or adjacent tissues.

To summarize studies in animals of short fibers and nonfibrous particulates have shown that both
are potentially carcinogenic if they are introduced into a confined cavity, e.g. pleural or
peritoneal, at sufficiently high doses. But the same studies clearly show that the carcinogenic
potential is definitely less with fibers of the same type that are longer. Inhalation studies have
clearly shown that short fibers have not caused cancer in animals. The other part of the equation
that needs to be considered is the influence of pulmonary clearance and biopersistence on the
carcinogenic potential of particulates. As noted above, even long fibers are not carcinogenic in
animals unless they are biopersistent in the animal.

There are only a few in vitro studies that address this subject but those that have clearly show a
relationship between fiber length and genetic damage. For example, in a study of Chinese
bamster ovary cells (CHO) short amosite failed did not cause chromosomal aberrations while
long fiber amosite did (Donaldson and Golyasaya, 1995). -See Mossman and others for other’
studies...- .. .~ - - : :

Thresholds:of toxic action: There have been very few inhalation studies in animals of either
asbestos-or SVFs to assess a carcinogenic dose response. It needs to be remembered thatto-- - .
assess a carcinogenic dose response, one must have a multidose study that shows a.carcinogenic
response.. Most asbestos and SVF studies were designed to address the carcinogenic potential of
the fiber, not dose response. The only multi-dose inhalation study of asbestos used arnosite in
hamsters (McConnell et al., 1995). In that study, there was a definite dose-related response with
regard to both nonneoplastic (macrophage response, pulmonary fibrosis, etc.) and carcinogenic
activity (mesothelioma). Unfortunately, the potential lung cancer response could not be assessed
because hamsters do not develop pulmonary tumors with particulates. There ate a few inhalation
studies of SVFs that address dose response. The only one that was positive for cancer involved
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refractory ceramic fibers in rats (Mast et al., 1995). In that study there was a clear dose response
for both cancer and noncancer endpoints and a no-effect level. There are a few other multidose
studies in rats using various types of SVFs, but since none showed carcinogenic activity, one can
only evaluate the dose response for noncancer endpoints (Hesterberg et al., 1996). Again, there
was evidence in these studies of a dose-related change in the endpoints showing recognizable
change. The “stop-studies™ in many of these inhalation studies (both asbestos and SVFs) provide
evidence for a dose response for noncancer endpoints. However, the number of animals
evaluated in the “stop studies” is too small to address a cancer dose response. The only study in
primates that addresses a potential threshold of action was with chrysotile asbestos (Patek et al,,
1985). In this study, monkeys were exposed to cheysotile asbestos at an exposure lével of 1
mg/m3 (0.8 fcc >5 um length) for 18 months. Ten months following the last exposure, lung
biopsies were taken and evaluated for fiber burden and histopathology. ‘There was no-evidence
of pathology although a few asbestos bodies were observed in the lung. . The monkeys were then
held unexposed for an additional ~11 years at which time they were subjected to necropsy *
examination and the lungs for histopathology examination. Again, there was no evidénce of
pulmonary pathology and the number of asbestos bodies had decreased (not reported — personal
observation).

In summary, the totality of available data suggests that there is a dose-response for both
neoplastic and nonneoplastic endpoints in animals and there is a no effect level for both asbestos
and SVFs. - One attempt at deciding if a given exposure in animals is potentiaily carcinogenic
involves the use of noncancer endpoints. In this scheme it was assumed that a dose that caused
putmonary fibrosis could also represent an exposure that was potentially carcinogenic in animals.
This was because no animal study has ever produced cancer in the absence of fibrosis. The next
assumption was that since no inhalation study had.ever shown fibrosis in the absence of
inflammation, one could assume that an exposure that didn’t result in inflammation would not-
reasonably be expected to be carcinogenic. The endpoint chosen for assessing inflammation was
the presence of inflammatory cells over background in bronchoalveolar lavage (BAL) fluid after
a 90-day inhalation exposure. Therefore, if one did not find an increase in inflammatory cells in
BAL fluid, one could chose this exposure as a no-effect threshold.

Itis reasonable to expect that in vitro studies could shed hght on the dose response of both’
asbestos-and SVFs. While these types of studies are primarily designed to capture and elucidate
specific mechanisms of toxicity and carcinogénicity, there may-be insights into dose response
that could help in establishing thresholds of effect. One such study showed that shoxt fiber. -
amosite did not cause inflammation; while long amosite did. The only draw backsto-and in vitro
approach is that these techniques do no take lung clearance phenomena into consideration and
fibers that are not biopersistent In the luiig might not be differentiated from blopersnstent ones
because of the short time frame of the in vntro studles
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Dr. Mossman’s Post-Meeting Comments

ATSDR Fibers Panel
Mechanisms of Short Fiber Toxicity

There appears to be a striking difference in the pathogenicity of respirable fibers directly related
to fiber length, with fibers below approximately 5 microns in length being less bazardous for the
development of cancers or pulmonary fibrosis. This prompts the questions: What are the
observed mechanisms of long fiber toxicity? Does composition matter? Are short (<5 microns
in length) fibers pathogenic? If so, what are the mechanisms of their toxicity?

One hypothesis is that long fiber effects are related to increased generation of oxidants; reviewed
in Kinnula, 1999; Hansen and Mossman, 1987). It has been shown that reactive oxygen species
(ROS) and reactive nitrogen species (RNS) are generated by asbestos fibers spontaneously in
cell-free systems, cells in culture, and lung tissue in vivo. A primary step in response to asbestos
fiber challenge to a number of cell types is superoxide anion release from cells which have
attempted to phagocytize long fibers whereas short fibers are encapsulated in phagolysosomes,
often without visible damage to cells. Superoxide, however, can be fuither dismutated to
hydrogen peroxide which can generate the reactive hydroxyl radical, catalyzed by iron vs. the
Fenton reaction. Alternatively, superoxide can react with nitric oxide to form peroxynitrite that
is associated with inflammation and lung injury. Asbestos stimulates the release of ROS and
induces oxidants intracellularly in both inflammatory cell types (Hansen and Mossman, 1987,
Goodglick and Kane, 1986; 1990) and target cells (Xu et al., 2002). Moreover, indirect evidence
for oxidant stress by asbestos is indicated by elevations of antioxidant enzymes in cells in culture
and lung tissue after inhalation of crocidolite asbestos (Janssen et al, 1992, 1994b). In human
mesothelial cells, these increases were not observed with exposures to polystyrene beads, or
riebeckite, a chemically similar nonfibrous analog of crocidolite (Janssen et al., 1994b). The role
of oxidants by crocidolite asbestos in causation of inflammation and fibrosis has been confirmed
in rodent inhalation studies (Mossman et al., 1990), and supports the central dogma that asbestos
fibers activate transcription factors and early response genes involved in proliferation and
‘inflammation by generating ROS via “frustrated phagocytosis™ (reviewed in Manning et al.,
2002). -

- < Several papers show that “frustrated phagocytosis” and oxidant production occur selectively in
response to long vs. short fibers of asbestos or glass. A study of luciginen-dependent
chemiluminescence (CL) in human monocytes found a strong correlation between superoxide
release and fiber lengths from 6 to 20 microns. All samples of fibers except wollastonite induced
CL release in a dose-dependent manner. Superoxide release was non-specific for the
compositional type of fiber, and fibers with lengths below 7 microns were only weakly active. In
studies by Blake et al. (1998), CL induction after zymosan stimulation and LDH release, a
measure of lytic cell death, were measured in Manville Code 100 (JM-100) fiber challenged rat
alveolar macrophages. A novel feature of this study was the use of fibers carefully sized to
average lengths of 33, 17, 7, 4, and 3 microns. The greatest toxicity was seen with the longer
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fibers which had multiple macrophages attached along the surface, indicating that incomplete
phagocytosis was associated with toxicity. These studies reinforce the many experiments in the
literature showing that long fibers are more toxic than shorter fibers in a number of cell types,
i.e., Goodglick and Kane, 1990.

Increased fiber length has also been linked to activation of transcription factors and cytokines.
For example, Tumor Necrosis Factor-alpha (TNF) is a cytokine involved in inflammation and
fibrosis. In a study by Ye et al. (1999), glass fibers with lengths of 6.5 +/- 2.7 microns and
16.7+/-10.6 microns were used to challenge a mouse macrophage cell line. Glass fibers
stimulated TNF production and caused Nuclear Factor-kB (NF-kB) activation, a process
involving ROS. Long fibers were more potent than short fibers which were effectively engulfed
by macrophages. Short fiber-induced TNF and TNF gene promoter activation was on the order of
one-third to one-half of long fibers. In another study (Cheng et al., 1999), crocidolite asbestos
caused parallel increases in TNF production in macrophages in a dose-dependent manner,
without cytotoxicity at the optimum.stimulating condition. Titanium oxide dust was without
effect. TNF.preduction may also be linked to inflammation by asbestos, and it has beén shown
that injection of long vs. short amosite fibers intraperitoneally results in inflammation and
macrophage activation related to the proportion of long fibers (Donaldson et al., 1989).

Another pathway leading to activation of protooncogenes (fos/jun) that comprise the Activator
Protein-1-transcription factor is the Mitogen Activated Protein Kinase (MAPK) cascades,
consisting of c-jun-N-terminal amino kinases (JNKs), Extraceliular Signal Regulated Kinases
(ERKSs) and p38 kinases. In studies by Ye et al. (2001) using macrophages, long glass fibers were
more potent than short fibers in activating MAPK which led to activation of c-Jun and the TNF
promoter. Studies by Zanella et al. (1996) explored the stimulation of ERKSs in mesothelial cells,
and found increases with crocidolite and chrysotile asbestos , but not with the nonfibrous
analogs, riebeckite or antigorite. Similarly, elevations in c-fos and ¢-jun expression were seen
with asbestos fibers and erionite in mesothelial cells, but were not induced by a vanety of
patticulates, MMVF-10 or RCF-1 fibers at comparable concentrations (Janssen et al., 1994a).
Long fibers of crocidolite (> 60 microns) were selectively associated with phosphorylation of the
Epidermal Growth Factor receptor in human mesothelial cells (Pache et al., 1997), an event not
occurring with MMVF-10 or particles. In general, pathogenic dusts such as asbestos or silica,
produce a variety of cytokines from cells and activate a number of transcription factors through
ROS or RNS (Mossman and Churg, 1998; Churg et al., 2000).

Another ramification of transcription factor activation is cell proliferation. Mechanistic studies
using target cells in culture or tracheal explants have shown that long fibers are more toxic and
more apt to cause cell proliferation than short fibers (Brown et al., 1986; Wright et al., 1986;
Marsh and Mossman, 1988; Sesko and Mossman, 1989; Woodworth ¢t al., 1983). These events
may be coupled, as compensatory hyperplasia may result from initial epithelial cell injury. In
studies by Woodworth et al. (1983), epithelial proliferation and squamous metaplasia were
observed with various types of fibers including glass and attapulgite, but not with nonfibrous
analogs of asbestos, i.e. riebeckite and antigorite and other particles.
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An intratracheal model in rats using long (>2.5 microns) and short crocidolite asbestos after
intratracheal instillation has yielded some mechanistic information on the differential effects of
long vs. short fibers (Adamson and Bowden 1987a, b; 1990). These studies suggest that the
increased fibrogenic response to long fibers may be due to selective increases in cell
proliferation. In addition, both long and short asbestos fibers cause alveolar macrophages to
secrete fibrogenic cytokines, but interstitial fibroblasts exposed to short asbestos fibers do not
respond to these cytokines.

Surfactant adsorption may be a mechanism whereby reactive particles or fibers are rendered
inactive or nonpathogenic. To determine the effect of surfactant adsorption on chrysotile
genotoxicity using an assay for micronucleus induction in Chinese hamster lung cells (V79) (Lu
et al., 1994), two lengths of chrysotile fibers were used with and without pretreatment with
DPPC, i.e. NIEHS intermediate (65%> 10 microns) and short (98% < 10 micron) fibers. The.
longer fibers were most active, and DPPC treatment diminished the activity approximately 15%.
The maximum activity of the short fiber sample was 70% of the activity of the non-treated ~~
intermediate; and the DPPC-treated short fibers expressed about 45% of the activity of the
untreated. That is, DPPC did-not fully suppress-the activity of the fibers, but had a much more
pronounced effect on the short fibers. One possibility is that the partial suppression of
genotoxicity reflects suppression of a component of toxicity by surfactant on the mineral surface.
Thus, short fiber genotoxicity, as reported here, may reflect a combination of mineral surface
functional groups which direct - membranolytic activity and ¢an be modulated by interactions with
components of the pulmonary surfactant system as well as phagocytosis-associated ROS.

In conclusion, studies summarized above show decreased or no effects of short fibers and
nonfibrous analogs of asbestos in a number of bicassays. The effects of long glass and asbestos
fibers may be.comparable in some studies.  However, the duration of these short-term assays may
be too shost to reflect irnportant solubility changes occurring in lung over time.
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Dr. Oberdérster’s Post-Meeting Comments

When responding to the charge questions in Topic Area 1 (physiological fate of asbestos and
SVF fibers less than 5 micrometers in length), Dr. Oberdorster gave a brief presentation to the
panel. He asked that a copy of the overheads from this presentation be included in this appendix
of the report. A copy of the overheads Dr. Oberddrster prepared for the meeting follow, including
some overheads that were not shown at the meeting due to time constraints. '

Dr. Oberdérster also provided an additional comment not mentioned at the expert panel meeting.
He noted that the panelists overlooked an important concept of short fiber toxicity which
involves an increased retention in the lung of short fibers in people (e.g., smokers) who have
disturbed alveolar macrophage mediated lung clearance. These people, he noted, can experience
a marked increase in short fiber retention and thereby increase the potential for fiber toxicity
significantly. Long fibers are reportedly not affected to the same degree as short fibers, as was
described in a paper by Churg (“Effects of cigarette smoke on the clearance of short asbestos
fibres from the lung and a comparison with the clearance of long asbestos fibres,” International
Journal of Experimental Pathology 73(3): 287-297, 1992).
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Predicted deposition of fibe
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{after Yu, 1990}

Effective filtration of long fibers by nose
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Dr. Wallace’s Post-Meeting Comments

Health Effects of Asbestos and Synthetic Vitreous Fibers:
The Influence of Fiber Length

I participated in the Agency for Toxic Substances and Disease Registry (ATSDR) expert panel
on “Health Effects of Asbestos and Syntheti¢ Vitreous Fibers: The Influence of Fiber Length”,
held in New York City on October 29-30, 2002. I limited my comments to one of the topics
which ATSDR requested that the panel consider: “Topic #2: Health Effects of Asbestos and
Vitreous Fibers less than 5 micrometers in length,” My research background has involved some
studies of the surface properties and associated toxicities of respirable silica and silicate
particulate dusts, which may have some indirect relevance to one of the questions asked of the
panel under Topic #2, specifically: “Do the mechanisms of action of other materials (e.g., larger

asbestos fibers, silicates, mineral dusts, amorphous silica) with potentially similar compositions

aid in understanding small-fiber mechanisms of action?”

Dr. Ralph Zumwalde of NIOSH, who has an extensive background in the epidemiology of fiber-
associated diseases, attended the proceedings as an observer and contributed information and
recommeridations concerning the availability of data and the analyses of epidemiology studies of
occupational exposures to fibers.

In this review and revision of my coraments on the panel, 1 also comment on the question: “Is
there indirect evidence for less-than-5 micron fiber induced adverse health effects?” because of
its association with the question of mechanism and because of some reports of inverse
correlations of fiber length with fibrosis seen in asbestos workers’ lungs.

As discussed in thc following review, my evaluation of information presented and commentary
made by and to the panel is that there is a need for focused and short-term research on short fiber
hazard; and that there are new opportunities for the design of that research.

- sxhcates, mmeral ‘dusts, amorphous’ silica) with potentially similar
a composmons aid i in understandmg small—f ber mechanisms of action?

“A. S;)me lessons from non-fibrous pamculate studles :

1. Non-fibrous c;j:stgiﬂiné silica is cytotoxic, ﬁbroéenic and carcinogenic.

: "Respuable' crystalline silica particles, which are non-fibrous by ahy definition, are strongly

" pathogenic for fibrotic lung disease, and IARC, the US EPA, and others have recently evaluated
quartz and cristobalite, two  crystalline silica polymorphs to be carcinogenic (1).

E-57
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Exposure to these crystalline silica dusts can directly damage cells. Research suggests that
consequent to this damage, there can be intrarcellular generation of reactive oxygen species and a
cascade of events similar to the those evoked by asbestos fiber (2,3). As depicted by Dr.
Mossman and others, that sequence may lead to the synthesis and release of TNF-alpha or other
cytokines which stimulate near-by fibroblasts to preliferate and to up-regulate their synthesis and
secretion of procollagen into the extracellular space of the pulmonary interstitium. There the
procollagen matures into one or several forms of collagen fibers causing simple or progressive
lung fibrosis.

The initial damage by quartz dust and by cristobalite dust te cells in vitro has been shown to be
associated with the presence of silanols, hydroxyl groups on the crystalline silica surface.
Bolasitis et al. (4,5) showed that calcining, e.g., heating, quartz resulted in the loss of surface
silanols and a pacallel loss of direct membranolytic cell damaging activity. Asthe dustaged in
norma! humidity air, the silanols re-formed on the surface over a period of days, and toxicity was
restored parallel to that restoration. Saffiotti et al. (6) observed similar behavior with cristobalite.
In some circumstances, e.g., sand-blasting eccupational exposures, highly reactive free radical
species are formed on the freshly broken crystalline silica surface; these exhibit heightened
toxicity to cells in vitro in the absence of materials which can react to guench that activity, and
may provide a addjtional mechanism of heightened toxicity (7). '

2. Mineral-specific fibrogenicity: Short-term in vitro bioassays for mineral particles do not work

Some silicate dusts are cytotoxic in vitro but are not strongly pathogenic in vivo. Clays, layered
alumino-silicates, are not associated with strong fibrogenic activity in human workplace
exposures or in animal model exposure studies (8). In particular; respirable-sized kaolin clay
dust, perhaps the structurally simplest alumino-silicate clay, is comparable to respirable-sized
quartz dust for in vitro cytotoxicity (9) as measured by short term assays of cell damage, e.g.,
membranolysis, cytosolic or lysosomal enzyme release, or dye-exclusion measures of cell
viability. Therefore, direct short-term in vitro cellular assays do not distinguish the distinct in
vivo fibrogenic potentials of quartz versus kaclin clay dusts. Because of this, the general
prevalence of clays in many mixed dust exposures prevents the use of short-term in vitro
cytotoxicity systems to predict dust hazard. . : T

3. The first events inparticle or fiber interaction with the deep lung surface:

An importanf but generally ignored component for physiologicaﬂy—representative in vitro
bioassays: ‘

a. The environmental iﬁterface of the deep lung is surfact,éﬁt—cdaled
Particles or fibers depositing in the deep iung respiratory bronchioles or pulmonary alveoli will
first contact the aqueous “hypophase’ lining on the terminal airway and airsac surfaces. This thin

layer is coated at the air-liquid interface with surfactant which acts to reduce the surface tension
and physically stabilize the airspaces (10). The hypophase layer is also rich with micellar
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dispersion of surfactant. The surfactant is comprised principally of lipids and lipoproteins. The
major constituents are phospholipids: diacyl phosphatidylcholines. Dipalmitoyl phosphatidyl
choline (DPPC) dispersed in physiological saline provides perhaps the simplest modei of lung
surfactant, representing the major surfactant constituent and generally reproducing the surface
tension-lowering characteristics of full lung surfactant.

b. toxic particles adsorb surfactant and are promptly neutralized

Both quartz and kaolin clay dust particles promptly adsorb DPPC surfactant from dispersion in
physiological saline; this immediately coats the particle surfaces and prophylactically
extinguishes their short-term cytotoxicity (12). The amounts of surfactant in the alveolar
hypophase compared to the surface areas of respirable mineral dusts and their adsorption
isotherms for DPPC suggest that there is adequate surfactant in the lung to coat and neutralize
depositing particles even in most high dust exposures (13).

c. Restoration of particle toxicity and a possible basis for mineral-specific fibrogenicity

Subsequent to the suppression by pulmonary surfactant of otherwise prompt cytotoxic activity,
the surfactant-coated particles can be phagocytized by macrophages and subjected to
phagolysosomal enzymatic digestion (14). Cell-free experiments have correlated the digestive
removal of DPPC from quartz and kaolin particle surfaces by phospholipase A2 enzyme with the
restoration of membranolytic activity. In cell-fiee tests using pH -neutral acting phospholipase
A2-and in limited in vitro/in vivo tests, quartz is stripped of susfactant significantly more rapidly
that kaolin(15). Cellular in vitro studies have found that macrophage-like cells in vitro digest
quartz- and kaolin-adsorbed DPPC at comparable rates over a period of about 7 to 10 days with
initial partial restoration starting at 3 to 5 days (16). It has not been demonstrated that this de-
toxification/re-toxification process is the mechanism distinguishing quartz and alumino-silicate
expression of toxicity in vivo.

4. Site of particulate-induced fibrogenic activity

Churg et al. (17) briefly discuss the principal site of asbestos activity, noting the alveolar

-macrophage is commonly regarded as the crucial effector cell. This is the background
" assumption also for most experiments on the cytotoxic and fibrosis-associated activity of

crystalline silica dusts: However, Adamson, referenced by Churg et al. in a different context, has
published a suite of studies which make a case that it is interactions of silica particles with -
interstitial cells which control the stimulation of exacerbated collagen synthesis by pulmonary
fibroblasts, and that the macrophage is responsible for only an inflammatory response evoking
neutrophil influx to the alveolus but not tied to explicit fibrosis(18). While the mechanism of
initial cell damage or stimulation may differ between silica or silicates and fibers, e.g., ROS from

‘a “frustrated” phagocytosis mechanism for asbestos and surface silanol hydroxyl membranolysis

by quartz or clay, a parallel analysis to Adamson’s silica'study findings might be considered in
researching the site of asbestos action for fibrosis.
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3. Possible interferences in short-term bioassays

Oberdorster and others (19) have found that the conventional protocol for extended-term in vitro
cellular assays may inadveriently cause a non-physiologic surface conditioning of mineral
particles which significantly affects assay results. The use of fetal bovine serum can confer a
prophylaxis on silica and perhaps on kaolin (20), probably due to the mineral surface adsorption
of lipo-proteins from the FBS. That may not represent a physiological situation in the intact lung
in vivo and may interfere with attempts to model the condition of particle surfaces upon
deposition in the lung and resultant effects on their expression of toxicity in vivo. For purposes
of in vitro investigation of fiber or particle toxicity, this interference might be circumvented, e.g.,
by excluding serum from the medium during a short-term period for particle or fiber challenge.

6. Environmental conditioning of particle surfaces can affect their in vivo pathogenic activity

Even animal model in vivo tests can fail to be predictive in the case of a cytotoxic and fibrogenic
mineral in mixed composition dusts, e.g., quartz particles in workplace dusts: conventional -
mineralogical and cytotoxicity assays may not correlate with short-or intermediate-term in vivo
fibrogenic response. Alumino-silicate surface contamination of quartz particle surfaces can delay
for months or perhaps years the expression of fibrogenic activity. Aluminosilicate or other
mineral occlusion of the underlying host particle can alter the expression of toxicity in vivo
during the bio-persistence of the surface contamination. This has been seen worldwide in
anomalies in the fibrogenicity of coal mine dust exposures (21). This was clearly demonstrated
by LeBouffant et al. (22) by in vitro and in vivo studies of the fibrogenicity of silica in coal mine
dusts and in natural lightly contaminated sands. More recently, new spectroscopic surface
analysis methods have demonstrated natural clay occlusion of quartz dusts from some workplace
where epidemiology studies had detailed anomalies in disease risk correlation with conventional
measures of dust exposure (23).

B. Fibrous mineral and crystalline silica particle differences and similarities
1. Mechanisms of toxicity for fibrous and.non-fibrous materials
.. a.Conventional assays do not clarify the bases of:asbestos or silica particle toxicity

Churg et ab. (17) review highlights and caveats to the general models of asbestos activity. Some
fibers can evoke the responses from ROS generation through the cascade to increased expression
of TNF-alpha, but have not been shown to induce fibrosis.. And asbéstos produces fibrosis in
some systems without increasing TNF-alpha expression... Chrysotile contains little iron but is
fibrogenic; albeit not.a potent as amphibole. Churg et al-suggest a comparison of asbestos and
silica-induced fibrosis data. Their paper compares the generation of ROS, RNS, and activation
of NF-kB.and AP-1;and increased production of TNF-alpha and other factors and find the dusts
to be indistinguishable. In the face of this, asbestosis and silicesis differ in hnstopathologlcal
appearance: asbestosis is a diffuse fibrosis and silicosis is in localized nodules. Their conclusion
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is that the tabulated responses fail to explain comprehensively how asbestosis or silicosis
develop.

b. Surfactant does not fully suppress all asbestos fiber in vitro cytotoxicity

Asbsetos fiber as well as particulate silicate can adsorb the DPPC and éomponents of pulmonary
surfactant (24). We have briefly researched the effect of surfactant adsorption on chrysotile in
vitro genotoxicity, using an assay for micronucleus induction in cultured Chinese hamster lung
cells (V79 cells) (25): in our test of two chrysotile asbestos fiber samples, pre-treatment with
DPPC in physiological saline swirogate lung surfactant did not fully suppress a short-term toxic
activity to cells in vifro. NIEHS intermediate length chrysotile asbestos fiber (average 101
micrometer length, 65% > 10 micron) and NIEHS short chrysotile asbestos fiber (average 11.6
micron, 98% < 10 micron) were tested for micronucleus induction in V79 macrophage-denived
cells for 72 hour challenge +/- DPPC surfactant pre-treatment of the fibers. For the longer fiber
sample, DPPC did not significantly affect the activity, a numerical reduction of about 20% in the
activity was observed but was not statistically significant. However, DPPC treatment reduced:
the shorter-length fiber sample activity significantly, to about half that of the untreated shorter
fiber sample. Similar effects were seen for multi-nuclei induction and for dye-exclusion viability
measure for cell toxicity. No actlvuy was seen for either sample in a sister chromatid exchange
assay. :

c. A surface modification which did not affect long asbestos fiber toxicity in vitro

We also attempted to see if a significant surface modification of chrysotile without a significant
modification of fiber size would affect in vitro genotoxic activity (26). The NIEHS intermediate
length chrysotile asbestos fiber used above was mildly acid leached to remove near-surface
magnesium, but to retain fiber length. The treatment resulted in a 20% reduction in fiber length
in each of three length categories: <3 micron, 3-10 micron, > 10 micron. Spectroscopic surface
analysis and zeta-potential measurements showed significant reduction in surface-associateéd
magnesium and in its influence on surface chemistry. However there was no significant change
in measured activity for micronucleus induction between the treated and non-treated fibers.

.. [s there more than one mechanism of fiber cytotoxicity? Do short fibers also act as.
particles? ‘

One mterpretatxon of these two expenments is this: at least two mechanisms are mvolved il the
initial damage or interaction of fibrous particles with the lung: a component which is at least
transiently suppressed by surfactant conditioning which significantly contributes to shorter fiber
activity, and a component which is not suppressed by surfactant conditioning, and which is not
affected by one significant modification of surface composition and chemiistry; and which is the
principal mechanism for longer fibers. That is, a model which suggests itself is the combination
of the frequently discussed “frustrated phagocytosis” mechanism for longer fibers, e.g., those
which:are too long to be fully phagocytized and intemnalized by the cell target, and a surface -
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property-mediated toxicity mechanism for internalized particles or short fibers, i.e., fibers which
are internalized and subjected to conventional phagolysosomal processes.

One possible consequence of “frustrated phagocytosis™ of longer fibers is that the partially
invaginated fiber stimulates the cell to release superoxide in a manner related to the respiratory
burst upon normal phagocytosis, or that superoxide is produced by the cell in response to an
autolytic effect-of enzymes or other lysosomal or cytosolic agents released into the annular
invagination of the fiber. The superoxide is then in close approximation with reactive iron
species on the fiber surface in or extending beyond the partially invaginated fiber to create
hydroxyl radical for strongly toxic effects at the cell or neighboring cells.. The paper by M
Ohyama et al. (27) provided to the panel presents a difficult atgument against frustrated
phagocytosis: The study used luciginen-dependent chemiluminescence-(CL) induced in vitro .
over a short (2 hour) period, and found a strong correlation of response indicative of superoxide
release with fiber length 6 10 20 um. All samples except wollastonite induced CL response in a
dose-dependent manner. Superoxide release was non-specific for compositional type of fiber.
The four fibers with lengths below 7 um were only weakly active. Longer fiber activity
correlated with length.

Research on the surfactant suppression and subsequent lysosomal enzymatic restoration of
mineral particle.cytotoxicity within a cell, suggests that short fibers which are fully taken into the
cell in a phagosome may express, in part, a cytotoxicity within the cell after removal of adserbed
prophylactic surfactant. That is, some part of short fiber toxicity may be related to the mineral
surface-specific mechanism of non-fibrous particulate toxicity.

Those do not exhaust the possible mechanisms for long or short fiber damage to cells. Asbestos
fiber penetrating the cell or cell nucleus may exercise modes of digect genetic or epigenetic
damage. In our above study of surfactant effects on chrysotile genotoxicity in vitro, a limited
investigation using immunofluorescent kinetochore staining indicated that both clastogenic and
aneuploidogenic effects were associated in similar proportion with the observed micronucleus
induction. That is, fibers may directly or indirectly interact with the spindle mechanism involved
in chromosomal separation during cell division. During mitosis, the nuclear membrane
disintegrates, possibly providing intracellular fibers access to the genetic material or kmetochorcs
and spmdle apparatus :

~.a

2 Intracellular response to fiber challenge. ) s "

a. v'I;,ong ﬁber cﬁallcnge

'Whatcvcr the. mechamsms ‘of direct fiber damage or stimulation of the cell surface, some

components of the consequent intracellular response have been well-defined. Mossman and
others have detailed the cascade of events following fiber challenge to pulmonary macrophages
or perhaps to other cells. A recent review-(3) explicates the central dogma that damage to or
stimulation of the cell by fibers is followed by an increase in intracellular reactive oxygen species
which trigger a cascade of transcription factor activation leading to the up-regulated production
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and release of TNF-alpha or other cytokines. This also was recently the subject of a NIOSH
study by Cheng et al. (28) in which crocidolite with a median fiber length of 11.5 um challenged
lavaged rat AM in FBS-containing medium for 1 to 24 h.. Crocidolite caused parallel increases in
TNF-alpha production and NF-%B activation.in a2 dose-dependent manner. A titanium oxide
conirol dust had no stimulatory effect on TNF-a secretion. The report by V Kinnula which was
provided to the panel (29) reviews the possible roles of reactive oxygen species (ROS) and
reactive nitrogen species (RNS) generated by asbestos fiber in cell-free and cellular and tissue
systems. A primary step in response to asbestos “long” fiber challenge of celis is agreed to be
superoxide apion release in cells which have attempted to phagocytize fibers. This superoxide
can further be dismutated to hydrogen peroxide, which can generate hydroxyl radical, catalyzed
by iron via the Fenton reaction. That hydroxyl radical is extremely toxic and reactive, but
therefore short-lived. There is some contention that fibers stimulate the release of ROS from
inflammatory cells and not target cells, However, asbestos fiber can generate ROS
spontaneously in cell-free systems. This fiber-prompted production and release of TNF-alpha
can stimulate nearby pulmonary fibroblasts to proliferate and increase pro-collagen synthesis,
which is released extra-cellularly to mature into collagen scarring.

b. Intracellular response to challenge by well-classified shorter fibers and particles

Dr. Baron of NIOSH has been developing a-fiber size classifier (separator) which can permit in
vitro or perhaps limited in vivo expéeriments with sets of fibers of fairly well-defined length (30).
A dielectrophoretic classifier.can separate fibers from an airstream producing about 1 mg/day of
asize cut. These classes of JM-100 glass fibers were recently produced for in vitro toxicology

study:

cut 1: Length = 32.7 micrometer +/- 23.5 SD; Width = 0.75 micrometer +/- 0.50 micrometer
cut2:L=167u+/-106u; W=04%u+/-027u

cut3:L=65u+-27u; W=044u+/-022u

cutd:L=43u+/-1.0u; W=040+/-0.15u

cut$:L=30u+/~10u, W=035u+-0.14u

In recent NIOSH studies by Dr. Castranova and-colleagues, these samples were used ina -
comparison of “long” and “short” fiber cytotoxicity and of induction of the cytokine cascade in
vitro: Blake et al. (31) used 18 hour challenge of rat alveolar macrophages in vitro and the
lactate dehydrogenase (LDH) release assay, the 17 micrometer sample expressed about 2 X the
activity of the shorter samples (and also 2X the activity of the 33 micrometer longer sample) on a
mass basis. However, all samples were active well above controf levels. The 7 micrometer fiber
set had about 8 X more fibers per gram than the 17 micrometer set, or about 3 X the linear
surface area.- Thus, the 17 micrometer long fibers were on the order of 6 or 7 X more cytotoxic
than the shorter 7 micrometer fibers oni a linear surface basis. Similar effects were seen with.an
assay using chemiluminescent response to zymosan challenge. ‘And multiple macrophages were
seen attached along the length of the long fibers, suggesting “frustrated” or incomplete
phagocytosis was occurring for longer fibers.
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J Ye et al.(32) challenged a mouse macrophage cell line with the 7 and with the 17 um glass fibec
cuts, for 3, 6, and 16 h. Glass fibers stimulated TNF-alpha production, activation of TNF-alpha
gene promoter acfivity, and activation of DNA binding activity of nuclear factor (NF)-kB.
Reactive oxygen species (ROS) were involved in the activation and production. Dose was set at
5 fibers per cell; by that metric the longer fibers were more potent than short fibers by a factor of
about 3. However, on a basis of length of fiber exposed to the cell or surface area, the activities
were about equal for the long and short fibers. As seen in photomicrographs, short fibers but not
long fibers were effectively engulfed by macrophages. In a subsequent study by Ye etal. (33} it
was found that the long fibers were more potent than short fibers at the same dose of 5 fibers/cell
in activating MAP kinases which activate transcription factor c-Jun which acts on the TNF-a
gene promoter through the cyclic AMP response element and the AP-1 binding site. Again, the
activities were comparable for long and shost fibers on the basis of exposed fiber length or
surface area.

Question: s there indirect evidence for less-than-5 micron fiber induced adverse health
effects?

A. Human studies

1. Churg et al. (34) found the grade of interstitial fibrosis asbestosis in the lungs of a group of
chrysotile miners and millers to be directly proportional to tremolite or chrysotile fiber
concentrations, but inversely proportional to mean fiber length and length-related parameters.
Churg et al., (35) graded fibrosis in the lungs of some shipyard and insulation workers, finding
fibrosis grade to be strongly positively correlated with amosite concentration and negatively
correlated with mean fiber size parameters including fiber length; they suggested “...these
observations again raise the possibility that short fibers may be more important than is commonly
believed in the genesis of fibrosis in man.” In a study of chrysotile miners and millers, Churg, et
al., found pleural plaques were strongly associated with mean tremolite fiber aspect ratio, but no
differences in mean fiber size, including length, were seen for any other disease studied
(mesothelioma, airway fibrosis, asbestosis, or carcinoma) (36). One member brought to the
panel’s atiention a recent publication (37) analyzing fibers in lung tissue from two groups of
former chrysotile miners and millers: the study concluded that *...fiber dimension does not seem
to be a factor that accounts for the difference in incidence of respiratory disease between the two.
groups”. It has been generally speculated that shorter fibers in lung tissue may be the residue of
fibers which were longer when deposited, and disease initiation was due to the originally long
fibers, which were subjected to subsequent in vivo dissolution or degradation into the observed -
short fibers (17). This appears to be one plausible explanation of the inverse cormelations reported
between fibrosis and fiber length in buman lungs. But this does not limit the.research opportunity
or imperative, provided by the seemingly anomalous or “counter-intuitive” results, to address
possible short fiber-associated disease mechanisms. :

2.A p(;ssible “short fiber” exposure cohort. Dr. Zumwalde of NIOSH suggested.to the panel that
a past NIOSH study of 2,302 workers at an attapulgite mining and milling facility (38) may have
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involved exposures, in part, to short mineral fibers. A significant deficit of mortality (SMR = 43, e
90% CI 23-76) from nonmalignant respiratory disease (NMRD) was observed for the cohort; but

a statistically significant excess of mortality from lung cancer was observed among whites (SMR

=193, 90% CI 121-293), but a deficit occurred among nonwhites (SMR = 53, 90% CI21-112).

This may present an opportunity for review and re-analysis and a source for collection of

materials for study. NIOSH also is re-analyzing archived materials available from a past study of

asbestos workers in South Carolina.

Question:  Are short fibers pathogenic? What should we do?
1. Review of in vitro toxicology

For non-fibrous particles:

- Non-fibrous mineral particles can be cytotoxic, fibrogenic, and carcmogemc

- That pathogenicity is mineral-specific.

- Surface characteristics may delay expression of that pathogenic actrvrty in vivo.

- That pathogenicity is not necessarily reflected in short-term in vitro cytotoxicity assays.

- The first interaction of particles depositing in the deep lung, namely, adsorption of the lung

lining surfactant, strongly affects mineral particle prompt toxicity.

- The bio-persistence of that surfactant prophylaxis may be a critical factor in the timing and

severity of mineral particle expressron of toxicity:

- After expression of the primary toxic event in particle chalienge to cells, the intracellular -

response may be much similar to the cascade induced by asbestos or fiber challenge leading to )
the mductron of pathogenic, e.g., fibrogenic activity by nearby cells.

For fibrous pamcles: :

- Many studies have found an association of pulmonary fibrosis, cancer, and mesothelioma with
occupational exposures to long fibers, e.g., fibers with length greater than the dimensions of the
target cells: - . :

- Long fibers clearly are cytotoxic in vitro.

- Long fiber cytotoxicity and the initiation of pathogenic processes are generally consrdered to be
resultant from a “frustrated phagocytosis ™ inechantsm.

- Some studies of fiber burden and disease-in tissue from asbestos workers have shown an
inverse correlation of disease with -fiber léhgth. ' :

- Those disease-correlated shorter fibers appear in some of the cases to be mmeral specrﬁc, e. g s -
associated:with contaminant amphibole more than with seprentine asbestos.

- Lirnited in vitro study data suggest that shorter fibers may-have a component of cytotoxicity
which is surface-associated, perhaps mdependcnt of a “frustrated phagocyt031s mechamsm
involved in long fiber toxicity.

-~ In short term in vitro assays, well—controlled for fiber length, shozter glass ﬁbers cancause " ©

intraceilular events comparable on a fiber or surface baszs to those assocxated w:th longer ﬁber ,
challenge and wrth asbestos fiber challenge
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2. Interpretability of short-term in vitro assays

The ability to interpret many in vitro experiments on particle of fiber toxicity is complicated by
the lack of modeling of initial conditioning of particles in the lung and the time course of
expression of toxicity in vive. Surfactant adsorption in the lung can dramatically alter the short-
term in vitro toxicities of mineral particles, and may determine if toxicity is expressed in times
long or short compared to clearance.

This surfactant effect and associated delay in toxicity expression does not appear to be a factor
for long fiber asbestos expression of in vitro toxicity. Whether this is a factor for short fibers is
unknown. That is, if short fibers have a component of toxicity independent of 2 “frustrated
phagocytosis” mechanism but dependent on a surface-property mechanism then such
conditioning and time delays in expression of toxicity could be critical in the design of
experiments for the detection and analysis of short fiber toxicity by in vitro or short-term in vivo
assay. :

3. Research opportunities

a. The ability to collect milligram quantities of well-classified (sized) small fibers presents the
opportunity to do carefully size-controlled in vitro studics and possibly some (more limited) in
vivo studies, e.g., by nose-only inhalation or tracheal instillation.

b. Epidemiology study results suggest types of fibers which should bc compared and contrasted
in such experiments, .g., short tremolite vs. short chrysotile.

c. A review of epidemiological studies of attapulgite or other short fiber exposures may provide
an identification of other short fiber asbestos and non-asbestos materials for toxicological study
for which human disease epidemiology information is avatlable for comparison.

d. Preceding the initiation of new toxicology studies, a review of past in vitro studies might
identify the controls for surface conditioning of the test fibers: were effects of lung conditiuning
modeled, or were non-physxologxc effects of medium adsorbates possible in past studies?

e. So—desngned in vm-o toxxcology studies of classified short fibrous matenals which have known
positive or negative correlations with pathology could be attempted to determine if thereisa -
short fiber toxicity with a reasonable potential to initiate disease. in vivo, and if that potential is
dependent on fiber mineral type or surface property or morphology.

f. A similar review of short-term in vivo studies might help the design of methods of challenge
and time course for tests of materials selected from the in vitro study results.

g. Results of the in vitro and in vivo studies would suggest if useful application could be made to
dusts of current concern, e.g., Libby vermiculite or World Trade Center disaster-associated dusts.
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‘eytotoxicity and relahve pathogemcnty of mmeral dusts ~Ann: Occ Hyg. 32, 279-289.
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NOTE

This report was prepared by Eastern Research Group, Inc. (ERG), an EPA contractor, as a general
record of discussion for thé péer corisultation workshep ori’a 3 pioposed protocol to YsseSs asbestos-
related risk. This report:captuies;the main points of scheduled presentatiops, highlights' discussions
among the panelists, and documents the public comments provided at the meeting. This report does not
contain a verbatim transcript of all issues discussed, and it does not embellish, interpret, or enlarge upon
matters that were incomplete or unclear. EPA will use the information presented dunng the peer
consultation workshop to determine whether the proposed risk assessment methodology can be used to
support decisions at asbestos-contaminiated sites. Except as specifically noted, no statements in this
report represent analyses by or positions of EPA or ERG.

[
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“EXECUTIVE SUMMARY

Eleven expert panelists participated in a peer oonsulmt(on workshop to réview a-proposed protocol to
assess asbestos-related risks. The pmtocol is documented n lhe xeport, "I‘echmcal Suppoxt Document

the end of the 24-day workshop, which was open to the pubhc, the expext panehsts drafted the. - .
following summary of their findings: i SR e

The peer consultation panel strongly endorsed the concéptizil approach of déveloping an updated

cancer risk assessment methodology that takes into account fiber type and ﬁ&:r df;;éﬁsibm The -

opportunity is at hand to use substantial new information from epidemiology, experimental toxicology,

and exposure characterization on what continues to be an extremely important societal issue—assessing:

the health risks associated with environmental and occupational exposures to asbestos. The panel

recommended that EPA proceed in an expeditious manner to consider the panelists’ conclusions and
recommendations with a goal of having an updated asbestos risk assessment methodoiogy. Itis ;
important that EPA devote sufficient resources so that this important task can be accomplished in a

timely and scientifically sound manner. The panel urges that additional analyses underpinning the

document, preparation of documentation, and fimther review be carried out in an open and transparent

manner.

. Prior to the workshop, the participants received draft copies of the “Methodology for Conducting Risk

Assessments at Asbestos Superfund Sites Part 1: Protocol’” and “Part 2: Technical Background
Document.” The panelists generally found that these documents did not provide a complete and
transparent description of how the data were anatyzed to support the conclusions presented. The
incomplete documentation of methodology precluded the replication of the ﬁn@gs, in advance of the

'meetmg, by several panelists. The methodology used was clarified by the comprehensxve pmentauons

that Drs. Berman and Crump made at the workshop. However, future drafts of these documents must

s
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clearly describe the methodologl&s and include sufficient data, pexhaps n appcndlc&s, such that the
ﬁndmgscanberephmted TN e e T

" Measurement metlmds. Cotinuinig’ advanc&s have been made ' thie apphcaﬁon of exposure
" measurbrent technology for asbestos ﬁgcrs dunng this past two decades. These’ advances
include the use of transmission electmnmcmscopy(l‘EM) ‘and allid techiniqies (e & etlergy
dmpcrswe x-ray detection, or EDS) as an alternative to phase contrast IMicI0SCOpy (PCM),
thereby allowing the bivariate'(Ec., lengfti aiid mcfth) chardicterization of fibers and fiber type..
'Ihe proposed nsk ass&csment methodology mborpoml&s thwe advancw in thé dcvclobfnrent of

I
et

ass&ksmepfg

]

charactenzéubn mmiétrics tiosF be accoity a'h'md by bhang’és' the expoﬁure responsé“cbcfﬁcnents
of the risk asscssment models.’l'h:s Wwas' emfﬁaasxzed in the mpmt and ‘the paneksts'“éndoxsed this
vxew' 2 L :

B Aceess to additional raw data sets. 'I‘he panehsts strongly mcommended that EP .méke
every attempt to acqune and analyzc raw data sets from key human epxdemlologcal studies.
“ Whéie possnble it wotild also be desnrabfe t6 obiain bwanate (i, lengtﬁ and’dfhmeter) fiber
exposm'e mformauon ‘for these rcuanalys&c cheml pane]xsts beheved that mwew 6f addmonal

Alitg i _
2] lung those Whe' have
cb‘m‘fnum::atc heir results

ﬂitectly © EPA for'ﬁmher bodmdc;'atl

t llf N

“-Fibeér diameter. The proposed nsk assiésment’ mcthodology uses & diak ieter cut-oﬁ’of 0.5

micrometers (pm) for consldermg fiber Fhe 1epoitstates (Hat fibers 027 fiiin diamietér can -

reach the respiratory zone of the lung. A few panel members indicated that the fiber dlameter

cut-oﬁ‘couldbeas lughas 1.5 pm chinngoral breutb(ng THe 04 it cm—offcame fmmrat data,

“ larger diaimeters would’ bé expected to'bétespitable mﬁumans The?e was genieral
agtéement that the’ dxameter cut—off sholild be between 05 and l 5 pm. ThIS 1ss‘ue is dBSéerg

: ofﬁxrtheranaiysw T S

Vi
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The ﬁbet 1ength d!stn'bunops fo::the human cohort cxposurm are much more unce 3
Wxttenoom, Quebec, and South Camhna cohorts, ,them are lumted,ﬁber length dxsmbunon data

o, (10x objectxve) o midget i xmpmget samples.in pthexs Batt} nge@lods d
,:.,dO not

g gpﬁml._mlutlon, an

belOW), SRR

and rmxum’ Wﬁh incorporation.of other available | kno.w :on, ﬁber type, prqgé:ss,

Fiber length The Berman and Cmmp analysas made a sxgmﬁcant contnbuuon by obtmmng and

analyzing membrane filters frot the animal inhalation studies in Edmburgh and oonduchng
quality-assured bivariate length and distribution analyses by TEM—thereby greatly reducing the
uncertainty of the exposure sidg of the, exposure-rgsponse relationship for chronic fiber.cxposure
in rats. Unfortunately, cormspondmgly detailed information on bivariate size distribution is not
available for humans. This leads to the need to use the animal data, although oné must always

- mgognize{g;g;,m uncerfainties associated with inferspecies extrapolations. such as anatomic .

stics: and mpxrabxhty between species. Eulme analys&s may beneﬁt frogmusmg other
avad:;b!e labm;am:yanunal dagnsetsand human daﬂsels L F e e el

based on. TEM analysls fmm h:stonc memb;qx;g: ﬁ!ter samples, but only ﬁbet m{eg '
than 5 pm andjgnger;,thaq lQ 4 were counted, Eor all other, coports, the measurgm pts were
lirmited to PCM fiber counts for all ﬁbersgreatctthanS ummlengﬁlmsome,andpamclccounts
iqgﬂeggsme thin, ﬁbexs,

(1."

IR RN A DL

ssil gexposmemlhedxﬁ"emtsmdxm, Be?naqand(}gmr)pqsqdﬂnavaﬂable pfommOnm

make ad_;uslments to the uncertainty ranges in the exposure-response coefficients. The .

workshop panel welcomed this initiative but suggested alternative approachs (see “Methods,

b ‘ bt Y par 2

J!’

par;xcgpants havmg a bmad

; range of expegﬁse,,codd evalhate iﬁe unceﬁa;;:'mes in hxstc;uc Aoqc;q’)quonal data, sets’ exposure

measurements. They, felt : such a workshop cou!d re;ul. in 2 more copfident ass&ssmmt of

3050, 3t

4 rejaqonshxps‘for popu!auoqs cxposed to, a van¢ty ot;amplu b sl«?;: ch;ysonle

RIS R

Wity A,

- (f avallable), and the,;elatwe ;mmber of gxcess luug.g.}gpcgand p.n&sothg,hmna, if may.) well be

EREING SH T vy

possible to gain a much clearer understanmng of the, mles of, thmgyanabl&s as,causal, factors for
these asbestos-associated cancers. In addition, the workshop would prove valuable in further

- discussion of mmineralogical, geplogical, and industrial hygiene issues with mgaxd o application of
themodcitonskasqessxqgntm e:gvupnmentalsgtes gfco c:em1 e s v

U‘ a4{1 5 Tt wE ERTRY l((

: TheBemaanax),d,gqmp mdexasxgns zcmnslgtoﬁbpxs l&ss&mnS pmmlength. Fibexs;

between.5 and 10 yum are. - assigned.a nqkjhat,xs one. thme-hundmddx of the nsk ass:gned to

; ._ﬁbers Jonger & tban 10 pr. Panelxsts .agreed that t thereasa conSIdcxably grwter nsk for fung

cancer for ﬁbers longer than 10 pm. However, the panel was uncertain as to,an, exact cut size
for length and the magnitude of the relative potency. The panelists also agraed that the available
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- -data in existing studies (¢.g,, Wittcnooxp) There was recognition § that time since first.ex

Forlun az;cer me‘panehsts
. Jela(lve yoler

_ﬁctors other thanﬁbertype(e g ind ‘g;y,.consﬂered) that prowde far
.. matfer.. Thfse other factors can then b¢ considered

Aof qondilﬁglng' arat nﬂlalatlon study using. tremohta cleavage ﬁ'flgments was. recommended to

data suggest that the risk forfibers less than 5 pm in length js very low and conld be zero. This
specific issue was addressed by an expert panel convened by the Agency.| for Topc Substances
and Disease Registry (ATSDR) in October 2002. Some panelists suggwted that, for

.mothehoma, gxmter wclght should perhaps beassngnedto fibers in the 5 to 10 pm, iength

-‘; Flber type.For meso:hehoma, the panehsts suppgrted the use of dnffexent tclauve carpmogemc

potencies for different fiber types. The papelists unammously agrwd that the avaxlable

S epldcrmology studies provide compelling evidence that the carcinogenic potency of. ampﬁnﬁole
-, fibers is.two.orders of; magnitude preater than that for ch:ysople fibers. There was some..

discussion about the precise ratio  expressed. dqc to questions ; about the avmlabﬂ1ty of exposum

an important factor in determmmg risk for mesothelioma and some discussion is needed on the
unporbmoe ofdurauonandmtens:tyofexpomue ;g B aen N :

h,;cgdnfmng opxmons on the ;nfmm that can bemadeon the
otency, of chrysotife. and ~amphibole fibers. Some panehsts wpyoned the ‘gn'dm&that
amphxbplc ﬁbers are S,txmes OLmore, Mfor l_ung mnccrﬁ)ajxlam ch;ysoql\e“i)ibe:s QOther
g:hsts didy nouinnk the statistical, pnalyss in the draft. methodo[ogy docun;gnt,gggggt@jhxs

OIS ll;r

wl_:_«;nﬂ:,e xisk: assessfnent is app}.ted. '

AR Y ,_:, AT h)

Cle;wage fragments The panel lcnew of htﬂc data to dxrectly address t‘he quesho,

- whether cleavage fragments of equal durability and dimension as fibers would have sumlar or
.. dissimilar. potency. for lung, canoer The general view:is that data indicate that. durability an and

dxmensxonare‘cntlcal to pu!monary path(ggenws 'ghe fore, it, is prudent atthis time toassum
ivalent potency for cancer in the:absence of other, ;nformatmn to.the conb;aty i

- SRR i " e WER o
" are more important. Cleavage ﬁ'agmems that o riot rmeet these criteria would nofconiribut
- risk of mesothelioma.

et i

bmwdef%d. ?quai%

specific criteria for inclusion of studies into the 'ei(posureqesponsé analysis, exaxmnatlon of
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hetemgcncxty and sources of the’ hetemgcnelty, and the use of sensmvxty analysxs to xdenufy
mﬁuentxal smdm. o

The panehs!s dlso urged, i the smdy~spe<:1ﬁc analysns explorauon of altemahve exposure-
response models other than the lung cancer and mesothelioma risk models EPA hais been using
since 1986. This would possibly include non-linear response models (e.g, log-hnear models),
exzmnnatxon of’ sepamte effects for coricentratiéii and duration, tifiie siiice first ekposiiré, time
since cmsatlon of EXpOsUre,’ ‘possibly" dréppmg ‘the o factor;” afid different iéthods for .
midasirernént éfror. The adecjiiacy of differenit tiodsls ‘shotild be exdmined using goodness of fit
statlsucs across all studies. 'I‘he possxbxhty of internal analysés shiodld'bé re-exiimined (Le it may
be posszblc i obunn pamal data, such as agd—kpecxﬁc person ywrs dala, from authors)

The panehsts also urged altemanve appmachdd ¢ meta»aualyscs i pa.tucular panehsts

. recommended mem-mgrwsxon using original (\m&ansfonned) exposure-response coefficients, in.
whxch predxctor ‘vanables mclude the estimated’ percemage of afiiphiboles, percentage of fiber
gxmter ‘thar ‘10" g aiid ‘Gitagorical ¢ grouping ; of shidiss aooo:dﬁfgftb quality: Ongmal exposure-
fesponse cocBiciet variarites' shiould B used it Eonijunction with'tahdoin effects tiodalsin

w}uchr&hdiralmtersnfdyv’anaﬁoms' ated “AxAl; (""Ié'tﬁdeﬁtﬁlonglatencyanda :
predncmr ‘Variable fo mnmxs(f-y type should bc'ooﬁs’lﬁered Y ”ﬁbri‘d:sm‘bunon for initer-study
. resicil véﬁaﬂce mlglﬁ also becoﬂsxdeted. Me ta-x‘e’gi%&délon will allow sirrple mspectlon of
likeliliS5ds fo Consider the'itngoitnés of differéhf predictor variables. Serisitivity analysés should
be conducted in whlch the mclusxon or excluston of spemﬁc stndm or gmups of studm is

[ Lroo g e .,.,:;,. Ly A

L] Clgarette smokmg Mbst panehsts felt strongly tiat futhre analys&s need to'pay Hioe ‘attention
"o the effecis ‘of smokmgxon the lung cancer exﬁﬁ&ﬁre—msponsc model id exuapolauons to
sk Howéver e clirent data st have Vaiiablé' 3nd’hnnté§d information aviilable o smokmg

. Thé banelxsts fioted that’ smokmg1sthe pnmary cande for lung Caiiéeér, but the hingtaficer dose-

"= relsponise relatxonshnp for smokmf; i cbmplex due to‘the cffects of smokmg durahon, meensny,

sy b R R £ Ut i

Chd: c&ssahon.

Do

The lmpact of smokmg has eﬂ'ects ori both the estimation and the apphcaﬁon of the model for
pmjechng fisk'of ltmg cticer et asbestos exf)dsdre" Thxsmay be an’ specml!y cnhcal issue”
Y for loW—expohxre’exﬁapolﬁhou With respect (% eshmatl accepﬁhgr‘the fori of” the proposed
modéL*ﬂle Bty 6F Stnoking riay roqiie different 1 valiies e shiokers and nafisbiokérs. The
panchsls recogmzed that there is limited epldenuologlc data to address this issue, but
mmeixd tfxatxtbe mveshgated. Wity r&spect*td appT e‘model to m?ke nsk projechons
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L Localized tremolite exposures. During the course of public comments, the panel received
input from several individuals who expressed concems about environmental exposures to
tremolite asbestos from localized geologic formations in Califomia. The individuals suggested

. that inadequate atiention had been.given to characterization of the exposures:to residenfs.of.
., these communities. While the panel was not ina posmon or charged with the evaluation of thns
* 7 e the panel did'foel thit this-was a potsntially sericus bhattet désérving of atterition by i
appropriate. public health authorities: Evaluation of these kinds.of situations would benefit from
the use of the unpmved nsk ass&ment methodology bemg oonmdere(i

méi‘@main&efaﬁms Ieportsmnmanza;the discissfons anid observatiots that fed to'these ﬁndmgs a
revers i panelists’ ‘Comithetits 6n man} topics it listed in ‘this executive smnma:y and documnts

,the observer comments provided at the workshop.
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HANRE © - 1. INTRODUCYION"
This xepoxt summanm ‘apeer consultanon by 11 expezt panehsts ofa proposed protocol to assess
asbwto.é-mlated nsks- Cont;actors to (he U S Envuomnental Protecuon Agcncy (EPA) developed the
proposed:protocol, which-i IS documented ina mport titled: "I‘ech'niml ‘Support Document for a -
Protocol to Assess Asbestos—Related R15k” (Berman and Cmmp 2001) The pmpose - of thc peer
consultation workshop-was to provide EPA. foedback on the seientific, merit of the proposed protocol.
The peer oonsultation workshop took place in a meeting open to the public on Februacy 25-27, 2003,

in San Francisco, California. e Tpers Al

This report summarizes the technical discussions among the expert panelisls. and documents comments
provided by observers. These discussions largely focused on three topic areas: interpretations of the
epidemiology and toxicology literature, the proposed exposure index, and general questions about key

- assumptions and inferences in the protocol. The remainder of this introductory section presents
background information on the protocol (Section 1.1), describes the scope of the peer consultation
workshop (Section 1.2), and reviews the organization of this report (Section 1.3).

1.1  Background

EPA’s current assessment of asbestos toxicity is based primarily on an asbestos review completed in
---1986 (EPA 1986) and has not changed substantially since that time. The 1986.assessment considers six .
minéral forms of asbestos and all asbestos fiber sizes longer than 5 micrometers (um) to be of equal
carcinogenic potency. However, since 1986, asbestos measurement techniques and the understanding
of how asbestos exposure contributes to disease have improved substantially. To incorporate the
kno;}\rledge gained over the last 17 years into the agency’s toxicity assessment for asbestos, EPA
con'_&acicd with Aeolus, Inc., to develop a'proposed methodology for conducting asbestos risk
assessments. The proposed methodology distinguishes between fiber sizes and ﬁber types in estimating

-1
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potenual health, risks related to asbestos exposure. The methodology also proposes a new exposure
mdexfor estlmahng carcmogemc nslc e SRTE i

Asa key sﬁep in deterrmnmg the sc:enuﬁc mem of the proposed risk assessment methodology, EPA
decided to obtam expext mput on the draﬁ repo:t thmugh a peer oonsultatmn workshcvp The purpose )
of the workshop was to obtam feedback fmm sub_,ect matter expexts dunng the development stage of

the proposed nslc assessment methodology; the woxkshogwas not an oﬁimal peer revxey Eastem
Research Group, Inc. (ERG), organized and unplemented the-peer Cornisulfation’ wodcshop ‘ander a
con!rax.ct“.)'EPlA‘ . N TR L TR I L EEURL P B SN LRI D N R, Y SIS

L Select expert panehs!s ERG selected the expert panellsts for the peer consultatxon workshop.

ERG sought to compile a panel of experts with broad experience and expertise in the following
disciplines: toxicology, epidemiglogy, bigstatistics, asbestos samplipg andgnalyfical methods,
EPA’s human health risk assessment guidelines, and asbestos-related environmental and A
occupational health issues. Appendlx A lists the expert panelists ERG selected, and Appendnx B
.:;xncludec brief blogxaplues that, sgqquanze the panelists’ areas of expemse s e
" Eveiy painelistis sither #'skiilor seiefiist: physician, or feséd ficke ity exténsiveexpeficiice it
the aforemeptioned fields, as demonsirated by peer-reviewed publications, awards, and service

12
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to'félevant proféssional societies. To eiisure the peer consiltition offered a batahced -

. Prepare a charge to the experl panehsts. ERG worked with EPA to prepare wnttcn )
" miidslines (commonly called a “charge™y for the'pécr constiltation workshop. “Fhe charge
includes 12 specific questions, organized into. 4 topic.areas, Discussions, at the workshop largely

-changed after the premeeting comments were submitted.

123 Achvntiés at the Peer Consultahon Workshop o BEEERL o

\
[

perspective, ERG intentionally selected expert panelists with a broad range of affiliafions (e.g., .
academia, consulting, state and federal agencies). When searchmg for panelists, ERG asked all

_candidates to disclose real or perceived conflicts of interest.

addressed the technical i issues raised in the charge, but the expert panehsts were encouraged to

¥ discuss othér relevant ‘mattérs that Weéré'tiot specificalt§addressed in'the chafge qiiestions: A
,oopyofﬁlechaxgelsmcluded mAppend:xB g e 4

Distribute review documents and other relevant information. Several weeks pridr to'the

peer consultation workshop, ERG sent every panelist copies of the charge and the proposed

risk assessment methodology (Berman and Crump 2001) ‘These itemns formed the basis of the

technical discussions at the workshop. In adififioh, ERG distibiitedl'séveial addifinal' "

publications on related topics (see Table 1, at the end of this section, for list of the publications).

The supplemental publications were provided largely in response to panebsts requests for -
further backgroviid informiation on sélectediisucs. “The pafielisfs also &ircilated plbliCations *

.+« amongst themselves on specific topics. Finally; one: of themesting chairs noted for.the record,

that, upon arriving in San Francisco, he also received 2 memo and copies of many abstxacts and
other information from Cate Jenkins of EPA. The meeting chair offered to shate thesé matefials -
with other panelists during the workshop.

Obtain and compile the' paneksts premeehng ‘comivnts. Afier recewmg the wodcshop
materials, the panelists were asked to prepare their initial responses to the charge questions.
Booklets containing the premeetmg comments were distributed to the expert panelists before the

wotkshop andtiere friadé available to-obsérvers at tie wbdcshop Thiese initial cordments’are -

inclnded in this report, without modification, as Appendix B. It should be noted thatthe . ... ..
premeeting comuments are preliminary in nature. Some panelists’ technical findings may have

. ier 1 et
[

Lt .. o 17“ AR L is e ';,-
BN ST A

R

' The 11 expert panelists &fid approiimatily 75 Obdervers attdtded dié'peer consuliation workshop,
which was held at the Westin St. Francis Hotel in San Francisco, California, on February 2527, 2003.
“The Wotkstiop was open to the public, aiid the workshop dafes atid fimes weré annotiniced in the

13 | | )
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- Information System-(IRIS); he clarified that the final IRIS uipdate. will be, subject fo peerreyviewor
- Science Advisory Board review before being implemented. Following these opening: temmﬂr, g

Federal Register.. Appendix C lists the observers who.confinmed their attendance at.the workshop,, . -
registration desk. The workshop schedule generally, followed the agenda, presented here as Appendix..

Do e S S T TS SRS DU SYTTA Pey R RELPRNIR 1 (ST ARy

,.f: :

BN FE O TR I R D SaET TR it

. The workshop. began with mtroductoxy remarks: from Ms; Jan Connery (ERG), the facilitator of; thq,1

peer consultation. Ms. Connery welcomed the expert panelists and observers, stated the purpose of the

.. workshop, identified the document being reviewed, and explained the procedure; for: observets 1o make:

comments. Mr. Rxchazd Troast (EPA) then provided background information on the review document
and HPAZs:ongoing-eﬁ‘ons» £0.2SSESS asbesgos toxic'ity {see-Section 1:1)-Mr. Troast ,1dcnt|ﬁedd1e,q1am !

pmposed meﬂlqdolqu(Bexmanandmemp .Z,OOILME--I mastnotedﬂmnheexwtpanehstsm i
feedback will ultimately-help EPA; complete its update. of asb&ﬁtosh%lﬁmskssfor mehqu&sls

ALIT VR

Wayne Berman and Dr. Kenny Crump—the authors of the proposed methodology—presented

deailed information on the reviey document; Section 2 of this repor summagizes thelc preseptations, ..

R e WA RN - SUCCIE S SNUR-t RSN Sl LN F Y X35 (P

discussions that followed. For the remainder of the meeting, thc panehsts engaged in ﬁee—ﬂowmg

_ dxscussrons when answering the charge questions and addrmsmg additional topics not specifiedin the .
charge Observers were gwen the opportumty to prov1de verbal oomments three dxﬂ‘erent umes dunng_. i

u‘«,'l N :,’.

' the workshop, these observer comments are documented in Appénuxx E. Re rese

and the document authors pmvnded clanﬁcauons on the proposed methodology penodrcally throughout

£ A0

.the 2Y2-day worksﬁop

R I B e A R A A R

123 Activities »Eszfl_lsiwiiigsﬂie;?ssrQmisulta!,i?!.!;sw.o%lsshqm R
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The primary-activity following the peer consitltation Workshop was preparing:this sufamary port: A, -
teckinical Swriter from ERG who atténded the iniosting Prepared 4 draft of this veport, which ERG: *
distributed to the 11 expert panelists and asked them to verify that the draft accurately reflects the tone
and substance of the panelists’ discussions at the workshop. Afier incorporating the panelists’
suggested rewsmnsfothedraﬁmﬁort,ERGsubnuﬁtedﬁm fisial refioit(i:c.; this repott) to EPA-

1.3 - Report Ofganization:: -« - =i o o e Srloal s TR o
Thé structife of this réport-followsthe Srdorof thé téhnidal dischssiors'during the meetitig; Sedhion 2
summarizes Dr. Bérinah adl Criirip*s backgroifid prosieditations: Sections 3 throught'S afe ecords of
the panelisté*/discusdions ot thié Folit iiain topic- aieas: mterptetatwﬂs of the epldemxologjr a2 s
toxicology liteitire (Sebuon 3)/thie proposed exposure! indek (Sechbn 4); general rigstions {Séxtion
5), andéoticlisionand tecoiiendations’ (Seétic‘)ii Y. Finally; Section 7 provides refereiices for'all

documents Cited in ths text. - AP L emmag D L SmE w L s Dot

ERY .:“

TE L, P d B o0 o B

The appeittices fo'this 1epott include backerbuind infoiiittion o the'peér donsiileation Workshop. This
information includes items that were on display at the workshop and items generated since the
wofkshop {e.g’; o firial dist of dttenidées). The appéndices coritiin'the follomng information:-

N N ¢ 1L A T P neinssHT Ry el ol e RIS LI N

&

- List of IR&Fexpéit paitelists: (Appeni‘hx A

Tl IL’ b P . ey

‘ The panehsts premeetmg comxrients the charge to tixe mwcwers, and bnef bzos of the expert -
. ‘panéhsts (AppétidixB). -+ EE BTN SRR RY L SF 5 M UL

SR IT 0 T) (R N PR by
L] "List of reglstexed observers of the peer consultatlon wodcshop (Appendnx C)
] Agenda for the peer consultation workshop (Appendix D).
m  Observer comments provided 3t thé peck constltativn workshop (Appéndix E).

= Observer post-meeting comments (Appendix F).

(-5
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Chaiane b - 2 Fablel Lo relsE s, -
References ERG Provided to the Expert Panehsts

Berman, DW and Grump K.. 1999, Methodology for Conducting Risk-Assessments at Asbestos
Superﬁmd Sites; Part 1 Pmtocol Fmal Draﬁ. Prepared for U S Envxmnmental Protectxon Agency
February 15 1999.° :

Berma, DW did Crup K' 2001 Tecmucal ‘sﬁi:‘p&t'fbocl' Vokuitent o ii"l"rdi’éébi"t’b"’Ass&cs‘ Sess
Asbestos-Related Risk. Final Draft: Prepared for U.S. Department of Transportation.and U.S... ..
Envuonmental Pmtectlon Agency Scptember 4 2001 ‘

Bcrman, DW Crump K_, Chatﬁcld, E Dav:s J and A Jones 1995 The Slzes Shapes, and
Mineralogy of Asbestos Structures that Induce Lung Tuimors or Mcsothehoma in AF/HAN RaR™
Following Inhalation. Risk Analysis. 15:2,181-195.

:Bezmzixi;‘BW‘."~-1-99-.‘,i.\i[iﬁtitas:~Ri's§lc:?Xn'al)'rsisT 154541 ey

Subcommlttee 1999

.,,'),:-_!‘_:, S e T T SO e TR D e o B thil
d
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2. BACKGROUND ON THE PROPOSED PROTOCOL
+-TO ASSESS'ASBESTOS-RELATED RISK.

Thxs sechon summanzw pxesentauons glven by thc pnncnpal authors of the pmposed risk assessment

methodology These presentatxons were gwen becausc several panelxsts asked ERG pnor to ﬁle i
consultatlon workshop, if the authors would pmvxde detmled backgmund mfonnat:on on huw the .
methodology Was developed: This sectiof” revxews thé: ma)or prwentaﬂon topxcs but dow not ptesent ‘
the panehsts’ oomments on lhe pmposed protocol. Sectlons 3 \hmugh 6 document the expert panehsts"

techmml feedbaqk on the pmtocol.

é Matz w_xfzg:_s for developmg the proposed pvratocol. DnBem:an xdznuﬁed several feasons; for

~ ", developing the updated protocol for assessing asbestos-related risks. These reasonﬁé mc]ude
"EpA :g‘ésbestosmodclsbemgmconslstEDtMmfemnce& i '

: - ..chamcteristicg:most predictive ofirisk, and the belief that EPA’s-qurfent asbestgs tiskc .
x assessment methodology may not be adequately protective in some circumstans unprove,
; " upon the chameént meﬁxddolc)gy, the atithiors ifitended to-develop a nsk assasmenrmode thiat -
+ -addiitely prédicts anter fsk id all studied environmients and ¢an theféfore bé dpplied With °
. much. greater. confidence to cavironments that have not been sty_dledDrBﬁmaﬂQuﬂmedﬁw :
general approach taken to develop the proposed protocol, as sumimarized in the following
" bulleted items.

Dr. Berman provided background information on and definitions for asbestos, other fibrous
structures, asbestos morphology, and cleavage fragments. He also described the capabilities and
limitations of the analytical techniques that have been used to charactesize asbestos exposures,
such as midget impingers, phase contrast microscopy (PCM), scanning electron mictoscopy

. (SEM), and transmission electron microscopy (TEM). Dr. Berman explained how differences in
these analytical techniques must be critically evaluated when comparing results reported inall -
epidemiological and other types of studies that examine asbestos exposure, Dr. Betman also
stressed that it is not just differences in analytical techniques, but choice of specific methods for
each analytical technique that affects results. Further information on these topics s included in
Chapter 4 of the proposed protocol (Berman and Crump 2001).

L] Re-amalysis of human epidemiological data. Dr. Cramp described how the authors
evaluated the human epidemiological data. He displayed a list of the studies that were
considered, noting that he had access to raw, individual-level data for three occupational
cohorts: chrysotile textile workers in South Carolina, United States; crocidolite miners in

2-1 .
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. -1 Wittengom, Australia; and chrysotile miners and millersin Quebec, Canada. All data sets with
. -exposure data,wexe consadered in the analysxs, and criteria were not mtabhshed for sel tmg
studies. Dr. Crump then presented ﬁndmgs for asbestos J;elated nsks for lung cancer and,,

mesothehoma.

1

. cancel;:mortahy lmearly tq ‘cumulah\{e;asbestos exposuxe wﬂig aﬁl()-year lag hme y Dr (;mmp
. that relative risk for developing, lung cancer, xemams nstaut after
asbes expogme ceases—an assumpnon he showed was reasonably ‘nsxstent 1

from epxdemlologlcal studies. Dr. Crump also dnscussed h(ln.hr‘ ltllxe :'nodel assesses i temégbné
between exposures {o cigarette smoke and to asbestos«—-an issue the panehsts rev1sxted several

times )ater in. thewoxkshop {e.8;; see. Secuon, 3.1 1 angd, ﬁlc;executlyﬁ smnmary) D (

Paad

‘i‘hbtawounts{v i e&egges,%ﬂgebac, Ix “,dm@ofl
. . +piopossd lung,cancersmodel, which considers an ekposure index | that g
 carcin pgeplg,potency toam phibo}!e fibers atholongex; ﬁbers

SFEHERY

237 353

Rl o s-'

,lgxnda;lul)'r.Chnnbmwewed,ﬁ ) heligma model.
++/@XposuIEs. (see equation. 6. 11 in the proposed prg;gcol), whzch grggg,n that mesoth
. vaty lmmrly with the average ashestos exposure and B mcrease quadtahwl!y w1th 1.t

iperfoxmance o,f .EPA, :

Hraoaald

i mgdeliand the, ,R.zeew mt?eol fit the human epidemi
» -eqnclusions, ?‘.&0}.’1», exiting gisk model, mc‘“dﬂn&\ a.u’P%?“’:‘%‘%‘, .3.&.-
consxderabLyAa,cross the coborts and th keoeﬁicxentg»xerp §e§‘1 hi

e
> )£u1e6 PRy

A :gm}hlbole fibers, Aoom;;amd to those 6 EXPS
Dr'ecmm?; Ry Dt%i ﬁ“\“h. data dl
dose-wponse t?‘aﬁ nshlp'

‘1.‘-1 RIS

. "..: :Jf lhn)’n L

,Dr‘lCmmp ,then: nggbg‘i meta anaiysns the authoxs conducfe;g f?» qv‘aluate’me rhative.

potency of amphlbole and chrysotﬂe fibers. Flrst, he explamed how the “authors welghtea the

-different studies in:the. meta-analysis, based on uncertainty factors assxgned to the mquual
C y b

BLY z

,{s_tud;es l}x xdentlﬁed the four, uncextamty {jn tqlr’s‘ag L
factor,was assngned. So.  of uncertamty mcludqd, ;epxesentauvexms of i samphngdata, the
CM

" avai;abii}w-pf;?ogyefﬁl

conclusions from the meta-analysis. For lung cancer the me(a»analysxs suggested that amphxbole

the hypomesxs that

2-2

ﬁbers ane approxnnately ﬁ‘{e‘umes more, potent than, are ehrysotxle fibers, .but the difference in
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=

cb:ysotﬂe ﬁbers and amptiibole ﬁbexs are equaﬂy pote‘nt) “For mesothélioriia, the thictalanalysis

e e, Ly

: ’sugg&sted that: chxysoh]c fibers a are 0 002 ﬁmm as potent as amphﬂx)le ﬁbers and the dxfference

i

. ;-..‘\'l

4s

in’ potency was ‘statistically significan - T
Inferences drawn from the broader literature. Dr. Berman described how the authors
mcorpomted inferénces froth the broader sclenhﬁc ferihife into the pmposed protocol. He

g revxew' kpy ﬁndmgs on how-veifious méchaﬁﬁms aig‘bxologtcélfy'iélém'ﬂ 10 iow-disbestos
e usai d:slé’ase “These mechanisms ifiéRided | respnah “depositiot, d egradahon, clearafice,

l' acdtion; dnd hssue-specﬁc biological responisés’ Chzi;&tcr‘?’%f’ﬁxe Feew deshinent
frobides diiailed infotiniskion orf the léié'\}ance of these meéh'émsmsi" Wwith ’emphas ot lhe

inﬂﬁeﬂ&éofﬁbertyi&éandﬁberdm . e T TR

NS 0.0

. ',-N;f '1--1.- n . . "‘ ‘I {

“Detivation of ﬂxe e.xposare ‘index. Dr. Befiriat exp]amed hoW'the im'thoxs demied he"
eXpoé&'ze mdéx, whxch :siargely Based' on' & Ghiflier re-anAlysis' (Betman etal 1995)6F%x
amma! mhalatton “SHidies condictad by & smﬁe iboratdty: 'thfré-analysé‘fb\md that’lung tumnor
indideinds is’ édequately predxcted thmg : éx;i&(ﬁé md it 'a'§§ig“x'1s ﬁo thmmogemc‘pbtcncy
to fibeid Shoter than S m, relatiVelylow baxcmogemé’potency 15 fibers With lengtis Geffreen 5
and 40 pim and diameters leds AN 04 irn 4 e Breaiese Eirdinbgenic potency (T RBESS

longer than 40 pm aod ttunner than 0 4 pm. I_Iowever, thwe ﬁndmgs could not be apph

Dr. Bennm‘noted théf’tﬁe pmpé;ed pmtécol mclu’d&élari‘aé' ‘h

* fhanner fhal'xe%’xéOnably captifes ca

- chrfimented on thc proposed e"'ﬁdsum mde_;ﬁ \'vheri d!scussmg tbpn i ‘area

totﬁ:eh I =.

AR B SN EVE S N AT

oc a&;umpﬁon'fhaff :
Wexgh Fctods optmiizéd toty’ Phial sties i be
with'a lefigth cut—offoflo pm in lhe exposure mdex, mﬂter than‘a cut—oﬂ’of45’p.m
adibad that this ‘AsSuinphioi Was fadd’ to‘modelthé critical chaziéter@ﬁi?s"ofasb&tos ina
inf €5 canéér isks ob§ctved 4CTOSS” multIpIe c’Blﬂemxél‘Oglcal Studies.
£ S isdgsi thiat asbestos potenicy i likely & contiuss fufict of Tbé it ik the
éxposure measurements from the available animal and eﬁidermoioglcal ‘studie$ do*not Sipport .
mcorporatmg such a conhnuous function in the EXposure-response. model. 'I'he panehsts -

o ' ‘Scchon ‘4)

1] Wy ey
.4.'1'. LY I8

ﬁ'r érinan also "H' ted that the avithors- selecteﬁ Soriservative ssf of d
(séé‘Tﬁ'Ezrlg 630 of“fh"e1 'rewew‘d'ocﬂmaﬁ? fﬁan’hsmg e piiisEa
X ¢ ?( ( o

"fab_lc 6-29) i{ '“’Oér nsén?aﬁvean 4 “'ﬁimz

X y 'Ssmns rega dmg proposed’ proto b[ DB ;mdlcatcd that the’ proposed protocol
is substantially rriofe consistént with infefencés dociiientedt in e scidhtifit Tieerature’ ‘(e that

2-3

HWBUI0009876



Jong, thin strectures contribute.most to risk) than EPAs existing risk,assessment methodology.
Fmther, the proposed pmtpcoi\pmwdcs bettgr ﬁt 1o, cancerrisks obgeryed in the human
epidemiological studies than does EPA’s existing model, and t.he prbpése& protocol appears to
underestimate risks of hmg cancer and mesothelioma less frequently and to a lesser degree than
thed exls’tfng approachy Finlly; by recommiending use'of 4'stindardized Aualytical riettiod dhat
links directly-to.the exposure index, the proposed protocol will help ¢ ensure.that fisture risk
-assessments are conducted in a consnstent fashxon and theu' results can be readlly compaxed

ﬁ'omonesmdﬁtothenext. ) R R I E A
Syt S I iaE BT 0 Lo e e S T T e AT ST
LI i - E JAI N P ST R L Y §
DR o N T B T

it - udl
e o B " ! i G oites 183 SO LENTTE H
' . P \ - . - B
R . o e 2
4 a v wpu. zeees v
.j: . b R ¢ ) e (R JwEL]

. L ¥ w: * . . . B
iR e amreme ey SREE ity Gt o aeev e L S8

RER P BTy N Loht
R .
3
N A T e T B I N TRT M Y
PR 1Y B ¥Ry ) Pt B
g :
3 iy
[N i : e
c . -
PN [P i e
- N v o
- ’ . LR D } . i i h { AP izl
' : - gl g
ke Bt [ A R N A 2 Lo}
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3. COMMEN'IS O‘N TOPIC AREA‘I INTERPRETATIONS OF ’I‘HE
EI’IDEMIOLOGY AND TOXICOLOGY‘ LYI'ERA’I'URE

I dxsc:ussxons on.the mterpremuons of tbe epldermology and

gy literatice. The, '_‘ co-chans—Dr McCléllan and D Stayner-facﬂ1tated the -
dlscussxons on thxs topic axea, w.hlch fowsel! ﬁxst on l;xng cancer (see Sochon 3 l) and then on
mesothelioma (see Section 3.2). This section presents a record of discussion of the topics mentioned
during the workshop. Several panelists referred to their premeeting comments (see Appendix B) for

additional suggestions for how the review of epidemiology and toxicology literature can be improved.
3.1 Lung Cancer

The panelists discussed at length whether the epidemiology and toxicology literature support the
proposed protocol’s finding for how lung cancer potency varies with fiber type and fiber length. This
section summarizes these discussions, first on fiber type (Sections 3.1.1 and 3.1.2) and then on fiber

length (Sections 3.1.3 and 3.1.4). General issues regarding the lung cancer evaluation are presented in
Section 3.1.5. '

3.1.1  Lung Cancer and Fiber Type: Inferences from the Epidemiology Literature

According to the proposed risk assessment methodology, amphibole fibers have a 5-fold -grwter lung

cancer potency than do chrysotile fibérs. The panelists had differing opinions on whetherﬂnsﬁndmgns R

consistent with the epidemiology litefature. On the one hand, sothe panelists indicated that the
epidemiology literature is consistent with amphibole fibers being more potent for lung cancer, though the
magnitude of this increase may not be known precisely. One panelist noted, for example, that multiple
analyses (e.g., Hodgson and Daraton 2000, Berman and Crump 2001, and the statistical analyses a
panelist presented during this discuséion) all point to a consistent increased lung cancer potency for
amphibole fibers compared to chrysotile fibers, albeit a small increase. On the other hand, other

341
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panelists did not belicve the: epxdexmology llteramrc supports this concluslon, for:reasons stated below.

ﬂlepanehsts dzswssnonondnstopwfouows i

0

e Lt BT
B . Conimenm on spectﬁc publwatwns. Seveml jpamaln:,tsx cxted specxﬁc smdxes to support their
. positions on-the:relative hung cancer. potency of chrysotile and amphibole fibess; but the panelists
- . often had differing opinions.on:the inferences that should be: dtawn..The, pauehsts ~mentioned the
following specific studies: S 3 e A

aitrrs by - Some panelists noted that a recent re-analysis of: 1‘7; obprts; (Hodgson and Damton
ZQQO) indicates that-the lung cancel:,potencx‘fog amphibelefibersis-10 to 50 timés
- greater than-that for. chrysotile fibers. One panglist did not agree. with thls finding, dueto
. --the.caile approach the articleusesito characterize: :relative, potency; Speeifically, this )
N -.. panelist poted that.carcinegenic, potency; was calcufated by, dxy;dmg the oyerall relative -
-+ risk for a gives-cohort by the average.exposure: for; the entire cohpg, qyen for cohorts
‘ where the data support more sophisticated exposure-response modeling. He was.
.} j = - jparticularly, concerned:about the authors” decision:to.omit the sohort of Southi Carolina
Co 2 - textile.workers fiom the- meta—ggglysns Thls ;decision. yas,qpparengy ibased on the
<+ Seuilx Garelina cobottbeiog an outlier, due-toitsnushshigher Iung canger potency.
- hen.compared.to, othe studics. The panehst;nowd,, however; that _t,igq}(xmg cancer risk
for the South Carolina cohort is;not unusuaily highswhen compared:to other coborts of
textile workers. The panelist was concemed that omitting this study might have biased
+-the.article’s: ﬁndmgmgardmg relative lung canqer;pptengy No.otherpanelists d;scussed
‘J )he xevnew amele '

oqmmented furdm; o, the study

el g
- One panelist noted that his review of multiple texule cohotts (Slayner Dankowc and
s < Lemen;1996) found relatively, small differences: in Jurig canger potency, even, gi;gugh
. it rSome:of the cohoits. were. exposed to: asbestos rmxtums comauung, dxﬁ'ex;ent pmpomons
B s ofamphlboieﬁbexs . _ o Leail. g,
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* Oiie panelistindicated that-firther evidence on how fibertypes relates to lung-cancer -
4 pofmgr} g‘;}n,pe gleaned from epxdcmxologxcal studies that were not mchxded inthe .
meta-analysy,s due to madequatc exposure data for exposure- response modelmg o
* ‘Exaniplesiitchide a stidy ‘of non-cocupationally exposed womesn: from two chrysotile
..ashestos mining regions (Camus ct al. 1998) and 2 study o of railroad workers employed.
by shops that processed different proportions of amphibo!e fibers (Ohison et al’ 1984)
Both studies, she noted, provide evidence that-armphibole fibers.exhibit greater lung
cancer potency. This panelist added that studies of auto mechanics have provided no
convincing evidence of increased lung cancer due to chrysotile exposure, though she
Ly adkingWledged thidt the absence of an effectanight reflect the'short fiber lengthvin the
<+ friction bfake prodiicts. Orie panelist catitioied about-infertingtoo uch fom:these
. Ystivdies Tegarding ‘fiber type because thiey wére ot oontrol[ed for bthcr ﬁ\ctors, such as
fiber length and level of exposure. R T

O paneltst‘added that 4 fecert study of a cohott 6FChinese asbestos plant workers
(Y and’ et al: 2601) ‘shotild beconsidéred in fuitureipdites to:the proposed protocol;

© the Workers iti the dohoitihad incréased tisks for lingicancér and wete reportedly
exposed 15 amph!bole—ﬁec” hrysofile-asbéstos. However,anethier panelist cited a
pubhcahén {Toisavaitkdber dl: 2001) that indicates that akbestos from many Chinese
bry%h[é’mmes aetﬂally ddcs contam vazyxﬂg" ioiints Of amphlbole ﬁber&

R T el WAL A0y L g
e sévéxﬁﬁanehsﬁ ol e propbsed Protocol’s: meta-analysxsfound a S-fold
i et ng*dncef‘ﬁbténcy betwedii-aniphibole and-chiysetile fibers. However,
L e ;B‘a\néhsts ihdicated that'the rcported differsnte wis notistatistically significant.
G fffj"'- . *Soré) ‘panelxsts hiad additiofial reservations: abtmt»the auﬁiors meta_m)alysxs as .

sunmxanzb& il the following bulleted xtems

Comments 'o'ti ithe meta—analyszs’approach ‘Several pﬁﬁehsis cotnmented -on altemate
appmach&s the authors could have used to conduct their meta- ana!ys1s of the epidemiology
__studies. One panehst noted that the lung cancer potcncm reportcd by the various studies exhibit
U oonsiderable-Heted: énelty T Siich cases; et regression: i convéntionally used to identify
"yt fictors: aGCoUhE for the ariabilityin the restilts (e infthieding caricet potencm) This
panehst ‘suggbsied thatthe! raétianalysis shovld Bave-ebnsidered other fittors in‘addition to

g Wifiber type atid ditmensioh; sush oiher Fidtors coilld inchids- indistiy; follow-up time for the

cohort, and estimated percentage of amphibole fibers i thé-exposureSyto-thicextent that data on
thm other factots are avaﬂable .

RS ‘;\ T e

dctnonstmte how' ‘fiore: detaﬂed mvesugatxon mnght rvel fiirther mmghts ‘one panelist

£ Preséted his v il statisticalanalysis of the epidemiologiéat-studies. This analysis used a

fixed effects model and a random effects model, both inverse Weéiphtad byt variance of the
studies. His analysis examined how industry and fiber type contribute fo the heterogeneity
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. observed among the cohorts and found, that the industry. of the cohort appears to be a stronger
predigtor than fiber type. The panelist explained that the purpose of displaying | his statistical
analysis was to highlight how other approaches to condudmg mela—analysns can-offer different
insights on the epidemiological data. This panelist recommended that the authors conduct similar

les panehst alse demonstmed how a §ensmvxty analyss rmght yleld addmonal mfoxmatxon on
- influential studies. Using : a-fixed effects.model, the panelist.first showed how:lung cancer potency
1+ factors (K. vary.with.exposure to.chrysotile.fibers; amphibole fibers, and mixed ﬁber types.
»+::;When.all epiderniological studies, were considered in his analysis, the amphxbole fibers were
= .found to be three times more potent, than the chrysotile fibers. When the. cohogt,of chzysotlle
.- miners-and mﬂlets from Quebec was omntedfmm 4his analysis, howcver, the w‘l?pl@ﬁbets
were found o be nearly.two times.Jess pofent ¢ than the chrysotile fibers. Conve:scly when the
cohort of textile workers from South Carolina was onutted, the amphibole ﬁbcxs , WETE: t:ouud o
be more than ten times more potent than the chrysotile fibers. Given that the conclusions deawn
- ... .abgut the relative potency. of chrysotile and amphibole fibers. appear o, .be highly. sensifive: to
" whe(her single:studies. a;e om;ued from the-analysis, this. panehst was more; skepm 1% pogg
,whql;er,the increased po(ency af an;phnbphz fibers is; ;;mhust ﬁndmgg,l—g;hmgpmen ded, d that the
authors, when completmg the propgsed, pmtoqplvcopduct similar. semlg,yxty ax_xalys&s'tohclp
.-,:reveal,the. factors or studx% tha;fappear to contribute mast: to lung cgu;;en : .

Cn IH NIRRT Ny B £
Another panchst agteed wnh thls feedback, and provuied funher comments on phe mgt@-
analysis, noting that these analyses typically start with establishing criteria for study mclusmn_

.- Aftecselecting studies to evajuate, she.said;various statistical analyses; can, be used. qoiggpt :
h)g;oﬁ;m and o undcrstand the congo ncordance,and qnsp;mty among the j Jndi dual Studies. The
panel;st thought such an. approach isgeededto help 4 undcrstm;d the vanabxhty in potency, f factors

;_:..observed,acmss the > ultiple studies 2 apd toidentify for further; analysis the studies; & gng fo be

o -::unceﬂamtx fgptgrg wem tbg,nass ggeg{go gwe gg&;&st wczght to ti;e m
response, additional panelists concusred with:the-opiginal ooment 3
conventionally begin with. &stabhshmg explicit: studya,mg hy

it -thatthey-aremot advocatmg removmg a majomy,'qf sq.td{&;cur(enﬁy cons1de(e<'!,';nﬂthe pmposed

Onc panehst offcred addmonal comments on the meta analysxs He suppoxted, for mstagoc, the
use of sensitivity analyses, dnd encouraged the authors to conduct additionat analyses to identify
4 influential studies, factors that contribute to risk;-and the impact of different weighting factors.
'I'he pzmehst also, noted lhat more sophxshcated statlsucal methodologxens (e g Baywan
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‘modeling, Maikov Monte Ciilo) can'be used to gencrate distributions of outputs ‘ratherthan LS
- discrets valuzs; whichi miight offer gwater understandmg of the mfexencw that can be drawn from

the epldeimologtedl §mdm B i : e
L I ‘Dtsparate fi ndmgs from the South C’arolma and Quebec cohDIts. Muluple panelxsts noted
that the issue of the relative lung cancer potency of chrysotile and amphibole fibers depénds
largely on how one interprets the disparate findings from the cohort of textile workers in South
" ‘Cardling atid the cohorf of chtysotlle friitiers and millers in Qdebec Two of thése pa’nehsts
viriindicated that i relitive) potcncy issue likely will ot biresolved iitil thé inderlying ie4sons for
- the dxff‘etences‘between e two studies are béttet tindérstood: The-other panelist viewed the
dlﬁ‘emnoe i potency observed Heross industiss (ie.; niniif virsus téxtile) as 4miofé ithportant
- inattef’ ‘than thé differeiice betwéen the two' spéeiﬁc Coliorts " Whien discussing thiese stidiés, two
panbhéts idicated thiak thié increassd Tonig-cantér risk for the South’ Carolina'Gohoit mxght be
* aftributed t6Ekposuré tb‘éxii‘plu’bole ﬁbe’esf whxch axe eiowin to bc found in txaoe levels i
comrrfé‘r’cmléhrysoﬂlew“ ER

VI 5t el S5 ) : "y ..‘ s gt A .-,,' [EaF T o - g I, 'l q\

s Relefv‘_ance ofﬁber‘ di«rab‘ihty One panehst noted that the 15‘.sue of ﬁber du!ablhty oﬁen enters

y data——pazﬁwlarly lh‘é ‘Fack that lung caiicér risk does ot app‘ear to- decrease with ﬁme‘suice last
. exposure even for chlysonle—suggwt that ﬁle lower dmabnhty of thc ch:ysohle ﬁbers xmght not
- be l t [SETEMEE/IL K R \3'_ 01:. LAYy :‘:3: .

o R R R P S 0 NN PERY PR -1
.

L Inﬂuence of &"‘o’kmg “The ‘ba‘n ts Had dxffcnng opunb 3o Fiow the | pmposed protoool
© shbildadditss méai%&é‘smolaﬁgf%st’énns offiiféentes dravh fioriithe épidemiological
= literaftus) fwopanehéts foter At very ‘limttcd idata e available:on snoking, mriaking:
' quanﬁlaﬁvé"é’x’izil)}ﬁs efqﬁ‘ :ﬁtét‘ac‘ﬁons mth asb&ktos'é'xposum dxfﬂcuit. Spcl:lﬁmlly,'on}y one

ra PLrys

- p() 3 1-
"the’ ﬁroposed bl'ol'ocol assumes & mdlhpllamve mfe:actlon Between smokmg ‘and asbmios
exposure ‘con’s'iStent wﬁﬁ EPA 1986 hodel. Dr‘Berﬁlﬁn rioted that 4 mu!hphcahve fastorin
; TepreSiits B bABKaAAA TSk i W NlidRa coiott refafive €6 the risk'if the
Arison! pop‘iilatlon, and- bdtff’g&'ddpﬁ mclud'e sk Hisadded At the ififlueiive of
$6d impHEltly-in the model ‘bcause it is 4 élativé Tiskiodel m*which the effect
of asbestos is rliltiftiEd ¥oifie backiround sk thuit i Presént A’ pantlist clarified; HisWever, that
neither the potency factors nor « wert: denved based on observatlons of smokmg prevaienoc n
theepxdennologlcalsmdles“’ R A et o AR
“Onié panehst emphasize { that thie confoundmg effects™ of smoknjg greaﬂy oomplxcatcs the analysns
of ling Cancer- potency Heénoted that the rélative lung caticér fisk froiasbestos exposire is
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: «considerably Jower than that for. cigarette,smoking.-As a result; the panelist wondered how. the - :
mcta-analysxs can mxly discern the relatlve potency of the asbestos fiber types from studies that
pmént‘no"—mﬁmnauon oft clga}ette stbking, Thls ‘paiielist’ “‘brovided a exarnple to fldshaRE his

.- congern: if 8. given cohort has between 5.and 10% more smokers than the typical population, ..«

: this increased prevalence of smokmg alone could ‘totally confound relative risks attributed to
4 ebestos, The panclist indiCated it all it snityses of epxdexmolog:cal data wilk Suffi frori**
- similar. hnntz\nons, so-long; jas detailed information on smoking is not avmlable ;

P

. = Geriékal cominents. Dirifig i thiy disisssion? somebanehstsoﬂ'emdsevcralgenemlcoments 3
~i; uthat.apply.go. the:entire proposed protocol., Fhese comments. included.concerns.ahout the ;.

txanspaxency of the analyses, qu&s&ons about data mblm being inconsistent with | text in the body

SHEEP thé‘repon, aiid $onie paneliéts” inability € tepiodace cértain Fndlfigs ot this availble daia.

These: generalcommemsmreﬁemdmmeexmve summary-of his repert .y, - 5

SR e R PRE "’ PR TED PRRS 41

3.1.2 Lung Cancer and Fiber ’I‘ype Inferences from Ammal Toxxco!oé,y and

Mechanistic Studies
ST AT e AN v wdon AEbes sy S PRk LER e Ty e B D i o o e Bt

<

The panelists. qffered varying insights op,ﬁle nfer Jie%(séﬂt&aﬂ, or sh°9!¢bedtawnﬁvm
“tqmcology(studlwandmechamsﬁcgtudt rega;dlggﬂle,telauvgggngmmxr olency. f e, and .

.> amphibole fibers., . .. oo L er b eegmfELE wdy e e s 1
o [Vt e et B E e e e SRR e 5 e S  bomeate it as
Cmngyanous_ppbhcauons(e s prpmgml 293), multiple panphsts noted that; the‘a‘nnpeinltomqg,logy .
studies do-not support the 3-fold difference, mlgng «cancer potency. t between. chrysoule and axplphlbo'e

FOpEF S

ot

bs:mgszﬁs;oosboxt duration (typ;caﬂy. qqggs wzy )fortmexmmlmon ofchfyseﬂ -

it

. fibers to be an importznt factor Another panelist added that cxposuxe levels in some animal studies are
’ not relevanttp human, exposmes,,as an g‘cample, hegggeq that a recent fat |

Fehe L d,'.‘:,-', athn Smdy (I-I(egterbe[g
etal. 1998) involved exposure levels at 11,000 fibers per cubic cent:metet Thésé parielists indicated
that the ammal studies are genemlly more mfotmanve of how hg cancer potency van&s wnth ﬁber

iRl v ottt Bl Al W R D FrTIENY BT
length (see Secuon 3 i 4), and. are lecs mfoxmauve on how poteucy vanm w1th ﬁber type
CEmderriyi Bokon s *’\ﬁ frepngl 30 U T i
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s

The pan‘ lxsts noted that‘m vztro studzes exhibxt vanous ﬁndmgs, dependmg on ﬂ]e study de§1gn and

chtySohle ﬁbers a.te actually more potent than amphibole ﬁbex& Other panehsts added that many in

Cihany e s .n o

against drawmg fim conc!usxons from’ the in Vierd siudxm, however given thiat the smdy dmation is far
too, short for. any impact ¢ of dissolution o be.observed. Finally, : anoﬁxer— ;panelist referred to lhe .
Inhematmnai Agené'j fbr‘ R%Ehich on Cariter (!ARC) hs&i'tsus statcment on fiber carcmogexmxs for

St oonr

an. ovemew of mfemm that mn Be drawn fmm

mwothehoma in either ammals or humans is evaluated as weak” ([ARC 1996)

Byl o Uitk seay® o einsged ps T3 30 b
; ;

lb...u LN )

Based on the previous comments, the panelists cantioned about attemptmg to draw inferences from the
animal 15%ic5logy fotseveral réasons, Oné parielist indicatsd ¢t the Aiieal stiidies hive' hnufedtmhtj/ 3
cpositiesificluding ¢igarétie shivke, aht”

:ore

bechilsé lung cancerm ‘fitirfians resultS' ot a coniplé’)’f’set SF ks
because rats, when compared to humans, develop different types of tumors at different sit§: Anothér -

_ panefist reitcfated that the duration of most animal studies prechudes one from observing dissolution

effodis! Given ¥ imilations, RV6 phnelists empliasieelfliat'coiliisions shioiild be basedt pnmaﬁly‘ on’
the &J’i{emxoldglca] atay peciilly ‘corisidering thé vohifile of Fiifitan datd ‘that are aviilable. “Thouigh
not dmgxéém\é ‘with this teconﬁnendahon, Sne paiielist noted thiit thie Exposire-indext-ghe of the -
riajor Gliteoiies Sfthe pmposeﬂ pmtocol-—ls i’ fact based ion'Sbservations from dniridl’ stu‘ihés

. 2
WLy ‘«‘( R P N R H. I T T e AU VAR ST By TF Lt P A 7 LI

.......

’33 13 Ly Ciincer ind Fibér I)xmt‘a‘r‘fsfo“n*'[ti"fé!i'isaix"ééns’g ffbii‘i}'the’prdemlolég')" Az
frde thl:(aturc, Tt e e T teemr BRLT e mmRives el L el 4 S
-’5\»:': -‘.'rl,:_:_ SR, L n et gy e iz Wy L8 b T . SUF h
The panehsts made several observahons regardmg wbatmn be mfeued ﬁom the epxderm ogy
ettt g S Dy MY nGa e < Bpme tE LU ARy

hterahue on how lung cancer potency varies with fiber dlmenswn, though they first noted that most h
published epidemiology studies do not include detailed data op the dlstnbuhon of fiber dimensions to
which cohorts were exposed. Overall, the panelists generally agreed that indirect evidence from the

3
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epidemiological studies supports the proposed protocol’s finding that longer fibers have greater
carcmogemc potency for lung c_ancer They added, owever, that the epxdenuology hfemtuxe pmwdes
-no-evidence to suppo:t or mﬂm; the magm&de of Ee relatwe potencm used m the prtl)pos'cd protocol
(e ﬁbexs longer than l() pm bemg 300 hmes moxe potent than thosc wnhlcngthk betWeen 5 and 10
Hium). The panehsls madc no comments about ﬁber d:ameter when dxscussmg thxs matter Spemﬁc
discussion topics follow:

.= .‘Observaaons from t.he ep}éemtél;é;: lxterature. ’I'he panel;sts 1denhﬁ _‘ .

provide general insights on the role of fiber size in lung cancer. ‘One panehst, for i msmnoe noted

_ that cohorts of textile workers, which were believed to be exposed to relahvely longer asbestos
. “"ﬁbets”éxhiblth:gherlmf&ncer ielahve nsks thasi do oohorts Sffninéts or cemem protluct i

“ L canter sk atnions thé cobiorts; whibhNvers kiiown: to be' exposed pritarily to fibérs: shoxtét
iru-tham 5., (see Dr. Case’s premeeting.comments for further information, on these studies). 'I'h:s
panelist added that the Minnesota: Department of Health i is curremly updafing the stady on. -
.- taconite miners and a publication is peiidii: Anothier parelist 4ddéd that epidémidlopy studies:
‘ | of workers exposed to asbestos from friction brake products show no clear evidence of
increased lung cancer. This panelist acknowledged that these epldcnuology studies do not
B mchidc exposxﬁe’mmsuments ‘but-other shidies of this workiéivirontnent-Have ihdicatéd that
fhe asbestos ﬁbers m ﬂwﬁon brike products‘ are pmdommanﬂy short chiysotile ﬁbers IS
.'2)5"3 e dne E _ Z -.-‘,-"" """IC NS N
Reieﬂahce of ﬁbrous stricctilres shori‘er"t‘han 5 i, Soiiie’ panéhsts fioted:thatno
epxdmnolbgy’ Shidies Aisive exatnined tHe felativé:poténcy specifically” of fibrous:structuies shorter
' 'than 5 i s {6 conclusnons cotild b dtawid froni‘the epxdermology ‘studiedalorie: While not
cihg With this’ obsexvahon,’me pariélist réfninided patielists tatiaitborié particles and
ﬁbers*’ﬁave 4 bidad: dxstn"blmdﬁ “of fibét lefigths; with aldlear thajbrityi(75:-00%)y of fibrous
st 2 efiibds belbg shibtfet/thian 5 jiri: THis paiielist added that indirsdkinferences can be'diawn
" st ihe eﬁxdemxology stuties 16l in thoplevious bulléwd itéi: Afoher panélistnotedithat the
i PO Strictirés hiottei a5t bEHAVE Fhore ke partictes sttt thatt fibiers, i least in
! tRiming of | lung dcposmon‘and clerance’ pah'érﬁs Fmaily two fRntlists’ indicated thatan'ATSDR
B gsipet panel Feteritly svaliited the isshe of relative potencyof fibersishiotterthan §:jin; -
however, the final report from that expert panel meeting was not availabletiritil after the peer
consultauon workshop Thie final report has since been released, and a conclusion from that ‘
p&mel Wés’ﬁaat “there 1S/a stmng welght of cwdence ‘thaf asb&sicswmd synthétxc vrt:eousﬁbers

i-.

2t

HWBUI0009885



o

B Fxber dmmeter.

-

L Stahsttcal analyses'in the proposed protoéel. Asindirétt evidence that loniger fibers Wave -
- | greater carcinogenic. potency, one panelist indicated that the expo
Drs. Berman and ‘Crump showed an unpmved fit to the observed relatwe nsk from

epidertiiology stiiied Wheri vising an exposute iidex thidt-dssigns greater weighit to loriger fibérs

"and no risk to fibers.shorter.| than 5S.um.. Another panelist-concurred, but added that the. authoxs
could havg aﬂiemptad to determine the spemﬁc wcxgh!mg (ie., between !onger and shoxter
fibers)that wol ‘iildopunuzcﬁtcﬁttoﬂxeepldenuo!og:caléuidim e S

. 314  Lung Cancer and Flber Dxmensum Inferencw from Ammal Toncology and
h Mechamstlc’Stﬂduis : R e

DA 08 )Jh LA

ﬁberd]m“ 33 5. '-:;_-‘-{ Y S"!%fl&‘ﬁf;;i !]

1 - )x..' D perey, 5("!'»‘:} 1{2"}{ f,‘ a - P i
pathogenesxs However, panehs!;had dxﬂ‘enng Opnmons pn thes
ﬁberdxametexs and lengﬂlsid‘ﬁfe exposﬁxe' ode

IIV' RS it {

that: ﬁbers shorter tha,u 5.pm shou;ld be: ass;gned ZEr0, P I

"'.:r‘:_.m [ IR P W

evxdencc ﬂ:at,lung.canccr potency mc;eas& w1t!‘x‘ ﬁber le_;;gth. Another pane reed,.
reservations about assigning no potency to fibrous structures shorter than 5 pm, based on a

recent study-of refractory ceramic fibers (Beliman.etal 2001) that found; that the i incidence of ..

... inflammation and fibrosis appears tobe related to thepmgenceofsmall ﬁbetsmﬁxelung, This
- ,panehst;mdxeated that exposuxe fo maﬂﬁbets hkely has some bearing on ﬁm,oxldatwe stress

e npmposed nsk ass&ssmeu&meﬁxodolggy On,fbe_ot.her‘ban er.panelist-added that o
toxicology studies haye:shown that fibrosis, pndpoints’ a(e.stmngly related to fiber 1ength; with
- EXposures to sho:ter fibers ;showmg {ess gvidence of ﬁbmsns oraluug damage The panehsts

revisited the sxgmﬁmnce 'of,ﬁbers shorter tha;x 5, p.rr; when lise 3

. -mdex{see Secnon,d-)

I B ’ RS ;.rJ»

VThe panehsts offemd sevemLcomm@nts on, jhe mje of ﬁber dxameter m the ,
proposed pmtocol ‘Noting that fibers. with dlametetspup to Je S,pm{are capable.o of penetxatmg to
sensitive portions of the lung dunng oral inhalation, one panelist indicated that this range of fiber
diameters should not be excluded from future risk assessments. Other panelists shared the

3.9
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. .- & "’*’Crmszderaao f rion—-lmear’mjmsure—response model&’%;ianelzsﬁs :
A SRS on the exteit to Which the proposed protoco} ‘showld consIdsH o hnéar ex Siire-

«concem. of assigning no lung cancer potency 1o respirable fibers with diameters greater t than 0.5

- -, especially-considering that, respirability. patterns in: laboxg,tQ[y anm‘g]s glﬁ'ec ﬁom those in
humans {ie.,thicker fbers. are. more ,,ely to. deposxt in the, human ng;haq they are

43+ The panelist ed a statement in, the pmposed ontocol ﬁiatf‘{qu,,ﬁbers tlncker than
0.7 pm appw to x;q;ch thg: deep;lung.” Fm;st, one. panehst mdxwted Ahat . theﬁproposed pmtocol
includes outdated information on fiber deposmon pattems; he xeoommended that the authors
obtain more cument insights fromspecific publications (e g.,. prp@qu ,!??@ and from:the latest
hung dosimetry-model developed by thedntejn;sg%al,Comnnssxo nonRad o}ogxml Protection.
. \Second, another panelist questioned:the. relevance of deposition; xq.th%g‘oﬁpd;png, because
hnmans tend to deyelop brqnchogemc garcmo;nqs, \gyh,ﬂe At dc;vc:loqu_bL cho ogl plar. -
- carcinomas. Apother,panelist caufigned against. u;f?mng that ashestos fibers
v bmnchxalanwaystomuse,lungmxlgermh ans, noting that signi
-+ sasbestos:fibers,does not occurin the aigvays wherqc@rfm ans, du
1 pri 740, /- clearance; fhis panelist, suspeotet}nﬂigt deposmon of ﬁbel:s in 1,1,19
% ,iugg ns hl;ely relatsd tp ,lung foqpahon in huqxans, ﬁxO}lth
o Garcinogenesis are-qot fuﬂy undezsmod.. ey ;

cancer potency. Most:of the discussxon focused on the utility, of non—hnear exposuxie TESPONSE; .

LhID]
modehng, but oﬂxer topxcs were’ also addfé%sed
£ )4\ e

o 350 Ok L sk e Lol e i G o o Lo

Cav,al3es e
ERATTH A IS

; B .

& '“*‘#wﬁénse Friodeling ‘O thé-otie hahd,‘oﬁc:panéhsi HrBiigly” fét:émzﬁeifdéd EP; conmder
¥ "explomg thé" 4py chabﬂxcy “of non—liﬁear/exposum-mponsc hiodels; given hisconeems ¥
RS low—exposme extxapolahon"iﬂixs par'x’ehst ckrioviledged! ['thattisrevised fificdr model in

i ’ﬂié“” 886 Protocalt leaﬂ'y‘f)m ek 4 irfiproved s Statistical fitts the e‘pid’enuélogxcal data
T compaked'm‘ﬁm’s 1936‘mng GneErTHoAcL burhE b eatsdtets dekilsd: ‘éxploration
‘ o" Gevlinghr S CEF i ' modélsf‘paméﬁlaﬂy to“adcdunt"fd‘r)oﬁsen'/atmns-“of ¢cohorts-with low
*exposufes. This patiElist Wiis' particilarly concermsd aboiit the'cah f“ﬁsks ‘that-would be
predicted for low exposures: because the slope-in any linear Iing canceiryitde] will be:-
determined largely by highly-exposed individuals, he questioned whether the slope denved from
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hlgh Exposurés'trilly applies 6 ‘lowly-eiposed inditidials. Fo defhonstrate his concerti; this 7
paﬂehst ‘indicated’ hiif the epxdermologtca! Hudiebnsistently show that cohotts (orsubsets of

e cohor&) wilh 16w exposire pehérally exhibit 66 ircréabéd fung cander risk (staiidardized

mortality ratios not statistically different from 1.0). To account for the possibility of a- theeshold
or non-linearity in the exposure- response xelauonshlp, this panelist recommended that EPA

SR 13, ’&’ﬁgate altemate emosum’-‘rwponse models,’ ‘subh a5 itfear Liie models (ie; modcls with
> ‘“i‘(v lmeare 3% ¢

TR e 1

récbé’ i mglons hmlmg different slbpes) or !og lmwr mode!s

[Er e

Ot F RS Lp

TR U

Ottt ?anehs‘,té gendtally s’t’ipportéilmme Sonitnents " Onk panehst,’tbr instaiice; nowd 1hat
“EPA’s Diafl ReVSEH Guiidelins Tor Carcinogei Risk Adsessniéritindicatés that exposiiré™
rmponserelaubnﬁihp& ‘shiolitd first'be évaliited over thi Yailge of exposureobsewauons,f and

. then various appidaches to‘eimapolate meiﬁo’m}’fé 16véls Giitside (e be!ow) this“range’should
* b investigated: Aﬁbﬂ&‘ei'paﬁe ¥ 453 that Somé studiss finding rio-evidetice of ung caticer
risks aitiong Liné dohorts Wit ow exposiires Should Bitor intd the decision 6f whether’ the g
catdériodel Sbild inde ﬂat&halds,he cited & smail Of Hoioctupationally PO
o clrysstile wiififiy f&ions it Caniads (Cantis 6L 1998)worillistiate hisf concertiOtbice
panelist‘moted: (A e Wility’ ofﬂus stiidy is Limite; becatist-expbisures Were dofiméastiéd for
individuals; further, a panelist clarified that approxitiately 3% oFthé indivitualé Grisideiéd in this
study were occupationally exposed. Finally, one panelist indicated that evidence from the
epidemiology literature strongly suggests there are asbestos exposure levels below which lung
cancer will not eccur; this panelist added, xbat he js,unaware.of any epidemiological study;that )
has found evidence of lung cancer risk at exposure levels below 25 fiber-years. He ]
recommended that the proposed protocol at least acknowledge the lowest exposure level at '
- which:lung ¢ CANGET effects have, been,demonstrated, T VLT T T TP ST

S At

On tié ottier Baticl §oime panélists were ot Corvirisad of the vility of dontuitib detailed *+-n -
analyses at low exposures and investigating possible thresholds. One panelist, for ingtance;, ..
indicated that a meaningful quantitative analysis of potentlal lhresholds will not be possnble 0
long as the authors do not have access to raw data from additional epidemniological studms
Further; ﬁx;g ‘panelist; suspected that, thefmtocol aulhors s would, find considerable: hetemgene1ty~

- amgngexposure-:,mpqpsg slopm for low,expnsume andhe questioned what conchxsxpns could . ..

o pxmeme, of aqaptual exposme thtmheld for asbestoggplabed lung cancer E ihally, one !)énehst

;.- indicated that the National Institute for; Qcmq:ahpgg,i §gfety and leth (NIOSH) prev,xously
emrmned-a-mmh ‘%ﬂmﬂ!rfqr,ﬁ!e eohortof South ICamhna textile, workezs, and that analysxs

mdleatpd that ﬂxcte was po threshold)

. L Rl e e .
- -‘;.~.-- PR I . JORILNE. s :

IERIEN HEAIR LI
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,-.-Consideration of ciggreffe smoking.. Several times during the workshop, the pagelists,, . .:.
debated the abnhty of the. pmposed risk assessment model to address interactions between )
gaze{te smokmg id asbEstok exposm‘e OnéPanclist reoommende& it thie atithors Tevievw 2’
. Tegent sudy. that examinedythe role of cigarette smoking on lung.cancer among chrysotile miners:.
and millers in Quebec Canada (L:ddel! and Armstrong 2002) Although the panelists gencmlly
“aigreed Wit sirokirig i§ ail unportant“coﬁ’gxderauon ‘fof Qévélopiny atidapplying the miodel; s
... fanelists were not convinoed that the available data are sufficientito  deyelop an exposure:...:. ..,
response model that accurately portrays the mteractwe effects of asbestos ex.posure aud )
" soking: The panelists’ ﬁrﬂxerdxsbtissedmlsmne fithier litek ity the workshop

Sl ST A TR IS BRI N

Trans,v;arenq’ of the propased protacoL Sevéral panehs!s mdlcatcd that the rew;'lew of )

...... ll Vi 7 ,". ERXY IR

epidemiological data in the proposed protocol is not presented &% transparent fashion’ One “* :

panelist, for instance, soughit more information on the uncertainty factors used in the meta-
analysxs, such as what ranges of factors were considered, what criteria were used to assign the
fictirs Aid s table OF S faltors thilf Wele @veiainadily Sppisii Tnis panglist 4o xet:oﬁuﬁién
that the proposed pxptggal Jdgntify the e-values that wers determined for each epxgiemlolo wgical
study and provide explanations for any cases when these values are unexpectedly large. Another
T aelistindicAed tarthe Proposed protasol shotild Tions Sléarly diffete i Conplinions iﬁﬁ‘i’* :
. ar based an.a meta;analysis of many epidemiological ,sug,dxes from. qmclugmns that are/ !gq.§ed
on a detalled rewew of Just one oxj two studxes
R - BN \:H)! M

:,.f,l‘-f- i “f s ot .4:_r’.‘"' e

The need to obtain additional raw data sets. The panelists unammous[y ageed that, EPA
should make every effort to try to obtain additional raw data sets for the epxdemxology studlw
such that the authors can ﬁuther test how adequately the proposed nisk assessment model

-, « predicts risk. Thg)gxgc, utiy ary of,'thxsqepon pments the panehsts SpeClﬁc A

I WO

- teoommendamaon 1ssue

Tiand'3. 22) and ﬁber[ength (3 213 and 32; 4)

#o

;}'{ Potr o
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thatambhibole ﬁbe:s have ﬁs.r grmter mcsothehoma potency than do chrysoule ﬁbp:s—-a
repoﬁed ot 'in’ the VW doalment (Bermar} dnd Cmmp 2001) aﬁd

$lrem
LRISYYAL .

' studu;s (Hodgson and Damton 2000) that reported at least a 500 fold dxﬂ'erence m poiency. ’I,‘wo
panelists’ dommented ﬁmhcr that‘the epndermology htetature pmwd&s no scxcnnﬁc supbort for‘éhrysonle

f LA PR ot P T ‘l LS , “ l) L’} L% SINFE I VJY
exposures havmg a mle mcausauon of, m&sotheh a3 vpbs_ggxgﬁ‘,gg}t_!g_gt is genemly conslstcnt with

the meta~analysns in the pmposed protocol, whxch ﬁnled to reject ﬂxe hypolhcsls that chrysoule ﬁbe:s

BT :':g HY W
bave zzm poﬁency for mesothchom

3

amphibbie ﬁb&is ate ht leaSbSOO*hhm mbre po ntfhan chrysotﬂ ﬁBéis’f ) ’“m&coiheh A

supp;;gdl;y L sepaxatc rgylews of eplden‘no‘lolglwlstud;% 'lzl;g,l;agchsts madc' ar:é;i;uc;;al t;t).nunents
on sp&ific mabidrs Whei mspondmgtotﬁ:squ&shon,as hifiz v, but thekey hi
discussion was the agreement that chrysohle isa far lm xmportant cause of meisodlehoma than are
amphjﬁoles,’ _’_.”:.;:' o, O o UL, R PR TN o3

L] Relative ro?ets* of clu;ﬁsotde ami amphtbole. One panehst indicated thaf‘cohoit smdlw with
individuallevel exposure-response data and the broader epideimiology Titeiablire: Boiy provide no
evidence of increased mesothelioma risk due to chrysotile exposure. Further, this panelist noted
that 33 of 41 mesothelioma cases previously identified as accurring among workers primarily
exposed to chrysotile fibers (Stayner-et al. 1996) were later reported as likely.resulting from ¢ -
exposures to tremolite fibers found in the chrysotile mines (McDonald et al. 1997). This panelist

- . ...noted that a recent finding of a small mesothelioma risk from chrysotile. (Hodgson and Damton .
. .-{2000), results entirely:on.the assumption that the33; mesothshoma.casqs mentioned above Jl;esulg
entirely from chrysoule exposures. Based on these observatxons,  that the -
iiefture sugBests thiat irysbhile expbiiitis Have ‘limited ifany, ol causing’ y iigaheliorna’ He
nonetheless supported the relative potency affributed fo, chrysotile in the:proposed protocoliasa:;
conservative measure in the overall risk assessment process.

B Specific comments.on, the. Connectzcut frtctwn producm;workers. Another panelist;
cominented on an- epxdemxoiogxcal study of a cohiort of workers employed at a friction products’
plant in Connecticut. The panelist noted that the original study (McDonald et al. 1984) did not
identify any deaths from mesothelioma, but review of the state cancer registry (Teta et al. 1983)

3-13
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o same ﬁ.-lcuon pmducts compauy One of thm employew had amphibole exposmm dunng t}ie -

- tifrie' he worked for a textilé! plant thit was‘under the sarie parem company that'owhed and *
..operated the friction products plant. The other two cases, the panelist noted; were. ferales who,

indeed worked at the friction products plant. A pathology review found t.hat one of these cases

» e A womin with probable pléimal mésbthelioma and'5 years 6f exposure; the othier cise was *

a perjtoneal mesothelioma in.a,womap: who.also had asbestosis, and worked asa clerk for 30, .
years. This panelist noted that it was questlonablc to attn'bute the iattcr two mmothchoma

' dingrioses to the Chiysotilé exposined al the friction prodicts plant! thoiigh'she addedithitithist
. possibility canniot be definitively. ruled out, This panelist encouraged that-future review ¢ o£ thxs

epidemiological study shou!d be mv:sed gtven thxs new mfonnabon.

o4 S ‘xJ RN taA Tt gLt i L
Comments on the propased 500-;{0141 di jference in relative potency. The panchsts had
several comments on the ﬁndmg in the proposed risk assessment methodology that amphibole
fibets are: 500 tirfies fribre potent! fonif@soﬂlefioma sttiin 468 chrysoule Fbérs. ‘Sevieral pane‘lfs!s

«..oted that this finding is consxstent,,gath that of a reoent  re-apalyses.of 17 pmdermolo ical s mf

-J-Jhr &%

(Hodgson and Darnton 2000) Though not dlsagreemg that amphxbo fibers are clearly more

- Sigbtetit, 'orié panelist Witk contertied tiat the sk coetiicisils (Kzp)werd hréél detived frofi

. gt setswith.inadequate ex

- diffation of ExpoSife). Sl

IO SPORSE Ainformation for mmo,ﬁ:,ehomg and assu
had to be made to determme cnt]cal mputs to the mwomehoma model (eg. avemge &

DN i e b ».\i'— T Y

Other panelists comnmented on specific sections in the proposed protocol. One panehst, "r&- o
example, recommended that the authors check the accuracy of data presented in Table 6-16

: ., and Table 6-29 ofithe report, which are not reported copsistently. Another panchst, sugg&eted

that the authors bettcr explam why sepaxate nisk coefficients for amplu'boles and chrysonle wexc

" ~Galcilated for'some cotibrts (€., Highiéset al:1987) but Rot for'sthers (6. Beryand”

MNewhouse. 1983), eyen though the.  EXDOSULE: information available for, the studlmappeaxs tobe..
compamble Fmally, one panehst xecommended that the authors of the ptoposed protocol

- 4gbsiller qliestions ftently ra‘xs‘ed Rogers and Major2002) abotit thie Guialit o o eXposure 1
1.data originally reported for the tht;enoom cohort (De Klerk et aL 1989) when evaluating .

P Ao - . . B - . .
TR TS - T n'( SNt et it .’f LT RNl

o I [T “h et g it F PR S e PEU . .
R U AL M SO PE At S PR PRSI FRE PR RS S ) § LR

~3:%:2;; Mesothelioma and Fiber Type: Inferences from Animal Toxicology and .. .,

exposm: mponse mlatlonshlps for mmoﬂxehoma.

>

T e S

s L Vet gy (R RBILE S NN SN RETR L T osanat el fi Ll D

Mechamstxc Studles
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commenteﬂ that the human epxdenuologxcal data clem*ly mtabhsh that exposuxm o amphxbole asbestos
ﬁbers pose a,g'eater m&sothehoma nsk than do e;cp}osur&e ta chrysonle ﬁbers. 'I'hey added that the
ammal tox:oology data are geneta]ly supportwe ofttus‘ﬁndmg, butthe émma! data suﬁér ﬁnm some
hxmtatmns Two panelxsts, foz mslanoe npted t:hat the

fact thit mdents are rather msettsuwe 0" mwothehé

Ve }‘ . _,“

.,\,I

Thwe panehsts addedfthat the animal".
toxxcology studm mvolwng mtra—tzachwl mshl!ahon O, pentonsal ngét:tmn am, nqt duéctly mlevant to
the inHialation' &posures that octiir i umAns 'Ihaéé ﬁmilauons not\mtbstandmg, tiie panehsts xalsed the

i \v"’i" oo

_ follomng points when dxscusmg the animal toxzcology and mechamstlc studic

ocamnoe’bf mesbthe'hbma m ammal sft?dx‘

s o

smdxr;s fodtld fewer thau 10 ca§es ot mesofhel
among ammats th"a‘t ‘Wt cxposed to mithfés‘ boniim‘mghgher pmpomons’of amph1bolé ﬁbé‘rs‘ He

ST W R R 1 [ NI4T 1

found thls consnstent wntlt the mﬂuence (;f fiber type observed in thn human ep:de:mologtml data (see

Sectlon 3 2 1).

wbypg e

in samplds of pléutal plaques and tumor tistae oollectéd for legal cas&e Th%e analys& t'epmtedly

b mr : .ne

several criticisms of the study. First, he. mdxcatéd that the samplm were analyzcd usmg a non—standard
technique, without any controls. Second, he questioned the major finding of fibers being detected in the
pleura, bekaiise most of the samplés Aaly5d Werd & Sénumally bt Hsss, ﬁx'w}ﬁlc “iie“wauld not expect

Ji T“‘ s( = H ,;

to find fibers. The panelist suspected that the chrysotﬂe fibers reportedly found in the study likely result

from swnmgn.conta;mnaaomb@s that would haye been, more apparent had rigorous quality, control
procedures:been followed.-Finally, the panelist noted that a more rigorous study. (Boufin et al. 1996) of.

" it .ofammal to;ucolpgysmdxwxshnutadby the .

-,

"
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asbestos fibers in the parietal pleura found a mixture of fibers,dncluding long amphibole fibers, among .
living patients with asbestos-related conditions. Based on these: concerns, the papelist concluded that .
the publication of concem (Suzuki and Yuen 2001} is segously. flawed and its-recommended should be, -
excluded from EPA’s analyses.

A speific issue raised regarding the.analytical technique in the study (Suzuki and.Yuen 2001) was that .
water was used duxiag;,thc-digwﬁon;procéss::k&}!ing that water may. contain. large. amounts (>30,000;..
fibers/L) of small ashestos fibers, another panelist suspected that the fibers detected in the study might
have resulted from contamination inupdu@d-mg;m?dig%ﬁg{aspm;=B@uée control samp‘“
were not analyzed; the pancist said the study: offers no exidence that the fibersdetected tuly weredn.....
the original pleural plaques or tamor tissues. He added that studies of lung-retained asbestos ﬁbersi o
routinely detect: primarily short, chrysotile fibers, and that the presence ofifhe short fbers;in theipleural , -
tissuer—even if the measurements from the,study. aje yalid—would not i

fibers cause mesothelioma. - - oo - L L o i onbiebmain st T

3.23 . Mespthehoma and Fxber Dimension: Inferences from the Epndenuology
Literature

+, o8y werlx e . L e
e ST iy : RO ST Eas o
. 3

The panelists commented brieﬂy on how the human epidcmiological data characterize the role of fiber

not characterize fiber length distribution, one panelist indicated that th&;e studx&s provnde no duect
evidence.of how fiber length is xelated to mesothelioma, He added that the studus oﬁ‘er conflichin g
indirect evidence of; the 1 xole.of fiber. length. Speclﬁwlly, the higher- m&sotheh;na nsk ooeﬂimex)t X
textile workers in South Carolina, when compared to that for the chrysotile miners and millers ip. e
Qﬁebé@‘»wn*#-ﬁ%m:.ﬁv&ﬁ*pe%@wbﬁéngmomsp@ten&;siaoszwgsmém§9U..th-Ca,m1,i.§.é_i. |

2 larger percentage, of long fibers. However, 2.cohort of cement plant workers in New, Orleans was,

found-to have a highes mesotheliora risk coefficient than that of the South Carofina cohort, even thoygh,

the South Carolina workers were exposed to higher percentages of long fibers. Finally, as indirect

3-16

HWBUI0009893



™
evidence that carcinogeiiic potericy iticreases with fiber length, this panelist noted'that the: mesothelioma

risk rodelising thé proposed ekposiire index; which'is hwvﬂy weiglited by long fibers; prowded a
considetably-iinproved £t 16 thé epidermiologicaldata. -~ * © 0 v e

The panelists briefly revisited the inferences that can be drawn from studies of lung-retained fibers. One
painclist again Commented thatTesults fiom a recent &tiidy (Suzuki and"Yuen 2001) should be viewed
with ‘calition: He'added that several ottier lung pathiolegy- Smidies (e.g"McDoiidld:ét al.» 1989, Rogers et
al 1991, Rédelsperger et al. 1999) have béenconducted wising mioterigorousititetiods! suchas using .
appmpﬂate’oon(mls forage; Sext Ahd hospitil These shidies ‘4l showed that ¥isk of mieSbiliclioma was
considébly: hlgher for Tfndividﬁ'alsmﬂl Tarper Ariotin ”dﬂong fibeis :etamedln theii" lungs

o . .'\ N B Ty - o sesugny
sy buaineresnt Y sulgd e B s 0BT e a2

Onie panlist indicaed thatrcsulfs froriica stidy 6f5hfng4téfaiﬁéd‘5ﬁbét?§{3riiﬁ5&u’ét al: 1988) suggest -
fiber disieter' plays s rilé instieSothelidiiarisk the Stady observed fio nisothelionia cases among a -
population highly exposed to anthophyllite fibers, which tend to be thicker fibeis. Citing his earlict '
review of mesothelioma cases (Lippmann 1988), the panelist also noted that crocidolite fibers are both
thinmer thait'and Tore POSAT thian arkosite fibets, Whith fiiither's supports the‘hypoﬂi‘éc’ns ‘that *-

wegan ol ! . -

carcinogenic potency for asbestos decredses with increasing fiber d:ameher

et iyt s o B ¥ T Z.,, L se o .
PR A - Bl " 1R S 5 S AN I DERA s ERSREN AT A P [

324 M&sothehoma and Fiber Dimension: Inferencw from Animal ’I‘oxncology and
Mechamshc Studxes

PR ITy i SE0E ) SRS WAL IS i e }'?50:.);‘};?!;';'{}13'}:‘?!',-,‘i.'; LA L

rvalons on ffidisgs For Aniifal toxxcologysmdxeslegafdmgmihehoma
and fiBé lcngth. ‘Oné’ panslist indicated thAt firdlings froitie agial tom&ologifstudm gengrally =
support thié Gverall fifiding Wit tesomicliorha sk are SréatesPor -1oﬂg;~ﬁ.'id “fibers However, another -
phfetistnotéd thiat His edrlitd view O mesottfelisiiia Fisks (Lippmiani 1988) Kipotiesized thit the -
critical fib&s fof miésottielioiiia iHeuction aré tose With lefigihis betwéer’Sand 0 yin. This parielist-
adad i ek 6F this diffichistor Sre ot tkely o tisislocate 6 thepléilia diiy e longer fbers bt

2 15 S U RV e N L S I W P DN
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—

he acknowledged that it is unclear whether fibers must firsttranslocate to,the pleura in order o cause

mesothelioma.

A

Some panchsls md:cated that ﬁbcr duxablhty hkely p!ays a role m iuducmg m&cothehoma, based on the
fact that m&sothchoma is more &sily mdnced in anunals usmg admxmshauon methods (e £, peritoneal
m_;ecnon) that xemove thé lmpoﬂanoe of dmolutmn o e TS {‘

The panehsts mxsed nmnerous’ﬂsues wlié‘n f&pondmgto ﬁle thnd éhaxge qu%nor{ ‘ "I‘o what extent dre
LIGATERS T AN b ,! AT PR

the exposure estimates documented in the asb&tos epxdetmology hteratme rehéble"” Recogmzmg that

the exposufe aumatm ﬁu 7ihe‘ pxdemxology studxcs ate cuncai ,mputs to the: exposure—response
ey B Toaat

ryide detailed
mformatton on ﬁber snze dnstribuhon, many studm report exposume usmg outdated samphng and

assessment, the panehsts exptmsed conoérﬁ about the exposum datzj, few stqu&; P

3Yig-

sof

duratxon) need to pvzluate ¢

RN AL

specific concerns on these and othcr matters follow:

3-18.
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* from another plant Wwith similar operatlons were tised fo chamctenze expostne xesponse /3
for this cohort. sk

» - The original study of workers at a Texas insulation factory (Levin et al. 1998) reported
- a range of exposure levels.(13-91 fibers/mL), and the authors of the proposed protocol
ass1gned an: avetage exposum level (45 ﬁbers/mL) to the entue cohort

[EEE I fivery pp SheTut iR Lt e -

- The oniginal s(udy of US. msulahon applicators (Selikoff. aqd Seidman. 199!) bhas.no,
information on exposure. The proposed protocol assumes that all workers were
exposed to 15 fibers/mL for 25 years, based on a sepamte review of exposums among
msulauon workers (Nicholson 1976). T TS R T U

> The original study of retirees from the U.S. Asbestos Products Company (Enterline et
‘1 i o weival. 1986) reported exposures based on midget impinger sampling, with no.information,
_ on how to convert these exposurw to PCM mwsuremeuts
T S sl i, G vt el TR LR T g
» . . --According to a recent lefter 8o, the editor (Rogers and Major: 20()2) the. ongma!. study
of the Wittenoom cohort (De Klerk et al. 1989) nght have ovemhmated exposures, -
"""‘f‘BSssmlybj'asmuch va facrorio. ¢ - ‘

S TR R EA S @ L P

A ATE T

. " e dnilyis Tisedin the Froposed Protocol (see SR bullted 1tem“) Prior fo'this: d:scussmn,
-ongpanclist expressed-goncem about-being overly: critical of the exposure estimates, used for; .
nwny of the studies listed above; he e hasmd that all exposure estirnates appear ¢ to be based .
...... . :

on'a cnhtal“i-evxew ‘of thé Titbratiire; and 6 eStiniates 4 completely atbitiaty,4s sothe of the'
panelists” comments implied. S ehme iRy sl e e L e -

L] Commenis on using study inclusion criteria for the meta analysis. Given the coricerns
:about-the quality.of exposure.data repo;ted in some epidemiology. studies, the.panelists debated.
hcther Mm‘mvmam,pféi;&pmposedgpmtocol should exclude: certain studies: from the.
I exposmwesponsc analysgsﬂh&panehsts were. diyided onthxsmatter. O A S

it

. Onthéione hand,’ several(panehs(s recommended.that the authors; dcvclop.and apply study
.- inclusion. criteria in the £XPOSUIE-TESponse evaluation, as:is commonly dqne when conducting a
o 3 TOR- analysxs One. mnehst,ffpr,mstance recommended assessing exposure-response
relationships for only those studm found o have. adequate exposure; «dlata; and then using a
_ sensitivity analysis to examine the effect of excluding studm with inadequate exposure data.
- These, panelists: ‘clarified that.they: ;- not advocating. dmegardmg the majority.of studies; rather,
they are suggesting. simply: that the.authors of the proposed protocof use study inclusion criteria
and sensitivity analyses to ensure that the conclusions are based on the best available exposure
data.

319
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.::Omthe othec hand, several panelists supported the cuirent approach of using as many studies as
possﬂ)le :and accounting. for the quality of the exposure measumments in the unoertamty factors.
. One panelist, for example, commended the. authors for being as mclusnve as possible hen
ateviewing the studies; he supported the approach of recognizing,the limitations of the avadable
-+ ;igxpbsure-data and accormhngfor these limitations in the. uncertamty &ctors that were ulmr:ate!y
used to weight the studies in the meta-analysis. This panelist acknowledged that the exposure
.. ~estimates in:some of the epidemiological studies might be rough estimates, but he emphasized
. that the estimates. are not worthless and should not be discarded. Other panehsts concurred with

K

. these comments, and did not support applying overly restncllve study inclusion griteria. -

e ,1 LS Tl Wy
L] Comments on the uncertamty factors ass:gned 0. each study The panehsts made several
comments on the uncertainty factors that the authors assigned to each study Dr. Berman first
explamed the four. uncextamty factor§ ;the first factor (F l) characteum the conﬁdence in,

(F4) was a. non-ex,posme re!ated ﬁlctor to aocount for other uncerlmnu&s (e g 5k ck of

information on confounders; incomplete or inaccurate. mortahty ascenaxmnent) Dr Berman

described generally how the individual unccr,tmnty factors were assxgned and noted that ear:h
factog‘ could, mnge from 1.to 5.

L3
Soow TR PPt P O AL A TVCUL Y

@ .

values span a broader range than F4 valuos) and gl%cn’bmg why the mdmdual uncertamgy
factors have equal weights in generating the composite uncertainty factor. Another panehst K
agtqe,ggzanq,addod that. gu; revised | protocol should more ,t;xphcl‘dy describe how. thp Dncertainty
- .faclors were. c,ombmed into the composite, | factor qrrd how. this composxte factors aﬁ'ccts the
ighting of studies:in the meta-analygs,, q;pgroqdus‘pomt,,aqqu par;ehs sugggs,ted that'
,_tl;qﬁna)doapn;entmoreclmdyexplamthatdmﬁpaln 4 “,ofwmernskcpc‘ ‘ ‘
and Ky,*) are actually weighted averages of the eprdcnuologxcal studies, with the
assigned to each study being a function of that study’s uncertainty. This panelistalso
recommended that-the revised-documerit cleardy $tatehow; if at all, the fraction-of’ amp}ubole
ﬁbers and the ﬁactmn of ﬁbets Ionger lhan 10 pm are wﬂected m’the uncertamty factorS' B

e, the ( ate 3 : ? ;
uncemunty factors. Two panshsts noted that the appmach uscd to assxgnmg uncertmnty factors
is somewhtat sibjective; because different groups of dnalysts would likely assign different-: «. <~

3.20
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Ve

" uncertainty factofs. “Toavoid'the appearance of arbitrariness; these’ panelists' ‘sugpestediising
-alterniite mcta—analysxs appioaches that do not require using: tiricertdinty fastors: Theyioted, for
example, that thie suthiors could use a raiidoin effects' modél i which residual m’ter’-smdy

" Variation is estiriated iAfidther suggestion was to conduct Sensitivity anialysés exaniining the

effeds of mcludmg or ex(ﬁudmg studx&s dependmg on the unce’tfamty factors assngned 163 ﬂlem.

Another panehst dnsagmed with ﬂme comments and’ mppoxted the analyses in- Ihe ptoposed
pmtocol, thiis panelist indicated that the“authors had no‘chioice it to°makiudgmerits'based on
the infontiation’ docurhierited in the epidemiology literature:FHe supgested tiat EPA: consider
convening a separate expert panel to assngn uncertamty factors 1f panehsts do not suppoxt thosc
selectedbyDrs Betmanand Crump SRR "3

Assumplwns made to convert'exposure estiriates ﬁom midgét tmpmger'samplmg.

Sevéral panehsts riotéd that the ongmal pubhmuons for many epldermologfl&kms docinent

canvary oonsxdéiably fron one ocwpahonat setrmg to the flext, 7 ss0 e T

estimﬁm based only on’rmdget unpmger samp!mg’anﬂ do'tiot inclade atiy infoihation -

il ‘fxow # conveit thesé’ ‘exposiites to levéls that would be féisuréd by nivie riodem methods

(c g PCM, TEM). The panehsts noted that the conversion factor (ﬁbm’mfnpcf to- ﬁbers/mL)

ST A gl RS gk W RPEEE S A RIS T S

Interpretations of the study of Soutlr Carolina textile wirkeis: The p’éh’élxs!s -hgd- different
oplmons on interpretations of the study of South Carolina textile workers (Dement et al. 1994)

' O pandlistfor indtaifics; fotnd this'particular study to be an ouitliér artiong | thiéother -

epxdenuologtmf SEERE had B redt ‘ﬁunéuded that'the althofs éxclidé this shidy-from ene
resf)onéé ahAlysis iintil the Eaises for th incred§éd Teldtive risks obderved forthis
eohorrare Bettel understood. Anothiér patistist sugg&sted thiat Hig pmposed‘ fn'mt‘écol shvald
itaissity the South’ ‘Caroliiia éohort as being exposéd o mixed! asbestod*ﬁbers,“raﬁler thiii being
exposed to chr&Sonl ibers. He: inditited thiat some workers'iii the cohort' wére exposed to
afﬂBsnte and «cmo::!ddlxtéz 'in addxt!on io'being cxposed to ch:yéouf &

boal '-‘."?=. LA ”l

"‘esbmat%forthxs

T "’ lfoﬂon; glven lhat‘tins‘ls'one* of fow Studtes in which: co~located sampl&s Weite collected and

analy%éd usmg d:ﬂ'erent meﬂ:ods thus provxdmg Slte-sp&lﬁc dain fér ooh\fémng mldget mpmger

iEH ‘u

-..‘-".'rnl R A g .
deul; ‘After reviewing a draﬂ*ot' this reportyone! panellst mdumed thatit is.imiporfant m note that_expomrq’dnm

for the Soum(’kmlu\a obortare:available fromuniors than just oné reference (Derment.efal- 19943 He, . suggested that
EPAuse data from studies conducted by McDonald in the 1980s of a parailel cohort in the samhe planL However, he
wunoned EPA agamst mnng mu!nqle studies of the same mtauvely small group of workers as separ.stc studxw
constde:mg !helarée overtap of woﬁ:ers studted by &' twWo groups of mv&mga(ors. This| paneh&f tnco’umged BPAT
o Giidider sther dif souirces for thi¥ cohort, givén that aTecent re-analysis of epidemiiological Shidies (Hodgson = .-
and Damton:2000):seversly: criticized the data source EPA uses (Dement et al. 1994);to.the-point of those data being .-
dropped from the recent re- analysis altogether.
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sampling results fo' PCVimeasurgments::Apother-panelist challenged suggestions that-the South

Carolina study is an outlier; he indicated that the South Carolina study is one of the more

rigorous epidemiology studies available for asbestos exposures, and he found no valid scientific
:Teasons.for discarding it During this discussion, one papelist, point out.inresponse; that the-South

1.4-.‘ b ST

_ Carohnastudyxsmdeedanoutheramongmetexhlecohoﬂs mﬂlaslopewhwlushn than

" githif of the two textile cohiorts; tiis panelist did aclinowledge that the m@’canber TSk aftiohg -
the textile cohorts is greater than that among the mining cohorts. This panelist added that , .,
scientists need a better explanation for why the lung cancer risk among the South Carolina
cohort is greater than that of other cohorts before the South Carolma study can achieve
credibility, especially considering that exposures in Seuth Camlina wegssupposedly.to ‘pure
chrysotile.
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- 4 COMMENTS ‘(?N TOFIC _RREA’Z%'TI[E-i‘PRQPOSEDfEFCPOSURE mmax

A4 i

cxposum mdex Secm;n ‘}x 42, and 4 3 document thc pailéhsts J&Spons&s to charge qumtxons 4,5,

and6» mp&hve{y. " =Ty i

B R T St A 2o U W Rt A S T TR SLAE L A SUNOS P

41 Responses‘to ChargeQuestmn4 REREP U P Ly S

Charge qu&ﬁon 4 asks: “The proposed exposure index does not include céntn‘buﬁons ﬁomﬁberAs‘
shorter than 5 pm. Please comment on whether the epidemiology and toxicology literature support the
conclusion that asbestos fibers shorter than 5 um present little or rio carcinogenic risk.” The panelists
discussed this miaiter earlier in the workshop (see Sections 3.1.3 and 3.1.4 for these comments), and
provided additional insights on the matter. Overall, the panelists agreed that carcinogenic potency
increases with fiber length, particularly for lung cancer. Most panelists supported assigning no potency
to fibrous structures st than 5 pm. Some panelists agreed that the sho& fibrous structures are
clearly less potent than long fibers, but they had reservations about assigning zero potency to the
structures smaller than 5 pm; these paielists acknowledged that the toxicity of the short fibrous
structures might be adequately addressed by EPA’s air quality standards for particulate matter. Specific
comments on this charge question follow:

. ® . Reference to ATSDR’s expert panel workshop on.the role of fiber length, Two panelisis

- noted that ATSDR convened an expert panel in October 2002 to dlscuss the role of fiber length

" on toxicity, and much of that discussion specifically addressed fibrous structures smaller than 5
pm. A main conclusion of that panel was that there is “a strong weight of evidence that asbestos
and synthetic vitreous fibers shorter than 5 prn are unlikely to cause cancer in humans™ (ERG
2003). The panelists encouraged EPA to review the summary report prepared for that
workshop, which was officially released on March 17,2003, and is available on-line at:
www.atsdr.cdc.gow/HAC/asbestospanel.

u Evidence from epidemiological studies. One panelist indicated that the epidemiological
studies do not provide direct evidence of the role of fibrous structures shorter than 5 pm.

41
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http://www.atsdr.cdc.gov/HACyasbestospahel

A
{’ o

pzedonunanﬂy cxposed o shoxterﬁbers (e g fnctxon brake workers, gold mmers taoqmte
.. miness) do not bave stausumlly sggmﬁcaut mcrcased cancer gisks. This panehst added that lhe
«..... mechanistic smdms provide the - strongest evxdence for assigning no, potcncy 1o ﬂbrggs strqchues
(see next bulleted item). Another panelist agxeed wnh these. statements, and.added-that his
interpretation of data compiled by the National Cancer Institute provide addmonal indirect.
evidence of short fibrous structures presenting little or no carcinogenic risk (see page 102 of the
premeeting comments in Appendix B). N
The panelists briefly revisited the findings from a recent publication (Suzuki and Yuen 2001) that
reported finding relatively large amounts of short, thin chrysotile fibers in mahgnant mesothelioma
" tissise. Several panelists ericouraed it these finding ot be considéred in Hie risk assessnient
- ;,.-_,.mcﬂmdology for; Teasons. cifed earher in. 1 the: wodcshop {see:s Sectmn 322, RPN X

ﬁbers are clwred mote mdzly than long ﬁbers ﬁom the alveolar reglon of the lung by
phagocytosis, and therefore provide supporting evidence that short fibers play-liftl ‘or nidole'd i
carcinogenic risk. This panelist acknowledged that extremely high doses of particular matter and
other non-fibrous structures can generate biological responses (e.g., inflammation), but he
 doubted it SUCH véﬂo g condmons Wmifd be relevant to'thie! cnvuonrﬂental’éipem that ©

[ et

" e e

e WHHA panbhst agrwd that fong ﬁbexs areclwly imore poteiit than' short ﬁbrous stractiifes, but
e qiissHo tﬁc conclusxon it shoit fibidiis structites havé o impactor cancmogemc tisk.
This' panEhstnoted that mechamsnc ‘stiidies have dexhonstmted that short‘ﬁbmus ‘SGUCtiEes and
o sphenca! parﬂcl&s, hke snhca, can elxcxt’the same toxxc responses (e £ genemte reactive s;?ecms
i't0 his
AR pmmwtmg ‘coriments, that eXposm: 03 shoﬁﬁbers «‘:ou!d canise inflaminAtion: and ggheratxon of
- gRiditive species thal mighit incredse g ¥sponse to Tong fibes (sec Bellmian et al! 200 b
+ Overall this Panelist ackniowledged! ‘tiak long fibeis are miore’ persnsteht ‘il shdrt'ﬁbé'ts:'m the
lung and should be weighted more heavily in the exposure‘index, but hie was'hesxtant 1o aSSIgn

the short ﬁbrous structum zero potency
: ‘ o ,' IR LT t s

LR P S
g PR TIPS TUL SR u&‘:"

] Implication ';samplmg ah ana{yhcal methiods. panchst commented on'thes-
”" practicaliciplications, “frofi /4 samphug perspec&ve ‘of atiy* chﬁngw tothe exposﬁha fiidei This
panehstﬁldlcated thatmeasunng dlt fibérs ('meludmg 'SHHCHIES shortepthan 3 ;zm) iy T
énvnmxiixiental mmpl&c waiild nbt-ofily bé¢ expensxve butalss would: compmmtSe thc sél 'ihwty
measuﬁng the loniger ﬁbets thiat’a dife most: predlctwe of canier sk Thispanelist: * AT
i aclmowiedged that hismar &xposiire is: predormnantly to-fibrots sttucunm less: thidi'S i) but he
noted thiat the anounts 6f short fibrous’ stnictures retainéd-by the hing tend'io b6very strongly
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corelated with the drinounts of loing: ﬁbexs ‘Tetainied by the lung “Pue fo this ¢orrelation; this

' panehst bt that mmsurmg 1oiig fibéis With. sufficiént acciitaty wotild allow one t6'Estimate

'!'anmunts “of shot fibtous: stmctums ing mmple This' panehst added; however; that he stes no
g beneﬁt of chaxactenzmg exposnm o' fibrots stxuctﬁm smaller ﬁxan 5 pm, gwen the conclusmn

that such ﬂbers do not Cause cancer (ERG 2003) R

1,.*

4.2 Responses to Charge Question 5§

R [ S S € N R SO WEE The ) LIS VPR S L
T -

Chafge question . 5 askS’ “The pmposed exposme mdex 1s wenghed heavxly by ﬁbers Eonger than 10 pm
Specifically, Equation 713 supgests st the #axpmogemc poléncy of Fbers onger thai 101mnsinore
than 300 timgs, gigatgr than that.of fibers:with lengths hetween 5,and 10 pm. How consistentis this -

differenis ifi carcxﬁogemc pbtencf' w1ﬁ1 thie" epxdenuology ‘anii toxtcblbgy htexatu:e"" The panehsfs’

IOISENT

mpom fo th:s quesnon fouow- S

) Lot
AR Lt Ll

= Cons;stem.y w;th ‘epwemzologtcal lueratyre. 'I.The panehsts noted that !he ongmal
. epldemxology stdies did not colfect exposure, informatign, that provides direct ev:dence of the
relative potency, assigned to the two different fiber length categonm fibers longer than lQ prm, .
... ..2nd fibers:with lengths.between 5 and. 10.um. DJux;mg;h:s ission, one panelist ¢ recommended
tbat,EP consnde;»ﬂ]e results of a case—contrql,sjudy (Rogexs et ak 1991); thabwggests that
. mesothelioma risks are greater. for individuals with larger amounts of the shorter fibers (ie.
-.between-5 and 10, p): letamed in their lungs..Another panelist was not convinged of the, ﬁndmgs :
. from this. study; .giuc to wsable bnasw fiom ,gglechop, of controls:not matched for hqspx(al of
. oxi'gm This panglist encouraged EPA to refer.fo kQ, JOre FigQrous lung-relamed ﬁber studies (c g,
McDona!d et al:;1989, RDd@lspetger et al, 1992)( thatqhave,found that thc ma_;onty of cancer:
«+xigks fonm&soﬁxehoma 15 attnbuted to.exposures. 0. longcc bers, n.when measunémcms of
short fibers. arg, taken mto aecount. . .. :

R SO H

RECILY (s SRR EETRL YRR K4}

L] Questwns about the f iber length-dependence used for mesothelmma. Some panehsts
were not-convinged that:the. relative potencies assigned to diffcrent fiber. lengths were., ¥

«:t Appropriafe forg mesothehoma. One panelist, Anstance,. uoted tbat his.previous rewew of the

literature Qgppmagn-, 994) suggests that cancer.risk formesothelioma is most closely_ associated
. *with exposure:to fibers! _,,t‘ween 5.and.10 po. lcn_g He. mdxcated that this.assessment is .
consistent:withother human;lung evaluations, (e g., Timbrell et-al.:1988),- which haye. mported
- that fibers: retamed by-the: lung tend to be longer than ﬁbexs that translocatc to the pleum This

panehst added that the epidemiology: literature cleariy sugg%ts that lung cancer:and .
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- mesothelioma have different xisk factors, as the rejative amounts of lung cancer and.

mesothelioma cases vary consnderably from one cohort to the next Based on thmc coﬁbems

" this'patelist suggested that EPA consider developmg sepamtc fiber length’ welg'htmg schiétries for

- Iungcancermdmwothehom N HA > SR I ERR

E.ri'i’..'.::-.'

43:. .

i Iirigith distribution for'différedit oecupational cotioris: H'p
" “chhsider deriving separate’ welgh(mg factors for Tung < gandePand mesotﬁehoma, hithiét than

“Another panelist itdlicated thak thé ‘epidemiiology éhidi&é*;’irbﬁdé iidirect eviderice that -

«*  carcigogenicpotency;appears to increase with fiber length. Specifically; he noted that the; studies.
) oonsnstcntly show that mwothehoma has a very long latency penod—~a trend that suggests that
" thdmidst dirable fibérs (ie” the I6hger fibetd) are the most potent: THe panelistadded that the -

analyses in the proposed protocolprovide fusther indirect evidence of mesotheliomp risks; ..
increasing y with fiber length: when the exposure index was used in the mmo!hehoma model, the
proposed risk assessment methodology generated an improved’ 't e epldennologncal ek

During dus dxscussnon, a Panelxst cauhoned about inferring that only those fibers that rwch the

Ak b

because r&eeamhers

hﬁ‘ﬁ’?‘é not detémnned the exact

Questmns about the ri fi§ ;
‘Sonesa' At basifig the pmbosed‘ Wexghtmgfactors for dxﬁ'c:ent fiber engtﬁs il obée%u’ons
o AniALaata: First ot Paribtist ficted tar i Weighting factors weié déiivéd stncﬂy based
‘on hmg caﬁcers observed mlaﬁ’omwry amfn’éds and he quiedtioned hgttie ‘i as
thé WelghRHE Bictors can'be defekibly. applied €6 thésothéliomal Seconid, ot Pafiefiss hoted
that exhapolahng the wexghuug factors from rodents to humans also involves uncertamty, dueto
‘mter—specm dlﬂ"é:ences m rexplrato:y anatomy, macmphage sm and sxt&soﬂluﬁg mcers ;

R AN

‘Suggested fo?low-up analyses verr thé'éoncerns about basmg thié pmposed eXposune index
éntm:ly on daxa “from dniml toxxcologystudm WO panelists mcommended that: EPA dtempt to
tifmize thé welghtmg ctor$ applied 16" dxﬁ'erent fibér lenigth categoﬁ&s using Hhé avilable
h&fha‘n pideriioldjzical dabi: One panichist sugiested it this optihizition couldbe performed
ittig the' dach cotnpiled in ‘Table 6°15%in” ia pioposéd protoco’l, wiuch pmsen %’t:matm -of the

assummg the same ﬁber length dependence for both outcom&s
1 LTRSS &2 ‘Lf-d A R SR TS T I ¢ M R T
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Chaxge questxon 6 asks “szse explam whether the proposed exposme index will a!low méanisigful
compansons between cunent envm)nmental exposum to asb%tos and Instoncal exposure;to_asbestos
that occurred in the work place.” The panelists discussed several topics wheri addressing the question,

" because some panelists had diffemnt impressions of what the questiop was asking. Some panehsts
vxewed the qumtxon ds aslqng about the validity- of low«iose lmmr exuapolatxons (see Secuon 3:1.5 for
more mfomxatxon on. ﬂns togrc), andpthers wewed the qufshon as askmg about whether the proposed
methodology 1s an xmprovement over EPA’s curent nskassessment model. A summary of 1hef

panehsis speczﬁc mpcmses fqllows

Do T . L Fx s T R

B L R Y | e P y : aelr
= .. Isthe pmpased e.qwsure mdex aa tmprovement to asbestos nsk assmm nt
g answcnngﬂns chal;ge question, multlple panehs{lx focused on, whether the propospd qusuxe

. index:is anampmvement over EEA's 1986 asbestos nsk models. Th&se panehsts agrecd that the

‘proposed approach is more consistent with the overall literature on heal;h psks frqm asbestos '
which show that cancer risks vary with fiber type and.fiber dimension. Two panelists were -
hwtant to call the, proposed. appmach amnnprq\{,_empnt for evaluating. meﬁothehoma nsks,

\ .. becaus the_,gl;erlmgﬂlwelghtmgﬁctoxsare base ennrelypnb,mg -ancer data in, s
.“} : These panehsls were parficutady, concemed i that the PIopo: sed methodology mi ght assxgn lower
o u.{:;g nsksformesoﬂ\ehomamoeqamc . becausethe ﬁberjengthdependencemthe
methodology,xs not based on.any. tomcologml or epndegmolog;cal studies.of mesethelioma.

L Does the proposed rtsk assessmem madel support axtrgp ola aonﬁom occugatwnal
exposures to en vironmental exposures? Some panelists commented on the apphcabrhty of
. -the proposed nslq assessment model to exposure doses-below:the, Japges ¢ copsidered in the
occupat;ona! studm Refemng to observer oomments prowded earher in tbe worksh p,; ,

magmtude, regardless,of whether 1t was expenenced m an occupauonal or envnbm;enfaI seiting,

One panelist recommended that EPA mv&ctlgate how cancer nsks for lung cancer and ' -
mesothelioma vary between EPA’s 1986 model and the proposed risk assessment

methodology: for different distributions of fiber types and dimensions, ‘does the proposed

methodology predict higher or lower risks than the 1986 i6dél?Di2 Bérmian indicated that the *

proposed methodology, when compared to EPA’s 1986 model, generally predicts substantially

higher risks for environments with longer, thinner fibers and environments with larger amounts of

4-5
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the new methodology and the 1986 model.

amphibole fibers andpredicts somewhat Jower risks for environments with shorter, thicker fibers

and environments that contain only chrysotile fibers. One panelist recommended that fisture
revisions to the proposed protocol include sample calculations, perbaps in an appendix, for

ik

.several hypothetical enyironments to demonstrate how estimated cancer risks compare between

s Yeantge p s .
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' 5. COMMENTS ON TOPIC AREA 3; GE-NERAL’ QUESTIONS =~

This séttion Summarizes the panehss [esSponseés fo"chaxge questtons 7—10 and 12 Rmponses to
charge question 11 are included in Section 6, because tlns cha:ge quwtmn sought the panehsts’ overall
impressions of the proposed risk assessment medrodology, rather than focusing on any one specific

issue.
5.1 Responses to Charge Question 7

This charge question asks: “The proposed risk assessment approach assigns carcinogenic potency to
individual fibers and to cleavage fiapments (or ‘bundles that are components' of more complex '
structures’). Please comment on whether cleavage fragments of asbestos are as toxicologically
significant as fibers of the same size range.” The panelists raised the following points when responding;

. Terminology used in the charge question. One panelist took strong exceptibn tothe
wording in this question (see pages 30-33 in Appendix B) and strongly recommended that the
panelists use comect terminology during their discussions. This panelist noted, for ipstance, that

cleavage fragments are not equivalent to bundles, nor do cleavage fragments meet the regmétpxy ‘

definition of asbestos, as the charge question implies. He clarified that he defines cleavage
fragments as non-asbestiform amphiboles that are derived from massive amphibole structures.
This panelist was concemed that none of the panelists at the workshop has the mineralogical
expertise needed to address issves pertaining to cleavage fragments. Another panelist echoed
these concems and agreed that this charge question raises complex issues.

L] Significance of cleavage fragments w:th respect to human health effects. 'Ihe prevxous
concems notwithstanding, several panelists cormmented on the role of cleavage ﬁagmcnts in the
proposed risk assessment methodology. One panelist, for example, indicated that there is no
reason to believe that cleavage fragments would behave any differently in the human lung than
asbestiform fibers of the same dimensions and durability; he added that this conclusion was also

reached by the American Thoracic Society Committee in-1990 (Weill et al. 1990). This panehstA

acknowledged, however, that expert mineralogists have differing opinions on the role of
cleavage fragments. Several other panelists agreed that it is reasonable to assume that cleavage
fragments and asbestos fibers of the same dimension and durability would elicit similar toxic
responses. .

L
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= Rewew of selected epldemmlogzcal and toxtcologtcal studtes 'Ihc panébstlsil:;t'le_ ly.
discussed what information has been published on the toxicity of clmvage fragments. One
.. panelist indicated that. Appendix B in the proposed protocol. (s@e pages B~3,1hmugtLB- 10)
o minterprets results ﬁ'om an animal study (Davxs etal.. 1991) that evaluated,e : to SiX
i tremolite, sampl&s, mcludmg some that were pmnanly clwvage fragments. ; This panehst noted
... thatthe study, provides; evgdenoe that clwvage fragments mn'cause m:sothehoma in ammals

.o .Another panehst_, however muuoned agamst mfemng too muf:ljx ‘fmm du; ’trm\lmal study for
, e ,.e,msmﬁm stwiyreportedly
suffeted ﬁom pom: ;epmduclblhty; and the mesothehomas observed in the study, o g_h;.have
reflected use. of; mtxa—pentoneal injection model as the dose mmum m
recommended that EPA conduct 2 more detailed review on the few studies that have exammed
the toxicity,of clmvage ﬁagments,gggibbr considering epgd jogxcal snldl&s of taconite.
m:M t . 83and A g nunefg W §oulh
Dakota (McDonald egal 19]8), he noted that a pendmg pubhcauo pnqs_;n@s upgpqu risks
“among the taconite miners. e o

L Practical implications of measuring cleavage fragments in environmental samples. One
panelist added, and another agreed, that measuring cleavage fragments in envxronmental samples

L C presents some challenges, because microscopists cannotconS:stenttj'di%ﬁﬁ‘glﬁéh tlaavige® ¢ o
. ) fragroents from asbestiform fibers, even when using TEM.
widlehasn oL RERE 0T dn EREA
2 ' Responsésito Charge Question8' ~ - N L DT [ UL S

Chaie iiéstion'8 asks: “Pléase Comimeiit-on whether thie proposed caticer 4ssss “""‘sii“léht‘:'ap‘ptoﬁéhfié e
relevant to all amphibole fibéfS ¢ Shity to thie five' types 'of amphibols” fibés {actinofifs; amosxte
anthophyllite, cmcxdohte tremolite) dcslgnated in federal regu!auons ” The panehsts made the followmg

genexal cofhiments mnsponse eI L TR A e Y

B T i S Uy . g il - L O S SO M L
B AEASLAn g T, B i ol EE R T S e o

»  “Réviciv of evidence from ioxicologicaland epidemivlogicil Studiés: The pavelists” - .57
identified fcwsq;dx9§_ ﬁgat address the foxicity of amphibole. fibers other than, actinolite. , A
authophylhte cmclglphte aud ‘tremolite. One panehst indicated that animal toxxoology st

i demonstrated that Syfithetic vitreous: fibers with diffeing cheriistiy,; buthavmg $initar w
durability and dimensions, generally exhibit similar potency for fibrosis, lung cancer, and .

mesothelioma. Another panelist added that Iung cancer and mesothelioma exposum—r&sponse -

-2
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N

mlahonshxps for a cohort of vermiculite mme:s ﬁ'om leby, Montana, havc been pubhshed for
both asbesufonn nchterme axid vinnchxte : ’

. ag[wd thatthe: propOSBd nsk amment methodology is relevant'to’ amphibole ﬁbexs other than
those hsted m ﬁle fedé?al Feﬁ’ﬁlahons Thepanchsts noted that, in the absenoc of """ detalled

will exhibit similar toxic eﬁ'wts. Two panehsts expmssed some hesitation on applymg the
proposed iodel t thi' Toniasbestiform amphiboks ofie piiclistsked ‘how confidefitly one can
' apply the &ificer fisk'Soeflicients o amphxbo[é fibers that have'no Bécn stidied, and another
pauehst ndicited he wis not convmoed tht ihe ‘miodel shiould b’ app‘ﬁed to the omer i
‘amphiboles, let albne forfhe amphibof&c thét“' llsted m&lefedem!’mgtﬂanons R R

sptere fYg o

Siven the £ 1 {ocEhiting ati:phiﬁ’éf"‘iﬁ‘ﬂ:e"ﬂa’r’ﬂz’s st one: panehst suggmted

- “’(hat‘lhe‘bm sedprofé’édle!@ﬂﬁ’i‘ SR tﬁﬁ’l’ﬁm hOR-asbEstToRH ambhibdks beisig evaliated are
“only thoss with e Sirhé dimdasidil ctiaradtetistics and blodi‘uablhty asﬂié loornmcpondmg
asbestiform amphiboles.

Sy VRSN H AR yallk i,

-".'Z:,‘"v-'.’ - 1 RS o1 AU e 2 PRI I
53 Re§.p.0..uses-;-.t,s?s‘ghaxgg:ﬁi!gstibn 2 R
Charge question 9 asks: “The review document recommends that asbestos samples be arialyzed by
transmission electron microscopy (TEM) and count only those. fibers (or.bu,:nic,l_h;c) longer ¢ than S -
Such counting practices will provide no information on the amount of asbestos fibers shorter than 5 pm.
To what extent would data.on shorter fibers in samples be useful for fujure evaluations (e.g;, validation

of the cancer risk assessment methodology, asséssment of nop-cancer endpoints)” 1 s, i -

The panelists expressed varying opinions on’this matier: some panelists saw p‘g‘gngﬁt of measuring.
fibrous structures shorter than 5 pm, based on responses to earlier charge questions {see Sections
3.13,3.14, aqdfl l), oﬂlerpanehsts mdg thabdxerws some ut:hty tp mllecp.ng mfox:manon on

SRR

o
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w..  Support for ysing TEM in future sampling effores. The panelists, unanimously suppoxted the.
recommendation in the proposed pmtocol of usmg 'I'EM, rather than PCM or some other
methodd to chificirize exposiires in fuliirs risk dssésstiients. 'I'hepanehsfsa!soemphasmed that
fiture measurement methodologies must focus on generating accurate counts of the most
blologxmlly acuve ﬁbels or ﬁbets longcr than 5 um

P
B

= Practical- mphcaaons of counting fibers shorter than 5pm. One panehst indicated. that )
analyzing mmples for fibrous struchures shorter than 5 ym would compromise ana!ysts abxhty to
accukatély ot the ambifitd of 16hger fibefs that ars of gréater blological condem. Sorme * ¥
.« - panelists,and an ohserver further discussed the costs associated with counting fibers in multiple. - -
length categories, including shoxterﬁxan 5 ym. The panelists did not cite firm cost ﬁgum for
- - fidse: analyses. Howéves, fotitig that envirdhmental saiiples‘typically cotifain'mofe than'90% '~
_short fibrous stmcluns, one panelist suspected that counting the. shorter structures would ...

" iould E5nsiderabiy ihorsask té cost UF the analys A panelist indicated that the ¢6sts dnd
- -+ t benefits of.coupting fibers.shorter than 5 pm mlght be momappxopnately flebated betweg
nucroscopxsts and nsk SSESSOTS, w1th mputs ﬁom mdusmal hygxemsts and uuneralog]s!s }

LR Relevance of fibers;shorter: ﬂuyn 5 wm for non:capcer, eudpox;pts‘. One,pane}wt ne;ed tb,':at;h
exposures to fibrous structures shorter than 5 ym can contribute to asbestosxs in occy
exposed individuals (Lippmann 1988), but he doubted thal - expos'\’xré'iévels foiliid (97he "=
associated with asbestosis would be experienced in non—occupauonal settings. Another panelist
added that the role of shorter fibrous structures for other non-cancer endpoints is not know
such'48'the pletival abriotriialitiés and aétve pleutal Tbrosis G65erved i Libby; Moitana N

-panelists; were,aware of any,authoritative statements made on.the } mleﬂ;atsho:t fibers play; if .-
any, on these other non-cancer endpoints. Dunng this discussion, one panehst mdlcated that the‘
toxicity of fibrovs stuctlites shorter than i rmght be adequately addressed by EPA'§

. pammtematte[mndﬂfd& R P TN PR B B R + o S

e nar e e . [, . .t N .- - e N . - -
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54 Responses to Charge Question 10

Charge question 10 asks: “The proposed risk assessment methedology suggests that exposure

estimates should be based only on fibers longer than 5 pm and thinner than 0.5 pm.. Is this cut-off fof :
ﬁber diameter appropriate?” Before the panelists responded to the question, Dr. Berman first clarified
that the exposure index optimized from the animal studies (see Equation 7.12 in the proposed protdool)
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amgns 2 far grﬁzter carcmogcmc potency to ﬁbers Ionger than 40 pm, With- dlameters fess than 04 pg
he uoted that the pmposed dnameter cut-oﬂ' (0 5 pm) was based on an ad hoc ad;ustment. -

1 P T T T e fe 7 ”'":,:‘..i; B N

ets

The panelists agreed that the proposed cut-off f(;rﬁber diameter (0:5 ym) would ﬁl;ely include most

A

ﬁbers bf health com:em, however they also manmously agteed that: the eXposme mdex should aot
exclude thxcker ﬁbers that are known to, be resplrable m humans 'I‘he mam argurqent glven for
mcxeas'mé'the cut—oﬂ'ls that ﬁbets m&ldmmetets as largc as 1.5 pra (orthh aemdyhanué dlarm:tersas

~ large as 4 > pm) cau peneimte to sma]l lung a.mways m humans Other panehsts provlded addmonal

specnﬁc comments,h gelmlly mpportfng uicluslon of thxckei ﬁbets ih theproposed exposme‘mdex. One
panehst, for,gxaméié, advxsed agamstbasmg the ﬁber dlameter cut-off stnctly on observa ﬁom rat
mhalauoxl studus * diig 1o mtg" spbdxw dsﬁ'emfnc&k in mspuabnlﬁy‘ Further nohng‘ﬁnat the proposed cut-
off for ﬁber dxax;wter wodd-'l::kely exclude ;;mc arﬁosxte fibers and a consxderable pomon of tremolme

fibeis “Plth’known éarcmogemc ‘pohency, anothcr panchst enoouraged that the pmposed expoSure index

ol e
mcludcconmbunonsﬁnmxhxcke: ﬁl?ers. f

e

The panehsls noted that cons:deﬁuon of, ﬁbgm ﬁncker:ﬂ:xan 0 5 pm was wewed as bemg most )
unpomnt tbr the Tung mnc’er nsk‘&sﬁesé'r'nent model, as nsks for mesothehoma appearfo‘bb shore

that increasing the fiber d:ametcr cut-off in the exposure mdex should bé aocompaﬁxed by cbang&s to

the expo@ra—mepbnse coefficients in the risk assessment models, but the panelists did not unanimously
- -agree on this issue.

S ER PR PR S SR A

HWBUI0009910



5.5 Responsestp;: Charge Question 12 .-~ 0 o ot e e T gRnte

Gharge question. 1 2;asks;/*Section 8.2 of the review document presents three options for-assessing
cancer risks from asbesfos exposure. Plgase comment on the technical mexit of the proposed risk.... ...
assessment options.” {The panelists;briefly, reviewed the strengths.and weaknesses of the three options:,.
presented in the proposed protocol for assessing asbestos-related cancer risks. The panelists agreed
that the first option~—direct use of EPA’s lung cancer and mesothelioma sk assessment .. | .y« &
models—allows for the greatest flexibility in evaluating site—spéciﬁc €Xposure scenarios, paxﬁaxlarly
those: with time-varying exposures. Dr. Crump indicated ﬂ:atj;e senvisioped this option being. oodédinto,
@ COmpUter, pxog:am,g’mto which users-entex: lhems@-specxﬁo CXPOSHIE,] information.. Most panehsts
endorsed dgveloping; sucha Program. The,panehsts didmot reject.use of the second: and third; opnqns, .

e

proyided that EPA ensurgs that all three options generatg.equivalentriskiestimates.for the same - -, ;-

emsmas.cenari.o-,—s:::-:ssa SAEL L D e 21

The one issue discussed in greater detail was how sensitive predictions using the first option are to the -
mortality, ;atps,used ;n&he]evglqa,hon. Noung that mrtahty

as ﬁmcnons of @ge and, sexvdlﬁ'er ﬁom :

would haéé‘ the o

arageg b emaz bt

aumomqﬁﬂzg.nsgmmp nduq:sensmm.;j : v.
tfol{i'rﬁ%ntséi&f‘m'iséd quw'h”ofi% abouf e fact that tWo pbpu]auons

"1{- B :_'»»A')
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6. COMMENTS ON TOPIC AREA 4: CONCLUSIONS AND RECOMMENDATIONS

This séction Teviews the parielists* individual conclusiofis-and récommétidations régarding the proposed:
protocal (Sectioii 6:1);Hs wéll'as isw the panelists developed théir overall-conclisionsand -+« 3 176
recomimiéndations that appear it thé executive sunitary of this repoit (Séction 612).

et Sl e - oA

6.1 ResponsestoChafgeQ‘“esﬁon T N Y Ty R 1]
[ BT RO I

Clisirgé iiestion 11-4sks: “Discuss-whithier the rop6sed caner dssessthent pproach; as a whole/isia
reasoriable évauation'of tic-available tialth effects data: Whiitaspects of thie proposed-cancer” -5 +
asséseitient Hpproach,-if 4y, are inconsistént with the epidetnitlogy of toxicology hterature for
asbestos?" The panélists offered individual sumimatystatemiéiits;-whick weré tiot discussed 0rfdebated
among the panel. Following is a summary of the panelists’ individual summary statements iri thie ordéi:+:
they were given: '

REATE AT P T S BN IR TR EE T T Y e S I Y RN

DR Lippiidiiils Siinniary stitemént; DiLipproann cofameidéd Drs Bériiian afid: Crump
onydeveloping the proposed risk asmsment protocol and. sugpo;’te‘d use ofa (model that .~ ..
accounts for the factors (e.g., fiber type and dxmensnon) ‘that are most pmdlcuve of cancer nsk
D ippimiain Sippoited: the alithiors' atternpt to make fill use oPthic exidting '
interpret the. l%nlt§ frony;the epidemiological studies. He stropgly lmchgnmgq:(de‘d that EPA make
every effort to ‘obtain mdmdual—lcvel data from additional epxdenuologlml studies. Dr. prpmann
2 gt that Afolowsip workshtp with éxperts il ‘Sxposiie assessmeit conld help FPAR 5
evaluate the pncerfainties in exposure measurements from hisforic occupational data sets, Dr. ..
cpmann suyported an observer’s suggestion to conduct an ammal inhalation study usmg
O emolie Sléavhpl Ragmatits t0RElp reSOIVa the issue 6F thass’ ﬁagmenfs"’dammc)gemc potency:
Overall, he encouraged that future work on the proposed pmbmlqquugmmugh useof ..
additional expert panels, to make more informed usage of the human exposure data.

m . Dr. Teta’s summmary statement. Dr. Teta indicated that the pmposed pmtocol is an impressive
integration of the animal toxicology data and the human epidemiology data’ She commended the
authors for developmg a scientific methodology that successfully reduces the variability in results
across the epidemiological studies, suggesting that the studies might be more consistent than
were previously thought. Dr. Teta recommended improvements to the meta-analysis of

6-1
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epidemiological studies; sucti:as establishing-and applying criteria for use. of human data in
characterizing exposure-response refationships. Overall, Dr. Teta foundmo inconsistencies
-between:the proposed protocol and the larger. body of epidemiology literature, including studies
of cohorts (e.g., gas mask workers, railroad workers, friction.brake workers) that do-got have
well-defined exposure information. Though not disagreeing with the wtility of other panelists
-recommendations, such as reé-analyzing data fiom additional epidemiological studies and +

L convening additional expert panels; Dr. Teta encouraged EPA. to move: forward expeditiously

with‘completing;the pmposed protocol and,dxscouraged mplemenung addmonal s@eps that might
~..-.»,Ade1ay the overallpmject Coamd L =

Mol sosh

: -Dr. Hael summazy statement. Dr Hoel encouraged the use-of morg; sophzstlcated modelmg

that:iricorporates data on exposure-response (including non-linear. mode)s), durauon of
. rexposuyre, cessation of exposure; and uncertainty:in exposure. Dx. Hoel alsa: stmngly
recommiended that EPA attempt to obtain;individual-level data.from additional epxdeuuology
;studies;;or at least: obfain partial data:sets. He:enconraged: Drs; Bemmn and:Crump to Use:mofe
sophisticated uncertainty analysis techmqu&s such.as .generating: prior and, posterior:distributions
of uncertainty. To ensure that.the: lung cancer madel is not confounded: by:sigarette. smokmg,
" Hoel recommended that Dts. Berman and Crump-more;glosely evaluate,all available. data:on the
mtc:acnons between asbcstos exposure and c:garette smolung .
i1 ERCIE It Ut SR 3y S I P § R R A BT B BRTI4N $HE.
Dr.« Sfeenland summa::y statement.:l)r Steenlaud mdxcated that the pmposed protopol isa
.. .+step forward in asbestos risk assessment: howevet, he l;ad several recommendations for, .
improving; the:analysis: of; epxdennolpgxcal studies. For; instange; Dr; Steen!aqd suggegted ﬂxat the
;. authorsiconduct tgtasregression analyses using: the origirial exposure:response cogfficients; in
which predictor: variables.include- ﬁber size, ,ﬁber type,the. est:mated perccntage of: a_xpph;bol&s,
- percentage.of fiber.gieater than 10:um; and: catcgonml grouping of studies:according to.quality.
- .He indicated that these factors can be exarmned using both.fixed effects.and-random effects
models -Dr.:Steenland: mcommended that the:proposed: protocol explicitlystate: and defend the
basls for; choosmgrthﬁ 10 pm cut-off for. fiberJength in the.exposure index..He. sugg&sted that

e

. :EgA,sho)dd copslde:,usmg aneman tecbmqum O othenmethods to determine w’mch mlauve

3G pgtencmassngnedto dlffercn ﬁberl _gthcategon&e optirnize the: :model} sﬁt ioithe . -
epldennologmldata. i R T BN | S E T

sty Focusmg on specific topics, Dr. Steenland: indicated that-he disagrees with.the.approach.of

- assigning; amghxbf’k fibers five imes, greater: lung cancer potency than eheysotil fibers, ..
espec:ally considering: ﬁrat the statisticalianalysis.in the proposed protocol-could not: IBJth the -
«+ hypothesis:that:amphibole - fibers and chrysetile ﬁbezs,azeequally potent; Further; he advocated
suggestions.of exploring the adequacy of other. exposure-response models, (e, .non-inear
models). Fmally,Dr Steenland suspected that cigarette smoking likely willnot be:2, confoundmg

s facfor in exposure-response analyses.for two reasons: First; he noted that differences in smoking

practices: ‘between workmg populauons and general populations typically:do,not CAUSE.

6:2.
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*- jecomimended: that the authors dttempt to:optiniize the:
-~ index to'the'epidemiological-data: Finally; pivén thilt parclistsexpressed éoncent regarding how
* poténcy varies-viAtifiber tength for mwothéimhla, D Shermanstghested that Drs. Berman and
' Cmmp cotisidér devélopinig:two different: expomre indisxés-—one Gptithized for hing capicer, and
© iths othet for mcsothéliomia. Dt Sherman added that'she‘generally supported the lifig-canicer

substantial differences in standardized mortality ratios: Second, be indicated that it is highly
unlikely that prevalence of smoking varies with workers’ exposure levels. Dr. Steenland.:

»+ enicouraged that EPA refer o a recent publication:(Liddell and Amnstrong 2002) for: smular
. mslghls on mterachons between’ asb&ctos exposure and cigarette smokmg el

“tn ol o I E VPR S I

Dr Crapo 's Simmary statemem. Dr Crapo complnnented Dis: Bermanand Cmmp on

: preparmg thie cancer risk assessment methodology; and e supported-theé general approach of

expressing:canices tisk'as a-function of asbestos fiber type:arid fiber dimgnsion. Dr. Cxapo
indicated that the proposed protocol reaches several defensible conclusions, such as assigning
greater mesothelioma potency to amphibole fibers and to longer fibers while assigning no risk to

not yetadeqiiately resolved. For instance; Dr. Crapo-felt-additional data are needed t0
ngomu'sly definéhow mesothelioma potency varies-with: fiberfexigth (Le.; fibers-longerthan 10

- pmebeitig 300 timeés moreipotént than-fibérs with-lengths betwesa 5 and 10pm): Pri: Cxapo

tecomumiended'that EPA; when fevisingithe proposed protocoliexplore more sophisticated

- :gpdlinig tectiniquesyincluding non-lineat ‘éxposite-fesponiséinodels and onisideration: <
* . threshold effects; Hesppoited thore détailed analysesof ifitérlictions: be't'»‘veen asbesto§
"expdsure anid tifareite! Sriiolirig;* 383"1 ‘thivagh theuse:of: non-‘lmwvmodels Ltk

“, [ IO W bz P TR BTN _;” S R YT

Dr. Sherman’s summary statement. Dr. Sherman first indicated tbat she concu;ted with

several recofnttiendationis mide by Drs! Hoel and Stestildrid: She focused her summidry: <

statements o thie pioposed exposuré index, recormimending: that Drs. Bérman and Crump use

‘the epidemiology data to furthét investipate otfier formulatiohs of anrexposure index: Dr.-
‘Sherman recomtiiéiided; for exaniple, examirifig the goodniess of fit ofiothier formutations-of the

Exposii index (6. assipingzefo. poterioy o allfibefs shviter thant40-ind): Fuither;she
R weigﬁﬁﬁgz'fﬁctmsfinfthn: exposure

PN

*fibers less thanS:pm in length. However; he was: contethed-about'some specific'issues that are

.and mesottiélibma ‘expBsire:response models; arid-questioned: whether usmg more. oomphcated .

miodels would necmsarﬂy lead to a better understanding of the data. -+ - AL

‘D, Castraitova’s sunimary statemént: DivCasfianéva concluded thatthe proposed protocol

is a sigiificat advance in asbestos risk aséssrent methodology He strorigly supported the

“irécomirtiendtion’thiat: future Higastiremicts be perforutiett ising TEM father thar PCM:Dr.
-+ Castiaiiovaalio stipported the:approach of: assigmﬂg ez;ual wrcxﬂogemc potency to cleavage

fragrhints and asbests fibers:of siriilardimension— e firidirig; he noted, that coiild be tested in

i animial u@:a!aﬁoft §tudy: ,Fmthe_r_ ‘P Castiariova agreed thiat ion-asHestiforii' ampliboles and
‘ashestos amphiboles of the saine dimension should be assigned-éqiial éarcinogenic potency. Dr.

Castranova indicated thiat the epidemiolopy atd toxicology literature' clearly indicate thiat
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mesothelioma potency varies with.fiber type, but he was pot convinced that this htegauue
mppods a difference in. lung cancer potency between amphibole and- chxysoule fibers. ;,
e [RIETS Qi = SEhel TR
- Dr. Pnce 'S summary statement. gDr Pnce found the proposed protocol to be an impressive
compilation of the epidemiology and toxicology.1 lxteranue into a cancer nsk assessment model
that-addresses most; but not.all, nsk factors debated since EPA’s 1986 model. Dr. Price-urged
: EPA to.explore gxposure-response models other:! than the models that inyplve lingar, low-dose
extrapolations, which he viewed as. bemg inconsistent with the epudermology fiteratyre. Dr. Price
..indicated. that future revisions o the protocol shoxﬂd deﬁmtcly consider:non-linear models and
dmholdt;ffeds . e BT IRV e pWRYars. e L

.!

> As an addlhonal comment, Dr Pnce qmphas:zed that the two smain. elements of the T
-; -sprotocol—the:proposed expogure index and the ¢xposure-response analysxs—are closely inter-
.+ related and subsequent changes to.the, proposed exposure. index could affect the;obustngws of
-y uthe overall modeling effort. As an example ofhis concgm, Dr. Pricg; noted that; mcreasmgﬁxe
fiber diameter cut-off in the exposure. index from.0.5.pm to 1.5 pm. could (according fo ani
observer comment) lead to dramatic differences in the number of cleavage fragments courited in
environment samples; however,heipdicated that the animal:studies used fo derive; the original -
- EXPOSUIe: mdex did notinclude gleayage fragments; Such scenarios quqlxesngns abqutusing
- - an exposure; mdex derived.from. very: specific.exposure conditions. u(annnalsmdxg to eyaluate
) -~ - humap health risks. assocmted Wiﬂl,exposxm of aneptirely. different character. D, Price .
. A encouraged further study of cleavage fragroents, perhaps i inan, animal nﬂmlahon study, to resolve
the role of clmvage ﬁagments

ik 5“_.. .A,j‘ SRR ';w'-':'l 2t ‘ ST ,- Sheatine moiyenn ) T

",

Darid [ TN 1)
® .0 Casels summmy statement. Dr Case oongxamlated Drs Bemxan and Cmmp i‘or
compiling what he viewed as areasonable evaluation of the available.toxicology.and .. ...
- .,.«;epxdgmplogy lxteranne, and he.stxongiy supported the general apprpach of factonng fiber type
and fiber dimension into, cancer gisk assessment. Dr. Case indicated that. Lhe ag(eed‘wlth the
-4 finding thatamphibole fibers have slightly. greater lung cancer potency,than d do. chxysot}!e ﬁbers
BN o alﬂmugh,hqbe!;.eved that fiber. dose, ﬁbgr Iength, and wpema!ly smokmg h:stgry and,type of

R R R R O 5 UV v B R N X 121 T T TR A

: 2 When presentingithe ‘Sumhmary:statenicnts, dne panelist (LS) indicated! that NIOSH is re-analyzitg fitters 1. =
thatywere collected in the. 1960s-from the South.Carofina textile plant, and these re-analysesshouldindicate the .., .. .
dnstnbuuon of fiber types in t}us cohort s exposures Another panchst (BC) notcd that these re-analyses wm not iy
chaxactenze cardier cxposutes to anosite ﬁbc}{w tich are be!'eved to have occun'ed pn y before 1950 (based on o
findings fiom Stidies of g retained fibérs). o S
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D Casé' made’several recommendations for fxthier evaluating the cxisﬁng.cpidenﬁdlogim data A M}
and forcollecting additional data. First; Dii. Case indicated that it is critically impoitant for any -
lung cancer risk model to consider confounding effects of cigarette smoking, and he encouraged

; - EPA to‘incorporate interactions with cigaiette stioking ifito the lung cancer model to'the greatest
" extent possible. 'Sec(md, Dr.Case suppoited Di: Lippmann’s recommendation of convening an

addmonal expert! piriet: :wotkshiop to-critically review inferencés that should be drawn froiii the-
" *exposure feasiirements made in the- epldeziuologlcal studies; ‘sucha panel, Dr. Case noted,

" would tequite inpits frorii‘experts in mmeralogy, inidirstiial hiygiene; ahd measuremenit -

" inéthodologiss. Third, he supportsd cohiiméits recommiending that EPA: exdriing' mmhnem— and
threshold exposure-response models. Finaily, Dr. Case agreed that conducting an ‘animal -
inhalation study is probably the best-way to examine whether tremolite cleavage fragments
produce liing cancer, but:did not advocatéusing rat:inkalation studies to exarnine vhether these

" fragments inducehesotticlioma, bécaisé résults-frvtirrat inhalation stidies have been'showm to

“bé'a poor mibdel for fresothiclionia'in‘humans. He added; howevér, that it would-quits probably
bt mxpossﬁ)le fo‘dwgn a e:ipcnment in ‘whichrats$Were: exposed only fo clmvage ﬁagmen is”
-OF “non-asb&sﬁfonn’ﬁb‘ers thh no asb&sufo:m ﬁbels‘pment at alL o

3 T R 2 AR AP

Dr Stayner 'S Sumrmuy statértent. Dr. Sfayner supported the general concept of -
mcoq)b[ahng fiber'type and fibler diinension into’ canter risk assesstent;-buthé 'tecammanded

ithat addmoual Woik b8 condueted béforé EPA dccepts thé'proposed protocol as: Friewiisk

asséssimént paradlgm. Dr; Sfayner indicated that’ his- conﬁdencc in the pmposéd protoool varies

~betweéen thé ung ¥ancer and mesottisliona ribdels L

gl

For.lung cancer, Dr. Stayner indicated that the available epxdenuologxcal data should be able to .
suppoft a hew fisk asséssment model; butie récommendsd that EPA tonsider the: panelxsfs’ #

many reconiinendations for how the méta-diialysis can be iiproved (e.g., using differerit -

- statistical models; developmg and applymgmmlmal étudy inclusion ¢ritéria, conducﬁng ddditional
sensmwty analysm) Concumng with Dr. Steénland’s sifinimary statement, Di Sbuyner radded

- that cxgareﬁe‘suioknng is very unlikely to be'a: eonfoundmg factor in the’ lung caneér modefand he

questltmed wﬁelher’the ivailable data would suppoit a' quann(atnve assessment-of the intétaction

- Bffects: While'Dr Stayner suppoxted the reconimendation for eviluating non-linear: expdéure- e
response models, figthoted that the individual-level datinieeded fo constructthese fiodsls are - '

- ot avaxlable Tor'iilbat eplddnuolcglcal studies, Dff Slayner added that Gbtining ravr datﬁ"ﬁ'om

additiohsl occupational cotiorts would providé the best opportitiity for'more detiilé

exploration of non-linear exposure-response refationships.

mdlcated, for instance, that-the relative potencies- included in:the- pmposed exposure indéx are
based entirely on tomcology studies for'lung caticer, and'not on‘any ‘epideémiology or toxxoology
studies’ specxﬁc to mmo&xehoma. D&spxte thése ¢ ocncems ‘about the bxologxcal basxs for the _‘:‘.j '_
proposed mesothelioma model, Dr. Stayner noted that the proposed model, does provude an
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improved fit to the findings from the epidemiological studies. He recommended that EPA . .
consider optimizing the relative potencies in the exposure index to the human data, especzally if
EPA can access raw data from additional occupational cohorts to eviliiate how exposuie- k
response varies with fiber size and fiber type.

= Dr. McClellan’s summary statement. Dr. McClellan congratulated Drs. Berman and Crump
for integrating the toxicological and epidemiological data into a reasonable evaluation of asbestos
cancer risks. Overall, Dr. McClellan found the proposed protocol to be a substantial
improvement over EPA’s 1986 models and urged EPA to continue to move forward with
completing the protocol based on the panelists® feedback. Though he found the présentation of
information in the draft document to lack transparency on many important matters, Dr.
McClellan indicated that the authors’ presentations at the workshop addressed many of his
concerns regarding the transparency of how the proposed model was developed. One
suggested improvement to the protocol’s transparency was to clearly describe what literature
were reviewed and to specify what studies actually factored into the quantitative analyses.

Addressing specific topics, Dr. McClellan indicated that the analyses in the proposed protocol
adequately characterize the general yoles that fiber type and fiber dimension play in cancer risk.
He supported suggestions for involving additional experts, perhaps in apother expert panel
review, to further review interpretations of the epidemiological studies. Further, Dr. McClellan
agreed with other panelists’ recommendation that EPA explore the utility of non-linear
exposure-response models, consistent with the agency’s proposed revised Cancer Risk
Assessment Guidelines. If linear, low-dose extrapolation models are ultimately used, he
suggested that EPA explicitly acknowledge the uncertainties associated with such an approach.
Dr. McClellan indicated that obtaining raw data from additional epidemiological studies might be
particularly helpful in the exposure-response modeling. Finally, Dr. McClellan emphasized that
the exposure characterization in the proposed protocol is closely linked to the exposure-
response assessment; thus, the authors must carefully consider how revisions to the exposure

. characterization affect the assumptions in the exposure-response assessment, and vice versa..

- 6.2 Development of Final Conclusions and Recommendations

Aﬁer presenting their individual conclusions and recommendations, the panelists worked together to
dmﬁ summary statemehts for the peer consultation workshop. Evefy panelist was asked to write a brief
synopsis of a particular topic debated during the workshop. These draft statements were then display'ed,.
b the entire panel and observers, edited by the paﬁelists, and then compiled into this document’s
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ppendis B
(includes bios of panelists and the charge to the panelists)

Note: This appendix is a copy of the booklet of the premeeting comments that ERG distributed at the
peer consultation workshop. One panelist (Dr. Bruce Case) submitted an edited form of his
premeeting comments to ERG at the workshop. That edited version appears in this appendix.
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Appendix E

RS S

Observer Comments Provndedat illtéti’ge?C(')‘nsultaﬁi)xi Workshop

@

Note: The peer consultation Workshob included three observer comment periods, one on the first day

of the workshop and two on the second day of the workshop. This appendix includes verbatim
transcripts (to the extent that specific remarks were audible from recordings) of the observer
comiments, in the order the comments were given.
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Notice

Premeeting comments were prepared by each consultant individually prior to the meeting.

They are preliminary comments only, and are used to help consultants become familiar with the
document and charge questions, develop the agenda, and identify key issues for discussion.
During the meeting, consultants may expand on or change opinions expressed in their

premeeling remarks and may introduce additional issues.  For these reasons, premeeting
comments should be regarded as preliminary, and do not reflect the final conclusions and
recommendations of ifidividual Consultants. .. Thésé premeetlng comments wiff be"mcluded as

an appendix in the meeling summary report, along with other.pgckground materials.
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Workshop to Discuss A Proposed Protocol to Assess Asbes{os-Related Risk
Charge to the Peer Consultants

The U.S. Environmental Protection Agency (EPA).is conduchng a peer consultation workshop.

to solicit feedback from a panel of experts on issues related to the draft document, “Proposed
Methodology for Conducting Cancer Risk Assessments for Asbestos” (Benman and Crump,
2001)." Eastemn Research Group, Inc. (ERG), a confractor to EPA, is organizing the workshop.
Discussions at the workshop wiil focus primarily on issues raised in this charge, whnch lists
queshons that EPA would like the peer consuitants to discuss and answer. The charge

questions are not intended fo limit the peer consultants’ discussions; they merely address .
issues that are important to EPA. Peer consultants are invited to raise and discuss additional
relevant topics, as noted below. This charge provides background information, instructions to .
the peer consultants, and the charge questions.

Bééﬁground
EPA’s current assessment of asbestos toxicity is based primarily on an asbestos assessment
completed in 1986 (EPA 1986), and EPA’s assessment has not changed substantially since -

Oy

that time. The 1986 assessment considers all mineral forms of asbestos and all asbestos ﬁbéi‘ o

sizes (i.e., all fibers longer than 5 micrometers) to be of equal carcinogenic potency. However, ..
since 1986, there have been substantial improvements in asbestos measurement techmques
and in.our understanding of how asbestos exposure contributes to disease. To incorporate the -
knowledge gained over the last 17 years into the agency's tox:c«ty assessment for asbestos,
EPA has confracted with Aeolus, Inc. to develop a methodology for conducting risk
assessments of asbestos. The proposed risk assessment methodology distinguishes between

fiber sizes and fiber types in estimating potential health risks related to asbestos exposure.. The. .-

proposed methodology and the charge issues (Berman and Crump 2001) are the subject of the
peer consultation workshop.

A key step in the determination of whether the proposed risk assessment methodology can be
used to-support decisions at asbestos-contaminated sites is gaining feedback during this peer
consuitation workshop. During the two and one-half day workshop, EPA will seek feedback

from the peer consultants on the technical issues outlined later in this charge. Time will be set
aside each day to hear from observers. The Agency - will consider feedback received at the
workshop in making decisions as to the applicability of the updated risk assessment
methodology.

Instructions to the Peer Consultants

ERG selected efeven scientists to serve as peer consultants for the workshop. The peer
consultants have extensive expertise in related fields, such as inhalation toxicology,
pulmonology, cancer risk assessment, and biostafistics. Before the workshop, each peer
consultant will be asked to read the proposed methodology and technical support document for

a protocol to assess asbestos-related risk (Berman and Crump 2001) and to prepare and

submit pre-meeting comments, which are to be writien responses to the charge questions listed
in the next section. ERG will distribute a compilation of the pre-meeting comments to all peer
consultants and will make copies of this compilation available at the peer consultation

B-1
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workshop. At the workshap, the peer consultants will actively participate in discussions that- will -
focus largely around the charge questions and they will help draft summary statements of their
conclusions and recommendations. Following the workshop,-a technical writer from ERGwill
prepate a draft summary report that documents the {echnicat discussions at the workshop,::».
including the obseryer:comments.. After the peer-consultants. review and cormment on the dratt
summary. report. ERG wrll submit a ﬁnal summary report WOEPA. . - L .. S
When prepanng wntten comments please wnte each queshon followed by your oomments (or
state why you are not responding). Please include your name at the top of each page, but do

not paginate- : Please refer to the enclosed “Format: Guidelines for Preparing Written
Comments Your: wntten oomments are due to ERG nofater than Febmary 14 2003.

UL . W e L N . B . LY

<CHARGE QUESTIONS . = - . . .

Topic Area 1: ™ “Interfirétations 6f the epidemiology and:toxicology literature. - ;-

1) For Iung cancer.

- A Influefice of ﬁber type*‘Ptea eteomment on the ektent to whrch tbe eprdemrology
literatureand mechanistic Studies suggestthat carcrnogemc potency vafiés fromone fi ber
" type to the next {e.g., chrystlileversus amphibolé fibers). How Adequate is the =

_ information in the eprdemsology literature for supportmg dose~response analyses for )

different iber types? Specrﬁtalty, to-what &xtent do ol think the' proposed nsk :
coefficients in Table 8-29 are supported by the epidemiology literature? '~ -

B} tnﬂuence of fiber length: Please comment on the extent to which the epidemiology
literature and mechanistic studies suggest that'carcinggenic potericy. vdiies with.fiber -
fength. How adequate is information in the epidemiology literature for supporting dose-

resporisg.anatyses for differént-fiber lengths? In‘general is it-appropriate to-assess cancer -

risks using-atl exposure index:{see Equation 7:13) thatis weighed heavily-by: fibersdonger”

than10 micrometers:( pm)? (NboteénTopic area’2 includes more detailed questions on the.
proposed exposure mdex)

(.t » \._

C] To what extent do aiimial studles (e ﬂtstudres by Davis: andether researchers)
u suggest‘that carcmdgemc potency~vanes wrth f‘ ber type and fiber length"

LTRIER R et . LR RO R

D) Please comment on the extent to whxch carcmogemc potency isa functron of ﬁber

propertres (e:girdiameter; aspectiratio, surface:propertias).other thansfiber type’ and f ber 4

length: How:adequateis information in the epidemiology-or 1oxtcotogy lrteraturefor

supporting these other propeft:es into dose-response analyses®i .. oo T L s L

w 2t ety e - o . . .t
R T At LT R e T IR KA S A AL
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2) Formesothel:oma SRR Y

A} inﬂuenee of ﬁber type Please comment on the extent to whlch the epldemtology

literature and mechanistic studies suggest:thét carcinogehic potency varies from:ene f‘ ber -

fype to the next (e.g:; chrysotite-versus amphibole fibers). How adequatedsthe:
information in the epidemiology literature for supporting dose-response analyses for .-
different fiber types? Specifically, to what extent do you think the proposed nsk
coefﬁcienls m Tab!e 6—29 are supported by the epldemlology hterature" Dot
e LSRG (O S R R TI R4
Bj Inﬂuence of ﬁber length Please comment on:tlie extent to wh:ch the epldemlology
literature and mechanistic'studies suggestthat carcinogenic potency varies with fi ber.
tength. How adequate is information in the epidemiology literature for supporting dose-
response analyses for different fiber lengths?. In general, is.it appropriate to assess cancer
risks using an exposure index (see Equation 7. 13) thatis welghed heavily by fibers longer
than 10 micrometers { pm)? (Note: Topicarea 2-includes more detailed questions on the

proposed exposure index.)

C] To what extent do animal:studies (e.g.,:studigs by Davis and other. researchers)
suggest that carcinogenic pofency varies with fiber type and fiber Iength"

D] Please comment on the extent to which carcinogenic potency is a funcﬁon of' ﬁber S

propertigs:(e.g., diameter, aspect fatio, surface properties).other.than, fiber type.and fiber
Jength., How adequate is: mformatlon in the epldemxglogy or, toxncology Ilteratu k| .
supponmg these omerproperhes into- dose—re,qunse. analyses'?

3)To what extent are the exposure esumates docgmented in tne asbestos eptdemxo!ogy . o
fiterature rellable7 : T N - S, R P Lo
- R N EER S F e,

Topchrea2 2 Theproposedexposuremdex.{~_ T

4) The proposed exposure mdex does not mclude contnbutnons from ﬁbers shorter than 5 pm
Please:comitient on whether the epidemiology:and xthuoo!qu fiterature support the -,
conclisionthat asbestos fibers shorter than's P present httle of NO carcmogemo risk

'5) The proposed exposure index is weighed heavily by fibers longer than 10 pm Specrﬁcally.t

Equation: 7,13 suggests: that thecarcinogenic potency of fibers longer.than; 10. pimiis more
than 300-times greater. than that of fibers:with. Iengths between 5 an,d 10 pmvHo‘ ,,qons:stent
is this difference i in carcmogenac potency with the epndemxology and toxn:ology ltterature?

spT e e A B o B

6) Please'explain whether the proposed exposure.mdex will, al!ow meanmgful companson
between current environmentat: exposures to-asbestos and hlstoneal exposures A0} asbestos
that occurred in the work placee:, T I S Y T AT T

AN
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Topic Area 3: General questions.

7) The proposed risk assessment approach assigns carcinogenic:potency toindividual fibers : - vy

and1o'cleavage fragments (or"bundles that are components of more: complex structures?

Please comment on whether cleavage fragments of asbestos:are astoxicologically: - “u.c.i5 . o2

srgntﬁcant as ﬁbers of the same size range.

8) Please comment on whether the proposed cancer assessment approach is relevant to all - e

amphibole fibers or only to the five types of amph'bo!e fibers (actinofite, amosrte
anthophyliite; crocidalite;:tremolite} designated in federal. reguiat:qns

9) The review document recommends that ashestos samples be ana!yzed by transmlsern
electron microscopy (TEM) and count only those fibers {or bundles) longer than 5 pm. Such
counting practices will provide no information on the amount of asbestos fibers shorter than 5
pm. To what extent would data on shorter fibers in samples be useful for future evaluations
{e.g., validation of the cancer risk assessment methodology, assessment of non-Cancer
endpoints)?

10) The proposed risk assessment methodology suggests that exposure estimates should be
based only on fibers longer than § pm and thinner than 0.5 pim. Is this cut-off for fiber
diameter appropriate?

11} Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable
evaluation of the available health effects data. What aspects of the proposed cancer
assessment approach, if any, are inconsistent with the epidemiology or toxicology
literature for asbestos?

12) Section 8.2 of the review document presents three opfions for assessing cancer risks from
asbestos exposure. Please comment on the technical merit of the proposed risk
assessment options. .

Topic Area 4: Development of Conclusions and Recommendations

At the end of the workshop, the peer consultants will be asked to draft conclusion sta’temerrts
identifying their most notable findings on the proposed methodology. As a prefude to developing

these statements, the peer consultants are invited to provide any -additional comments or

concerns, both strengths and weaknesses; on topics not specifically addressed in the prevrous
charge questions. After completing the discussions the peer consulfants will' prepare their
conclusions, and they will also be asked to develop recommendations for how EPA can improve
the methodology. Please note that, although recommendations for future research projects are
welcomed, the focus of this workshop is on the proposed risk assessment methodology and
refated charge questions and issues.
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professional socrehes on the subject of the exposure agsessment and health, affec!,s of mineral fibers,
including: EPA, CDC (lhrough ATSOR and NIOSH), the' U'S. Conémér Product $afety Comitiission
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l) For Lung Canoer ‘4 . ok e e = . ' «

"’Notc l Luug cancer nsk conveyed by asbestos exposure is pnncxpally related to degree of

) ‘.(m occupatxona exposure sltuamns). and to ﬁb"c

Bruce W, Case

WORKSHOP TO DISCUSS A PROPOSED PROTOCOL TO ASSESS ASBESTOS-RELATED
RISK‘ 'SAN FRANCISCO; FEBRUARY 25-27, 2003.
¢ MIWENTS ARRANGED BY CHARGE QUESTIONS

Topic Area 1: lnte,rpr,etations of the epidemiology and toxicology literature .

¢ it i R S aT g

KRR .~..

P

EEEER A ANE (UL

‘ Hence !hc fol!owmg Section fs best addressed begmiimg wn i ’. _" i (D)

.'mcludmg both oell free and m—vum systems In ﬁxct, n vmq and oell—ﬁec Systems have i :

s i

‘no:asyetpmvedsucwssﬁllmusemnskass&ssment,andshmﬂdnotbeconsndered R .

- |p

{these are given too much attention in the documentatzon of the proposed model) This”
has been established by a fairly recent consensus statement by IARC in Scientific
Publication 140; the Consensus Statement has been circulated to the panelists (IARC
1996). Briefly, although a total of five possible mechanisms for asbestos carcinogenesis
were considered in some detail, “The exact mechanisms leading to the development of
cancer after exposure to asbestos ﬁber§ are poorly imderstood. ..Overall, the available
evidence in favour of or against any of these mechanismns leading to the development of
lung cancer and mesothelioma in either animals or humans is evaluated as wealk.
However, with mpect to the two parameters principally considered in the risk
assessment model under consideration by the panel, the IARC panel accepted as fact that

“Fiber dose, dimensions and durability are currently accepted as important parameters”.

(Emphasis in the original).
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- Inthe following sections therefore “raechanistic studies” which do not rely o v
-whole animal exposures will not be commented upon and (in this obseiver’s view) should
nof hive aily-input ino ¢urcent risk assessmient. In additiori; for whole animal‘studies,
‘oiily thi0sé based on inkalation (which is the tiiodel most usefiil for Hiian risk """
extrapolatxon) will be éommented upon ugleds otherwise noted Fmally, What is

described by the proposal as “(human) pathology studn but is actually a subset of such

' studnes whxch mcludes (but is not lxmxted to) *ungﬁemmed mtemal dose . dl&s e

(somenm&s called “hmg buxden studxes ’) wﬁl be commenwd upon| hene where telcvant,
as such stt}d;es are most dxrectly relevant to human xposure ass&csment and have been

o tis panelist’s view) afforded too litle »empbas’s..bymﬂ...a!!mpr&.maﬂxm%eia

assumption that the sampling for such studies is virtually-always “opportunistic”. The .. .-
authors also appear to ighore the possibility of human exposure indices such as broncho-

- ralveolar lavage (BAL) and sputum asbestos body analysis in living subjects; beth-.i!

félatively simple téchniqués with BAL being quite reproduiciblé {sptuir productiofren -
‘the othér Fand is highly affeced by srriokiiig stahis unless ari"‘indiibﬁbh” techiigue’is =
used, it has neverthe‘l&ss proved sshlin $orie sntuatlons and ifi at 1east one Sitiation is a
’bcttcr predlctor of asbwtos-related rad]ologlcal abnormahu&c than IS esumated exposure

A] Influence of Fiber Type: Please comment on the extent to which the epidemiology literature
and mechamstxc studles suggest that carcmogemc potcncy vanes from one _f‘ ber lype to thc next

(e g chrysotlle vetsus amphlbole ﬁbers) How adequate is the mformauon in the epldemlology

Tre R

hteraturc for supportmg dosc-responsc relanonshlps for d:ffcrent ﬁber lypes" Speclﬁcally, to

Loy % IR

‘what extent do you thmk the proposcd nsk coeﬂ' cnents in Table 6-29 arc supported by che

SR 5 S

Ser

’ epldenuology htemture" .

R T O
This is a much more difficult question for lung cancer than it is for mesothelioma, where

there is a clear preponderance of the evidence for a very large effect of fiber type. This panelist
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agrees with the authors-of the proposal and with the recent analysis of Hodgsonand Darton
(Hodgson JT and Damton-A 2000) of seventeen cohorts for which exposure data are. evaileble
that (even haying accounted for smoking, dose, and industry type) there is at-Jeast a tenfold .
increase in lung cancerasbestos-related risk for amphibole asbestos exposures over chrysotile
asbestos- exposures, lt ls dxﬁicult to dxfferennate however between amphnbole ﬁber types and
also dlfﬁcult to dxfferenuate between “asbestlfo and “nonasbestxform ot cleavage
fragments of mass:ve amphnboles and asbest:form exposures gf the latter axpo.wres. ere fo
strucmres Ixavmg smular dsmens:ons. regardless of the:r crystal srructure An effective test of
this is pmvxded in the da!a on chrysotxle mmem, mlllers and factoxy Workers of Lxddell et al
prachca[ purposes “(ludg ¢ cancer nslc) was confi‘nedto (bne mmmg area) probably dué largely to
ﬁbrous tremolit ‘arid in dust conditions (avemgmé) v mpcf or very roughly 24 fibers/ml”. -
The proposed:risk: coefficientsin Tables-6-29 and.6-30.appear to. be highly. conﬁewaﬁve?with
respect to-what is knanlabouMhe qit’ferential._eﬁ'ec's, of fiber. type:! forJung-cancer risk, with S
only a five-fold differgage, -Singe others have suggested ﬁnat there s in fact a difference that is
somewhere between ten and ﬁﬁy fold, thts seems, reasonable. Gwen the extreme lmportance of
the other factors noted above and, descnbed in more detaxl in seetlon D] below (dose, smokmg
habit, and type of mdustnal settmg (the Iatter pcrbaps bemg related to ﬁber lenglh), a coefﬁcxeut
which is conservative for lung cancer nsk and fiber type scems reasonable as long as the other

factors are taken into sufficient account by the risk model.

.;. i BT el

lnﬂuence ot‘ Fxber Lengﬂx Please comment on the exten:

How adcquate is mfonnauon in lhe cpldemlol ' gy htemt\me for sup 'ortm ‘ dose-response

Rt LI NT A L V< R

relatlonshtps for dlfferent ﬁber Iengths" In generai is it appropnate :to assess cancer nsks usmg

RV

.an-exposure index (see equation 7.13) that is we:ghted heavnly by ﬂbers longef than 10

micrometers (Jm)?

This question was reccntly explored in pa}l By en'expext ;;anel f‘or ATSDR, the report of

which is pending. Specifically, the latter panel was asked to assess charge questions which

‘addressed any proven or putative risk for “short fibers™, which were defined operationally as

B-11
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those having length less than 5 wm (ATSDR 2002), for both cancer and non-cancer epdpoints.
The aim was not a consensus statement but.to use. the information presented during the expert
panel meeting to aid in developing scientifically sound public health evaluations for exposurcs to
Hshort fibers” defined as:above. Because the.final draft. of this document has not been released it
cannot.be cited or.quoted, but hopefully it will be made available to the current expert panel for
EPA as it is directly relevant to issues of fiber,length and'risk. There-is np.reason to “reinvent

the wheel” for.the part of the current discussion which overlaps the.previous papel’s

. .defiberations, although.additional input from panel members not involved jn the ATSDR~

convened panel will be:a-valuable addition to this discussion. While the ATSDR-convened panel
was not charged with lboking at the converse proposition that longer fibers convey greater risk of

the endpoints i question;(including lung cancer);.this is the other side of the same;coin and was

ccrtainlydiscmssed ettt P S S SR S Q. e,

As acknowledged by.the authors of the current proposal to ERA, there is little ..., .
epidemiological dataavailable. which specifically assesses the #ple.of fiber length.on »l_un_g.géncer
risk. ‘Most-of Shﬁ‘.ﬁav.a:i!able epidemiological. data.on Jung, cancer-risk for which.any exposure,
assessmept is available comgs, from.occupational cohorts in.which that exposuse. was, assessed

cither.by:midget impinger counts-(which-historically counted all. pasticles as myillion particles.per

.cubic foot,(MBCE)iisametje: particles as well as fibers).: This method dealt with.all padticles

visible by light-microscopy.and-had a low resolution of approximately 1 pm diameter, with-ne
information an particle length.

Some cpidemiblogical studies have as indices of exposure to asbestos data derived from

-the raembrang filkker method through counting via phase contrast optical .mic.r.qst?spy};(PCOM)-

Results are expressed.as fibers.pes cubic cenfimeter or milliliter.(fibers/.ml.), but are-always.
limited.fo fibers longer than.S;pm.. As.noted by the, authors. of the current proposal 40 EPA, 2

principal.weakness. of the merabrane, filter method and of PCOM,; counts.is that they-are. not -

.+ capable,of determining whether. the structures being.counted are actually “ashestos™ atall. ..

g

{(although the authors do not appear,to address the use of dispersion staining-techniques in.this

rcg;réi_.: It is imporiant thag EPA receive cqmpeten}; pgfne{a]ggiggli or industrial hygiene. advice as-

_-to the suitability.of dispersion staining techniques in association with PEOM/ membrang,filter

counts to improve;upon the identification of “asbestos”, and individual types of ashestos fiber
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‘dsingfightmicroscopy alone, especially givenithe increased costs (and perhaps decreased .

‘sensitivity) of transmission electron microscopic techniques.-

i Shine-epidemiological studies combine both types of exposureindex (MPCF an'dl' fibers/

“4nf), using data-detived conversion factors froin MPCF which vary from an approximate: -

tifeefold to an approXimate eightfold multiplication of the MPCF value in qlestion 6 derive an
analogous value iii fibers/ thi; The coniversion facters:appear to bé to some degree Study and
workplace-specific; are by definition approxiimations; and should be used with' caution; the- most

"-gommonly used-tonversion factor is-aix approximate: thieéfold multiplication of MPCGF.- - . -

R S TR TAL SRR .
LR ’ [APRC I

. Sirice-all sifuations in' which theré is‘exposire to asbéstos: fibers comprise'a size”
distribution with respect to fiber length rather than a specific fiber length compartment, ‘it is:not
surprising that epidémiological shidies YiaVe not addressed this'issue t6 i greatéxtert: It should

 beemiphidsized Hiowever that alf existing-risk adsessnient models; including thie: 1986 ERA risk

asséssnifent, a6 fargely derived ontthe exposure hsscdsiment side from micasureénients of, or
-approximations ‘ofincasiirements'of; or conversions of other:measurements to, exposures to
“fibets Tonger than 5 win Liv addition it-is well knowh both from-studies of size:disttibutions of
Hsbestos Exposures dnd of asbestos rétaiiéd-dose that thére is govd correspondénce of asbestos
can*éeﬁtra‘ﬁbﬁs-(é'veh wheti broken dowh intd individisil fiber'types) across fiberlenpth: - -+
categories. ’ "

. . . . . X .
- . . e B T N LI It SO s
2 B B oL e HESREEEN MR AN N

£ igdedita does exist Foiivepideiniological stidiesiawhich miy inforin s to Effectsof
fibér length on lung Eal'ﬁééi‘?i@léidéhce or mortality*There are-two ‘extremes for'fiber lengthiin .
epiddmiological Studies which havebbeii SXaniinéd with respect to'the ‘shape -ofaismbmiéfisa'
Staidies 6f Workers in asbestos textilé indusicics, in Whibk thefé'is Some evidente, tiaf tiecé is
mord'skéw of éxposure fiber-lerigth 'distributions to:1ongerfibers; have generally showi'd higher
‘dd3eiresponse gradieiit for hing cincer risk (Knox TF;-Holiges's, Doll R etal: 1968 “Néwhoise’

© MLy Berty G} WagniSi IC et al: 1972; Peto ; Doll R; Howard SV éral. [977; Peto T1980;

McDaiald-AD, Fry 1S Woolley ‘AJ et 41 1983; McDonald AD, Fry JS, Woolléy AJet al: 1983;
‘Paci E; Buiati' E and Geddes M 1987; Sebastien P; McDofiatd ¥C, McDonald AD ¢t af. 1989;
Dement JM and Brown DP 1994; Dement JM, Brown DP and Okun A 1994; McDonald JC 1998;
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- Case BW, Duffesne A, McDoaald AD et al: 2000; Hodgson JT and Damton A 2000)--. ©

'R

@

R T T T SR L

Conversely, studics of studies of ‘gold mine -workers in-South Dakota and taconite miners
i Minnesota suggested no lung cancer risk fora largely short (< 5 pmy) fiber distribution. The
'South Dakota workers weére exposed o cimniingtonité-grunerite material with:94% of airborne
fibers being less than 5 microns in length. -Gilliam-et al.(Gillam:JD; Dement JM, Lemen'RA et
al. 1976} found increased motality from malignant respiratory disease among workers with at
least S years ‘of expdsure: However, a follow-upstudy of this coliort which considered longer

*latency-and the'iiosthighly exposed workers found no sucly inicrease at éétiinatediaverage:' :

i -ekposufe concéntrativas.of4:83 ﬁb‘e;srée'ftcﬁbic‘-qentimétera(McDonald JC,_yGiBBs‘-.GW; Liddett-

FD et al. 1978). “A later study of - 3,444 men employed for-at-least 3-months in Minnesota -
taconite mining operations (aiso believed to be exposed to a short-fiber distribution) during the .
.ryears 1947 to 1958 (86,307 person-years-of observation) fohnd 41 deatlis from respiratory cancer
--an ‘SMR-of onl}i;:6l 1o 85 (for USWhite male rates or Minnesota rates respectively):.(Coeper
WC, Wong O and'Graebnes Ri1988): I+ v - wor ot e paaesmeenise wmn e
It seems reasonable to weight the exposure indices in question to assign greater risk for greater
fiber length. - It-also seems unreasonable-based on-curreit knowledgé:to-assignany. weightat all

-tofibers of less:than 5.pm.in length.- Finally, while it seeins:cléar:from what we-know of -

«:_mechanistic studies: that timerhazard-is related: to iricreasing-length; a coéfficient thit assigns

incrementally: increasing weight;to-fibers-ina coutinuous length distribution-would-be preferable

to-one that simply-categorizes lé'ngths;:} This:however may. be-quite inipractical-for reat:-world

-+ assessments-of hazard: iHavingisaidrallithis, the paucity.ofidirect data-on fiterlength in the- -

epidemiological studies makes it imperative to -answérvthe:(it;es'ﬁon as Posed = teistz e o

s hnappropriate to assess:cancer risksiising an exposure index {per equation’7:13) that is; weighted

heavily by fibers longer than 10 mictometefs-"(ﬂm)?""«iﬁ’lﬁe«:negat?vc;‘x;‘f«-oneis-reﬁzrr‘ing to-the

supporting evidence from epidemiological studies alone. Nevertheless, the very heavy weight

put'on thie-longestfibéss fordung Canter risk i this équation does seentreasoriable taking all of
- :the.avaifablerdata into. account. «Strictly speaking, an equation which putfgreace,r- weight.on < -

- increasing length.intervals.would be betteryand itsmust:be remnembered that the-vanishingly small
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_ cocfficient for fibers.between S-and 10 pm in length will be'modificd by the fact that those- fibers

are far more numerous {and more likely to be disproportionately counted by any available

-technology; including transmission electron. microscopy). .
N L . P . S PRCE
- C} -To.whiatiextent do animal .studies.(c.g. studies by Davis and other reséarchers) suggest that
-carcinogenic potency varies with fiber. type and fiber length? . .
. .. These studies. are clearly outlined in .&e protocol provided by the authors.of this
proposal. - [n:gengral, inhalation studies support the role of fiber lepgth (especiallyifiber length
. ~greater than:10 pm, or in some studies. greaterthan.20:pm) in-lung cancer risk-and alSQ:sglppc;rt
the;assertiofy that- theresis no. excess lung cancer risk in these models under S pims: .
- DJ-Please commoention the'extent to-which carcinogenic potency:is-a- function of fiber properties
{e.g., diamieter, aspectsatio; surface propertics)other thaii fiber type.and fiber length. -How-
adequate is information in the epidemiology and toxico!ogy-liﬁéréﬁrefot Siprorting these other

[ PEEREN . C e . . - . . -
[ I A B R . et - PR

., properties into dose-response analyses?
e - Aspect.ratio isisimply-the.ratio of length.to widthiand:therefore should have no rolé in
risk assessihent independent from:length and width. Surface properties, especially surfice iron,
may well be relatéd to lung:cancenrisk through theemechanisims (of lung. cancer production (such
as, for-example, free radical geheration-and cell signaling mechanisms), but-in my.view are
insnfﬁ‘ciently%devel"opéd or-tinderstood :at this time to be useful for. risk-assessment; and ‘are’
certainly not-ready iobc:idcorpoia’tédinto doséfr@spoﬂse' analyses:! This.was 4lso in.essence the
conclusion of the IARQ panel;which-was:convened in-order to determine whether ineéharii_stic
; stadies could: contributeto: gisk assessment protocols and in:the consensus-statement concluded in
effect that-current evidence is “weak”JARC:1996) ... -ri o Tt ot - bl g Loy
Cw ot ety e dme e bweeesina e g s i
s Y 4,;:As;;§;9§ed. _a!?pve the‘.pripcip,al,faqms. driving _risk_--foc;lung1¢hnécgfmlated' to asbestos ;
éprsqukin_~§pbrqxf;p§ge‘order-.of;-priority, are not fiber facfors per se but asbestos dose; degree
¥ of ;hgaﬁﬁg"éo:éq:os‘ure,;,type;of'i.udustty. {in asn indusirial setting),-anﬁ [fibergype. With the
exception of the l%ttcr_, which was dealt with above, these are not necessarily directly related to

fiber factors, and are more important than Jiber factors (particularly fiber type and fength) and
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sticiild to-the degree possible be accounted for ifn-any risk-assessmentmodel. They are. in fact
accounted for-in: one way or another in the.proposed model.

Fibier-dose (derived from fiber exposure) is so obviously related to risk that little fusther
need be’said heveyin fact:-the charge questions assume-the importance ofithis factor, while . 1!
“jumping the gun” to assess the effect of other fictors.on “dose-response- analysis™. 'One.cannot

begin without a discussion of the influence of (extemally measured) exposure, and subsequently

~.=i of retained dose; per.se:: The authors of the.proposal:in fact do so in a number of ways, although

their modél itself is highly dependent.on.fiber factorsiin.addition-to dose.: The question of linear

* extrapolation; the’ general. use of the linear model {as-oppbsed-to-other models), and the question
. - of threshiold; also-arisesiin relation to-the issue ofitotal exposnre and resultant totat. dose. - -

i L. R St e s L S R R
. - Individual smolking hisiory. is. the second most importapt factor i gisk afier.absolute

exposure and absolute dose. The previous (1986) EPA model and the current model appear to

-assume: throughithe; derivation:of the:terms-that risk. for:smoking and, ash@étos_ a:,e- multiplicative,

with both assessments:béing heavily ré¢liant'on an early and flawed analysis of this relationship
by Selikoff:'and Hammond ((Selikoff 1], Hammond EC 4nd-Seidman H: 1979y  This is;assumed

-through thewse of.a'model swhick: uses relative risk (to the underlying population):in which most

of the absolute risk.is:due:ta:smoking... This may-overestimate:-Jung cancer: risk as the actual.
synergisn between'smoking and asbestos exposure is. now-generally thought to be less ;than,'.
multiplicative, although still more than additive (Liddell FD and Armstrong BG 2002) .

Type of industry remains a powerful influence in risk. It is often.assumed that fiberj - .

factors (perhaps especxally ﬁber length) may be lmportant in this regard but thls remams

PEFE oty o b

on some assumptlons about the targe thfercnccs in the dose-

B2 R R

unproven and bascd largel_ g

;.l:"aunr‘ HECRLLE 3 A

those commqnly assoclated wnth chrysotde In fact, w,hde there is no doubt that large d:fferences '

Pan e s sy s EE L,

in thc slope of lung canccr nsk e¥15t between these mdustnes xt remams unproven tbat thesc cap

A n

be accountcd for ent:rely by dlffcrences in fiber length, and recent thmkmg on this sub}ect

.suggesis a more complex exp!ananon (McDonaId JC 1998 Case BW et al 2000 Hodgson JT

and ngmton A 2000) in whlch other ﬁactors (mcludmg but not hmlted to f‘ ber typc and

mcludlhg other proccssmg steps in mdus(nal settmgs) play a rolc For examplc itis clear that
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‘while exposure (externally measured) may- show a greater proportion of longer. fiberginithe .
textile than in the mining setting, for-any given fiber length intervat the lung-retained - . . .
concentration of fibers is greater in the mining situation —aud it is the mining situation which

- shows lesset bung cahcer risk.--Tt-does-appear from closé examination of the data however that
the ratio of retained:dose to exposire is méher in the textile situation for the longest.fibers ..
(unpublistied avalysis of data from (Case BWetal 2000)): - .~ - - .. . .

" s It is hard to'say how, if at all; this element which is a powetful one, in-industrial settings
-+ “cain be:translated into:sisk assessinents for eavironmental settings wiless it is-possible.to «. -+
- =determinefor a given environméntaksetting {or site) which industrial:cohort:s; most;s‘imil#r;;.f mf
most superfund sites dealing with former mhine sites, for example; miining .cohorts (those with a
lower slope of lung cancer risk) sﬁould clearly be those applied and the textile data is of little
relevafice.- The itiodel offercd doés riot account for this possible discrepancy betwiden sites.

A S Ce e mrdaL T T crery Cigiaeds Ten ol

=+ < Rigially, ds noted above, fiber type docs play an appa:éntxrole-id.ﬁsléfdﬁm;jgr:oahéﬁq with a
teri to ‘fifty-fold ‘excess ﬁsk‘haviﬂ'g’:beenfsugges-ted ‘byithe best available-analysis (Hodgson JT
aitd Datnton A 2000) for conimércial amphibole exposiire as opposed to-chiysotile, and for:
= Sirtudlly glltof thé-excess fung ‘cancer risk in the chrysotile. mfixings_itﬂiztioﬁ being explained by
coexposures to tremolite,-atleastinithose with excéptiqx-m'lly-’hwvy.-ckposur'e {specifically -~
greater than 300-rillion pirticle per cubic foot - years (MPCF Y).:. (Liddell FD et al: 1998).

R = v, s g} . . EE . -
%l 4 e IETRE R 2 & BENE N LM LA RERTIE ,r PR e R

2) Rofimesothelionsa s oo ot ol

I Sy e b e 41 By \m e > :
A} Influence of Fiber Type. Please comment on l:hc extcnt to whlch the cpxdemlology lateratum and

N KT .
et

mechamsuc stud:es suggcst that carcmogemc potcncy vaties from one f ber type to the next (c g

T Iu SRR TRC I Lo TN

suppomng dose—response relatmnshxps for dnﬁ'erem f ber types" Specxf' cally, to what extent "o 3 you

se o N BT .
think the proposed nsk cocl’ﬁcnents in 'l‘able 6 29 are suppoﬂed by the epxdemmlogy hterature?

st ‘<Azr.

one fiker rype to !he nex! Indeed there is cunently no real scxcntlﬁc support for the proposmon that
- . e o . ity r.-~4'.:"|;f:
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chrysotile is-a cause of malignant mesothelioma fiom available epidemiological:studies. This:is: true.
across 2 wide range of industries and studies, including cohort studies of workers in a vadety. of asbestos: ;.
industries; case-control studies ofmesothelioma and occupation, and.a variety of studies of non- . .. --x
occupationial‘exposure to asbéstiform amphibples, including but not limited to, tremelite asbestos and.to
“cleavage fragments”. of massive tremolite amphibole having dimensions:similar; to;those of asbestiform ... "
tremolite fibers. Even efforts to gather together all reported “cases™ of: mesothehoma related “mainly”’ to, . ...
chrysotile:exposure inevitably.comé up with small numbers of such cases limited mainly to chryostile. ... ;
miners and millers also exposed to. tremolite. (e.g. (Stayner LT, Darikovic DA and Lemen RA 1996).

Mesothelioma is related to amphibole asbestos exposure in approximately 80% of cases in

epidemiologicdl'dnd pathological studies (the atttibutable xisk varies ﬁom-'a_bpu,t;ég_% (McDonald AD.

and McDohald JC Y980; Yeung P and Rogers-A 2001).to about 88%-(Spirtas R,.Heineman EF;-Bemstein «..-
L et-:il!;q'lQ94):deper§ding on the population;and time period covered. . This is:suppoqéd;bﬁsmdi_es which .o
assess exposire to-humans-directly through'lungrétained. fiber content (what the,;au_thqr§{Qﬁzghg_{prgp(jsal-, e
call “pithiology studies™; for example.(McDonald-JC, Armstrong B,.Case:B ef al, 1989; Rogers; AJ, Leigh... ..
¥, Beny Get al!l?&l;:Rod;lsperger.K.; Woitowitz HJ, Bruckel B et al;:1999) or-by.occupational inquisy.
(McDonald AD and McDonald JC 1980;:Téta MJ, Lewinsohn HC, Meigs JW et al., 19333;39@“@7‘5-3! etal. . s
1994;-Woitowitz HJ. and-Rodelsperger K.:1994; Teschke K, Morgan MS,: Qheckqway Hetal. 1997) Gf S

properly.conducted in a true-analytical epidemiological study as opposed to:a survey, “registry”, or . .
coliection of “cases™)..~. .- - L T R T O SR TPy 54
L Hdsia o - FE R LR NP A T I T S R IR LA

The be‘rcentagc is higher in _occu'patio_ns: with -heavy amphibole @.ébgs,t,ps,exposgre, andin .o o
relatives of those in some such occupations, or accasionally in areas of endemic e;(posure such as the
ncxghborhood of some shxpyards, factoriesy and mines: It is impottant-to' note in this negatd that
exposures thought to be *nonoccupational?. may first.of all simply:have inadequate’ occupahonal history;

and secondly may-be. truly “nonoccupational -but nonetheless be associated with exceptionally:high dose.., ;.

An example. of both-of the latter is.offered by a recent.case control study of: plenral mesothel ioma among ... ..
women: living i in.the nelghhorbood of chrysotile mines; , of ten cases discovered; all had waorked outSIdc .

the home;five were- known R H have worked in the-industry; nine had at-lived with at;least ong and more
frequently more: than one asbestos worker, and all lived in the highest-tremolite area (Case BW:CM, - ..
Richardson L, Parent M-E, Désy.M; and Siemiatycki J 2002) . .In addition exposuges ;wc;r,e' very:high, .., .

estimated among cases on average at over 200 fiber/mi — years and never under 100 fiber-m! years. A .
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similar situation for-‘envirghmen(ai- exposure-to cmcidoli{et has recently-been:reported from China (Euo S,
Liu X, Mu ~S"é't al.' 2003), where‘crocidolite:was found in the surface soil:in'a rural county. where the .. -
average number of mesothelioma cases was 6.6 per year in the' 1984-95 period and 22 per year in'the -
1996-99 petidd, it a population of 68 000. The annual:mortality rate for mesdthelioma was: reported.as- . -
85 per million,»I'78 permillion, and 365-per-million for-three:separate cohort studies;-and there here were: .+~
o cases of mesotheliomia ini comparison-groups where no¢rocidolite was known:to'exist:in the. ~ wwis + .
environment. This provides:an object lesson'for "paﬂsofCa!ifomia in whitch asbestiform tremolite has 5.
been identifi¢d in the surface $oil and there’has been a large degrée of recent and planned-housing: =+ <5 -
development.
e LR TR R B T TR A I I L R

Most exposed resothelioma cases inromerrstuc@ies cither worked with, of more.rarelythad - <"
relatives'wha Worked withi:cOmthetcial amphiboles ,whether crocidolite (Amstrong BK:'de Klerk NH,
MuskAW et al. '1988; de Kietk NH} Ardistrong BK, Musk ‘AW ét-al: 1989;:deKlerk NH, Armstrong BKS- .
Musk AW-et-al. 1989 de Klerk NEL -Musk AW Cookson WO et al:'1993* Hansen J; de Klerk NH, 2. .. s
EcclesJL ¢t al:- 1993; Harisén J; de Klerk NH, Musk-AW et ah'1998). émdls.'or::amosite(SluiSUermer-GK: 4
1991; Shiis:Creiner GK 1991; 'Shis-Crémer GK, Liddell FD, Logan WP.et al. 4992);although large -
quantitics-of non“commercial arphibole fiber (tremiolite-or othief miiderals in the tremolite-actinolite- -
series) associitéd with chirysofilé in ining occupations; mined aftifidustrial Malc (Abraham JL, Hull, "
M., Case, B:W. 2002} '61' vermiculite (M¢Donald JG;:McD‘oﬁald AD ‘Armstiong B et al. 1986; Amandus -,
HE and Wheeler R 1987; Wright RS, Abraham JL, Harber P et al. 2002) may also be causative.
Relatives of such workers who are subject to domestic (houschofd) exposure to mining or milling fibers
l;roﬁght home on clothes: dr's'hbcs"aré"'alm subject ~to‘_inésb"ihéliomdiﬁsk.-l . '

S R R I CoL eTEROa U Ean T e w0 v w oome s e

Mesotheliomia was first 'cb‘n(:l"ﬁsivély-‘liﬂke& "t‘d'“asbe’stds’:':"by‘if.Ca;-Wzignerf,in}:Sputerftiéar.in‘ s
1960 (Wigiier JC! Stepps CA aid'Maichand P:1960) i-a large stady of cases-taken from theCape
crocidolite siiines. - Soiie: pathalogistyincluding the laté Dr.- Wagher dtillbelieve thtit crocidolite is the-
most irfpattantor evén'the only'cauisative fiber; butmost now ;écéépt-iﬁi(;silefas'=r'espbhsible?fori as'many "
or more'tases (5t 1esst ifi-theUnited:States), and hing-retairied-fiber srveysof cases by Churg and-by: "
Roggli et-at: {Chiirg A and Green ¥:1990; Roggli VL, Pratt PC-and Brody AR1993; Churg A and Vedal
S 1994) have establishied that the less potént amiosite fiber is responsible for the largest percentage of *
cases in the United States, 4t leist among plaintiffs in lawsuits from which their cases were.mainly -

drawn. e - R eo - . - R LS §
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A recent meta-analysis of 17 cohorts with ‘established exposuie histories has reconfirmed the
over-arching'-importance:of amphibole exposure. in mesothelioma’ causation, including in cases of
-exposure o mixed fiber types, including situations where chrysetile. is by far the most prevalent exposure.
(Hodgson JT-and Damton A 2600) These authors estimate the relative risks of fiber types for-
mesothelioma as cro‘cidulite: amosite: chrysotile 500:100:1, cven making. the conservative assumption- -

that the chrysotile-related fraction includes the mining cases.

Crocidolite, the form first shown to cause mescthelioma, remains the_mo;t potent cause, although . -

use has hécn”éwentiaUy~'bann&d in. North America and Europe and the nuinber of future cases has been - ;.
overestimated according to the most recently available data. -‘More Notth American workers (at least - -
insulation workers:and:those in allied trades) have now been exposed to amosite, and, therefore more, . -
cases are produced by it, even thoughi;:given squal exposures, the proportion;of workers.developiog..©.  ..e
mesothclioma is-higher among those exposed fo'crocidolite. -+ .~ .. . ol T R -

) Studies of chrysotile miners axifi millers in Quebec (well-described by the proposal’s authors,in ;.o

.} ) general) show a mesothelioma death rate of approximately 0.4% (33'/8009 or | in 240 deaths io rccent
. years {Case BW, Churg, A, Dufresne, A. Sébastien,P. McDonald, A:D.;.,and,:McD_ona@d;-«J . 3997;.

McDonald AD; Case:BW; Churg-A-et al.. 1997). Lung:tissue analytic study of migets- fronv different.. . :. -~
locations show usiequivocally that what was thought to. be “chrysotile.related? mesothelioma occurs only
in mining.and milling situatiops where:tremolite-is present in sufficient quantity. to. produce high levels.of -
long, thin, high:aspect-ratio tremolite or tremolite-actinolite fiber in the lungs of workers.-. . . -

In these studies the area.in which mesothelioma risk was in greatest.excess was that where the
amphibole tremolite was (a) geologically likely to be present in highest concentration and (b) present in
excess (compgred:to other chrysotile mines) in the Jungs.ofminers and millers.... ... ., . .
Commercial amphiboles, on the other hand, have long been known td cause, mesothelioma, and at: -
: far-lower dose. Wagner established the causal refationship Be_hm;qn rasbestos” and mesothelioma ina .. -

crocidolite. mising region; as.noted abowe. . -Woik:by Hansen and colteagues have: shown.at the Witenoam .. - -

! Thls‘apphes to the 33 of 38 cases in this study.who were miners and millers of chrysotile. : Angther S cases
worked in a factory producing asbestos products and used crocidolite asbestos. The to(al number of dcalhs
- givenhowéver alsu includes deaths among the simallntinberof factoty workers) - -
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mine in Australia the causation of mesothelioma by crocidolite exposures as brief as one-week and as

small as 0.4 fiber-years (HarsenJ et al. 1998). - Simifar work: in South Afiica has produced comparable .

results, both for crocidolife and for.amosite, although the quantification of exposure is not'as good as-that

observed in the Australian shidies (Hodgson and Damnton 2000): Recent work-from China suggests that

in one rural province there the situation may be similar (Luo S et al.2003). . -

Surveys of individual asbestos industries have confirmed that within those industries fiber type
remains the key factor i mesothetiomd production: ~effectively, wherever crocidolite :on amosité have
been used commerciafly some mesothelioma risk has:been introduced.’ ‘Acheson‘an‘d -others (Achesorr abes
ED, Gardner MJ Pippard EC etal: 1982)looked at female tespxrator manufacturers:- groups followed for -
40 or more years. - One group made “civilian" xrespirators . contamlng chrisotile and showed:ng - Pl
mesothelioma excess (and bnlyipne'case,: who had worked in-the otheriplant as'well)..'The other made
“military” respirators (containing crocidolite) and bad increased:mésothélioma mortality. -Similar results © - -
were observed for Canadian workers making military gas masks using crocidolite (McDonald AD and
McDonald 3C 1978). - :
SRR TN SV e e
A similar paftein was demmonstiited for two asbestos cement plants:in L:6visiang by Hughes and
Weill (Hughes M, Weijl H and Hamriad Y'Y '1987). ‘Mesothelioria risk eccurred in the-plant in which - -
crocidolite was used in one manufacturing process. Similarly, Gardner observed e case of
mesotheliotna in a cement plait using' mainly chrysotile; but noted that the case was believed to be due to .
exposure elsewhere (Gardaer MI Winter'PD, Papnett B et al. 1986). A:very.recent study from Norway
has again demonstrated the imporiance of 2 propertion of crocidolite in the cement manufactunng
process in inducing mesothelioma risk (Ulvestad B, Kjaerheim:K, Martinsen JF et al. 2002).
. ! e el e =

" The manufacture of frictioii-products 15 a particularly useful area in which:to-look at the -
distinctive differences in epidemiologic risk by fiber type. This is because for the most part these
products were made with chrysoﬁle asbestos, mmh only-occasional “special contracts:in some plants
l:@_vmg used-crocidolite: - Mésothélisnid tisk-has been limited to thosé sitviations:* This is true whethér the *
studies bave been of the pléints in:which: friction materials werd manufactiired (for example (McDonald.
AD and Fry JS 1982; Newhouse ML, l?;erry G and Skidmore JW 1982; Berry G and Newhouse ML 1983;
McDonafd AD Fry ]S Woolley AJet al 1984 Newhouse ML and Sullivan KR 1989; Bcrry G 19%4)),

or whether the studles were, case—control studxes of mesothehoma in whxch end—product users (mcludmg N
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identified gioups of workers who worked with brake linings in garage settings) were included
(McDosiald’AD and McDonatd JC 1980; Teta MJ et al.-1983; Spiitas R et al. 1994; Woitowitz HY and:
Rodelsperger K 1994; Teschke K et al. 1997)./- A receutmeta-analysis has added statistical power to the
latter analyses by combining them and ‘again-finding no mesothelioma.sisk for end-users of autombotive

friction products (Wong O 2001).~ - - :° O

“Mechanistic” studies of mesothefioma.add little of value to the question of fiber type. : This is

because-of the large degree of interspecies-difference 2s well as the technical difficulty.of performing . .- -

inhalation experiments with' mesothclioma'ds'an endpoint.- One intriguing mechanisfic-point-that has..- - =

cy Lt
Wy

* come to the fore with recent in-vitvo and celi-free work has been the' question‘of the. presence of iron.and:

its effection free: radical generation and related effects. “While'this appedrs-at:first blush tobe'relevant .* ;

dus to the “structiiral” iron:content of the commercial asbestiform amphibeles-(crocidoliterand amosite)
(as well a5 the ferniginous-*asbestos. bodies™), it does‘fiot-explain the effects of some of the other - -
amphiboles. Furthennoré,?'éiirysotile".is not always “iron-free”, as firon. may:be substituted in-its:structure
or absotbed onto-its surface.:” . - ¢ el o e ule S :

The proposed risk co-éfficients in-Table 6-29 are quite consistent .with the enhanced effect.of .
amphibole fiber types-on:mesothelioia risk observed in cpidemiolog'iqais;smdics;'»:‘-.'-]Zhe coefficients
appear to be conservative in that they assign any mesothelioma risk at all to chrysotile asbestos for
mesothelioma. It is interesting that although a different method was used than that of Hodgson and
Darnton (2000}, the “bottomi Jine™ in this model appears to be:the same.or cVen’:gxtgater:‘ an approximate -
five-bundred fold increase in risk for the am.phiboles ona fiber-for-fiber basis:'

ST A T I SO P2 S Ry Ut L E TS ST e

B] Influence of Fiber Length: Please comment onxthe extent to whic}i the epidemiology literature-and.. .

mechanistic studies suggest that carcinogenic-potency varies with fiberilength. .How adequate is -
information in.the epidemiology. literature: for supporting dose-response relationships ‘for different fiber
lengths? In general,is.it appropriate to:assess cancer tisks using an ﬂexpoé.urp.,indgx }(éee equation 7.13)".

that is weighted heavily-by fibérs longer than 10 micfometers (um)? .1

e

oot

For the most part, epidemiology studies do.not inform with respect to.carcinogenic potency for.

mesothelioma for fiber length. This+is because, as pointed out by-the auttiors, the existing epidemiology
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studies have not used methods for éxposure assessment which are capable of assessing fiber lepgth, other, .

than (if PCOM. s used with the:membrane filter method or an approximation of or.conversion to PCOM. - -

values used from MPCF) limiting exposures:to-those longer than 5'pm. Of f‘mechanistic"-sf;udigs -which-
inform as to fiber length, the classic sudies remains those of Stanton-(Stanton MF:and Wrench C 1972; .

Stanton MF 1974; Stanton MF, Laynard M, Tegeris A et al. 1977; Stanton MF, Layicd M, Tegeris A et ... -

al. 1981), although the method of “exposure” in those experiments was neither physiologic nor in any

way related:to actual human exposure; - Nevertheless, no discussion of mesothelioma and fiber length can ’
ignore the Stanton model,:for which.there has been additional support in many animal studies since. It . -

riluét be realized however that.the classic, Stanton “carcipogenic” fiber dimension (fibers-having length.. - ..

greater than. 8'um and diaméter fess than 0.25-wm) were not met by all.carcinogenic. fibers, and with. - 5
specific nespett to- tremolite — a:fiber-forwhich two'preparations produced a-lé(),% tumor response in the
model = Stanton’specifically reported:thiat his-model did not fit the response, and that . . .relatively high
correlations (with tinior response) were also-noted.with fibers in:othér size categories having diameters..
up to"}.5 micronieter and ledgths-greater than 4. mickometer” (Stanton MF etal. 1981). On the other:. -
hand, there is no evidence that structures having the same chemistry and crystalline structure-as
“asbestos” but length less than 5 pm behave as fibers rather than in the same way as isometric particles,

nor is theresevidence that such particles convey any risk for malignant mesothelioma. There is alsoa

- great deal of animal data which suggests.the‘converse, much 6£ which is listed by-the.authors ofithe’ - © ¢ +

proposal. - - T T o el il woe

e oot B . Ty e e . . c s
R TR .- P : ]

C}] To what extent do animal studies:(e.g. studies by Davis and other researchers) suggest that ¢

caréinogenic potency varies with fiber type aud fiber length? = -

Animal studies are of little value in assessing the carcinogenic potency of fiber type. Animal

studies'which assess mesothelioma risk using the -exceptionally. sensitive peritoneal injection model.in -

rats are in my view of little value; and intra‘tracheat instiltation models are similarly-flawed, in the latter . = -

case in part-because-of thie difficulty of assessing either the size orthe nature of the administered dose in -

terms of fiber number or morphology.- Even animal inhalation: models ‘have; proved disappointed in .

 assessing the risk posed by different fiber types; principally because rats are rather insensitive in this

model. A recent review (Muhle H and Pott F 2000) summarizes this well: “Inhalation experiments with
rats need fiber exposure-concentrations. . .about :1,000 times higlier (than those of asbestos workers) to

reach the same mesothelioma risk: Also, the striking difference between the low lung burden of

B-23

HWBUI0009958



®

Bruce W. Case

amphibole fibers of asbestos workers with mesothelioma and the more-than 1,000 times higher lung
burden of rats. with-a:low mesothelioma risk demonsirates the low sensitivity of the inhalation test model
for the carcinogenic potency even of crocidolite fibers.”. Fortunately the effect'of fiber type for
mesothelioma is established beyond question by the epidemiology studies, at least for the refative effects ¢ .. .
of chrysotile as compared to commercial amphiboles and tremolite asbestos.

Foithe degree that fiber length categories, can' be.separated for the purposes of exposures-in -
animals (there is'no such thing as-a-perfect preparation in’ which there are “'no long:fibers”.or-“no.short
fibers™) the-animal studies do indicate:jncre:a'sing mesothelioma risk with increasing fiber length, - - 7 - 5 4.
althiough the'fiber Iength varies somewhat fromi study:to: study. The fiber:length most often mentioned- : 7-:..c
above which a mesotheliodia response -was.observed'is 20.gim in more récent:studies.: These:aré welliz: v
described in the proposal and will not be repeated here: key references include those with sized fiber
preparations, with-characterized length dish-it;utions,'and;w_im theoretical calculations (Davis JM,.i.- i
Addison'J, Bolton RE et al. 1986; Davis JM and Jonies AD1988; Lippmaon M 1990;:-McConnell EE;- 7w
Axten C, Hesterbetg TW et al: 1999;, Miller. BG, Seard AyDavis IM et al. 1999). ‘While the saipe: - -<li:
problems.exist for studies. using the intraperitoneal-injection model in the rat with lengthias the' - .
independent variable.as those for fiber type, one:studyithiat was not pecr-reviewed prior to. publication of;. . ::.
six paturdlly ccurring fremolite preparations does suggest some eﬁ"ect (Davis IM; Addison J;.sMgInto_sh Y
C et al. 1991). . However the:main purpose of: this'smdy.:\bas- to.test-the- relati‘\'(e effects of “asbestiform™
versus ‘nonasbestiform’:tremolite.preparations.(see-below).. . - - S

L T T N e B T L HTL U LI T ORI S

D] Please.commention ithe-extent -.to_:;which-.c'a'rcincégenic‘po&qeyf.is-a"ﬁmc,tiorrof fiber properties (.85 .-

diameter, aspect ratio, sarface properties):other, thar. fiber type and:fiberdength.. How;-adequaté: s

’ mfomagioh-inaﬂne,= _epidéxhi’ology- and:tdxfcology literature for supposting-these.other properties. ir_ito.doée-v,, S

response analy§es? Loifn wi L - oo Dalom, T oL st

Lo o DM RS mAL et oot G e
Itiisdnipoitant here:to distinguish between respirabilitysand-carcinogenicity, with respect to fiber... . -
d_iameter.-‘,;:A.s;.hdtgd~abqyg,;tﬁe_;qxigim_l, Stanton shidies actually showed effects at diameters of -less;ﬁ}al\'_-.;..;{,:i -
1.5 pm, ngt;!}fgS]}g'm:;A'buioﬂf.(ifbﬁ.pm.is.prqbably ina'ppxopriate, although.it-is quite tue that ahﬁost- alt
chrysotile and .crocidolite fibers wili-be included. - This:is somewhat less true for amosite and is not;
acceptable at-all for.tremolite, which in many situations will almost reach an arithmetic average of 0.5 . ..

pm diameter. In general, as‘demonstrated by Berry: (unpublished data on Witenoom and (Beaty G 1999).
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3, who has shown that “the incidence of mesothelioma after exposure to asbestos is propottionalto the -
intensity of exposure (fibers per milliliter of air) and the duration of exposure, and to the time:that has: .
elapsed since the exposure. The incidence increases with time since exposure to a power of between 3
and4”. - v Ly e L e e T S T P R

The latter variable ~ time since first exposure — is a very powerful component of mesothelioma
risk in epidémiological studies:across the board, if they are large enough and have fong enough follow-
up. No'model which-ignores this timing factor can-be considered adequate for predicting risk.- In ... - ...
addition Berry has recently demonstratéd a large. efféct of elimination time on mesothelfoma ztislé»by i
applying this'nrodel 6 Witenoom miesothelibmia mortality, data (Berry G;-unpublished data presesited at’
International Mesothelioma Interest-Group meeting, Perthi, Australia, December2002). - = .0 . - o

R

o NN P .. - $
PR P R P L 0.

EOFTENICIES . e
I will tike the opporturiity here to separately-and briefly -discuss.lung-:etained;ﬁbér studiesdn. " . C.
human subjectsifor-mesothelioma’:-a-separate catégory ofistudy which is talled-“pathology studics” by
the authors w!u;ch-is capable.of isoldting effects:of fiber type and length with‘f: the undérstanding.that-
analyses are performed at an endpoint:{either-lung biopsy;:pncumonectomy, or autopsy) which intégxa’tes i
lifetime dose-anid clearance at a'single-point in time.: } is nonetheless-useful; althoughito some degree™ ;.. --

dismissed:By the authors of the modél for'anumber of theoretical reasons, chicfamiong them .\'vha_t-;'the G n

authors cali “opportunistic” sample site selection- and.what the-authors believe is poor repeatability. of -

results. In fact, if such studies are well-controlled, sample selection is #o¢ opportunistic; in that'samples -
from cases and controls, taken at the same time and in the same way by the same pathologists in the same

hospitals; are very likely to be compdrable.- Similarly,’ there is little ewdcnce other thana few studles

" based on very smail dumbers of samples'thét there:is in'fact significantly poor reliability. i:such -

measureménts so long-as they.are-.compared within father than acrdss:laboratories. Relizbility-isat:deast: . - -
as good as that for TEM fiber measuremenﬁ in air. In fact, in Quebec, this is the method usedr‘buﬁnely-=
to characterize exposure for workinan's compensation purposes (when lung tissue sections are available).
We have had the experience of hundreds of suclianalyses and cur results do well-in cross«disciplivary
validation studics i comparison wifh'semiquantitative jobbased indices-of asbestos exposure: -We have: -
pot en‘ccimtet’ed‘ﬂi‘fﬁcultiesPwimircliabiiity; our published studies in fact. éref tapable of distinguishing. - . -
trends of fiber: retention with age, with rurdl-urban ‘gradient, and with distance lived from and timé livéd -

in mining areas for environmentally-exposed individuals-(Case BW and Secbastien P 1987;'Case BW, -
Sebastiei' P and McDonrald JC 1987; Case BW and Sebastien P-1989; Case BW:1991; Case:BW 1994; "
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Takahashi K; Case BW,; Dufresne A et al. 1994). . Here for-example are results from our most iécently

analyzed mesothelioma case! note the consistency: across samples. R
Sample site.- . - - -2} :Asbestos body concentiation. |-Crocidolite- . { Otherasbestos fibérs -
§ (AB/ gram dry lung, | PCOM_ | fiber : detected; detection
V4t 320X detection lumt 40 I concentration* | limit 35 ﬁbers/ mg dry
2 o cesd) ABY gram dry lung) - :|.{and number) "~  Jlung. - i
Right lower lobe #1. 31,5__20 AB/ gramdry lgng . 722 fibers/ mg | None _d,e_tcg??fd;, .
T . drvlun_g(&—ZZ) DY o
Righttiiddie lobe® - :1-26; 880*AB/ gramdrjl' ding- ** | 620 fibérs/mg - | None detected : o
e o ojdylunp(N=18) . . ... .. . f
Right fower fobe #2 zs 320 AB/ gmm dry lung "} 790 fibers/ mg | None detected B
LARER L e, SRRE TG e N W;]Wz:” A UHECTETSL L.
Right upperdobe . .:!: «26,920AB/ gram dry lung | -} 550.fibers/ mg. .| None detected . ... ,, .,
' dry Iung (N"lﬁ)

e Flbers (longet than 5 um, aspect rauo gxeater than 3 1)} lde xﬁcd and coumed by t:ausmnssmn
electron’ mlcroscopy at 13; 500 X magnification’ and by’ energy dlspctswé X-Tay spectr'dmétry (EDS) =
L BN T SN J‘-l,_,'j:
Wlth specnfic referex_xce to mesothehoma causatlou, several case-control studles usmg thls type of
Fheoa valin i e R AL i ighat

exposure mdex. have produccd mtcrpretable results whlch lend strong support to both thc role of

(ampbxbole) ﬁbcr type g;nd of i mcxcasmg ﬁber length ln one such e'(ample McDonald gt al studl_ed 78
case-control palrs of luhg samples fmm mcsotlpchqma vxctuns and controlé matched for age sex, i

CLliea et G Sk "1

hospltal and time of acquxsmon of sample (McDonald JC et al 1989) There were * ubstanhal _

e

differences...between cases and rcferents for amosite, crocxdohte and tremohtc Much less dlffcrencc

was noted" for anthophylhte taic and chrysome Staustxcal analysas mdncated that short ﬁbers were not

associated thh mcreased nsk for meso:hehom" ” It should be noted that no spema! care wzs taken to
o M,\w TLOM ST Sy Sresdgal- I [ £ 7 1L L

maich samgle Sltes for cases and contro!s OF across cases or controls thxs isin fact uot nccessary 1f cases’

K o T o

and aontrols are matched by hospltai and era as it is the routme prachcc of pathologls's whlch detcnmnes
sample stte selectlon m other words whlle the authors of the proposal were jusuﬁcd to m thexr belxef
st JART S+ YRS R G TR . :
that such stud:es might use “Oppottumsuc samples whtch are not from sxmﬂar snes wnthm the lung, th,
[EREt S 1Y BT . sl

actual pracnce ofpatholaguts tao’ang Iung samples ﬁ'om autopsy or from resected lung tt.s'sue zs qmte

‘ consxslent in thxs regard thh most takmg cem'ral parenchyma[ samples ﬁom ﬁxed slte.v ina manner

Iearned dumxg any parhalogy restdency

3) “To ‘whiat extent are the exposure esumates documented in the asbestos ep:demxology htcraturc
ﬁable" ) :

B
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... "This.question is unclear, and may-not be the most relevant to ask.'. More important.than the. -

B

relialvility of exposure esﬁmates is their validity, which: in general is excelient within the Taggest. . - - .

and best studics that have been generally used for risk assessment (combmmg them in meta-

" analyses has proved more difficultand controversral) Sumlarly, relrabrhty is-good across- che

-

largest mdlvrdual studles but much poorer betweeu studxes, due to the dnfferences in

. methodology emp!oyed. This is well dlseussed by the authors: of the proposal and they suggest

: some addmonal work wluch mtght help 10 amelromte thiis” drl'ﬁculty However lhe authoxs do

g

H . .
Australran reseamhers about*these (because of thear exceptwnnl rmpartance rhese commems

i

ot

g

they make use the erenoom data: mthout refernng to thc conuoversy and debate between :

A -

are attached to thiése comments as appzndtx A) The atithors do’ not’é ‘the exclusron of the
Charleston (texule) daln by Hodgson and Damton but choose to mclude lt, i my Vxéw tlus is not
o s .

cnneal to lherr cpnclusnons altltough the Charleston daw 1s e ¢

studles of textrle workers and should be vxewed wrth extreme cautron lt should only be used 1f

balauccd wrth use of lhe Quebec data on e)q:osures m the mmmg and mxllmg ot‘ cbzysohle
Fmally, the set of Quebec data as well has attracted bolh posmve and ﬁegatwe comment the A
latter usually based onits excluswe use of mzdget rmpmger (MPCF) data. The latter are

N

authors of lhe current proposal do a good )ob of drscussmg tlns type of data. B

unavoxdable (tllat was the data avarlable) tbe data are extensrve and mternally consrstent, anll the .

LI

For purposes of risk assessment my own opnmon is that the operatlve quesnonxss ‘Calz o

ceod e
.

exposure be measured in such a way in srtes ivhrch requrre evaluanon that the exposure '

L

assessment is both valrd and repealable" Agam, tlus xs somewhat controversral Rogers for

IR , H~--~4. A ";..

examyle is on record as feelmg that “A clear dose—response relatronslup does not valrdatc the

actual exposure values used but the dec:sron about exposure values of course determmes the

- i\,-\. ,n el -

lslope, wluch mﬂuences tlre apparent potencres of dlfferent ﬁber types" My owr view ls that a ‘

P VEST A Y

Ny ; - .
clear dose—response relatronshrp doe.s valrdate the sise of the exposure values, if the data am

2 e weers

good enough to establrsh a dose—rcsponse relatronshrp lhen they have mterrlul vahdrly However

TN i .‘,-,:.,

......

attached to these comments as Appendtx A: (l) Rogers Aand Major G Letler to the Edltor Ann OCcup
Hyg (2002)46: 127-128 ;(2) A W.MUSK and N.H. DE KLERK. Reply. Ann Occup Hyg (2002)46.
128-129; The Editors, Ann Occup Hyg: (3) Editorial Response. Amn Occup Hyg (2002) 46: 129,
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. is:quite true that in:absolute temsmone of the studies can-give absolute:confidence as'tg what
the: ég;tua‘l -exposure levels were inthese historical cohorts. - . . ] .
;Anglyﬁca!-.seqsitiyity,i_mwever,;is.also especially important,, Use of txansm_i:s_sion,e!,c:gtmn
microscopy, coupled. with energy.:dispemivaspectromclw;-dfxvtay& and ig’-sgﬁxginstagqqs, .
selectéd.area electron diffraction should allow, at a:minimum, the .dgteptior,n_ipf fiber types-and
fengths in any’ such‘.situation-at_g-Specjﬁed:deteqtion limit. At the Oakland conference of May
- 2001, Dr. Patrick Sebastien. suggested that:for environmental;exposyres.the. best.use. of TEM/
EDS is the qualhaﬁvqxﬁdcntiﬁw(ion of the presence of individual fiber types cather-than their full
«:charactetization. i’ quantitative tegms. - The authors-of the proposal. appear to believe that ..
.; ¥environmental” sites may be less:homogeneous in their:ashestos conlent; and perhaps more,
+ »dilute in their ashestos content, than EXpOSUTES. in Qc.c;ﬁpat,'ién:al.s»gn.ings-.;swhi,le., this is g0 (,1-0..“.bt
- true insites where little is known. about past use or exposurss, it.is certainly:pof necessarily true

in superfund sites such as old mine sites. centin et LD

The method of sarapling is the key factor-for evaluatingenvironmental gxposure;{for; ¢
.) ) ‘example, Superfund) sites: for example, simple measurement of air samples in an undisturbed ‘
VA area which contaips low concentrations of. azmphl.bolc ﬁbers will mislead the mvest;gator of 2 .

irgitel: Ong exampla'xs ‘offered by a study of: véimiiculits insilation in the' ceumgs ofa Canadxaﬂ

SR

army base w'hxch unfortunately has Beelt pubhsheﬁ only’ the' followmg a

directly, relevant to the exposure sltuatlo,ns in-Libby and to the question | of exposuresto .
amphibole from attic msulatxon) note the extreme effect of conduclmg tlre alr .vamplmg durmg

the demolmon work concentratlons of “asbestos” whzch were gcnerally less than 0 l% by ‘
: NI A - w

s AU WS

welgbt became Lremolue levels by TEM of up to 172 ﬁbers/ ml
e
Cowan BW [1997] Elevated Asbestos Exposures l'rom a Bunldmg Demolmon Wb ch

AT Siged Pic }‘.A . ")

Contained Vermlcullte Insulahon. Procee&mgs of the Amencan Industnal Hyglene

Conference and Exposition (AIHCE 1%97). Paper 65.

v-g

FRRRTIN ”" T

EESH - S AN LN i

chuculmc is:a, sghcatc mmcml wlnch has becn mstalled in manx aﬁucs as bmldxng msulatmn

An asbestos consultant collected bulk insulation samples from several locitions scheduled for

demolition on a Canadian Forces base. Asbestos concentrations ranging from less then 0.1% to

@ =
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* "5:10% Aétinolite and/or Tremolite ‘were detected 'in this proactive suivey: The majority of test
results were quite low; generally leséthan 0:1% asbéstoshiowever, the potential existed for’
-a5bestos fibers to become. airbbine dufing a routine demolition project. -Air. motitoridg. was
conducted during thé demblition Work; which utilizéd'no-dust'suppression, to deteimine:
répresentaiive worker exposires to- dirborvie asbestbs ‘dust: Ten samples \;vetet%nalyzéd by
transmissio électron microscopy (TEM) in'accordante with NIOSH Methiod 7402:-and: 3. -
¢oncentrations rariged from 43 to 172 fibers per ml. The tesults of this study indicated étevated

" fevels of dirboriie asbéstosfibérs weie Fenerated during'the ceiling demolition and appropiiite
asbestos abatement proceduteshad to be initiated: Théseincluded the installation-and<operation
of a-négativey pressure Ventilation! system ‘and a-decontdrhination faclhty, the wedring: of adeghate

“"persoual profettive equipmient, the prewettmg of the asbestos contaminated:tatcrial, the' proper
* bagging-of all ‘dbestos waste) and regular on-site’ airmonitoring to recoid the levéls:ofairborne

fiber concentrations. ' o I .

._j TOPICAREA 2:* " * Theproposédiexposureindex = -~ :Iym o 0l

* - g aeee Y - . . N
ER AN T L LIRS DO 1+ A 1] FTE AAIE . R e

4) The proptsed exposire idéx does nbt nclude contiibirtions Frofiv fibers shiorter
than Sumi. Pledse comment on:whethér-the epidemiology and. toxicologyliterature -
‘support thee conclusion that asbestos ;ibers shorter than Spm. prwent htﬂe or no.

carcmogemc k.
Such striictiies (they aréhot ﬁbexs and ft shétchmga pomt to call themi “asb&étos ’)

- rad

possible be pmvxded with Ihe cunent report'ﬁ'om ‘the ATSDR mwung in lowei’w bt

4" e ~;-:‘.~ : " ,n P R -('\c( 1A ‘., st 'ua > ”",-

muchhmeon&us

" 5) The proposed index is weighted:heavily. by, fibers lopger than. 10 um.. Spgcxﬁcaﬂy,
equation 7.13 suggests that the carcinogenic potency of fi bers longer than 10 pim'is
more than 300 times greater than that of fibers between 5 and 10 jum. How
comsisterit is this difference’in carcinogenic potency with-the epldenuology and ¢
toxicology literature? ‘ _

.) | | .29
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. Itcannot be said to,be “consistent with the epidemiology.literature” since as theauthors.:. ... -
themselves point out that the epidemiology literafure lacks such data (with the exceptionof ... .. .
lung-retained fiber studies or what are described by the authors as “patbology studies™). On
the othér hand itis quite consistent with the-toxicology literature;and indeed an-argument -
could be miade that the critical fength should'be 20 [km rathet thian 10, The use of the mor- "
consérvative 10 jxri; although ‘it wﬂl make rmny nnneralog:sts unhappy (smce they Wwould not *

S S K : ),_.,-, Ay T b

Ulttmately however the proof of the model(and of the mdex) 1sm1ts predlcuve abxhty;
KisL i ERIRAR Lot it e g o T e BRI

the authoxs do pmv:de convmcmg evxdence of this

T Ty T O S TT I AT S e LT P N TS .r,-..‘..;‘_h!sflf-:

6) Please explatui whether the proposed expésuﬁe index will allow meaningful comparisons
betweeit'curreit environmental exposures:to:asbestos and: historical exposures:tozasbestos
. that gecurred in.the workplace.

. .. o sant T, . YL Rt TN .
L T L S PRI LRLS TSN TR Ss SRt E

.} ) - This-will-be exceptiondily-difficult-since;-as the:authors: note; wirtually'ail of the:phblistied! - A
literature-on'workplace expostres (at least'in the'context-of:therepidemioclogital studies referred o)

do not use similar methodology. In a broad qualitative senseithe:proposed exposure index: will'offer:

better estimation of exposure than do the exposure measures offered in the historical wofkplace

exposure measurements, since they include the biclogically: important. desciiptions of fibér typetand ¥ 47

length (with fibet type. in particular being of provén importance in t,h_c..epidemiglogyfstudies,:al;hpuély»s.eélis
= not: from:the-historical measures of exposure! hut‘-mo:reﬁom ;thé.qua!itative descciptiqhs;oﬂoxpos‘hi:fef-::-_':"5..’.'

- - offered in‘those studies; for example comparisons across'sifilar industries hivihg differencesim: oty

fiber type which are not necessarily quantifieds—  * o oata o B s 8P A

Topic Ared 3: General'Questions, - - ¢ foyor. 3 doosoionlnie T R PR SR
~ T Do, B T Y F PINTYE L VIY e ALY AP AT

7) Theproposed risk assessment approach-assigns carcinogenic:potency toindividual fibexs:: :
and to cleavage fragments (or “bundles that are components of more complex 'structures”)
Please comment on whether cleavage fragments of asbestos are as toncologncally
significant-as fibers of the samesize range. - - -~ .07 .. A R S A

A

.) a | B:30,
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This questioninust be withdrawn-and reworded. Itis badly niis-stated and coiitsins
errors of fact withiin its Stiacture, - ¢ 0 v prott et

el HEFRE

First; it-is not clear whether the person or-persons writing this. question do not uridérstandthe
distinction between '‘cleavage: fragments” and :‘fﬁbgr,popdl_es*'- {which are completely different ..
animals), whether. they, are asking only about “cleavage fragments”, or whether they. are. asking about
both cleavage frngments aad iber bundls. Scoond, “cleavage, rgments? aes, by defgition (a5

clearly pointed out in the proposal), not “asbestos”, although this does NOT mean Lhey are without

effect. Third, the Iuoltatlon of the questlon to taxrcologrcal sxgmﬁcancc lgnom the pub ished data

j - KETRCE SR YR PR P :-v :u\\ RN
on human exposure to “cléavage fragments" whxch is of ‘preater unportance than toxlco[ogwal data
eHU R by N e 'ﬁ“r ST TS

(for example it has recently been estimated in 2 very detailed mmeraloglcal study at the mine site that
the nonasbestiform portion of the Quebec tremolite associated with one mine (the Jeffrey mine at
Asbest ,Que‘l'{oc) 59 9%, nonasbestxfonn") Fourth the sxpert ?aflel 2 ?onstxt_utf.c} ha}s}r’x? s i
mmexa)og:sis orgeolognsts makmg any. dxscussxon of thesenpomts somewhat penlous; Thus thls

question, which is an exceptionally important one that has been addressed by the‘a‘t‘l’thors of the

proposal; should:be reworded:.. The question.commented-upor by thiis dbserver is reworded 5-the
Jollowing: T r.ecomme'nd_':{hdl)'lhisé:bn:a-.c'on'sensus.rewzirding,uprefgmblyxwi!h.exﬁert minei}:logioqlgz
inpus, beisubsﬁmtetx’?BE;l"O&E»the.meeting:v RTINS S ORIV :z.".
7 REVISED) - The proposed risk assessment approach assigns.carcinogenic potency to individual
fibers'and to clegvage frigments defived from massive-amphibole:structure (th_ixi 8,00 dritr g
nonasbestiform:amphiboles). - ‘Please.comment on wﬁether cleavage fragments of this.exiafure‘aré as’

significant with respect.to; human-health effects. as fibers of the same size kange, including .-

-

reference to the toxicological and epidemiological literature;.. .. <l " v o e v

Again, cleavage fragments are NOT “bundles that are components of more complex structutes?-The |
question of cleavage fragments of massive amphibole is a veryimportant one, and the question of thc

assessment ‘of coiriplex: bundles (Whlch may ormay:not be composed of: aggregates ‘of. asbesuform

stmctures, nonasb" sti form structures or bot}x) ns an ':xm

“bundles that are componenls of more complex structures”) must be removed ﬁ'om th!s charge

question before the meeting. [fit is not the discussion of the exceptionally important issues surround
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exposure assessment to cleavage fragments of massive amphibole, “nonasbestiform”™ amphibole, and so-

called “transitional fibers” will be confused by this ervor. The following dxscussmn rcsponds to, the

that are componeats of more complex structures”.

analogous asbestiform amphiboles) from risk assessment were

restated charge question above (7 REVISED): it makes no mention of and do& not apply to “bund(es S

(2) That as a practical matter there was a debate as to whether there was.a “brigk

between them; - K
(b) That they often occur together, sometimes with only a small propoxhon of “ash f '7

structures;

asbestiform or not under the microscope is guite impossible. Teo mg the conceprof~
“asbestiform” is not @ microscopic one. Geologists may tell us wh i5 4
bur cemtmly the mzcroscopts.r cannot”.

{d) That most important, there is no convincing evidence that given' sumIar dlmensxons and sigfiifac”™ 7Y
" durability in the fung there is any teason to believe that *‘cleavage fragments™ might be less toxic.
Reproducing the ATS Committee document from page | on “Mineralogic Issues” and from the
Conclusion:

B R _J.‘.a‘—l._.""-_. char ., - TS S T SRS TN RIS I Biur T IS SRR Ty
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Hmrdogic igpues -

As noted above, the focuson momehas
ralsed - theismeoﬂhcmpwm oF.cdcavs
fn.smcms .35 opposed to-asbestifrm
ﬂbm.‘nxe dementnl jisue ii wheibi two

mmorimsmandm_

wmmmuohﬁcpmﬂu
Piﬂklampkmofmmllbumm

)
3t berame appurtent, bo!h{mmourmiew, .

om-ellmuemdﬁnmsubmh&cmmde
1} mbcommbynpaimmmmuﬂo-
glsts, thar the distiiction betwedn Clégvage

rumm.suwmmmmaumm, . O
theoretically inmaioeamdr oo

Mosbush&eve thet they shade offone.

inte the oiticr-di-that it ’l‘e'hiww:fams
mhc)m.f" ‘.g;c'_

ammammmmm‘{d‘ 2o

ﬂmuapmbcuhrump!smedinnnmnu‘
as asbestifoom fibers or

'fngmmu.'lbmmﬁcatemuﬂxuwadso

mummmmr'mg

snd asbestiform buxhahccnuouas-, NPT
bestiform and i fbers, ‘

mwlhelm:ol‘eomusamong

mineralogists, us well ay.the listived ml‘ma— -

shout the
e Rt S S e bl

t.bepamdesusedwb&slnedmnymﬂbet& i
orcleavage l‘mcms),mhmmamgx-..

temt unomd th lq:fncno 20d enled ap
treatingmogt of the Bt &) Baldd oo “ibets™
of varioys llm. The commitiee recogalzes

that this'ls it anvideal solution, and.where.. . - ..
monx«aldmneoﬂhec!eavauhaammt,”

or asbestifonm nature of a particalar fiber ex-
s, we have.noted (v However, until there

E] rusonablemmmlogic unapxmity tmh of.

Bruce W, Case

(continues as “general definition aud the classification of specific sgxi:ples, and then animal

experimentation with such classified materials, it appears to us impqssiblé to draw general

conclusions about biologic effects based on the distinction between cleavage fragments and

asbestiform fibers”

and from the conclusion:

B33
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“ 3. The evidence for-biologic effect distinctions based on mineralogic parameters, other than
fiber dimension and fiber number, is currently inadequate:, - . ...

4. At present, the prudent public health policy course is to regard appropriately sized
tremolite “ﬁbers, ln sut’t" cient exposure dose (eoncentratlon and durahon), as capable of
producmg tbe reeogmzed asbestos—related dnseases, and they sbould be regulated
actordingly” " - "’ SR S

'

(Notr lt is strongly recommended that panellsts read the full statement in the Amenesn

s

_ Re\new ot’ Resoxratory Medlcine as referenced Paneusts should also be aware that the

R NER

' Envu-onmental and Occupatlonal Health Assembly of the Amencan Tboracrc Socnety has

e ’,._.,i 0 PPN
reeently obtained fundmg to reeonvene a new panel to update tb:s statement, whleh is

£ Gl v 2BEE oty

eurrently workmg on revnsnons and will meet in Seattle m May, 2003) -

PR SRS AR FRA I SR

8) Please comment on whether the proposed cancer assessment approach is relevant to all }
am{ulnbole fibers’of only ié the five types of amph'bole fibers' (actmohte amostte anthophylhtc i -
crocidolite, tremeolite) designated in federal regulations. | .. - -

The proposed cancer assessment approach is certamly relevant to all amphlbole ﬁbers Whlch

have been identificd as capable of producmg the recogmzed asbeetos~related dtscase in addmon

. to the ﬁve destgnated types these mclude nchtente winchite, and possxbly edemte in one

l(ely that others

<X,

locatton m lt;xly Gwen the very large number of ampluboles ‘(over 50) it sccm_i
may be found to'hiave formis which may-actin similar ways, biit T ani'not awire of any at present,
ft.should also be ncgted: that “amphiboles” comprise a huge _pggigpi.;of tl‘lg.eart,lxjg' crust, and it
would be totally impractical o try.to regulate all.forms of all amphiboles. In this regard the
;authors” proposal s very useful in that it Jimifs the nonasbestiform amphiboles assessed to those

which have the, same dimensional.characteristics gs the analogous asbestiform varjeties.,

s st - R . I TP . he e e e
st - : eI A e g LR e B R IO LI N AT S g PR

9) The review document recommends that asbestos samples.be; analyzed by-transmission electron
microscopy (T EM) and count only ¢ those fibers (or bundles) longer than 5 pm Such counting
" practices will provide ‘no infoimation on the amotint of aSbedtos fibets shosicr thian's jim. To
what extent would data onshorter fibers in samples:be useful. for fiture.gvaluations (e.g- -
validation of the cancer risk assessment methodology, assessment of non-cancer endpomts)"

“This was answered above, with the exception of the point on “assessment of non-cancer endpoints”.
Again the panelists-should be referred to the as yet unpublished ATSDR 2002 document which deals

specificdlly with this issue; there is a géneral consensus that such Short struttures are not important in
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non-cancer endpoints — specifically lung fibrosis:—but there are (unlike the case for tancer

endpoints) at least a few studies which contradict this.

e e . LoiR. .t . - . IR

10) The pmposed nslc assessment methodology suggests that cxposure estxmatcs should bc based
only on fibers longer than S pm and thinner than 0.5 pm. Is this cut-off for ﬂber dmmeter
appmpnatc?

+

Whlle lhe use of thls cutoff would lnclude most chrysotlle and crocldollte ﬁbers of concem, 1t

."q;_;;n LR 23t _-..).(

would not count somc amosxtc f bers and would not counta substantlal pomon of tmmohtc ﬁbers

5

of pmven toxxclty chce tlns cutoff 1s not appmpnate perhaps a welghted mdex could be A
applled similar to that for ﬁber leng__th for lhicker ﬁbers, but ultunatcly it must be rmhzed that no
single technique for assessmg exposute b; ;l;otmn mncroscopy in thlél*e r w:ll béfeguallf
apphcable to all waste sites, and thc hazard may be severely underesumatcd m some locanons

should such a llberal deﬁmtuon of dtameter bc adopted. In p:.uﬂcular lt is not apptopnate to

ol

cxclude tremolnte ﬁbers under l 5 pm i dnameter from ¢oncern and: ﬁom mclusuon 40
assessmenls of sntms where tremohte is the ma_]or mmeral of concerm. o

@®

ll) Dlscuss whether the proposed cancer assessmeut approach, as a whole, is a reasonable evaluation
of théHvaitable heatth effects dafs. What' dspects of the proposed carnicer -assesbiiient approach, if
© . any,arenconsistent.with,the epidemiology. or toxicology literatuse. for ashestos? .
- A whole the proposed caicér assessfnent approach does appeat to be a feasdiiable
evaluatioii'of the available bealth datd, aidivugh'it is niistaken in sofie detdils. " These vere'"

‘destribed in 'pmviou's se&:tiolis':‘:;f'hé 'éi’tibh‘aﬁé"ﬁh fiber fype in 'ri"slé"éssdssment 4. IOng'-o&'zei'due'

pm cntenon s the most heavu wcxghted fra::hou and the exact Welglit to‘attach to it (or to

. RS
5 NI TH I

some other fracnon), reqmres dnscuss:on by the panel

Ll toa st mbent s . .- e in .
Tewi Y H o K . SIS R LA

12)'Seetion 8.2 of the reéview docurtent preseits three options for assessing cancer risks from -+
;- ashestos exposure. Please comnient on.the technical merit of the proposed risk assgssment
optlons
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p_ecnf cally addressed

MEG L &sr("
pmposed risk

. ...thc focus of this workshop is:00 thc

assessment methodo!ogy dnd 'how it may be used to support dec:szons at asbcstos—contammated o

B

sites.
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"f'I‘opi‘_éA- Area i _iﬁ}erpretaﬁons of the epidemiology and toxicelogy literature.

o~

: l)“ :
A. Inﬂuenoe of ﬁber rype Please. commenx on the extent.to, whlch the epldemlology

S " Vincent Castranova

CHARGE QUESTIONS -

“For '?i'lﬁ'g cancer:

htem!me and mechanistic stidies suggest that carcinogenic potency varies from:"
“one ﬁber fpeto ‘the next (e £, chrysoule versus angphxbo ﬁbe:s) “How adequate

.. is the information mﬂw epldermology Titeratuie, for supporhng,dose—@ponse

analyses ﬁber types?.-Specifically, to what. extent-do you think the proposed nsk = V
c)oeﬁicxents in Table 6-29 are supported by ﬂle epxdexmology htc:atme" o

‘dlssolunon of ﬁbets of. different ohemxml cqmposmons. A good comz!atzon e.xxsts B
betweeri-hese-in vitro dissolution data and biodm‘abxhtydata collécted inanimal < s
"Bl Furthermore, 3comelation exXists’ b“etivéen dmablhtyﬁ'ah‘me andthe potency "
of fibers to cause fibrosis, hing cancer and Tesothelioma it ai ' e
dissolution data indicate that chrysotile is less durable than amphibole fibers.

However, in vitro toxicology data and animal studies do not consistently fine

chrysolite to be less bioactive (in vitro) or less fibrogenic or carcinogenic (in animal
models) than amphibole fibers. The report proposes that the time frame of in vitro
studies (hours-days) and animal studies (2 years) is too short for the dissolution of
chrysotile to become a significant factor. In contrast, the 30 year time frame for
asbestos-induced lung cancer is sufficiently long for chrysotile dissolution to

influence the results. This is a reasonable argument, and it is supported by the
modeling of the epidemiology data. The risk coefficients for lung cancer given in
Table 6-29 and 6-30 suggest a 5 fold greater risk from amphibole exposure than from
exposure fo chrysotile. My view is that the epidemiological data support a greater
risk coefficient for lung cancer with amphiboles than chrysotile. However, a 5 fold
difference in risk is debatable considering the uncertainties inherent in the data used

in this model

B. Influence of fiber length: Please comment on the extent to which the
epidemiology literature and mechanistic studies suggest that carcinogenic potency
varies with fiber length. How adequate is information in the epidemiology
literature for supporting dose-response analyses for different fiber lengths? In
general, is it appropriate to assess cancer risks using an exposure index (see
Equation 7.13) that is weighed heavily by fibers longer than 10 micrometers (um)?
(Note: Topicarea2 mcludcs more detailed questions on the proposed exposure
index.)
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Response: In vitro mechanistic data generally support the hypothesis that long

fiber are more bioactive than short fibers. Animal data for fibrousand fung €ancer .

support this conclusion. Mode]mg of epidemiology also supports the hypothws
that long:fibers dréiriore potent in inducing lung caricer than shoft fibers::

" Equiation 7:13 heavily weighs the contribution of fibers > 107 i Vsithose between
510 piivm length by a Tactor of greater than 300:1. ‘The equah(mdlsmlsst

- -particlés €'S5n in letigth a5 having i ¥ irifluence of pulmonary response: ¢
-Mechatistit ifi vitro data’ori ‘cell- prohfemnon, genemtlon of reactive specics, and
cytokiiié-and growth faitol production-indicate that short paiticles ‘are ot -without
an effect. Indeed, although long fibers have been shown to activate transcription
faciors and intreaSé Cytokin€ production foxm cultiited Cells to-a greateriextént
than'short ﬁbers a relationship 0- Surface drea was rioted (Y e et'al-Adnd Physiol
"+ 276 L426-IA34* 1999;: ¥ Biol Cheéna 276; 5360:5367; 2001):* Animal#sid
epxde&ﬁologlml studied 'of dsbestos toxicity indicate it shoit fibersdre:ielatively

- Jess potent thitn lodg: fibers.. However; these were relatively pure exposures. Ina V

-+ piixed: exPosure condmon, where exposure to'short:or non-fibrous: partwles is
high, shoit particles mi¥ potiitiate the pulimoriary reaction to long fibers:»The
World Trade Center site is an example of an exposure to high levels of short .
Eipa'rr‘ﬁ'g‘I X “along with fiber exposute ‘I'hc poteucy faciorof 300 l for ﬁbers 1onger

than ;umseemshxgh ' . e

C To what extent do ammal studm (e 2 s!udm by Davns and other meamhers)

sugg&st that mmumgemc potency vanes wnh f iber type and f ber length" 1

Response: Animal studias do not suppoxt the 51 difference in lung cancer
~'i: potency of amphiboles to chrysotile.: The réport’s suggestionthat a 2:year animal
. ‘study is too short for dissolution-of chrysotile:to be an important:factor has. merit
+ Animal studies support the hypothesis that fung fibers are.more potent
carcinogenesisthan short fibérs: However; animal studies do not; suppart the
hypoﬁms that short ﬁbexs orSphencal paxhcles are. wsentxally mert.

D. lese comment on the cxtem to whxch carcmogemc potency isa functlon of fiber ~

properties (e.g., dxameter aspect ratio, surface properties) other than fiber type
:-and:fiber length. . How-adequate is-information in. the epidemiologyor-toxicology
htemture for suppomng these othen propemes mto dose—xesponse anaiyses?

.Response. The magor mﬂuenoe of ﬁber chemxshy is: cxpressed as defemnwc in fiber

durability. Surface properties, such as the-ability of chrysotile vs amphiboles to

* genetate reactive oxygen species, have not proven to greatly influence fiber-
carcinogenicity inanimal models. Diameter and aspectratio affect fiber. dcposmon in

the lung’ However, the infliénce on carcinogénicity in animal models as; mdcpendent
of deposition has not been adequately evatuated. .
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2): For mesothelwma

A. Inﬂuence fit ber type. lese comment on the extent 1o, Whlch the epldemlology
_ literature and mechanistic.studies suggest that. carginogenic: potency varies. from one
ﬁber type to the next(e.g., chxysonle versus amphibole, fibers). How adequate is the
nformation in the cpldenuo[ogy fiterature. for supporting: dose—msponse analyses for
- different fiber. types? Specifically,ito what extent do-you think the proposed risk
- coefficients in Table 6-29-are supported by the cpldcnuology hﬁexature? .

Response' Inuapentoneal msnllanon data do not suppoxt a grmt d:ﬁé(ence between
. -¢he potency of chrysotile and amphﬂ)oles to induce mesothelioma. -In vitrp .
mechanistic data:do not support a.great: dxﬁ'e:enoe in potency by. ﬁber type:. However,
+~ .animal data strongly indicate that chrysotile.is. less potent than amphiboles.in. .
. producing mesethslioma.- This is supperied by epxdelmolog:caldaxa. 1The: xelative
tisk coefficients of amphiboles vs chrysotile for mesothelioma-in Table ﬁ-ZQ and
Table 6-30 are 500-600 1.. Data: support a large difference jn risk... . g

rf:' Illl SV

B: Inﬂumoe of, ﬁber length. lesc comment on th €. exmnt to winch. €, gp;,d\gxmology
" literature and mechanistic studies suggest that camnogemc potcncy_vanm thh Jfiber
length. How adequate is information in the epldenuology literature for mppomng
dose-response. analyses for different fiber-lengths?, In general, is it:appropriate to
assess cancer risks using an exposure mdex (see Equation 7.13) ¢ that is we:ghed
hmvdy by fibers longer than 10 micrometers (um)? (Note: Topic area 2 includes
more dctalled quest:ons onthe ptoposed exposure mdex.)

: =Responsea Intmpcntoneal msullauon data support a stmng dependenoenn fiber
i length. In vitro mechanistic data suppott a-refationship between potency.and fiber
length, although the relationship:is not all of. nope. Modelingepidemiologic data
strongly support that long fibers dre-more: potent than:short fibers.in inducing
mesothelioma.- Equation:7:13 indicatés-that fibers >10.pm should be weighed 300:1-
. over fibers 5-10'um in length for mesothelioma. The wexghmg for leng!h and
o mmothehoma is mecbamstrcaﬂy stronger ﬂu’m for tung cancer S

Loyt

C. To what exterit do. ammaI smdm (e g studm by Daws and other mmhers)
suggest-that-carcinogenic potency-varies;with:fiber:type-and fiber’ length?i::
Response: The difference in potency of chrysotile vs amphiboles and long vs short

« - fibers to: causem&soﬁxehoma is supported by ‘animal mhalahon studm..--: T, 5

D. Please comment on the extent to wmch mrcmogemc potency isa funcuon of ﬂber
- properties (e.g., diameter, aspect ratio; surface properties) other than fiber: typc and
. +fiber length.. How adequate is information in the epidemiology. or toxicology: - :
literature for supporting these other.properties into dose-response-analyses?-
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:To what extcnt qxe thie exposu;c dmmat&c documented in the

Vincent Castranova

Response:.: The major influence of fiber chemistry is expressed as differences;in fiber

: durability., Surface pmpems, such as. the ability . of chrysotile vs amphiboles to.

generate reactive oxygen species; have not proven to greatly influence fiber

- carcinogenicity in animal models. Diameter and aspect ratio affect fiber deposxﬁon in
.. the lung. However, the influence on carcinggenicity. in. ammal modcls as independent

of deposmon has niot been adequately evaluated. |

besto S ePldemmIogy

EYEH

Fiber chatactenzanon is not complete. Exposuxe levels fof pas
estimates. These uncertainties don’t affect the conclusion that long fibers are more

potent than short fibers or that amphiboles are more potent than ghrysuule HoWevcr et
they do make absohute quantxlahon of the potency differences dxfﬁcult s

Thie pmposed exposure index is Wexghed heavnly by fibérs loriger: thiax 10 pm
Specifically, Equation 7.13 suggests that the carcinogenic potency of” fibers Ionger :

fthan 10 pm is more than 300 times gxeaterthan that ofﬁbers with lengths between 5
v ’and 10 pm How oonsnsiehf 15 thls diﬂ'etenoe m cammogemc potency wuh the
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6}~ Please explam whether the pmposed ‘exposure index-will allow mmumgﬁxl
compansons between curient environmeéntal exposiiies-to asbwtos and Instonml
exposm&c to asbastos ﬂfﬁt occurred m the w0rk place Lo
FN \E,f . E-
© “RiSponser Tt séerhis- i)ﬁ&smle'ﬁ:a“f et and ﬁxtme exposures of envnonnmntal
concern would be to mixed dusts'tithét thian pumﬁbexs The proposed exposure
. index would dismiss Whatmxghtbeabxghexposmemsphenml pmﬁclmorshort
“fibets. The World Trale Center site is an’examnple of such 4 fiixed dust exposure.
There are in vitro mechanistic data which would suggest that the mpo'nswen&cs to
long fibers m!ght be enhanoed 1f thc system was under parhcle—mduwd ondauve
A :_stmsandmﬂzimmanon L ,

'z."i'g.-_;;. e o

Topic:Avel 3¢ General queﬁtmns. e

7 The proposed risk assessment approach assigns carcinogenic potency to mdmdual
fibers and to cleavage fragments (or “bundles that are components of more complex
structures™). Please comment on whether cléavage faginents 6f asbistos Areas™
mxxcologmlly s:gmﬁcmt as fibers-of the same size range.

T LR LUt ¢ R I R L I L g TN N
.j? Response.'Assngmng e(nﬁval otency to individual ﬁbersa,'l:d cl : :

152 e ¥
TIARR MU S E b Iy THANY

do riot indicate that cells can'discem a difference between a single fiber or abt
eq\uvalent dimensions. e g

*“were similar in the fhree chatacieristics noted above woum cxhﬂ)l (jil}' orent
biological response in thie lung. 'Ihezefom, long dirablé fibers nc curen y Iabeled
as asbestos fmhaledatasmﬂardosewoxﬂdbe expecﬁedtoresult ina snmﬂardegxee

pm. Such counting practices will provide no information on the amount of asbestos
fibers shorter than 5 pm. To what extent would data on shorter. ﬁbers in samples be
useful for future evaluations (e.g., validation of the cancer risk assessment
methodology, assessment of non-cancer endpoints)?

-
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Response: -Use of TEM rather:than PCM allows thin fibers to:be counted.. This is

‘appropriate, since long thin fibers.would be expectcd 40 be highly potent... In..

evaluating risk of fiber-inhalatiozi as.part of a mixed dust exposure; it is. possdq!c ﬂ:at

particles fess than 5 pm in length could enhance the response-to long fibers. . The <.
roposed assasment appmach would lgnoxe this possibxhty :

10) ; The. pmposed nsk assmsmcnt methodology suggests that exposure mﬁmat&s should
be based only:on fibers longer than's pm and thmner/on 0 5 p,m. Isithis cutooff for,
: ﬁberdxameter appmpna&e? e S Comd s Lae

Response- Smce ﬁbets up | to 0~7 :pm ain be deposnted in the mpuatory zone of the
-..:limg, it seems more appropuate to: xa!seaﬂle cuta-off to:this value A e

o ERRISSTR RIS A IR L L T 4 N :,;...- i ) .
1)) Dlscuss whether the proposed cancer assessment appmach, asa whole isa msonable
evaluation of the available health effects data. What aspects of the proposed cancer
assessment approach, if any, are inconsistent with the epidemiology or toxxoology
literature for asbestos?

Response: The concepts that amphiboles are more potent than chrysotile and long
fibers are more potent than short are reasonable. The debate is the weighing of these
potencies. The approach used to model existing epidemiologic and animal data is
reasonable. However, uncertainty of the weighing factors exists due fo the
uncertainty of exposure and size characterization in the individual studies used in the

model.

12)  Section 8.2 of the review document presents three options for assessing cancer risks
from asbestos exposure. Please comment on the technical merit of the proposed risk
assessment options.

Response: All three options assume that the weighing factors for fiber dimension and
fiber type are adopted. Given that assumption option 2 appears to be simple to apply to
environmental conditions. Each option suffers from the uncertainty of the weighing L
factors and each option ignores the situation of a significant mixed particle exposure.

Topic Area 4: Development of Conclusions and Recommendations

At the end of the workshop, the peer consultants will be asked to draft conclusion
statements identifying their most notable findings on the proposed methodology. Asa
prelude to developing these statements, the peer consultants are invited to provide any
additional comments or concerms, both strengths and weaknesses, on topics not
specifically addressed in the previous charge questions. After completing the discussions
the peer consultants will prepare their conclusions, and they will also be asked to develop
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-decisiofs at. asbmtos—conta:mnated snt&s

Vincent Castranova
recommendations for how. EPA can improve the methodology. Please note ﬂ:at,-‘:alﬂ:ough

recommendativns for fiiture research projects are welcomed; the focus of this workshop is
on the proposed risk:assessment methodology and how nt may Be used to; support

yri - . ;
Response. The proposed methodology is founded strongly on the preunsc that lung
cancer risk due to asbestos is independent of othéi exposures. -This isinot the case. with -
smoking and asbeéstos exposure:: Mechanisms for asbestos-induced caricer include:
oxidant damage, disregulation of growth control, production of;inflammatory. cytokines
and proliferation factors, down regulation of apoptosis, etc. Considering the current

‘rechanistic understanding; of fiberzinduced cancer.induction; itiis notimreasonable‘to

propose that lung burdén to:shert fibets orspherical particles might change the oxidant
stress and/or mﬂammatory sct pomt of the !ung and alter the responsweness 0 long
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‘Inhatation: T’obdeuogy “Enviroriniental Health: Perspectives, and the. American Journal of Physiblogyrt. g’

T e James Crapo
Chairman, Department of Medicine

. National Jewish Medical Research Center

e S Ce e gn s o 220, 1400 Jackson, S(reet

. Denver, €O, QOZOS
303081496
‘ Fax: 303-270-2243
Jel o twl ja I e ORTENE IUh SRR AN DU it Email: CfapOi@hiC.QfQ:

Dr. Crapo is a professor of medicine at the University of Colorado Health Sciences Center;-Director of-the -
Ph.D. Program for Graduate Health Care Professionals, and Associate Dean of the School of Medlcme

a5 Well'as serving asthe’ Chain’nan ‘of the Départment of- Medicineof thée National Jewish-Center. - %
Previous'io his appoiniments i’ Colorado, hie'was a professor -of medicine and professoriaf: patholegy. and
direclor of extrapolation- modeﬁng dat DukeUniversity:~He'is & meniber of the American Thoracic:Spciety,.
Amerimn’Federatmn &f Clinicil Reseaich; Society ‘b Toxicology: anid-thy American Pbysxo!ogical ‘Spciety,

- as wefl as a fellow of the Americari Collede of Bliysicians:» He rdceived this 8.5 magna cimilaude.fom-

Brigham Young University and his M.D. from the University of Rochester. His certified medical speciahy is,
internal medicing, with a:subspeciaity in‘pulmoiiary. disedgse’ He is:a meimberof; the: -editorial- boards:for « .
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Disedses.™ He«haécpubushed numerous reviewsyeditorials; and:book chaptérs including fAspecisiof: s
fé‘spir&itbiy traict stitictuieant funclion imporiant foi dosifiietry iodeling: interspeciesicompatison;™Falé:
and-ranisiocativn ofFibers, 3 Models for Stidying alrways Response:to Envirchmental 1n;ury,¢!'Appl‘eat|on
of Morphomstric Methods. 16 Study Diffdke and Foedl fjury in the Liing Caused by¥Fixic Agents,¥and" Bnn
Morphologic, Morphome!nc and X-ray Microanalytical Studies.on Lung Tissue of Rats Exposed o
Chrysotilé ‘Asbesteddit inhalation Chanfibiers “f"He has publishedimany papers refatedito asbéstos :
incluﬂ'nngulmonary macmphage accdmilation and. asbiestoszinduced lesions at sites offiber - :
deposition,” Chiaracterizhtion of thrée types: of chrysotile asbestos after aerolization,” Ainkay Branchlng
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B P [ L 2t N

Workshop to Dnscuss a Proposed Protocol to Assess Asbestos-Related Risk -
Response to Charge Questions

Tl

ToplciAreat: . - Interpretations of the epidemiology and toxicology fiterature.

1} Forlungcancer - ~,.'~~_.~ R

Al lnﬂuenoeqf ﬁbertype Pleasecomment on me exient to whlchihe ep;demiology lrterature and mechamstxc
- studies:siggest-that carcinogenic:-polency varies-from. one fibertypeto the next (e.9. chrysohle yersus
amphibole. fibers). How:adequate-is the information-in-the :epidemiology {iterature. for-supporting-dose-
-response analyses for different fiherdypes?. Specifically; to what extentdo; you think. themroposed risk
coefficlents’ In Table 6-29-are supported by the: ep}demno!ogy hterature? CE e
.‘1..:-!""‘ »_,-. !—'..' ,. Tye ",,, \\.'_ o ‘l RN LN ' x"." e

i c&ncun thatdhe epidemmlagy literature and- mechamsucxstud»es nowstmngly suggesf that

o e .]i’

carcxnogemc

o

potency varies between fiber.types. ‘With respectto. oommercsaﬂy used:ashestos . pmducts. ithe research’

suppotisihecarcinogenic poteney -as being: . .ciocidolyle. >:amosite. >> -chiysotile: The, recent:reyiew, done.by
Hodgson-~ -andi Ddrton .and the: analysis ;prepared by.Drs.-Berman, and Cmmp.arovlde dwa: approaches fp

assessing:the;rejative potency of fiber types! with similar'outcomes.: The ep:demlo!ogtmdata is:now sufficient -

to suppoit developing differentrisk coefficients for.different:fiber.types. - The.coefficients:showan:on Tablei6-29

are.supported. by the literature but,are. conservative.. i the analysis:done by Hodgson:and: —Daﬂen,were used X

it would result.in- larger dl!ferencw in the nsk ooefﬁc,lents lhan shown IQ*Tab!e 6:29.

o1 AR G (A 1Y

B} Influence: of ﬁber*tengm,, Please eomment on lhe extent lo whnch ‘the: ‘ep;dgmmlogy;;

inthe epidemioclogy literature for suppodingdase-response analyses. fordifferent fiber lengths? In-general,
isit appropnatekoassess’cancer risks-using an gxposure index-{see. Equation 7.13) that is.weighed heavily
by fibers longer than 10 micrometers (um)7 (Nole: Topic area 2 includes more delailed quéstions:on lhe
proposed exposure index.)

The epidemiology and mechanistic literature shows that the carcinogenic potential of asbestos is strongly
comrelated with fiber length. There is sufficient literature to support the development of dose-response

relationships for different fiber lengths. The mechanistic literature shows that fibers less than 10-15 microns
in length are cleared by macrophage action. The epidemiology literature supporis the conclusion that the
longer the fiber, the greater the carcinogenic potential, with fibers longer than 20 microns in length carrying
most of the associated risk for carcinogenicity. Based on the additional studies generated over the past 15
years, it would now be appropriate to develop cancer risk estimates that are heavily weighted toward. fibers

tonger than 10 or 20 microns.

C] To what extent do animal studies (e.g., studies by Davis and other researchers) suggésttha(
carcinogenic potency varies with fiber type and fiber length?

Animal studies also suggest that carcinogenic potency vares with fiber type and fiber fength, although the
differences are often less than that suggested by human epidemiologic studies. This difference is likely due
to the fact thal animal studies are commonly done using extremely high doses ({often given by injection or
instillation} and shorter periods of absérvation (limited by the animal's life span). Thesé differences have the
effect of removing fiber durability and clearance as substantial factors in determining carcinogenic risk. Thus,
differences in carcinogenic potency between fibers based on fiber durability are not adequately evaluated in
animal studies. in spite of this, animal work in general supports the concept that carcinogenic potency varies
with both fiber type and fiber length.

0] Please comment on the extent to which carcinogenic potency is a function of fiber properties
{e.g.. diameter, aspect ralio, surface properties) other than fiber type and fiber length. How

B-55

literature. andi '
mechanistic stildies suggest that carcinogenic potency varies with fi ber{ength Howadequalsis Infqrmabon;

HWBUI0009990



Lo et L i James D. Crapo, MLD.

adequate is infonﬁation 'm‘lhe epidemiology; or toxicology Iiierature for supporﬁnp these other
pmpemes mto dose-response analyses?

F:ber dlameter is an nmpodant e(ement i carcmogemc potency probabty by mﬂuencmg the abmty af the ﬁber
+iobeinhaled into the deep lung. . The recommenidation by.Benman and Crump that risk-assessments should

“be focused on fibers with diameters of 0.5 microns.or less.is reasonable, . Aspect-ratio does not appearito:.
be a factor in determmmg carcinogenic risk. Aspect ratio is a valuable function in characterizing fibers from
other inhaled:materials, but there is no evidence that aspect. tatio.is- an important faclor in:predicting fiber
toxicity. There. is.some evidence that other fiber charactedstics, which include surface properties of; ehemsca!
composition;: may | mﬂuence carcinogenic potential- although this has not yet. been sufficiently. deﬁned to be
. used in developing spec:ﬁc risk estimates. The current epidemiology and toxicalogy literature ‘would support
. using fiber diameter as an important factor in determining carcinogenic potency, but would not support using
aspect ratto asa factor and:is msuﬂieuent fo develop specsﬁc risk estimates: [or other ﬁber pmparues_

asbeslos exposure Jin causation-of: lung cancer. Many hlstoncal sludlesgwere not appropnately mjmolled for
-smoking...Smoking;is: a higher risk factor for.causafion. of cancer than is.asbeslos exposure. and,th, can
easily confound risk esllmates that.focus only:on. asbgstos exposure, The eprdemlologtc l|teraturea§~sgv
« the ability, ofasbesios, exposure to; contribute to.cancer causationin the absence of smokmg is weaki:Ancther
important issue in developing coriect estimates for asbestos exposure contribution to lung:cancer:sisk is
whether or not asbestosis is required before cancer risk is elevated. There is.a substantiaf body of llterature

suggesnng that.formation of.asbeslosis is required before asbestos.exposure; wﬁl merease (ung cancer risk.

1-::.'—- H

For mesothehoma.

|t rature and

v,mechanssuqsmdles suggest that carcmogemc potency vanec from one ﬁber typ\e, o:the
S chrysonle versus amphlbole fibers).. How.adaquate is- the mformahon in the epxdeml , u

. th:nkihe proposed nsk coefﬁcyents m Tab!e 6-29 are supported by,the eplde 'otogy Merature a
My oommems {pr mesothelioma are similar to those for lung; ¢ canger..-: The.carcinogenic, polgncy vafes, . .
between fiber types. The epidemiologic literature shows a much larger difference in can;anogeme.,potenual .
{based on fiber type} for mesothelioma than for lung cancer. The risk coefficients shown in Table 6-29 are
conservative estimates based on cumrent literature. A critical guestion:not fully.resojved by current.... :

- literature is whether common human occupational exposures to chlysome result in a low risk of

. mesathel_aqmq_ -or whether such chrysotile exposure camies:no gisk. It is possible that amphibol

Y pinants in: ch‘ sotx!e (ppmmon!y lremohte) create the |ow Ievet nsk of mesothehoma reooJ

e . hrys il nly zohal ﬂ§1 Most mesolhellornas foun LC rysqme exposec cohorts are, assocsate wuh the

mlning enwronmen{. ‘MacDonald and coiléagues have suggested that the mesothelsoma risk in chrysotite
nmanly associated wulh tremolite contammaﬂon Based on curent literature, | would
con ervatwe approach would be 10, us' nsk coeff crenls fo mesothehoma such as ose

M H

B]  Inflitence of fiber length: Please comment on the extent to which the epldemxo!bgy'litef:afure and

b mechamshc.studnes suggest that carcinogenic potency, vanes with fiber ] length How' agequale is
the X idemioiog erature far, supporﬁng os&respons_ea : Iyses for diffe

' In general, is ¥ appropnate fo assess ca i 3 inde

7‘13) lhat is welghed heavnly\)y fi 7S | onger th

area 2 includés rore detailéd guestions on the proposed exposure i '5x Y

e

I conictr with the assessment by Berman and Cmmp that Ionger ﬁbers carry the primaiy risk for developmenl
of mesothelioma. Itis appropriate to use exposure indices heawly we»ghted for ﬁbers longer than 10 microns
{or 20 microns). Fibers less than 5 microns in length have not been shown to canty significant potency.
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C] To what extent do animal studies (e.g., studies by Davis and other researchers) suggest that
carcinogenic potency varies with fiber type and fiber length? :

Animal studies, in general, support that there are differences in carcinogenic potency with ﬁber type and fiber
length. Depending on study design, those differences may -be under-estimated or not present due lo the dose

“and/or route of administratiéh of the asbestos and due to the shorter duration of animal studies. The effects
of fiber durabuhty in determining carcmogemc potency are not: adequateiy assessed m animal stud:es.

D} ~ Please comment on the extent to which carcinogemc potency is a functmn of fiber properbes
{e.g., diaineter, aspect ratio, surface properties) other than fibér type and fiber length. How
adequats is information in the epiderniology or toxn:oiogy literature for suppomng these other T
propemes mto dose—response anaryses? -

Carcinogenic potency has clearly been shown 'to be a funclion of ﬁber dtameter which inﬂuences the -
respirability of the fibers. There is no data assoclating aspect ratio with carcinogenic potency other than its
ability to identify a fiber as opposed to a particle. - Other factors such as surface property- and.chemical
" composition fikely play an effect, but this is not adequatsly defined by current fiterature. For example, Faux
ét al.«(2001) shiowed using rat pleural mesothelial cells that érocidolyte had an impact on~growth' factor
expression not ‘seen with chrysotile and whiich was removed by milling the crocidotyte. f'would expect - :
méchanistic studles to eventually deﬁne chemlcal or surface characlenstics of fibers which could be mcluded
in risk esllmates .

3 To what ‘extent are the exposure estlmates documented in the asbeslos epfdemiology
literature refiabie?

Most of the asbeslos epidemialogy literature contains relatively crude estimates of exposure. Most
estimates are dua'litaﬁve and, at best, contain onily intermitlent assessments of exposurefevelsunder specific
work condition§. ‘Even in those cases, exposure conditions are not generally well characterized ‘as to fiber
type, fiber length, or fiber diameter. The exposure estimates in the epidemiology literature aré adequate for
general conclusions but do rot commonly allow rigorotis comparison between-shidies. It woutd be advisable
to recommend néew criteria for assessing exposures which - would include time-weighted exposure conditions
and greater characterization of the fibers, including a more complete assessment of ﬁber Iength and fiber
diameter dlstnbuhons

Topic Area'2: The proposed exposure index.

4) The praposed exposure index does not include con!nbuﬂons from fibers shorter than 5 pm.
Please comment on whether the eptdemtology and toxicology Yiterature support the
conclusion that asbestos ﬁbers shorter than 5 um present little or no carcln ogenic nsk.

The ep«dem|ology and toxicology hleta!ure support the conclusion that ﬁbers shorter lhan 5 mxcrons
in length do not significantly contribute to carcinogenic risk. There are sufficient epldemlologm studies’
al the present time to exclude fibers shorter than 5 microns in length from carcinogenic risk estimates
for asbestos exposures.

5 - The r_oposed exposure index is welghed ﬁeavlly by fibers longer than 10 pm. Spec:f‘ Fcally,
Equatlon 7.13 suggests that the carcinogenit potency of filers fonger than 10 ym is more than
300 t:mes greater than that of fibers wuh Ieng 1S between 5 and 10 jm. How consistent is this
differénce in carcinogenic potency w:th the eptdemlology and tox:cology literature?

The fiber fength coefficients used in Equation 67 and Equation 7.13 are consistent with the
epidemiology and toxicology literalure.

B-57

HWBUI0009992



James D. Crapo, M.D.

&) Please explain whether the praposed exposure index will allow meaningful comparisons
between current environmental exposures to asbestos and historical .axposures to asbestos

that occurred in the work place.

The proposed exposure index will be somewhat difficult to apply to historical exposures in the
workplace because dataregarding fiber length and width characteristics are not consistently available
in that literature.. However, many reasonable assumptions can'be made -based on known fiber
characteristics from different products. Use of the proposed exposure index should enable a re-
evaluation of historical workplace exposures and may help reconcile some of the unexplained risk
differences between vatious workplace environments. Changing to a new exposure index will lead
. to problems in comparing to historical data, but this should not inhibit moving to.a more comect
exposure index. One problem not adequately considered in the current document is the refationship
of smoking and ashesfos exposure in lung cancer causation. When oonsidenng comparisons of
current environment conditions to historic conditions, one must also recognize that there are major
.changes in the smoking characteristics of today’s workers. This will confound interpretatlon of risk
estimates related lo asbes!os exposures when eomparisons are done to historical studies.

Topic Area 3 . General questtons.

7 The proposed risk assessment approach assigns. carcmogemc potency to indwldual fibers
and to cleavage fragments (or Abundles that are components of more complex structures@).
Please comment on whether cleavage fragments of asbestos are as tox'cologically s:gmficant
-as ﬂbers of the same size range. .

My lnterpretatIon of the exlslmg literature is that cleavage fragments of asbestos are toxlcologncally
significant only if the fragments remain of sufficient length (10-20 microns or longer). | am aware of
no data showing that short cleavage fragments of asbestos show carcinogenic potential:

8) . .Please comment on whether the proposed caAnc;jerﬂ éss_essme;vt ap.proa'ch.'is' }Qlévant to all
-amphibole fibers or only o the .five types of: amphibole fibers. {actinolite, amosite,
- anthophyliite, crocidolite, tremolite) designated in federal regulations.

It is my generat assumption that the proposed cancer assessment approach would be relévant to aft
amphibole fibers, however, there is rigorous dataonly on a limited number of amphibole types — most
of the data is focused on crocidolyte, amosite and tremolite.

9) The review document recommends that asbestos samples be analyzed by transmission
electron microscopy (TEM) and count only those fibers (or bundies) fonger than § ym. Such
counting practices will provide no information on the amount of asbestos fibers shorter than
5 um. To what extent would data on shorter fibers in samples be useful for future eviiuations
{e.g., validation of the cancer risk assessment methodology, assessment of non-cancer
endpoints}?

Based on current literature, 1 would not expect counting asbestos fibers shorter than & microns in
length to significantly enhance one’s ability to validate cancer risk assessment methodology or known
cancer endpoints. It is, however, difficult to make firm statements about data one does not have. The
critical question is the cost of including short fiber counts vs. the potential future value of the data. if
costs were low, Iwould include such counts. The current data do not support including counts of short
asbestos fibers at a high economic cost.

10 The proposed risk assessment methodology suggests that exposure estimates should be

based only on fibers longer than 5pm and thinner than 0.5 ym. [sthis cut-off for fiber diamefer
appropriate? ' .
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The use of counting methodotogy identifying only fibers longer than 5-microns in length and thinner
than 0.5 microns in widthis appropriate. This proposed change in methodology would be a substantial
advance over the current use of a 3:1 aspect ratio.

Discuss whether the proposed cancer assessment approach; as a whole, is a reasonable
evaluation of the available health effects -data. What aspects of the proposed cancer
assessment approach, if any, are inconsistent with the epidemiology or toxicology literature

for asbwtos?

The proposed cancer assessment approach is consistent im'(ﬁ the ‘epidemialogy and loxicology

.ifterature for asbestos. My primary concems relate to the absence of an adéguate assessment of the

confounding impact of smoking on lung cancer risk assessments and the absence of evaluating the
role of asbeslosis as & factor in determining lung cancer tisk, The epidemiology literature shows that
both of the above factors are major-components in determining lung cancer risk in asbestos exposed
cohorts. Neither of these factors have been clearfy shown to have a linear comrelation with-asbestos
exposure alone, Table 8- on page 8-10 makes an allempt o assess smoking impact on both
chrysotile and amphibole exposures. This assessment - should: be expanded and intemal
inconsistencies in the table resalved. Duration and intensity of smoking need to be more fully
characterized.. Locking at. Table 8-xxx, why would- a male nonsmoker who is not. exposed to an
amphibole have a4 tumes hrgher {ung-cancer fisk than a male nonsmoker not exposed to chrysgtile?

Section 8.2 of the review document presents three options for assessing cancer nsks from
asbestos exposure. Please comment on the technical merit of the proposed risk assessment
opﬂons.

All three pmposed opfions have s:gmﬁcant limitations. The use-of a risk lable Is snmpler for general
use but is limited by factors such as the assumption of a constant exposure in both intensity and fiber

-characteristics. It Is also limited by crude grouping with other characteristics such:as smoking.

Intensity and duration of smoking are aiso-huge factors that modify the riskassessment. | would, in
generatl, favor estimating risk using a unit risk-factor if this approach were adequately developed and
expanded, particularly if this unit factor could be accurately integrated with other major factors in
cancer causafion such as smoking, other exposures, and the formation of asbeslosis.

Topic Area 4: Development of Conclus;ons and Recommendations

My mma! recommendaﬁons are included in the prevuous comments
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Response to the Charge Questions

Thls isavery, mterestmg and a very complex risk assessment. | am in support of what
the authors and the dgency are attempting to due. The question is whether relevant
analysis and review can be accomplished in the short time period we have. 1 have
restricted myself to the area of epidemiological data and the quantitahve models belng
used with this data. : :

&

The general cominentsl have so far are as follows.

Models:

For both lung cancer and mesothelloma two specific nsk models are- used These models
are applied to-the fitting of grouped epidemiological data using Poisson regression.: The
models - appear to-describe the epidemiological data in a.reasonable manner. I'have
several questions concerning the adequacy of these models and the lmpactthey make on
the finalirisk estlmates s . :

For lung cancer; a s:mple relatwe risk-model usmg cumulatwe exposure is used. For this type

of data, oneoften sees:the esfimation. of intemnal rates without the need of incorporating .

extemal lung cancer mortal:ty rates The authors are not clear as to why they prefer the use of

populatxcn.

Another issue is the chouce ofa Ixnear reIahonshlp of cumulahve exposure to risk as opposed to -
the separanon into exposure rates and duration of exposure For examp!e the jung ‘caricer and -
cigarette smokmg modeling of Peto-and Dall find a lmear quadrat;c effect of smokmg rate with a
4™ to 5" power of duratton of smokmg

For mesothelloma the model assumes that- nsk is proportlonal to: cumulatwe exposure..
Further, the effect is proportional to the 3" power of time since first exposed, with a ten-year -

“fatency. Again, the question is whether this model is: the -appropriate one for deahng with the

various cohorts that report mesothelioma.

it may be thal the quanhtauve results of the overall analysns of the eptdemtologncal data are
fairly robust with respect to these two cancer risk. models If this is not the case, then itis
important to understand the lmpact of the quanmatwe risk results ‘on the choxce ‘of these two
very specific cancer models.

Risk Estimates:

The optimized risk coefficients for pure fiber types are given in Tables 6-29. Table 6-30 gives
conservative values. It would be more informative if simulations incorporating the estimated
model uncertainties could be carried out and used in place of table 6-30.
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Topic Area 1.

1) Lung Cancer: At this point in my review [ believe that the epidemiological data is
supporting the questions raised in A) & B). . | have not reviewed the animal data so |
have ng answer for C}., Based on the human data | do not beheve we know beyond

. fi ber type and length as in D). But{ am still Iookmg at this questlon

2) Mesothehoma Same answers as ‘with Lung cancer )

3 Nat my area of experbse

Topic Area 2-4.

| hope to have answers for a number of these questions as we get closer to the meeting
time. S SR ~ N AT T

i, general to appropnately answer many of the specrﬁc charge queshons wull
necessanly require reviewing a large ; amount, pnmary research papers

_ CHARGE QUESTIONS

" Interpretations of the epiderniotogy aiid toxiGology literature: >~ <73

.- For lung cancer.

A} influence of fiber type: Please comment on the extent to which the epidemiology literature and
mechanistic studies. suggesl that carcinogenic potency varies from one - fiber dype to the next {e.g..
chiysotile versus amphlbole fibers). How adequate is the mformatlon in. the epldemlology fiterature
for supporing dose-response analyses for drfferent fiber lypés? Specrﬁcany, to ‘what &xient do you
think the proposed risk coefficients in Table 6-29 are supported by the eprdemmlogy titerature?

Answer. Ameta type analysis was used to group studies of similar fiber type
‘;from the epxdemrologrca! literature.’ These stud:es appeared tobe farrly

heterogeneous ‘and the weighting factors were modified by incorporating.z ad hoc

measures of study quality which resulted in increased confidence intervals. The,

- resulting: weighted potency estimates with confidence intervals by fiber: type were
not specifically given. However there didappear to be a difference in potency by
fiber type (pure chrysotile v. amphiboles) although they may not necessarily be
statistically different.

~

_They linear. RR-model fits the South Carelina (Chyrsotile) example very well .
-while it was necessary to include an additional parameter. (alpha) in order to fit
the Wittenoom-miner data (cromdohte) which continued o appear to be"
nonlmear The reason for assuming that the spontdneous rate for lung cancer in
this cohort being twice that expected is not clear other than the data is poorly fit

AN

HWBUI0009999



2

David Hoet r> .

without the additional parameter. How well the linear model describes the data
for other cohorts is not described with respect to residual pattems.

The risk eshmates in Table 6-29 depend upon the concept that potency for a
given asbestos type depends primarily length ‘and diameter of the fibers. This is
the result of animal inhalationi studies (Davisetal.): which are assumed to directly
apply to man. If this is correct the one can say that the Table 6—29 resuns are

not inconsistent with the epidemiological data. The estimates can not apparently
be derived solely from epidemiological findings.

8j lnﬂuence of f ber lengtir Piease comment on the extent to which the ep:demto!ogy I:teralure )
and mechanistic studies suggest that carcinogenic potency varies with fiber length. How adequate
is information in the epidemmlogy fiterature. for suppodmg dose-fesponse analyses for different
fiber lengths? If general, is it appropna!e to assess cancer risks using an’ exposure index (see
Equation 7.13) that is weighed heavily by fibers longer than- 16 midrom&ters (sm)?’(Note: Yopic
area 2 includes more delailed questions on the propased exposure index.)

Answer: As stated above the epidemiology literature does not provide adeguate
information on fiber length and potency. Using the animal data to develop the
exposure index 7.13 and applymg it to the epidemiology data does not change
greatly the forest plots given in Figures 6-3 and 6-4 with regard fo heterogeneity.

C}] To what extent do animal studies (e.g., sludies by Davis and other researchers} suggest that
mrcmogemc po(ency varies wa!h ﬁber type and ﬁber Iength?

Answer: It would be useful to have Appendix C avaxlable to answer thls
questson. Based on the informatiot ‘from the animal studnes itis clear that

.potency varies with fiber type and length. .

D] Please comment on the extent to which carcinogenic potency is a function of fiber properties
{e.g.. ‘diameter, aspect ratio, surfaoe propertxes) otfier than fiber type and fiber Iength How
adequate'is informatiofyin the epldemnology or toxloology literalure for suppomng lhese other
propemes into dose—response ana!yses? ’

Wit

.Answer The: epldemlology data does not provude adequate mfonnatmn on these

measures wsth regard to cancer risk. -

For mesothelioma:

A} tifluence of. fiber ype: Please comiment o the extent to Which the epidemiology literature and

-mechanistic studiés suggest that carcinogenic potency varies fromone  fiber type to'the next {e.g..

chrysotile versus-amphibole fibers). How adequate is the mformatson in the epidemiology literature
for supporiing doseresponse analyses for different fiber types" Specifically, to what extenl do you
think the ‘proposed risk coefﬁcren(s in Tab!e 6-29 are supported by the epldemlo!ogy literature?
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Answer: The epidemiological data is somewhat limited for mesothelioma,
however the available data shows a strong difference in potency by fiber type.
Because of the limited data, poténcy is necessarily assumed to be'linear in
concentration. The model which assumes a third power of lagged duration since
exposure is not specaﬁcaﬂy used. . The exact method employed by the authors is

_ as | understand a. nonparametnc descnptlon oftime since exposure component

This is a reasonable approach which should be better than the parametric
approach. The data is too limitéd to determine whether the, parametnc model is
realistic. The coefficients in Table 6-29 are reasonable but because of limited
data | have less confidence than for the lung cancer values.

B} influence of fiber length. Please comment on the extent to which the epidemiology kilerature
and mechanistic studies suggest that carcinogenic potency varies with fiber length. How adequate
is information in the epidemiology-literature for supporting dose-response-analyses for, different

- fiber lengths? In general, is it appropriate to-assess cancer fisks using an-exposure index (see
-Equation 7.13) that is weighed heavily by fibers longef than 10:micrometears {um)? (Note: Topic

area 2 includes more detailed questions on the proposed exposure index.}

Answer As W|th lung cancer the epldemlologlcal data are insuffi cnent to estlmate
potency, based on fiber lenglh o 4

‘‘‘‘‘

carcinogenic potency varies with fiber type and fiber length’?

. Answer: The Daws data does show length and type differences but only a lotal
of 13 tumors are available from the 18 experimentaf groups for the. estimation of

the differences. There are therefore large uncertainties which are not. estimated
and mcorporated into the model. There seems to be the assumption that the
fiber length ‘and width eﬂ’ects for ling cancer-are scmllar for mesothelloma

D] Please comment-on the extent to which carcinogenic potency is a‘function of ﬁber properbes
(e.g.. diameter, aspect ralio, surface properties) ofther. than fiber.type and. fiber length How
adequats is information in the epxdemnology or toxicology literature for Supporting these other
properties into dose-response analyses?

Answer. The epidemiology data does not provgde adequate mformauon onthese

' measures with regard to mesothelioma risk’
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To what extent are the exposure estimates documented in the asbestos epidemiology literalure
reliable? .

Answér: | am not qualified to comment on the industrial hygrene aspect of the
epidemiological studies. However, it seems that the comparisons between lung
burden and air concentraﬂons are reasonable given assumphons concemmg

" retention of the ﬁbers '

Topic Area 2: .
The proposed exposure index.

The proposed exposure index does ot include contributions from fibers shorter than 5 .pm.
"Pledse comment on whether the'épidemiology and toxicology literature support the oonclusron
that asbestlos” ﬁbers shorter than 5 ;xm present imie or no cardnogenxc nsk. .

Answer: The ammal datais clear that there is no cancer risk for exposures to
fibers less than 5um. Thé epndemrologvcal data provides no mformahon on thls
issue due to the mixed fiber sizes in the occupational exposures. The: - "
epidemiological data is not inconsistent with this animal finding.

. 5 . . . C

.} _The proposed exposure index is weighed heawly by fibers longer than 10 prm. Specnﬁcauy,
Equahon 7.13 suggests that the carcmogenic potency of fibers longer !han 10 pmis miore than
300- Ilmes greater than that of ﬁbers with lengths' between 5 and 10 jim. Fow consisteritis this
differenee in mrctnogemc po!ency wuth the epxdemrology and !oxxcology lnterature'?

Answer The analysns of the ammal mhalatlon data produoes thls ﬁndmg What
is not given is the statistical uncertainty of this result. Also there may be
physialogical differences between rat and man that suggests that the species
extrapolation may not be valid. Thrs 1 srmp!y do not know wou!d like'to see a
‘discussion of theissue. * ~ ‘ v

6 .
Please explain whether the progiosed exposure mdex will aﬂow meanmgful compansons between
curent environmental exposures to asbestos ‘and historical ‘exposures-to-asbestos that dccurred
in the work place.

Answer: Since the historical exposures are the basis for the risk models it
shoutld be reasonable to estimate risk from current environmental exposures.
One issue | have is whether or not the simple linear assumptions are appropriate
for relatively low current exposures. If not the environmental risks may be over
estimated. There is simply no way of knowing this unless mechanistic data can
provide an answer.

Topic Area 3:
General questions.

@

HWBUI0010002



7

8)

David Hoel

. The proposed risk assessment approach assigns carcmogemc potency to individual fibers and to
" cleavage fragments (or “bundles that are components of more complex structures ). Please
‘cormment on whether cleavage ﬁagments of asbestos aré as toxncologrcaﬂy significant as fibers of

the same size range.
Answer: At this point | have no opinion on the concept of cleavage fragments.
Please comment on whether the proposed cancer assessment approach is relevant to all

amphibole fibers or only to the five types of amphibole fibers (actinolite, amosile, anthophyllite,
crocidolite, remolite) designated in federal regulations.

 Answer: { simply do niot know enough about asbestos fibers to say whether an

' “extrapolation beyond the five types is.-reasonable. -1 feel that the risk-estimates::-.
- using the types reported in the-animal and egigemiology deta are reasonable. ' -

9)

10)

11)

12)

. the mncerﬁsk"éss‘e"'ssment methodology,‘a‘ssessm'ent of non-cancer endpoints)?

The review.document recommends that asbéstos sarnples be analyzed by transmission electron
microscopy (TEM) and count only’ those fibers’ (or bunidles) jonger than'S um. Such countmg
practices will provide no information on the amount of asbestos fibers shorter than 5 pri. T&'what
extent would data on shorter fibers in samples be usefu! for future evaluations {e.g., validation of

s

Answer Obwously data on shorer ﬁbers would be usefut in future studies i in
order to.confirm the currenﬂy proposed risk analysns :

The proposed risk assessment methodology suggests that exposure estimates shotild be based
only on fibers longer than § pm and thinner than 0.5 um. Is this cut-off for fiber diameter

appropriate?

iR

Answer: Based upon the hmited ammal and eptdem!o!oglcal data thns seems
. reasonable to me.. If this is not correc; the contribution to risk for fibers outs;de

this range would bevery small at best R

Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable
evaluation of the available health effects data. What aspects of the proposed cancer assessment

_approach if any, are inconsistent with the epidemiology or toxicology literature for asbestos?

, Answer The on!y issue | have is whether effec S are propomonal to exposure.
.‘vThe a|temahve approach has been to consxder the spec:ﬁc 2-stage model of
‘Moolgavkar Twould also be interested in seemg an application of the more

traditional Armitage -Doll multistage model as has been used recently with
diesel exhaust and lung cancer.

Seclion 8.2 of the review document presénts three options for assessing cancer risks from
asbestos exposure. Please cominent orv the techinical meiit of the proposed risk assessment
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oplions.

Answer:. |’ prefer the second method since it is an estimate of the. actual nsk fora
individual classified by gender and.smoking status. It should be extend to cover
scenarios of varying or terminated exposures and smoking status. The other
approaches are crude general estimates of increased risk.

Topic Area 4: . . .o . ..
' Development of Conclusions and Recommendations’

At the end of the workshop, the peer consultants will be asked to draft conclusion statements identifying
their most nofable findings on the proposed methodology. As a prelude to developing these statéments,
the peer consultants are invited to provide any additional commeils or concems, both strengths and
weaknesses, on topics not specifically addressed in the previous charge questions. Afler completing the
discussions the peer consultants will prepare their conclusions, and they will also be asked to develop
recommendations for how EPA can improve the methodology. Please note that, although
recommendations for future research projects are welcomed, the focus of this workshop is.on the
proposed risk. assessrpent methodology and how it may be: used to.support decuslons at asbestos- .
contaminated sites. . . ) )

Answer For both lung cancer and mesothelioma; two speciﬁc risk mod’els are
used. These models are applied to the fitting of grouped epidemiological data in
a Poisson regression manner. The models’: appear to describe the
epidemiological data in a reasonable manner.’ I'have several questions
conceming the adequacy of these models and the impact they make on the final
risk estimates. :

For lung cancer, a simple relative risk model using cumulative exposure is used.
"For this type of data, one often sees the estimation of intemal rates without the
need of mcorporatmg external lung cancer mortallty rates. The authors are not
cledr as to why they prefer the use of external rates followed by an estimation of
the alpha parameter, which allows an adjustment fof the difference bétween the
background lung cancer rates of the cohort and those of the general population.

Ancther issue in the model is the choice of cumulative exposure as opposed to
the separation into exposure rates and duration of exposure. For example, the
lung cancer and cigarette smoklng mode!mg of Peto and Doll fiid a re!attonshlp
of alinear quadrattc effect of smoking rate and a 4"‘ to 5] power ‘of diiration of
smokmg

For mesothelioma, the model assumes that risk is proportional to cumulative
exposure. Further, the effect is proportional to the 3™ power of time since first
exposed, with a ten-year latency. Again, the question is whether this model is
the.appropriate one for dealing with the various cohorts that report
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mesothelioma.

it may be that the quantitative results of the overall analysis of the
epidemiological data are fairly robust with respect to these two cancer risk
models. If this is not the case, then it is important to understand the impact of
the quantitative results on the choice of these two specific cancer models.

Finally, as | mentioned in response to question 11, I would be interested in the
use of the multistage model as it describes degrees of initiation and promotion.
Also the meta-analyses used appear {6 coirectly use random effects model due
to the heterogeneity of the studies. Publication bias was not considered i.e.
funnel plots etc. '
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Responses to'Charge Questions

Toplc Area 1z lnterpretahons ol’ the epidemiology and toxicelogy literature.
1) For Iung cancer:

A) Influence of fiber type: Please comment on the extent to whlch the cpldemlology literature and
mechnmstlc studies suggest that carcmogemc potency varies from one f ber type to the next (e.g.. chrysotlle
versus amphlbole ﬁbers). How adcquate is thc information m the ep:demlology hteratuge “for supportmg
dose-response analyses for different ﬁber m;es” Speclﬁcally, to what extent do you thmk the’ proposed rlsk
coeﬂicnents inT: able 6~29 are supported by the epidemlology lcterature?

Rcsponse The epldemwlogy htemture, controlied animal mhalahon cxposuxe smdxes, and mechamsllc
stud:es cned by Bennan and Cmmp are among the most appropnatc for reptesentmg thc dxfferentlal polency
of chrysohlé “and amphlbole fibers for’ causmg ‘increased rates of lung cancer. 'The K ,coeﬂi{cx_eq_tsyl_;gtggi in
Table 6-29 represent the best estimates currently available and are based on a reasonable interpretation of

the available litcrature.

B] Influence of fiber length: Please comment on the extent to which the epidemiology literature and
mechanistic studies suggest that carcinogenic potency varies with fiber fength. How adequate is information
in the epidemiology litesature for supporting dose-response analyses for different fiber lengths? In general,
is it appropriate (o assess cancer risks using an exposure index (see Equation 7.13) that'is weighed heavily
by fibers longer than 10 micrometers (pm)? (Note: Topic area 2 includes more detailed questions on the

praposed exposure index.)

Response: The epidemiology literature and controlled animal exposure studies that have provided adequate
data on fiber length and diameter distributions in the exposure atmospheres and/or delivered tissue dose
clearly demonstrate that fiber length is a critical determinant of carcinogenic potency. The conclusion was

firmly supported by the recent ATSDR Workshop Report: “Report on the Expert Panel on Health Effects
of Asbestos and Synthetic Vitreous Fibers: The Influence of Fiber Length” (Draft Final of 12/23/02). The
epidemiology literature supporting exposure-response analyses for different ranges of fiber lengths is still
quite sparse, but a formulation that is weighted heavily for fibers longer than 10 pm is certainly justified.

‘It may need further refinement in the future (e.g., giving greater weight to fibers longer than 20 pm) but the
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proposed: formulation is cleardy superior to the pre-existing formulation. that makes us distinction beyond

length > S pm.

C] To what extent do animal studies (e.g., studics by Davis and other researchers) suggest that carcinogenic
potency varies with fiber fype and fiber lengtls?

Response: The controlled exposure studies in animals (rats) by the John Davis group in Edinburgh and the
Chris Wagner group in Penarth.are among the most informative concerning the influcnce of fiber type (c.g.,
amosite, other amphiboles, chrysotile, and erionite) and fiber size (length and width), as summarized.by
Lippmann {1988, 1994), and the discussion Berman and Crumps document would have been sjt,l_'gngthepeq .

by a mare complete reference to the analyses cited in those papers.

D] Pleasé comment ‘on the éxtent to which carcinogenic potency is'a function of fiber properties (e.g:,
diameter, aspect ratio, surfice ‘properties) other than fiber type and fiber length: How adequate is
information in the epidemiology or toxicology literature for supporting these other propertiés into dose~

response analyses? *

Response: Carcinogenic potency can be influenced by fiber diameter. and Asurface. properfties,.bu'tt aspecé:miig,
per se, has no biological significance. Fiber diameter can be influential in two different ways. One is that
fiber diameter is closely related to aerodynamic diameter, which in-tum largely determines deposition
probabilities -in the conductive airways and lung. parenchyma. The mucociliary and macrophage mediated

clearance pathways and.residence times at deposition sites are determinants of toxic potential. The.other way
that fiber diameter affects carcinogenic potency is that very thin-fibgrs appear to.be able fo penctrate through
pores in.the respiratory. epithelium and thereby pain more ready access fo interstitial lung cells, and lymphiati_c.

drainage pathways.

Surface properties can affect dissolution rates and. thereby. biopersistence, the generation of reactive
oxygen species, and.-the. release of mediators from lung cells, and all of these -factors may be important to
carcinogenic potency for lung cancer.-

Aspect rati6, i.e., the ratio of fiber length to fiber width, has no known biological significance in and
of itself. Fiber lengths-and widths themselves are the critical deteiminants of toxicity, as discussed above

and in the Berman and Crump document. The information in the epidemiology and toxicology literature
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provides quite adequate support for these conclusions in regard to exposurc—résponse relationships for fung

cancer.

2) +  For mesothelioma:

A} Influence of  fiber type: Please comment on the extent to which the ebiderr;iolbgy fiterature and
mechanistic studies suggest that carcinogenic ‘potency varies from one fiber.-fype to the next (e.g., chrysotile
versus amphibole fibers). How adequate is the information in the epidemiology literature for supporting
dose-response analyses for different fiber types? - Specifically, to what extent do you think the proposed risk
coefficients in Table 6-29 are supported by thie epidemiology literature? - ’

Response: The epidemiology literature, controlled animal inhalation exposure studies, and mechanistic
studies cited by Berman and Crump are among the most appropriate for representing the differential potency
of various fiber types for causing mesothelioma. It is clear that, in terms of potency, erionite fibers >
amphibole asbestos fibers > chrysotile fibers for giv,cn'mqges of fiber diameter and fiber length. Table 6-29
provides cocfficient estimates for mesothelioma (K,,) associated- with amphiboles and chrysotile fibers that
are based on an incomplete evaluation of the relevant litetﬁture, and need to be adjusted to veflect tl:xg

influence of fiber length, as discussed below.

Bl Influence of fiber length: Please comment on the extent 6 which the epidemiology literature- and
mechanistic studies suggest that carcinogenic potency varies with fiber fength. How adequate is information
in the epidemiology literature for supporting ‘dose-response analyses for different Sfiber Iength§? In general,
is.it appropriate to assess cancer risks using“an exposure index (see Equation'7.13) that is weighed heavily
by-fibers longer than 10 micrometers (um)? -(Note: Topic area Z ificludes more detailed questions on the

proposed expostre index.)

Response: The epidemiology literature and coritolled animal inhdlation exposure studies clearly- inidicate that
fiber length is a critical determinant of potential to -cdusé mesothieliorna. As discussed by Lippmann (1988),
short amphibole fibers (<5 pm long) are essentially innocuous, in both studies in human hings (Tiﬁxb’rell,
1983) gnd, rats (Davis, 1986), and. the critical fibers for mesothelioma induction are those between 5 and 10

gm in length. Fibers longer than 10 pm are not effectively translocated to the mesothelioma. Thus, for
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mesothelioma, it is pot appropriate for the exposure index to be.heavily weighted for- fibers longer than 10

wm.

C] To what extent do animal studies {¢.g., studies by Davis and other researchers) suggest that carcinogenic

potency varies with:fiber type and fiber length?

Response: Potency fof mesothelioma induction clearly varies with both fiber length and fiber €ypeé. As noted
above (in 2B), the critical fiber lengths arc those between 5 and 10 pm, and, as noted {in 2A), fiber typeis
also a critical determinant, with erionite > amphibole > chrysotile.. In. fact, as noted by Lippmann {1994),
the mesothelioma associated with exposure to commercial chrysotile arg most likely due Ao the trcmc;l‘ité.

component of the commercial chrysetile.

‘D] Please comment on the-extent to which carcinogenic potency is-a function of.fiber propetties (e.g.,

‘diameter, aspect ratio, surface properties) other than. fiber type and fiber length. How. adequate. is

information in the epidemiology or toxicology literature for supporting these other properties intg dose-

response analyses?

Response: As noted in 1D above, surface properties can affect dissolution rates and thereby biopersistence,

:the generation of reactive oxygen species, and the release of mediators from lung cells, and all of these

factors may be important for carcinogenic potency. . Accessible internal surfaces within fibers, such as that

characteristic . for, erionite fibers, may.account for the exceptional potency of erionite for producing

-mesothelioma in rats (Wagner et al,, 1985) and humans (Baris et al., 1987).

As noted in 1D above, aspect ratio, per se, has no influence on carcinogenic potency.

Pody, .

3) To what extent are the exposure estimates documented in the asbestos epidemiology literature reliable?

Resporise:- "Theé exposure :estimates documented in the asbestos epidemiology literature clearly have
weaknesses associatéd with: a) the different exposure indices measured (total dust count, PCM-counts of
fibers > 5 pm-in length-that:coutd not detect very thin fibers and could not. discriminate among fiber types,
SEM, and TEM); b) the lack of information on fiber Iength and fiber diameter distributions in the PCM, SEM

and TEM measurements; c) the relatively few long fibers seen in SEM and TEM measurements; resulting
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in limited statistical validity for long-fiber counts. A significant contribution made in the Berman and Crump
document was its ability to locate, access, analyze, and document better fiber distribution data from archived

sampling filters collected during past epidemiology and controlled animal inhalation studies.

4 The proposed exposure index does not include contributions from fibers shorter-than 5 pm. Please
comment on whether the epidemiology and toxicology literature support the conclusion that asbestos fibers

shorter. than 5 pm present fittle or no carcinogenic gisk.

Response: The recent ATSDR Woikshop Report: “Report on the Expert Panet on Health Effects of
Asbestos and Synthétic'Vitmous' Fibérs: The Influeace of Fiber Length™ (Draft Final of 12/23/02) clearly

RN

indicates that fibers shorter than 5 pm present little or no carcinogenic risk.

5 Thé proposéd exposure index is weighed heavily by fibers longer than 10 pm. . Specifically, Equation
7.13 supgests that the ateinogénic potency of fibers longer than 10 pm is more than 300 times greater than
that of fibers Wwith lengths between 5 and ‘10 puri. How consistent is this difference in carcinogenic potenty

with the epidemiology and toxicology literature?

Response: The heavy 'wéighﬁng of fibers > 10 pm in length is-quite appropriate for risk dssessments for fung
cancer, as documented in the literature review provided by Berman and Crump. On the other hand, as noted
in my response to charge ‘question 2B), such weighting is not appropriate for risk assessments for

miesothelioma, whére the risk is most closely associated with fibers between 5 dnd 10 yim in length

6) Please explain whether the proposed cxposuré index will -éllow meéﬁingful ‘cor-nparisoAns between
curent environmental exposures to asbestos and historical exposures to asbestos that eccurred in the work

place.

Response: The :proposed: exposure index is based largely on analyses of the past relationships between
cancer incidence in asbestos expoéed populations- in the mines and mills: in Quebec, a textile plant in South
Carofina and crocidolite exposed workers at Wittenoom in- Australia, and historic and retrospective analyses
of the airbome fiber concentrations in those work eavironments. The extrapolation of that experience to the

carcinogenic hazards associated with conternporary environmental exposures to people exposed to tremolite
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fibers . Libby, Montana, various California communities around surface deposits of serpentine; people

; exposed to dust from the World Trade Center collapse in New York and New Jersey, and other places is

reasonable and prudent insofar as the exposure concentrations in these commumities are within about two

orders of magxiitylde of those in the historic occupational cohorts.

?)) The proposed risk assessment appioach assigns carcinogenic’ potency to individual - fibérs and to
cleavage fragments (or bundles that are components of more complex structures). Please commént on

whether cleavage fragments of asbestos are as toxicologically significant as fibers of the same size range.

Response: The toxic.potential of inhaled mineral and vitreous: fibers: has been shown to depend most strongly -
on fiber length, fiber diameter, and biopersistence. There is very. little evidence that amphibole asbestos
clwvage ﬁagmcnts in the fiber diameter and ﬁber Iength range of concern are fess hazardous than
comparably snzed asbestnform ﬁbers In fact, the only du'ectly relevant companson ie., the Davns et al.
(1991) compamtlve study of smx ttemohte asbcstos samplcs (three! a;l")estxfonn ﬁbers and three cleavage.
fmgmcnt dusts) whlch was dlscussed in some dctml n the Bem\an and Crump document (pp. B 3 through
B-10), showed that the rnsks from the tremolite clcavagc ﬁagments when appropriately adjusted accordmg

to their protocol structure formulation, had quite comparable potency to the asbestiform tremolite.

8) Please comment on whethcr the proposed cancer assessment approach is ‘relevant to all amphlbole

fibers ot only to the five types of amphibole fibers (actmohte a.mosue, anl.hophy)hte c.rocxdohtc tremohtc)

:

des:gnaled in'federal regulahons.

Response: Siace all ainphibole asbestos fibers can be expected to be biopéréistcnt. and be found in di.ar‘g;‘.t'ers

“and lengths that are associated with cancer causation, there is no good reason, based on biology, to limit

regulations to the five specific types now regulated.

) The review document recommends that asbestos samples be analyzed by transmission electron
microscbpy‘(fEMj‘aﬁH ‘count only those fibers {or bundiés) longer thari 5 pm. Such counting practices will

provide no information on the amount of asbestos fibets shorter than 5 pm. To what extent would data on
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shorter fibers in samples be useful for future evaluations (e.g., validation of the cancer risk assessment
methodology, assessment of non-cancer endpoints)?

Response: Fibers shorter than 5 pm can contributc to asbestosis in occupationally exposed individuals
(Lippmann, 1988). However, the asbestosis risk is not closely related to fiber number, but rather to fiber
surface area. The counting of fibers < 5 pm in length would serve no purpose in cancer risk assessment, and
asbestosig requires exposures to asbestos at concentrations far higher than any likely to be encountered in

nonoccupational environments.

10). - The proposed risk assessment methodology suggests that exposure estimates should be based only

on fibers longer than 5 pm and thinner than' 0.5 pm. Is this cut-off for fiber diameter appropriate? -

Response: There is no good reason to exclude ﬁbers bet\veen 0.5 pm and 1.5 pm in diameter (~ 5 pm in
aerodynam:c dlameter) ina nsk analysxs for lung cancer. Such fibers can penetrate to small [ung au’ways.
and same asbestos minerals produce many fibers in this xange of diameter (especially anthophylllte) On the

other hand, there is littde risk for mesothelloma for fibers thlcker than 0.15 pm (prpmann, 1988).

39 Discuss whether the proposed cancer assessment approach, as a whole, is a seasonable evaluation
of the available health effects data, What aspects of the proposed cancer assessment approach, if any, are
inconsistent with the epidemiology or toxicology literature for asbestos?

Response: The Berman and Crump cancer ass.'essment approach is quite reasonable for lung.eanper risk
assessmeat. However, as dlscussed in my responses to charge questions 2B and 5 it ls not opumlzed for

mesolhehoma nsk assessment

12) Section 8.2 of the review document presents three options for assessing cancer risks from asbestos

exposure. Please comment on the technical merit of the proposed risk assessment options.

Response: The three different risk assessment options proposed by Berman and Crump are all usable, albeit
with some variation in the convenience with which they can be applied. The easiest to use would be Option
2 {Risk Table), but as acknowledged by Berman and Crump, this coutd lead to errors for short-duration

exposures.
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For applicatibn of any ‘of these options, reliance on Equation 7-13 may be appropriate for lung cancer

-risk estimationi. However, it is almost certainly -misleading for mesothelioma risk assessment, where its

emphasis on fibers longer than 10 pm is not warranted.
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Some General Comments on the Berman and Crump Technical Support Document

This document needs a lot of editing for both technical content and organization. For example, there
are numerous places where a statement in an earlier chapter relies on text in a later chapter. The text is overly
encyclopedic and cites many papers whose relevance to the issues of concem in relation to the development of
a better model for asbestos fiber risk assessment is not apparent. Also, there are indications of references to be
supplied [see pp. 5.7, 5.8, and 5.10) as well as incomplete references in the reference list. Who is to do the

needed work to make this document a better support for the recommendations offered? How much help for
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this needed work is.the responsibility of the Workshop's Peer. Consultants? . The merits of the basic formulations
and recommendations of the Berman & Crump document should not be discarded because of the quite sloppy

presentation in their document.

Some Specific Technical Comments on the Berman and Crump Document

1} Replace. “dose-response” with “exposure-response” in all of the numerous places where the epidemiology

and controlled animal inhalation exposure results are discussed.

2) Replace “asbestos-related risks” with “asbestos fiber-related risks”. Nonfibrous asbestos dust exposures are
a different.issue, )

3)- The discussion of dust counts based on midget impinger samples on p. 4.6 needs to be clarified for most

potential readers of this document.

4) - Their reliance on-Raabe {1984) for a discussion on the quantitative aspects -of .particle deposition, and of
Figure 7-1 from that paper to illustrate it, is inappropriate as an up-to-date and authoritative reference. A more
appropriate reference is ICRP Publication 66: Human Respiratory Tract Model for Radiological Protection,
Ann. ICRP.Vel. 24, Nos. 1-3, 1994. '

5) The 4th, 5th, and 6th builets in Section 7.1.4 are wholly or partially incorrect statements.
6} The first paragraph on p. 7.16 misspells “mucus” five times.

7) The fast bullet on p. 7.18 indicates, incorrectly, that diffusional transport influences asbestos retention in the

lung and other tissues.

8) There are various places where the authors have notes to themselves to reconsider or complete the text {see

pp. 7.48 , 7.65, and 7.103).
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Preliminary Comments for Workshop on “Proposed Protocol to Assess Asbestos-Related Risk”

A Gs:ncraLCQmments

In addltxon to respondung to the 12 specific charge questmns formulated by the U.S.
Env:ronmental Protection Agency I believe it is appropriate to respond to a more general over-arching -
question. Speciﬁcaﬂy, “Has the Ageacy, and its Conu-actor reviewed all-of the relevant information on
the can:mogemc risks of asbcstos and’ mterpreted synthes:zed and mtegrated thie’ mformauon ina
scientifically adequate manner for tegulatory decision making”?. In the fo}lowmg comments i wali

address the .orr'er—anchiug question 1 have posed.

I The material provxded by the Agency as background matena! for the Workshop dots not
reflect a comprehcnsrve and thorough review of the htemture Neither does the- matenal provnde a hlgh
degree of conﬁdence that all the relevant htezaturc has been revxewcd. mtexpreted, synﬂresxzed and
mtegrated ina scleunﬁcally sound manner that 'lends confidence to the fi mshed product meetmg the l:ngh
standards reqmned for use in regulatoxy deczsmn makmg Three pnmary documents were provrded to the
Panel in sequential fashion; (@) a document labéied, “Final Draﬁ - Techmcal Support Document for a
Protocol to Asséss Asbestos—Relatcd stk" prepared by D.W. Berman and K Crump dated. Septcmher 4,
2001, (b) a document labeled “Fmat Methodology for Conductmg Risk Assessments at Asbcstos )
Superfund Sltes, Part 1: Protocol, lntenm Version” prepared by D. W. Berman and K. Crump dated
February 15, 1999 and (c)a document EPA/600/8,-84/003F June 1986, Aarborne Asbestps‘ Health
Assessment Update prepared undéf the. atispices of the Envnronmental Criteria and Assessment Ofﬁce
Office of Health and- Envrronrrle.ntal“Assessment Ofﬁce of Rescarch and Deve!opment U S
Enwronmental Protection Agency. ’ )

Taken in aggregate these documents do not répresent an up-to-date sumnrary of the
voluminous literature available on the health effects of asbestos and, specifically, the lung cancer and
mesothelioma risks of exposure to asbestos. The base document, “Airbome Asbestos Health Assessment
Update” was prepared by an EPA contractor, Dr. William J. Nicholson, nearly two decades ago and
reviewed at that time by the Environmental Health Committee of EPA’s Science Advisory Board. In the
intervening years, numerous additional papers on the health effects of asbestos, including new

epidemiological analyses and mechanistic studies on the carcinogenicity of asbestos, have been

published. New and improved analytical methods for characterizing exposure to asbestos have also been .
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developed and adopted. Lo S

The two other documeats noted above are also dated. . Despite the intervals from
September 4, 2001 (the Support Document) and February .15, 1999 (the Methodology) to present, the

sdocuments remain “works in progress” with incomplete referencés and omissions. It is a chalienge to the
reader to-follow the logic being used to syathesize very complex data sets into relative simple-algorithms
to describe exposure-response relationships for lung cancer and mesothelioma induction by exposure to,
~different types of asbestos fibers with varying dimensions.

The apparent haphazard and protracted approach to developing a scientifically sound
approach to characterizing the risks of asbestos exposure is clearly not selated to this being a “back
bumes” issue. During the last two decades; the issue of asbestos-related health effects has received
substantial attention in the courts and resulted in the bankruptcy of some 60 companies.

To get the “asbestos-risk characterization™ frain on the track, so to speak, the Agency . . -
might consider using.an approach that has served the Agency well.in dealing with the criteria air.

-poliutants. That approach is multi-phased. In the first phase, a criteria document is prepared periodically - -

.) o for each criteria poliutant by the Agency’s National Center for Environmental Assessment,; Office of

Research and Development, with-input from knowledgeable scientists both from within and outside the

Agency. These encyclopedic documents describing all that is currently known about the pollu:tantarc .

reviewed by, the Clean Air Scientific Advisory Committee (CASAC), a part of the. Agency’s Science

Advisory Board. CASAC notifies the Administrator by a “closure letter” when it:has reached a

consensus that the criteria document provides a scientifically adequate review of all the available

information in the poflutant.

In a second phase, the Agency’s O{ﬁcc of Air Quality Planning and Standards, Office of
Air and Radiation Programs, prepares a Staff Position Paper, that draws exclusively on information in the

.criteria document, to criticafly assess the information specifically germane. to assessing the risks of
exposure to the pollutant in question. The Staff Position Paper is also reviewed by CASAC and when a
consensys is reached by the Committee that the document provides a-scientifically adequate basis for

_segulatory decision making, a “closure letter” is issued to the Administrator. .The agency then proceeds
to use the resulting information to set National Ambient Air Quality Standards and take other regulatory
actions.

The process described above is transparent, open, and engages the scientific community,

interested parties and the public. The process is not without controversy. However, the open and
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participatory nature of the process results in controversy focusing on scientific issues. Legislative -
mandates for review of criteria pollutants every five years have rarely been met. Nonetheless, steady
progress has been made in reviewing new. information on a regular schedule.

- Without question, the Agency:would benefit from having an up-to-date comprehensive
review of the current state of knowledge on the health effects of asbestos. The credibility and scientific
and public acceptance of the review would be enhanced by obtaining input from a number of.
knowledgeable scientists in addition to Drs. Berman and Crump and having rigorous peer review by. the
Agency’s Science Advisory Boﬂ : -

A subsequent risk assessment prepared -using information included within the health
assessment document would have enhanced-credibility if it were based on the input ‘of a number of -
knowledgeable scientists. This statement {s not intended to question the credibility and scientific
credeatials of Drs. Berman and Crump who are clearly two of the world’s experts on the subject at hand.
Despite their credentials, I submit that involvement of other scientists in a participatory and transparent
manner would enhanrce the scientific credibility. and accéptince of the final product.

-+ As a third ‘step, it would be appropriate for the Agency to-provide a brief document
detailing how the asbestos risk assessment will be used by the Agency in fulfilling its regulatory and
enforcement agenda. The present documents leave these important matters open to speculation.: This -
includes the scientific reviewers who do not know how the science, the associated uncertainties and the
various assumptions will be used. For some applications a high degree of uncertainty and the tse of '

many assumptions may be scientifically defensible: For other applications, this may not be the case. -

2. Using only the three documents provided; it is difficult to assess if all the relevant

‘information on asbestos-refated health risks has been considered. Without question, the 1984/1986

Assessment is out of date. Thus, attention focuses on the two other documents. The manner of
presentation in these documents is such that I am uncertain if other knowledgeable scientists'could
reproduce the calclations and quantitative results. The basic assumptions used in the various
calculationis are not always clearly spelléd out. This leads to uncertainties as to the linkages between the

various tables and related text as the document builds to summaiy conclusions (Tables 6-29 and 6-30).

3. The documents in numerous places acknowledge the substantial iincertainty in

developing quantitative estimates of exposure-response coeffictents for various types of asbestos (with
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varied size characteristics) producing luag cancer and mesothelioma. Nonctheless, these uncertainties

are rarely quantified-and arc absent from the summary conclusions (Tables 6-29 and 6-30).

4. - Two key inter-related uncertainties that are wot adequately addressed in the documents
relate to {a) the shape of the exposure-response relationship over the range of observations from
epidemiological studies of occupationally exposed populations, and (b) the basis of extrapolation from
observations at high levels of generally prolonged occupational exposure to much-lower levels of
environmental exposure. Th&se issues have been a focus of attentlon m EPA’s revwed cancer risk
assessment guidelines. It is of interest that the Agency s proposcd rswsed cancer nsk assessment

guidelines are not even referenced in either document.

. - The proposed revised cancer risk assessment guidelinegs emphasize the imboﬂance of

using a- two-stcp process Flrst charactcnze exposure-rcsponse relatlonshnps over-the range where

~observatxons can be amade. Then in a second step, exttapolate to lower exposure tevels. Neither step.is

adequately documented 1ft the material at hand. Intuitively; one would anticipate’ g:onszde_rable variation
in extrapolated risk at environmental levels of exposure. To the extent it is possible the uncertainty

should be quantified.

5. During the last two decades substantial progress has been mdde.in understanding the
mechanisms by which fibers may induece cancer. The present documents’ focus ofi'advances in
understandinig the role of fiber dimensions as deferminants of carcifiogenic potency.

" However, the documents do not adequately address a related issue, biopersistence, and
especially the role of fiber solubility in biopersistence. Advancesin this area hive beén extraordinary '

with regard to man-madé fibers and have led industry to make revolutionary chianges in commercial han-

made fibezs, i.e., increasiiig solubility and, thus, reducing their potéritial for causiiig huian cancer. This ~

body of science should be reviewed in the document because it may have 3{:5plic‘é15ility to some situations
involving asbéstos fibers. Spécifically, provision should be imade for changes in‘risk coefficients for
asbestos fibers if it can be shown that the solubility of the fibers différs froni the solybility of the’
asbestos fibers purported to induce cancer in the epidemiological studies used as the basis for the

exposure-résponse models that have been advanced.

6. I am uncertain at this juncture if the proposed Tisk assessment approach is sufficiently
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well developed-and validated and the associated assumptions and uncertainties identified to warrant its
use in the field for regulatory decision making. However, [ do see substantial merit to-the approach and
urge the Agency to continue with development and validation of the approach on an accelerated basis.
This accelerated process shouldinclude provision for broader scientific community participation in the

development process and more peer-review than has occurred in the past.

B. Specific Comments
Topic Area I: l‘hterpfékaﬁahs of the epidemiology and toxicology Literature.
i) For lung cancer.

a} Influence of fiber type: Please comment on the extent to which the epidemiology literature
and, mechamstlc studies suggest that. ca:cmogemc potency varies from one fiber type to the next

(e.g., chrySotile versus amphibole fibers). How adequate is the information in the epidemiology
litérature for supporting dose-response anafyses.- for different fiber types? Specifically, to what
extent do you think the proposed risk. coefficients in Table 6-29 are supported by the
epidemiology hterature‘7 ’

It is my professional opinion that the epidemiological literature and mechanistic studies provide
strong evidence for the hypothesis that carcinogenic potency varics from one fiber type to another;
crocidolite > amosite > chrysotile. There is also evidence that within a fiber type, differences in
carcinogenic potency may also exist. . ) ‘

The proposed “optirqi_z;d risk coqfﬁcientg." in Table 6-29 may well be appropriate. However, the
document in its present form does not clearly relate. the origins of the “representative values” in Table 6-
15 and thei[_lil:xélgqge'(o the ‘fopti;niqujl:_ris_l;,cqefﬁc.ieqts” in Table 6-29 and the ‘freqorqmcnd_eq_r_isk
coefficients” in Table 2-1 of the pmtoc@!{dpcqmgpt. The Hodgson and Darnton (2000) analysis, cited in
the dqg_:umex,x:t,,prpvides dit_ffpn_-enf coefficients. The basis for the difference vjs' not clear.. )

. In future reports on this top'ic, it is important that additional attention be gi.v’enA to.clarity _of
presentation ingluding the origin of any va!u.esl and associated assymptions:angi ungcﬁaiqﬁgs. '.ﬂheqe\_rer .

possible uncertaintics should be quantified.

b] Influence of fiber length. Plcase comument on the extent to which the epldemlology literature
and mechanistic studies suggest that carcinogenic potency varies with fiber length. How
adequate is information in the epidemiology literature for supporting dose-response analyses for
different fiber lengths? Io general, is it appropriate to assess cancer risks using gr_i exposure
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index (see Equation 7.13) that is weighed. heavily by fibers longer than 10 micrometers (pm)?
(Note: Topic area 2 includes more detailed questions on the proposed exposure index.)
It is my. professional opinion that the epidemiological literature and mechanistic studies clearly
: show a strong correlation between fiber length and carcinogenic potency for asbestos. If an integrated.
exposure index is developed and used, it is appropriate to give substantially greater weight to fibers

greater than 10 pm in length as Berman and Crump have done.

-c] To what.extent do animal studies (e.g., studies by Davis and other researchers) suggest that

carcinogenic potency varies with fiber type and fiber length?

The-animal studies are clearly informative on the topics of-fiber type-and fiber length. This
includes the early work of the Wagner group and the more recent work of the Davis group. This section
of the report would be strengthened by more careful consideration of previous analyses including those

of Lippmann (1988 and .1994).. . . : e )

.) d] Please comment on the extent to which carcinogenic potency is a function of fiber propertics

) (e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How .
adequate is mformatron in the epidemiology or toxxcology lxterature for supporting these other’
propemes mto dose-response analyses?

F:ber diameter i is an lmportant determinant of thc carcmogemc potency of fibers. Fi iber diameter
is a major detcnmnant of the aerodynamic diameter of fibers which strongly-affects the deposition
probabrhty of fibers. In conhast, fiber length has only a smal! mﬂuenoc on aerodypamic dxameter The
diameter of ﬁbcrs mﬂuences the surface area of ﬁbers whxch along w1th surface chemistry, mﬂuenccs
the dxssoluuon rate of ﬁbers and the mtemctlon of ﬁber constltuents w1th bxo|ogrcal systems.

Tbe aspect ratlo is of 1mportance in deﬁnmg what isor |s not characterized as a fiber. The .

definition of a ﬁber asan elongaled pamcle with an aspect ratlo of greater than 3 to 1 as typlcally used

seems reasonable.

2) For mesothelioma:

a] Influence of fiber type: Please comment on the extent to which the epidemiology literature

and mechanistic studies suggest that carcinogenic potency varies from onc fiber type to the next
{e-g., chrysotile versus amphibole fibers). How adequate is the information in the epidemiology
literature for supporting dose-response analyses for different fiber types? Specifically, to what
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extent do you think the proposed risk coefficients in Table 6-29 are supporled by the

epidemiology literature?

The tesults of epidemiological investigations supported by mechanistic studies pro'w;'lde
substantial support for a variation in mesothelioma induction potency associated with fiber type: edonite- *
> tremolite/crocidolite > chrysotile. Because of difficulties in interpreting the various studies, it is ot
possible to rule out the hypothesis that pure chrysotile exposures are not associated with mesothelioma -
induction.

The proposed “optimized risk coefficients™ for mesothelioma in Table 6-29 may be appropriate.
However, the linkage to the individual studlm from which they are derived is not always clcar nor is the
linkagc to the “representative values” in Table 6:15 or the “recommended sisk coeﬂ':clents ‘i Table2-1
of the protocol document.

In future reports, it is important that additional attention be given to clarity. of presentation
including the origin of all values, explicit statements as to assumptions used and statements of the. -

underlying uncertainties. Whenever possible uncertainties should be quantified.

b] Influence of fi ber length. Please comment on the extent to which the epxdemlology literature
and mechanistic studies suggest that carcinogenic potency varies with fiber lcngth How _
adequate is information in the epldemwlogy literature for supportmg dose—response analyscs for
different fiber lengths? In general, is it appropriate to assess cancer risks using an exposure

“index (see Equation 7.13) that is welghed heavily by fibers longer than 10 micrometers (em)?
{Note: Topic area 2 includes more detailed questions on the proposed exposure index.)

The epldexmologxcal literature, supported by the results of controlled ammal exposure studles,
clearly mdléalté that ﬁber length isa major determmant of the potential for ﬁbers to cause mesothelioma.
In my professmnal opmmn, fibers less than 5 pm m length are unlikely to mduce mesothellomas The
role of fibers 5 to 10 pm in length i is less clear Fnbers 10 pm to 20 pm in length are most hkely to mduce
mesothelnoma However my statement as to the role of f ber lengths must be couplcd wnth lcnowledgc of

the fiber type.

¢] To what extent do animal studics (e.g., studies by Davis and other researchers) suggest that’
carcinogenic potency varies with fiber type and fiber length?

Itis apparént that erionite and the amphobiles have the pnmntial i‘o lpdncé mesothéljogha,_ The

available literature is not persuasive that pure chrysotile induces mesothelima.
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d] Please comment on the extent to which carcinogenic potency is.2 function of fiber properties

(c.g., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How

adequate is information in thc epidemiology or toxicology literature for suppomng these other

properties inte dosc—rcsponse analyses?

As the diameter of fibers decreases the relative surface area for a given mass of fibrous material
increases. Thiis, there i§ a greater opportunity for the surface of fibers to intefact with the biological
systems. Surface area will also influence the rate of dissolution of fibers. And, clearly, sucface
characteristics will influence the mtemchons between fibers and the bxologlcal system Unfortunately,

the speclt' c surface propemes of concern are not yet well understood

As noted. carlier, knowledge of €XpoSure-fesponse rclahonslups extendmg from thc hlgh

occupational exposure levels studied epidemiotogically to environmicntal levils of exposurt is lacking.

3) To what extent are the exposure estimates documented in the asbestos epidemiology literature reliable?

The exposure esi,ijggtéé fqr; asbestos reposted in the oéc_upatidnal exgosqre_aébesté; epidemiology
literature, are highly uncertain. In some cases, there is considerable uncertainty as to the fiber types to
which the individuals were exposed. In other cases, major uncertainty exists as to the physical

dimensions of the fibers because of the variety of evolving techniques used to characterize asbestos

. fibers. The extent to which othe; particulate matter or other toxicants were present is not always known.,

And for most smdles there are only a relatively few exposure concenlranon measurements available for,

' populattons exposed for many years making estimates of cumu!atlvc exposurc highly uncertam

To the extent occupatmnal €Xposures are under—estlmated the estxmated risk’ coefﬁc:ents will be
too high, ie., qver-estltpatg: the twe potency. Conversely, lf the opq:yp;tnonal exposures havc b;en over-

estimated, the estimated nsk coefficnents W|ll be under—esnmates of !me potency. For each study uscd to

+ develop risk coefficients, the authors should prov:dc a clear statement of their confidence in the exposure

estimates and, if possible, provide a quantitative estimate of the uncertainty assoctated with the exposure
estimates. These estimates of uncertainty for exposure should be cardied over into estimates of

uncertainty for the potency values.
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4)  The proposed exposure index does not include contributions from fibers shorter
than 5 pm. Please comment on whether the epidemiology and toxicology literature support the
conclusion that asbestos fibers shorter than 5'ywm present little or no carcinogenic risk. . -

Inmy professional opinion, the asbestos fibers less than 5 pm in length do not pose a
carcinogenic risk. Thus, it is appropriate to exclude them from the exposure-response ilndex for ashestos-

induced cancer.

5) The proposed exposure mdex is wezghed heavnly by ﬁbers longer than 10 pm.
Specifically, Equation 7.13 suggests that the cammogemc potency of fibers longer than 10 pmis
more than 300 times greater than that of fibérs with lengths betwveen 5 and 10 pm. How  * -
consistent is this difference in carcinogenic potency with the epidemiology and toxicology
literature?

In my professional opinion, it is:appropriate for the exposure-response index for lung: cancer to

be weighted toward the long fibers. The human literature is less certain with regard to mesothelioma

induction.
6) Please explain whether the proposed exposure i index will allow meanmgful comparisons between
" current environmental exposures to asbestos and historical exposures to ashestos that occumred in
the work place. :

Embedded in this question are several issues. *Historical exposure assessments are what have
been reported. Whatever the technique and the teportiug’ criteria used i§ what we have to work with, if it
was phase contrast that zs what we rhust work with. The second issué is the extent to which these
measurémenis are truly reﬂectwe of the historical exposures of the population. The third issue following
from the above is the degree of um':'ertamty in ‘the defived estimates of 1 exposure—response r‘elatlonshnps.
A fourth isshie is whether these exposuré-tesponse relationships are valid for contemporary
environmental éxposures. A key consideration in this matter is the substantial extrapolation involved in
going from historical occubatioual éxbosixrc levels fo conte'mpc';mf} environmental levels including levels

established for clean-up.

Topic Area 3: General questions.
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7 - The proposed risk assessment approach assigns carcinogenic potency to. individual fibers and.to. .
cleavage fragments (or “bundles that are components of more complex structures”). Please
comment on whether cleavage fragments of asbestos are as toxicologically stgmﬁcant as ‘fibers of
the same size range. .

In my professional opinion, the cleavage fragments have toxicological sighificance to the samé’

extent as intact fibers of the same dimensions.

8) Please comment on whether the proposed cancer assessmcﬁt approach is rélévant to all
amphibole fibers or only to the five types of amphibole fibers (actmohte amosite, amhophylhte
crocidolite, tremolite) designated in federal regulations. ... .

The proposed exposure-response index, if appropriately validated, Would be appropriate for us¢ ™ "
in assessing the risks of asbestos fibers equivalent in type and size to those on which the index‘ was
based. Use of the index with other asbestos fiber types would involve an extrapolation of snknown
uncertainty. It should also be emphasized that use of the index with ashestos or other fibers that kave

biopersistence characteristics differeat from those of the fibers used to develop the indlex would be

inappropriate.

9) _Thc review document recommends that asbestos samples be analyzed by transmission electron
microscopy (T EM) and count only those ﬁbers (or bundles) Iouger than 5 pih. Such counting
practices will provide nio information- on the amount of asbéstos fibers shoiter than 5 pm. To
what extent would data on shorter fibers in samples be useful for future evaluations (e.g.,
validation of the cancer risk assessment methedology, assessient of non-cancer endpomt)"

The document makes the point at several places that the outpu! of the assessment of cxposurc

must be matched to.the exposure-response model being used. I strongly agree with this statement.- Thus,

if the Berman-Crump exposure-response indices are to be used, then it is appropriate to analyze samples

:by transmission electron microscopy and count only those fibers. (particles with an aspect ratio.of greater

than 3 to 1) or bundles-longer than 5 pm. This approach is justified if the only use of the exposure data is
to match it to the Berman-Crump. exposure-response. indices.

However, it must be recognized that.for many situations, exposures may be evaluated for

“multiple purposes. For example, the exposure estimates may be used as input to an epidemiological

investigation of a specific population. In such a situation, it may be very useful to have a more
comprehensive assessment of exposure. This might include enumeration of fibers by different

increments of length, i.e., less than S pm, 5-10 pm, 10-20 pm, etc. Indeed, in some cases it may be
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advantageous to have information collected in 2 manner that allows characterization of the variability of
both fiber diameter and fiber length analyzed independently or in a linked manner along with electron
diffraction analysis to provide information on chemical compaosition. The specific information must be

matched to its intended use and also the cost of collecting the additional increments of information.

18) The proposed risk assessment methodology suggests that exposure estimates should be based
only on fibers loager than 5 wm and thinner than 0.5 pm. Is this cut-off for fiber diameter
appropriate? : .

This question addmgseé the inter-play bt;tween .the definition of a fiber (an elongated particle
with an aspect ratio [length to diameter] of 3 to 1), fiber length and diameter, and fiber aerodynamic
diameter. Fibers with a length of 5.0 pm or Ipng;;r_and diameters up to about 1.5 pm could still meet the
traditional definition of a fiber and have an aerodynamic diameter of about 5.0 pm. Such objects would
still have a low pmﬁability of being inhaled and deposited in the pulmonary region. On this ground,
there is no basis for excluding them from conside_xjati:on. On the other hand, the propesed exposure-

response index appears to have merit when only fibers under 0.5 pm in diameter are included.

11)  Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable cvaluation
of the available health effects data. What aspects of the proposed cancer assessment approach, if
any, are inconsistent with the epidemiology or toxicology literature for asbestos?

This issue is addressed in my general comments.

12)  Section 8.2 of the review document presents three options for assessing cancer risks from
asbéstos exposure. Please comment on the technical merit of the proposed risk assessment

. options.

~Tt is appropridte for the document, and any subsequent versions, to provide multiple options for
assessing cancer risks for different situations dependent on the information available. However, it would
be appropriate for the document to more clearly define the circumstances under which it is- appropriate to
use each of the options.. The “decision rules” for selection of options should be crafted to avoid
providing the opportunity for a regulator to attempt to select an option to gain a particular pre-selected

outcome.
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I strongly favor retaining an approach that matches exposure-response risk coefficients to the

particular type of asbestos fiber under consideration and calculation of risks separately for smokers and

- mon-smokers.
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Email: bpnce@pnoeassocca!esmc com

Dr. Price is the president and founder of Price Associates Inc., where he designs and conducts statistical
studies and regulatory reviews, as well as conducting sludies conceming risk and risk management
mcludmg environmental and occupational health regulatory issues. He develops and evaluates study
designs, ieasurement methods, and dala quality criteria.  Previous to founding Price Associates, Dr.
Price was a Vice President, Risk Assessment Consulling Group, at Marsh & Mcl.ennan Companies, and
was the manager of thé Program Office for Statistical Studies at Batielle Memorial Institute whére he
managed and directed studies conducted for EPA related 1o TSCA.  He received his B.A. in Mathematics
from Wittenberg University, his M.S. and Ph.D. in Mathematical Statistics form Ohio State Universily. He
is a Member of the ASTM committee D22 on Sampling and analysis of Atmospheres, and the ASTM
subcommittee D22.07 on Asbestos Measurement. He served as a peer review panel member for the
report by the Worid Trade Center Indocr Air Task force Working Group on selecting chemicals of potential
concemn and setting health-based benchmarks, he is @ member of the American Statistical Association,

the American Association for the Advancement of Science, and the Society of Risk Analysis. He has
authored numerous technical reports, -articles, and presentations including “Standard Practice for -
Determining a Detection Limit for Asbestos Measurements Based on Counts,” Trends in Incidence of
Mesothelionia and Evaluation'of Exposure to Asbestos,” “Risk Asséssment for Asbestos and ’
management of Low Levels of Exposure to Chrysotile Asbestps.‘ ‘Cumu!atwe Asbestos Exposure in
Epidemiologic Studies of Lung Caricer and Mesothelioma,” and * Transinission Electron Microscopy and

its Application to EPA’s Proposed Asbestos Worker Protection Rule.” He has served as an expert withess

in several court cases relaled to asbestos on the behalf of W. R. Grace, Armstrong World industries, and
Flintkote Company. Dr. Price has prepared several téchnical reports for the U.S. EPA on Aitbome
Asbestos Level in Schools, Analysis of. Vanablhty Associated with the Measurement of Fiber concentration
by Phase Mlcroscopy and Transmission Eleciron Mncrosccpy for the Office of Toxic Substances.
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CHARGE QUESTIONS

Topic Area 1: Interpretations of the epidemiology and toxicology literature.

L For lung cancer:

A} Influence of ﬁbe-r“-tél ;n;‘hich the epidemiology literature and :ﬁechahisiip studies suggest that

carcinogenic potency varies from ong fi. ber type to the next (e.g., chiysotile' versis aﬁiphibole fibers).

- How adequate is the information m the epldemtology hterature for supportmg dose-responsc

ana!ysw for- different: ﬁbertypes ? Specnf' cally, to what extent do you chmk the pmposed nsk

N coeﬂiclents in Table 6-29 are supported by the epldemlology hteratun:"

Answers- The ep:demlology hlerarure suggests that carcmogen.n': potency for hmg cancer varics
across fiber types, but the evndence is scattered throughout the hterature and is not overwhelmmg
A unified analysns that mcoxpo:ates alt the Iung cander epxdenuology data and that is focused

'speclﬁmlly on the hypothesas - potency for lung cancer vanes with rmneral type is needed to

answer. this question. The Berman & Crump report (B&C) provndes such an analysis. I am oot

" ‘aware of any other unified analysns of the lung cancer cpldemtqlqu ‘data. The B&C analysis is '

inpovative and, by necessity, employs various assumptions and interpretations of incomplete data.
Before accepting the B&C conclusion, we-need a beiter understanding of the B&C assumptions and
data interpretations. A more detailed evaluation is needed of the B&C assumptions and applications
of incomplete data than was possible at this time. (Note: Access to raw data used in B&C would be
required for a detailed evaluation.) Sim‘;e. there is no .competing unified analysis of the lung cancer
epidemiology data that concludes otherwise, the "potency for lung cancer varies with mineral type”

hypothesis should be accepted.

Concerning the sisk coefficients for lung cancer in Table 6-29, the only way to determine if they are
supported by the cpidemiology literature is to conduct the type of unified analysis 1 mentioned
above. Note that these risk coefficients are determined not only by the epidemiology data, but they
depend also on the new proposed exposure index, the fiber size distribﬁtion adjustments to K, and

the assumptions and data that were used to determine those entities. The B&C unified analysis, if
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. it survives more detailed peer review than was possible at this time, is itself a: statement that the

epidemiology literature supports the risk coefficients in Table 6-29.

However, the recorded values of the lung cancer risk: coefficients in Table 6-29 arc very likely
incorrect because the B&C analysis relies on linear extrapolation of risk to low-exposure levels. An
alternative unified analysis needs to:be conducted that incorporates "threshold” models:for lung
-‘cancer risk. Some researchers claim that-epidemiology and.clinical data suggest an-exposure

:-threshold for lung cancer of 25 f-yr/cc. Although there may be no asbestos exposure level where the

. .-risk-of lung cancer is an absolute zero, the size of the potency coefficient for exposures below 25 f-

s

. yrlec, or an-appropriately determined -alternative -“threshold” .exposure, is likely to be substantially

less than the size of the potency coefficient for exposures greater than the "threshold.” -

" The epidemiology literature supports the existence of this type of “threshold.” Most, if not all the
epidemiology data from studies used in B&C. indicate “no statistically significant elevation of lung
cancer cases” for exposure categories with exposures less than 15 to 20 f-y/cc. {As an examplc; my
calculations ‘applied to the Dement data analyzed in B&C (Table 6-2) indicate no, statistically
significant elevation of lung cancer risk below the exposure interval, [28-60) f-yr/cc. A simple

.. lineacilinear fit to these data picks a “threshoid” exposure at 21.3 f-yr/cc.)

The “threshold” approach needs to be explored. However, simply fitting a standard exposure-risk
equation to the full set of data from an epidemioclogy study will not necessarily solve the low-
exposuré problem adequately. Standard exposure-risk equations lack flexibility. The risk values at
high exposures- tend to pull the curve upward even at low exposure devels and it is likely that a
statistical test will not be able to differentiate an s-shaped curve from a linear . modeldue to the

limited number of data points. Therefore, other approaches may be required, similar to the general
approach in B&C that combines judgment based on information from animal studies, lung burden
studies, and cellular studies with epidemiobgy data and statistical analysis. The “threshold” ~ low

- exposure - linear extrapolation issue must be resalved before adopting rew valucs for lung cancer

- potency.

" B} Influence of fiber length: Please.comment on the extent to which the epidemiology literature and

mechanistic studies suggest that carcinogenic potency varics with fiber length. How adequate is
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- information in-the epidemiology literature for supporting dose-response analyses for different fiber

lengths? In general, is it appropriate to assess cancer risks using an exposure index (see Equation
7.13) that is weighed heavily by fibers longer than 10 micrometers §im)? (Note: Topic area 2

includes more detailed questions on the proposed exposure index.)

Answer: Fiber length and fiber dimensions in general are exiremely important factors in asbestos
risk assessment.- The epidemiology literature alone does not contain adequate data to determine the
effects of different fiber fengths: Information concemiing the lung cancer potencies of different fiber

dimensions can be deteimined from animal studies:and luog burden studies. An exposure index that

- weights long fibers more heavily than short- fibers is justified .for assessing lung- cancer risk

associated with asbestos exposure.

C} To what extent do znimal studies (e.g., sudies by Davis and other rescarchers) suggest that

carcinogenic potency varies with fiber type and fiber length?

‘Answer: These studies indicate that carcinogenic potenty. vasies with fiber length.

The
D] Please comment on the extent to which carcinogenic potency is a function of fiber properties
(eg., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How adequate
is information in the epidemiology or toxicology literature for supporting these other properties into

dose-response analyses?

Answer: The epidemiology literature does not contain adequate data to determine the risk effects

of fiber properties such as diameter; aspect ratio, and surfacé dimensions.

For mesothelioma:

A} Influence of fiber type: Please cornment ‘on the extent to' whicli the epidemiology liferature and
mechanistic studies suggest’ that carcinogenic potency vaties' from’ ong Jiber type to thé next (e.g.,
chrysotile versus amphibole fibers). How adequate is tﬁc information in the epidemiology literature
for supporting dose-response analyses for different fiber types? Specifically, to what extent do you

think the proposed risk coefficients in Table 6-29 are supported by the epidemiology literature?
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Answer: The epidemiology literature clearly establishes the significance of fiber yype for

mesothelioma potency and supports different exposure-risk analyses for different fiber types:.

Conceming the risk cocfficients for mesothelioma in Table 6-29, the only way to determine if they
are supported by the epidemiology literature is to conduct a unified analysis such as the B&C unified
analysis. (For a more complete explanation, refer to-my discussion above of a unified .analysis for
lung cancer). To answer this question, a more detailed peer review than was possible at this time
would be required to test B&C-assumptions and to dissect how supporting data were used (¢.g., the
caleulation of fiber size adjustment factors for K,). In addition, the "threshold” congept that I
described above for lung cancer risk assessment also needs to be considered for mesothelioma risk

assessment to avoid problems associated with low-exposure linear extrapolation.

B} Influence of fiber length: Please-comment on ‘the ektent.to which the epidemiology literature and

: . mechanistic: studies suggest. that carcinogenic potency varies with  fiber length. How adequate is

information- in the epidemioclogy literature for supporting dose-response analyses. for. different fiber
lengths? In general, is it appropriate to assess cancer.risks using an exposure index (see Equation
7.13) that. is ‘weighed heavily: by- fibers longer than. .10 micrometers am)? (Note: Topic area 2

includes more detailed questions on the proposed exposure index.)

Answer: Fiber lengih and fiber dimensions in general are extremely -imporiant factors in asbestos
risk assessment. The epidemiology literature alone does not contain adequate data to determine the
effects of different fiber lengths. Information concerping mesothelioma potencies of different fiber

dimensions can be determined from animal studies and lung burden studies. An cxposure‘.ir{dex that

: weights long. fibers more heavily than short fibers is. justified for assessing mesothelioma risk

- associated with asbestos exposure. ..

C] To what extent do animal studies (e.g., studies by Davis and other researchers) suggest that

carcinogenic potency vades with fiber type and fiber length?
Auswer: . These studies indicate that carcinogenic potency varies with fiber length

D] Please comment on the extent.to which carcinogenic potency is a function of fiber properties
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(e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How adequate
is information in the epidemiology or toxicology literature for supporting these other properties into

dose-response analyses?

Auswer: The epidemiology literature does not contain adequate data to determine the risk effects

of fiber properties such as diameter, aspect ratio, and surface dimensions.

To what extent are the exposure estimates documented in the asbestos cpidemiology literature

reliable?

Answer: “Reliable” is-a. relative term. . To answer this quesiion, the word "reliable” has to be

intespreted m a context. The context is “decision-making based on risk estimates denived, in pard,

from exposure estimates documented in the asbestos cpidemiology literature.”. [ am referring to

decision-making applied t¢ selecting exposure. limits, managing or removing asbestos-containing

materials in-buildings, cleaning asbestos waste sites, or implementing product bans: The decision-
making process ‘must account for uncertainty ‘in risk cstimates, which is due, in part, to the
uncertainty (i.e., the reliability or lack thereof) in the underlying exposure data used to develop the
risk estimation method. B&C describe most and possibly all the well-known problems-with

exposurc estimates m the epidemiology literature. We cannot claim to know the exact aitborne fiber
concentration -or makeup of fiber types and sizes for any particular worker who is a subject in an

epidemiology study. However, the collection of exposure estimates associated with the

" epidemiology studies; which have been developed from various and often disparate sources of

information, appear to provide a relatively consistent characterization of exposure that is sufficient
for developing a risk assessment method. Provided the uncertainty in risk estimates is treated with
an appropriate degree of respect in decision-making, the cxposure estimates documested in the

asbestos epidemiology literature may be characterized as “reliable.”

Topic Area 2: The proposed exposure index.

The proposed exposure index does not include contributions from fibers shorter than 5 pm. Please
comment on whether the epidemiology and toxicology literature support the conclusion that asbestos

fibers shorter than 5 pm present little or no carcinogenic risk.
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Answer: The epidemiology literature alone does not contain adequate data to determine the effects
of different fiber lengths. The toxicology literature-suppﬁns the conclusion that long asbestos fibers
are assoctated with greater carcinogenic risk than sﬁort asbestos fibers. The assertion that the 5 ym
limit is a "bright line” separating carcinogenic fibers from non-carcinogenic fibers is doubtful, but

it is clear that fibers shorter than 5 pm have diminishing potency.

An evaluation of the carcinogenic potential of short fibers also can be addressed from a completely
different perspective, using a different set of epidemiology. data-— cancer incidence data collected
by the National Cancer Iastitute in its Surveillance, Epidemiobgy, and End Results (SEER)
program._Briefly, the trend.over tjme of mesothelioma incidence for US women does not reflect the
pattern that would be expected if exposure to,shont fibers pos;:d a significant carcipogenic risk.
These data indicate that although exposures to short fibers may have increased over-time, they have

not resulted in an epidemic of asbestos-related cancer.

The proposed exposure index is weighed heavily by fibers longer than 10 pm. Specifically, Equation 7.13
suggests that the carcinogenic potency of fibers longer than 10 pm is more than 300 times greater than that
of fibers with lengths between § and 10 pm. How consistent is this difference in carcinogenic potency with

the epidemiology and toxicology literature?

Answer: The epidemiology literature alone does not contain adequate data to determine the effects
of different fiber lengths. . The. toxicology literature generally -supports the conclusion’ that long.
asbestos fibers are associated with greater carcinogenic risk than short asbestos fibers. The proposed
exposure index is consistent with the toxicology literature. There exist no data at. this time other than
those used in B&C to further confirm the use of the proposed classification of lengths and numerical

.weights.

Please explain whether the proposed exposure index will allow. meaningful comparisons between
curient environmenial exposures. to asbestos and historical. exposures to asbestos that occurred in

the work place.
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Answer: [ believe the question should be - Can the proposed exposure index be used to evaluate
cancer risk associated with cusrent environmental exposures, given that the index was derived from
animal data and the risk models were derived from data collected in occupational studies? The

answer is "yes" with qualifications. "Yes" because the potency factors in the proposed risk models

- were adjusted to be applied with the proposed index. The qualifications are the uncertainties

concerning the methodology and use of data to derive the adjustments as discussed in answers to

carlier questions.

Topic Area 3: General-questions.

)

8)

9)

"The proposed risk assessment approach assigris carcinogenic potency to individual fibérs and to

cleavape fragments (or bundles. that are components of more complex structures). Please comment

-on whether cleavage fragments of asbestos are as toxicologically significant as fibers of the same

size range.

Answer: From iny reading of thie séfentific literature, it appears that cleavage fragments may be less
potent for asbestos-related cancer than asbestos fibers. As a practical matter, it would be very
difficult to evaludte the proportion of structires that vere cledvage fragments in-Historicat exposure
measurements. Therefore it would be difficult to use a current exposure measurement that was

adjusted for cleavage fragments in a risk assessment model.

Please comment on whether the proposed cancer assessment approdch is relevant to-all amphibole

fibers or only to the five types of amphibole fibers- (actinolite, amosite, anth'ophyl[ite,~croci&olite,

© tremolite) designated in federal regulations.

Aunswer: The proposed cancer assessment approach is applicable only to the mixture of fibers that
constituted exposure in the epidemiology studies. If it were subsequently confirmed that other

mineral- types were, in fact, included in the exposures (e.g., winchite and richterite at the Libby

" mine), the proposed cancer assessinerit approach, subject to adjustment of potency factors, could

accommodate other amphiboles.

The review document recommends that asbestos samples be analyzed by transmission electron
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microscopy. {TEM) and count only those fibers (or buandles) longer than 5 pm. Such counting
practices will provide no information on the amount of asbestos fibers shoster than 5 pm. To what
extent would data on shorter fibers in samples be usefist for future evaluations (e.g., validation of the

cancer risk assessment methodology, assessment of non-cancer endpoints)?

Amswer: The evidence is reasonably strong that asbestos fibers with lengths less than 5 pm have
minimal potency for asbestos-related cancers. Also, there is no-history of an association between

fow level enviconmental exposures, which probably included a high percentage of short fibers, and

. asbestosis. There is no reliable evidence at this time that other non-cancer endpoints are associated

with low level asbestos exposure or short fibers. Counting fibers shorter than 5 pm would increase

- the cost of measuring aitbome asbestos. The cost would not be justified if the only use of the data

- were- to validate the fiber léngth component of the cancer risk assessment. We . need more

information through a debate that has not yet been conducted to determine if the risk of specific non-
cancer endpoints potentially associated with.exposures to short fibers is sufficiently established to

justify the extra cost of including short fibers in asbestos measurements.

The proposed risk assessment methodology suggests that exposure estimates should be based only

.on fibers longer than 5 pm and thinner than 0.5 pm. s this cut-off for-fiber diameter appropriate?

Answer: Determining the correct weights for fiber lengths is more important than fixing a specific
diameter Emit. The cut-off for fiber diameter should account for fiber. respira‘t.wility‘and clearance

roechanisms. [.do not bave a recommendation at this time.:

Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable evaluation

of the available health cffects data. What aspects of the proposed cancer assessment approach, if any,

are inconsistent with. the epidemiology or toxicology literature for asbestos?

Answer: As a whole the proposed cancer assessment approach. is an impressive analysis of a wide-
ranging collection. of data to produce an.asbestos cancer risk mode! that addresses almost all the
significant risk issues that have been debated over the past 20 years. It is a reasonable evaluation

of the available health effects data with one extremely important exception. It does not address the
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"threshold” - “"low exposure linear extrapolation” issue. The analysis, by virtue of this exception,

is inconsistent with the epidemiology literature for asbestos.”

Section 8.2 of the review document presents three options for assessing cancer risks from asbestos

exposure. Please comment on the technical merit of the proposed risk assessment options.

Answer: Each of the three proposed optiens §s an approach with a counterpart that is cutrently

available and bas been availabfe since 1988 when EPA last updated its Asbestos IRIS file. The

- simple equation reported in IRIS (counteipart of B&C Option 3) that determines asbestos cancer risk

fo be 0.23 risk units for each PCM fiber/cc measured in units of lifetime average daily exposure

- (LADE) is usually identified as "the EPA asbestos risk assessment” . However, it-is not the only

option available to a risk assessor today. One may choose to utilize Tables 6-1 through 6-3 in the
EPA Asbestos: Health Assessment Update- (1986) for separate risk estimates of lung cancer and

- mesothelioma by sex and smoking status (counferpan of B&C Option 2), or may use the underlying

equations for lung cancer and mesothelioma with life-table- data to estimate risks {counterpart of
B&C Option 1). The changes in the currently available approaches that define the three proposed
‘'options are: (i) use of a new exposure index that explicitly accounts for fiber dimensions; and (if)
differential potencies based on mineral type that also are different for fung cancer- and mesothelioma.

These B&C innovations are significant, but more is needed.

Option.3 does not distinguish lung cancer. from mesothelioma, and requires averaging over smoking
status and sex. Option 3 may have some merit for "quick™ asbestos risk gomparsons, but is

inflexible and subject to error. B&C does not explain how to implement Option 3. EPA should not

- - fely'dn'Option 3 for estimating risk. "

Option { and Option 2 need to address "thé low-exposure linear extrapolation™ issue. 'EPA’s risk
assessment is intended to evaluate risk at low exposures. The currently available risk assessment
methods lead to questionable risk estimates at low exposures. ‘For exarnple, using the current EPA
unit risk: equation published in IRIS, the incremental risk ‘of asbestos-related cancer corresponding
to a cumulative lifefime exposure of 0.30 f-y/cc is approximately 1in 1000 (1xi10 ). However,
epidemniology data suggest an exposure threshold that may be as farge as 25 f-y/cc for lung cancer.

Although there may be no exposure level where the risk of cancer is an absolute zero, it is highty
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unlikely that 0.30 f-y/cc lifeime éxposure ‘would lead 20 a 1x10” risk of cancer. Option 1 and
Option 2 are likely to oversiate risks at low exposures because they incorporate low exposure linear

extrapolation risk assumptions.

Finafly, Option 1 and Option 2 require estimates of mortality due to.all other causes in order to

produce risk estimates for lung. cancer and mesothelioma. B&C provides mortality data that they

;. use to.create risk tables for Option 2. Since mortality pattemns have been shifting (i.e., survival to

older ages) and mesothelioma has a long latency period, the mortality data’ used in the model. may

.be: an-important -factor, especially for Option 2.. (For example, using 1970 mortality data:may, lead

to different risk estimates than moutality data-from.2000.) The effect may be.small,. but it needs to

be assessed before a particular set of data are locked-in to Option2.

B-108

HWBUI0010043



Bertram Price

Topic Avea 4: Development of Conclusions. and Recommendations

At the end of the workshop, the peer consultants will be asked to draft conclusion statements identifying their
most notable findings on the proposed methodology. As 2 prelude to developing these statements, the peer
consultants are invited to provide any additional comments or concerns, both strengths-and weakniesses, on
topics not specifically addressed in the previous charge questions. Afier completing the discussions the peer.
consuitants will prepare their conclusions, and they will also be asked to develop recommendations for how
EPA can improve the methodology. Please note that, althdugh recommendations for future research projects
are welcomed, the focus of this workshop is on the proposed risk assessment methodology and how it may

be used to support decisions at asbestos-contaiminated sites.
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Prior-to submitting these written cbmments. i would like to acknowledge the invaluable assistance
aﬁd Qui&ance of my colleagues at California EPAJOEHHA. Drs. John Budroe, Stan Dawson, and
Melanie” Marty have (probably) collectively spent more years working on the subject of asbestos

than the number of years that | have been on this earth. Without their support, many of the
qugstxons that have been_ _ad(gyessed wpu{d have been without comgpent My only _{gg(et_ is that we

did not have ample time to more thoroughly answer all of the questions within the charge.:

Topic Area 1: Interprétations of the epidemiology and toxicology literature. -

For lung cancer:

A] lnﬂuence of flber type Please comment on the extent to whlch the epldemiology

Ilterature and mechamstlc studles suggestthat carcmogemc potency vanes from one fiber

type to the next {e.g., chrysoftile versus amphibole fibers). How adequate is the mformauon

in the epidemiology literature for supporting dose-response analyses for different fiber

types? Specifically, to whatextent do you think the proposedrisk coefficients in Table 6-29

are supported by the epidemiology literature?

As has been documented throughout the asbestos literature and conditional on the relative
risk model that has been used to describe asbestos induced lung cancer, carcinogenic
potency varies for chrysotile and amphibole fiber types. What has not been reconciled are
the resulls of Hodgson and Darnton (2000) with this report’s conclusions regarding fiber
type. Hodgson and Darnton (2000) determined differences in carcinogenic potencies for

crocidolite, amosite and chrysofile. In this report, carcinogenic potency differences between

the amphiboles are not reported nor is there a discussion to setile this disparity.

The overall values of KL of Table 6-29 appear to be in an appropriate relation to the adjusted
individual values in Fig. 6-4 for pure chrysotile and pure amphibole and even for mixed
fibers, suggesting agreement with the central tendencies in the epidemiological literature.

This approach, however, does not give sufficient recognition to the high chrysotile
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coefficients obtained in the South Carolina studies, a recognition that is needed for

adequate health protection.

B] influence of fiber length: Please comment on the extent to which the epidemiology
literature - and mechanistic studies suggest that carcinogenic potency varies with fiber
length. How adequate is information in the epidemiology literature for supporting dose-
response analyses for différent fiberlengths? Ingeneral, is it appropriate to assess cancer
risks usiiig an exposure index (see Equation 7.13) that is weighed heavily by fibeis fonger
than 10 micrometers {mm)? (Note: Topic @rea 2 includes more detalled questions on the

proposed expostre ifidex.)

" The adjustment'of the risk coefficients for fiber length seems to be an‘appropriate
” concept appliéd to the animal studies. However, extrapolation to hurivans who-have™ " ™
différent airway geometry than rodents and may wéll respond differently to'the Safie”
fiber dimension requires justification. The repoit needs some substantial basis for an- "

extrapolation that will ultimately require a complex model to fit the human data.

C] To what extent do animal studies (e.g., studies by Davis and other researchers)
suggest that carcinogenic potency varies with fiber type and fiber length?
Hesterberg et al. (1998) exposed Fischer rats to chrysotile asbestos and
-several-man-made fibers by nose-only inhalation for 6 h/day, & daysiweek for 2.
‘years.” The chrysotile asbestos inhalation concentration was 10,600 WHG ¢
. fibers/im} (WHO fibers defined as being 5 pmin length and > 3 pm in diameter .- .
andg having a length/diameter ratio > 3). The geometric mean length and widfh IS
of the_) dispersed fibers was 1.2 and 0.08 pm, respectively, suggesting thatthe - ..
non-WHO fiber concentration was higher: than the WHO conceniration. .
Additionally, no fibers were > 20 gm in length, and very few were > 10 ymin
.length. . The geometric mean length and width of the lung burden of deposited
_ chrysotile fibers after 104 weeks of exposure and 23 weeks of recovery were

1.6 pm and 0.07 pm, respectively.
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propersties {e.9., diameter, aspect ratio, surface properties) other than fiber type and
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Chrysotile asbestos caused significantly increased incidences of.both lung cancer

(12/69, 17.4%, adenomas and carcinomas combined), and pleural mesothelioma (1/69, .
1.4%) compared to controls (lung cancer incidence 2/130, 1.5%; mesothelioma

incidence 0/1 30). These resulls suggest that relatively short chrysolile asbestos fibers-
are capable of inducing both lung cancer and mesothefiomainrats. . The authors stated
.that “fiber-induced lung toxicity is not always strictly dependent upon the numbers of
fong fibers retained.in the lung®, and “these data demonstrate that the foxic potential of
chemically different fiber. types cannot bg predicted solely by the dimensions of the

fibers retained in the lung. In the induction of fiber-induced pathogenesis, sheer

numbers of fibers may thus be able to compensate for a lack of long fibers”.

D] Please comment on the extent to which carcinogenic potency is a function of fiber

fiber length. How adequate is information in the epidemiology. or toxicology literature

for supporting these other properties into dose-response analyses?

No comment.

For mesothelioma:

T

A} Influence of fiber type: Please-comment on the extent to which the epidemiology
jiterature and mechanistic studies suggest that carcinogenic potency varies from one
fiber type to the next {e.g., chrysotile versus amphibole fibers). How adequate is the
information in the epidemiology literature for supporting dose-response analyses for
different fiber types? Specifically, to what extent do you think th'e-p{-bposed risk
coefficients in Table 629 are suppoited by the epidemiology literature?

As stated in Section 8.1.2, Hodgson and Darnton ( 2000) find substantially different
carciriogenic potericies for ampiboles and chrysotile. Even though'the report agrees with

the conclusions of Hodgson and Darnton (2000) on this point, there have been references
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in the literature over the years to differences in potency between crocidolite and all other

asbestos minerals.

The overall values of KM appear to be substantially less than the individual values in
Fig. 6-6 not only for pure chrysotile and pure amphiboles, but also for the mixtures.
This appears to represent an irreconcilable difference between the optimal values given

in Table 6-29 and the individual values for the epideriology studies.

B]lnﬂuence offlberlength P|ease comment on the extent to wh:ch the epldemmlogy
llterature and mechanistsc studles suggest that carcinogemc polency vanes with
f:ber length How adequate is mformatu:;n in the epldemuology hterature for
supporting dose-response analyses for dsfferent fiber lengths? in general, is it

appropna!e to assess cancer risks using an exposure mdex(see Equatlon 7.13) that

is wesghed heavily by f' bers longer than 10 mlcrometers (mm)" (Note Topnc area 2

includes more detailed questions on the proposed exposure index:)

. Nolan et al. (1994) examined tpe lung contents of six workers who' haq been oc_:c_ggationally

exposed to chrysofile asbestos. Five were lung cancer cases from Quebec, Canada. The

sixth case was an American worker who had developed pleural mesothelioma. An analysis

. of two parenchymal lung tissue specimens from the pleural mesothelioma of the American

workes demonstrated that.the predominant, fiber type was chrysotile. _Chrysotile fiber length

. . percentages in those parenchymal lung tissue specimens are described  in Table 1. Fibers

.<0.5 pm in length were not counted.
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Table 1: Length: distribution of chrysotile fibers from fwo parenchymal. luhg tissue

specimens from an American pleural mesothelioma case (from Nolan et al., 1924)

| Specimen | Percentage of fiber length 3
‘=4 0%um 5~7990 pm’ - | - >=8um -
A _96.7 2.5 . 0.8
B _ 988 12 . 0

The aulhors stated that “the fiber Iength dlstnbutron of the chrysome recovered from the

‘U S. meso!hehoma case was mdlshngmshabte from that of chrysoule specrmens known to

'produce mesothehomas in rats" ‘ These data suggest that short fiber chrysoble may be

capable of inducing mesothelsoma in humans.

A study by Suzukx and Yuen (2001} charactenzed asbestos ﬁbers inthe Iung and
mésothelial tissues (mesotheliomatous tissue and hyahne plaque) taken frém 151 human
malignant mesothelioma cases. The most common ashestos types seen in the lung were
a mixture of chrysotile with amphiboles followed by amphiboles alone and chrysoftile alone.
The majority of asbéstos types seen iri the mesothélial tissues were chrysotile alone,
followed by chfysoﬁle Plus amphibote and amphibole alohe.  The majority of asbestos fibers
detected in the lung and mesothelial fissues were shorter than § pim in length. Only 4% of
the fibers found were 8 um in length or greater. The authors stitéd that chrysotite asbestos

can induce human malignant mesothelioma, since,"in somie of the mesothelioma cases,

asbestos fibers detetéd in both the hing and mesothelial fissues, or ling tissué alone or

mesothelial tissues' alone were exclusively chrysotile’ fibsrs.  Additichally, the authors
concluded that “such short, thin asbestos fibers should not be excluded from those

contributing to the induction of human malignant mesothelioma™.
These studies suggest that short fiber chrysotife asbestos is capable of inducing both lung

cancer and mesothelioma in rais, and may be capable of inducing mesothelioma in

humans.
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Similar to the-case of lung cancer, the adjustment of the risk coefficients for.fiber length
suffers from inadequale data applied to the animal studies. Use of the samé fiber-length
adjustment obtained for lung cancer {o rhesothe!ioma. though not contraindicated, is not
"supported in the asbestos literature. Extrapolation to humans who have different aitway
‘geometry than rodents and may Weli respénd differently to the same fiber" dimension

requires justification as well.

C}] To what extent do animal studies (e.g., studies by Davis and other reésearchers)

suggest that carcinogenic potency varies with fiber type and fiber length?

See ling cancer séction, partc.

D] Please comment on the extent to which carcinogenic potency is a fiinction of fiber
.) properties {o.g., diameter, aspect ratio, surface properties} other than fiber type and fiber
length. How adequate is information in the epideimiology or toxicology literature for

suppérting these othier properties into dose-respofise analyses?
No comment.

Hh. To what extent are the exposure estimates documented in the asbestos epldemlology
hterature reliable? . . : .

The exposure estimates documented in the asbestos epidemiology literature suffer from many
of the exposure uncertainties inherent in occupational epidemiological studies. Exposure

uncertainties related to non-representative sampling, poor evaluation_of -job exposures,
refrospective estimation of exposure levels, and the conversion of samples from counted
particles (particle concentrations in million particles per cubic foot) to fiber concentrations (fibers
per milliliter).

Topic Area 2: The proposed exposure index.

Iv. The proposed exposure index does not include contributions from- fibiers shorter
than 5 mm: Please comment on whether the epidemiology and toxicology literature
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support the conclusion that asbestos fibers shorter than § mm present little or no
carcinogenic risk.

The authors assume asbestos fibers shorter than 5 mm present littie or no carcinogenic risk
when-insufficient information exists to validate. this assumption. Potential counter-examples to
this assumption would include Nolan et al. (1994) and Suzuki and Yuen (2001). Their
conclusions were that short fiber chrysotile (< 5mm) may be capable of inducing mesothelioma

in humans.

8) The proposed exposure index is weighed heavily by fibers -longer thén 10 mm.
Specifically, Equation 7.13 suggests that the carcinogenic potency of fibers angef than
10 mm Is more than 300 times greater than that of fibers with lengths between 5 and 10
mm. How consistent is this difference In carcinogenic potency with the epidemiology T

-and toxicology literature?

.y . . Equation 7 12 adequately fit tumor incidence data across 1 3 separate animat studtes )
but there is no jusbﬁmnon for using the proposed exposure index to evaluate asbestos related
cancer risks for humans. Furthermore, as has been cited in eatlier quesuons relating to fiber
length, the induction of fiber-induced pathogenesis can be the result of the sheer numbers of

fibers when there is a fack of long fibers.

Vi. Please explain whether the proposed exposure index wili allow meaﬁingful .
comparisons between current environmental exposures to asbestos and historical
exposures to asbestos that occurred in the work place.

Given the |ack of 1ust|ﬁcat|on for the proposed exposure index in human studres iti is dlff cult to

answer this question.

Topic Area 3: General guestions.

VIl. The proposed risk assessment approach assigns carcinogenic potency to individual
fibers and to cleavage fragments {or bundles that are components of more complex
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structures). Please comment-on whether cleavage fragments of asbestos are as
toxicologically significant as fibers of the same size range.

Cannot comiment.

Viil. Please comment on whether the proposed cancer assessment approach is relevant
to all amphibole fibers or only to the five types of amphibole fibers (actinolite,
amosite; anthophyllite, crocidolite, tremolite) designated in fedem! regulauons.

In the absence of better information, it seems pmdent to use the existing
amphibole numbers, obtained fromy crocidolite or amidsite studies or both, for
other fibrous amphiboles. Based upon the study data of Amandus et al..(1987),
tremolite has a potency between crocidolite and chrysotile for mesothetioma. For
fung cancer, the potency of tremolite is more simifar to chrysotile.. .

iIX. The review document recommends that asbestos samples be.analyzed by
transmission electron microscopy (TEM) and count only those fibers (or-bundies}
longer than 5 mm. Such counting practices will provide no information on the
amount of asbestos fibers shorter than 5 mm. To what extent-would dita.on shorter
fibers in samples be useful for future evaluations {e.g., validation of the cancer risk

.) " assessment:methodology, assessment of non-cancer endpoints)? -

‘Data on shorter fibers would certainly be usefil to validate ‘any cancér risk assessment -
‘miethodology-that is in current practice or development.- Suzuki and Yiien (2001) characterized
asbestos fibers in the lung and mesothelial tissues and noted that a majority of the-asbestos
fibers detected were shorter than 5mm in fength. They concluded that short, thin asbestos
fibers should not be excluded from those confributing to the induction of human mesothelioma.

o1

e proposed risk assessment methodology suggests that exposure estima!es should be
“‘based only on fibers longer than 5 mm and thmner than 0.5 mmi.'Is thls cut—off for
fiber dlameter approprlate? wr -

'Cannot comment.

X{ Discuss whether the proposed cancer assessment approach, as-a whole, is a
reasonable evaluation of the avaifable health effects data. What aspects of the
proposed cancer assessment approach, if any, are inconsistent with the
epidemiology or toxicology literature for asbestos?

The proposed assessment is predicated on the adjustment for fiber length, i.e. interim

exposure index given by Equation 7.13, to be reasonable for humans. Without adequate
justification, one cannot determine whether the approach outlined within the reportis a
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- reasonable evaluation of the available health effects data. In addition, the proposed
approach for developing coefficients has two serious problems: (i) For lung cancer, the
potencies of the South Carolina textile studies for workers exposed to chrysotile are not
adequately recognized. These should be included to afford greater health protection.
{ii} For mesothelioma, the overall optimized coefficients are substantially below the-
trends of the coefficients for the individual studies.

) & _Sve_c,_ﬁ,oni 8.2 of the review gioeument presenis-three options foi-assessing
cancer tisks from

asbestos exposure. P!ease comment on the techmcal merlt of the proposed risk
'assessment optlons . :

AR three ophon§ oould be used, dependmg on the apphcat:on Option 3, Estimating Risk
from a Unit Risk Factor, has the advantage of being the most simple to apply and has been
traditionally lmplemented Optlon 3 would be pamcularly useful for i mexpenswe screemng
-calculations. R . : .

: Technical CommentS'

Comment: Table 6 12 and Flgure 6. 3 dxsplay he Jikely ranges for the .KL . estimates.
However, the uncertainty factors used to derive these “likely ranges” are not defined in a
manner that allows one to replicate these analyses. A protocol that provides decision rules
for assigning such factors is needed as well as the range for each factor. Thus, the text that
describes the variation_.in the KL estlmates could. be mxsleadmg since -the confi; dence
intervals are effectively expanded .

Pg.~-é;35:Amoﬁg "pure“ amphibole studies, tﬁe lowest and highest of the best-esimate KL
values vary by a factor of approximately 20.... However, these two estimates are not
stabstically difference (based on companson of thelr confidence intervals).

Comment The mference suggested above can. be statlstlcally tested via. hkelshood ratuo
tests. By conﬁmng the slopes of the “pure” arnphlbole stud:es to be. equal and then
comparing the likelihood. from this miodef to a model where the slopes may vary, one can
objectively assert whether there is a statistically significant difference in the KL estimates.
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Dr. Stayner has been selected to co-chair the workshop. He recently séfved as a visiting scientist for
the International Agency for Research on Cancer, where he worked with Dr. Jerry Rice on

) monograpbs for man-made, mingral fibers and numerous other epldexmologxc projects. He. is the

Chief of the Risk Evaluation Branch, which includes workmg ‘on research on characterization of

- pcéupational healthiand safety risks dnd the development of bélter methods to ‘characterize theses
-.7isks. .He was, the. 2000 recipicat of the NIOSH Special Act Award for, orgamzmg a workshop 9on

“Future Research for Improvmg risk Assessment Methods.” He has lectured and served as an
instructor on tisk assessment and risk ranagément for académia and’ professmnal ‘societies, and

.international_organizations. He has published numerous papers mcludmg “Exposure Response .

Amalysis of Respiratory Disease Risk Associated with Occupation Exposure to Chrysotile Asbcstt;s-

" “Silica; AsHestds, ‘Wan Made* Fibers, and Cancer,” “Occupational Expbsiire to Chiysofile Asbestos
- and Cancer. Risk: A review of the ‘Amphibole Hypothesis,” “Concordance.of Rat and Human-based

Risk Estimates for Particle R.elated ELung Cancer,” Exposure to Crystalme tica, Silicosis and Lung

" Disease other than ‘cincer in Diatomaceous Earth Industry workers: A~ Quantitative Risk
~-Assessment.” - He has made numerous presentations at symposia, seminars, and workshops including

“Using Epldermolog:c Data for a Risk Assessment of Silica Exposure 2001 * “The Mo{ecular
Epidemiology of Asbestos and otfer Fibers, Harvard $PH, 1996 ' and “An Exposure-Respoiise
Analysis _.of - R&spu'atory ‘Disease . tisk Associated with. Occupational Exposure to-Chrysotile
Asbestos.”
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1 For lung cancer:

A] influence of fiber fype: Please comment on the extent to which the epidemiology
literature and mechanisticstudiessuggestthat carcinogenic potency variesfromone fiber
type to the next (e.g., chrysotile versus amphibole fibers). How adequate is the information
in the epidemiology literature for supporting dose-response analyses for different fiber
types? Specifically, towhat extent do you think the proposedrisk coefficients in Table 6-29
are supported by the- epldemnology literature?

The eprdemnologrc llteralure does not provude compe!tmg evidence that the carcmogemc potency
dsffers by fiber type for {ung cancer Thls was the conclusron ofa review that authored about 5
-years ago [Stayner et al 19977, and 1 have not seen anything'i in this document or elsewhere that
has changed my posmon In fact, the epxdemuologxc hterature prowdes in many cases evidence
.that chrysome s just as potent as’ amphibole for- lnducmg lung cancer - The studies of textile
workers prowde very snmllar eshmates of- potency (Ko despste the fact. that some of these studies
‘mvolved pure chrysohle exposures [Derient et al. 1994}, and others had mlxed exposures {Pelo
1985 and McDonald et al. 1983bL.  In a. study of cement workers Hughes et al. [1 987} observed
an exposure—response for Iung cancer that was nearly identical for workers exposed to chrysotile
or to muxed fibers {in fact K .= 0 4 in both plants, see Table 8-16 of this, report] The “meta-
analysis of K;s presented-in this report does not provide support for the hypothésis that chrysotile
has lower potency for lung cancer than the amphiboles.  In Table 6-21 the test for the hypothesis
that the ratio of potencies (RPC} differs by fiber lype was rejected (p=0.42 or p=0.14 depending
on whether K was adjusted or not). Although this analysis resulted in a potency estimate for
chrysotile that was either approximately 2 times (unadjusted K ), or 5 times (adjusted K} lower
than amphiboles these difference were not siatistically significant, and therefore could be

explained by chance.

In the end, 1 strongly suspect that decision of whether or not chrysotile is as potent as amphiboles
for lung canceris highly influenced by the disagreement between the Quebec miners and millers
study, and the South Carolina textile study. It would be highly informative if a sensitivity analysis
could be performed in which each of these studies as  well as other studies were dropped from the

analysis. 1 also suspect that differences in slopes may be more a function of industry type than

fiber type, and it would interesting to see the analysis attempt to adjust for this factor.
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While there -are some mechanistic arguments that have been advanced.fo suggest that chrysotile
may be less potent for lung cancer than. amphiboles {e.g.. Mossman et al. 1993], it is difficult to

-accept these arguments given that we do not presently know the mechanism and that: these
. arguments appear to conflict with the empirical evidence from . the :epidemiologic literature

-discussed above (and toxicologic literature discussed below).

in summary, | do not believe that the -choice of using separate lung cancer risk coefficients for

_.chrysotile and. amphiboles is well justified.

B} influence of fiber fength: Please comment on the extent fo which the epidemiology
fiterature and mechamstic studies suggest that carcinogenic potency varies with fiber
fenigth. How adequa(e i§ Information in the epidemiclogy literature for supportmg dose-
response analyses for different fiber lengths? In general, isitappropriate to assess cancer
risks using an exposure index {see Equation 7.13) that is weighed heavily by fibers longer
than 10 micrometers {(Um)? {(Note: Topic area 2 mcludes more detalled questions on the

‘proposed exposurée index.)

There is substantial evidence that fiber length is a critical factor in the carcinogenic potency for

lung cancer. Unfortunately, this evidence.is from toxicologic studies and there is litlle available
information from epidemiologic. studies. This is because - the. epidemiologic s,tudiés have not
generally inclyded characterizations of the fiber size distributions.. There is some indirect evidence
from epidemiologic studies. For example, Dement an-d W,aﬂingfor.gi_ {1990} reportgd_nthat‘ the
percentage of fibers greater than 10 um was higher in the South Carolina textile facility than what
had previously been reported in the Cuebec mines and mills, or in asbestos cement manufacturing

facilities. Thus differeﬁces in the fiber size distributions is a possible explanation for why a higher
carcinogenic potency for lung cancer was observed in the South Carolina textile facifity than in the

Quebec mines and mills, and the cement manufacturing facilities.

Although there is limited epidemiclogic evidence to support the need for an exposure index that
gives greater weight to fibers longer than 10 pm, there is inadequate epidemiologic evidence to
support the choice of the specific cutoff and exposure index that is proposed in this report

[Equation 7.13].
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There is also mechanistic-data to support the increased carcinogenecity of long fibers. Davis and

others have demonstrated that short-fiber preparations are cleared more rapidly from rat lungs
than long-fiber preparations. - As described in this report, a mechanistic hypothesis has been
advanced that refates this difference in clearance to the inability of an alveolar macrophage io
engulf fibers that are longer than the diameter of the macrophage. - However, this mechanistic
argument may imply a different choice of cutoffs for the exposure index iian what is proposed in
this report. The report lists 13.1 pn as the average diameter for a rat alveolar macrophage (AM),
versus 21.2 ym for a human AM (p. 4.20). Therefore, based on this one might expect that. model
should use a fiber size cut-point in the model that would be around 13 pm for the rat model, and
around 21 ym for the human model. instead, the “oplimum” rat model.in the paper by Bemnstein-
ét 4. 1995] tises 40 Jiin as a fiber size cut-point, ard the “ad hoc” himan miodel Uses 10 pm as

Bérman and Crump also ciie~;fud:ie.s ;l:ggesﬁng that |on§ fibers infé;fe}é with c'elh-ﬂar‘ -divisié)irj, m
a way that short fibers do not. There is evidence presented in some of these studies that
spécifically it is fibers onger than 15 sm that iriterfere'vx{im' mitosis [Jensen CG and Watson M,
Cell Biofogy intermational 23(12): §29-840, 1999, and Jensen CG et al., Carcinogene’sis' 17(9):
'2013-2021, 1996) specifically refer to this as an effect of long fibers - either 15-80 pm fong, in the

1999 paper, or 15-55 {im long, in the 1996 paper. Thus based on this mechanistic information one

might suggest a cutoff of about 15 pm.
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C] To what extent do animal studies {e.g., studies by Bavis and other researchers) suggest
that carcinogenic potency varies with fiber type and fiber fength ?

There is little if any evidence from animal studies that carcinogenic potency for lung cancer by fiber

‘type. The statistical analyses of the toxicologic data by Berman et al. [1995] failed to demonstrate

any significant difference in carcinogenic potency for lung cancer by fiber type. It is suggested in
this report {page 7-151] and elsewhere that this may be a reflection of the fact that animals have
; much shorter lifespan than humans, and that given the long haif-life of amphiboles the difference
in potency might only be observable in humans. However, this arguments seems fo conflict with

the fact that the analysis by Berman et al. [1995] was able to detect a difference in potency by fiber

type for mesothelioma.

There rs extens:ve evidence from toxrcologrc studles that fiber- suze is an |mportant determmant of
carcmogemc potency. .The inhalation. studres of Davrs and co&workers [Davis et al. 1986 ‘Davis
‘and Jones, 1988] ctearty demonstrated the effect of fiber size on potency The total exposure
'concentrat:on was held constant in these studtes and the preparatrons that contained a high
proportion of long fibers were markedly more potént than the same fiber type with a-short fiber
length. The long amosnte {with fibers up to 100 pm long) produced 11 lung tumors and 3
mesotheliomas in 40 rats the short-fiber preparatlon (w:th fibers only up to 10 pm) produced no
fung tumors and 1 mesothelloma in 43 rats. The long and short chrysotlle preparations were not
as dlfferent in lengths as the amosste but Davis and Jones stated that the tong-ﬁber preparation
had over 80 tlmes as many ﬁbers > 30 pm than the short~ﬁber preparat:on In thus case the Iong-
:ﬁber preparatlon produced appmx«mately three trmes as many pulmonary tumors as the short-ﬁber
preparatron Simifar dn‘ferences in pathogemcnty were seen for mesothe[romas as welt in
mtrapentoneal mjectlon studles comparing iong ‘and short fibers. There are other studres in the
fox l:terature that also suggest greater pathogemcnty for long ﬁbers but the Davis et al. studies are

suffi crent to demonstrate the magmtude of the’ response drtferences that have been seen.

D} Please comment on the extent to wh:ch carcinogemc potency is a function of fiber
properties {e’d., diareter, aspect ratio, surface properties) other than fiber type and fiber
fength. How .adequate is information in the epidemiology or toxrcotogy fiterature for
supporting these other properties into dose-response analyses?
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There is no epidemiologic data available to address this question.

Toxicologic eviderice that carcinogenic potency for iung cancer is associated with fibers > 0.15 pm
in diameter was reviewed by Lippmann, Environ Res 46: 86-106, 1988. In addition, the analysis
of Berman et al., Risk Anal 15: 181-195, 1995 suggests that fibers as farge as 5 pm it dlameter
may be carcinogenic in the rat. In conlrast, mesothefioma has primarily been associated  with very
thin fibers; Stanton etat., J. Nat'i Cancer Inst. 67: 965-975, 1881 reviewed by Lrppmann. Environ
Res 46: 86-106, 1988 : : : '

2) For mesothelioma:

A} Influence of fiber fype: Pleasé comment on the extent to which the epidemiology
literature and mechanistic studies suggest that carcinogeriic potencyvaries fromone fiber
fypeto the next (e.g., chrysotile versus amphibole fibers). How adequate is the information
in the eprdemrology literatiire for supporting dose-response analyses for different fiber
types? Specifically, to what extent do you think the propesed risk coefficients in Table 6-29
are supported by the epidemiology literature? . . L

| believe that the hypoithe.s.is‘met‘ the risk of mesothelioma varies by fiber type is pretty well
established. The epidemiotogic lrteratore oleérly demonsrrates .much 'higher‘ ' irrcidence of
mesoﬂ'reliorne among workers exposed to amphibo!es than.to chrysotile For example the
percentage of deaths ln South African miners exposed to crocrdollte is approxrmately 4. 7% (Slms—
Cremer 1992] and 24% among vermiculite mmers [McDonatd et al. 1986}; whereas the
percentage of deaths from mesothelioma among Quebec chrysotrle mmers and mr!lers was only
0. 4% [McDonaId et al. 1993) and only 0. 2% among South Carohna textrle workers exposed to
chrysotxle [Dement etal. 1983]. In contrast to Iung cancer ‘the meta analysrs perfonrred in the
report of the K.s for meso!helloma mdlcated that the ratro of potencres for chrysotrle and

amphiboles was hrghly statrsncalty drfferent (p < 0. 001) than 1 (See Tab!e 6-21)

Although there are clear differences m mesothelioma risk by fiber type, the actual values of the risk
coefficients presented in Table 6»29 have hmrted support from the epxdemlologrc lrterature
Exposure-response information for estimating slopes (K,s } was generally not available in these

studies, and the Ks could only be crudely estimated with assumptions about the average
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exposures for most of these cohorts.  True- exposure-response relationships could -only be

determiinéd from the- studles by Liddell et al. [1997] and Dement et al. [1994] since these

mvestlgators made their data available to the authors of this report.

I am not aware of mechanistic data that indicates carcmogemc potency for mesothelxoma vanes
by f ber type although I must confess here that | am not totally up to date on my readmg of thls

Ilterature.

-B] Influence of fiber length: Please comment on.the extent to which-the epidemiology
l:tera\ture and mechanistic studies suggest that carcinogenic potency varies with fiber
length. How adequate is information in the epidemiology titerature for supportmg dose-
response analysesfor different fiber lengths? in géneral, isitappropriate toassess cancer .
risks using an exposure index (see Equation 7.13) that is weighed heavily by fibers longer
than 10 micrometers (um)? {Note: Topic area 2 includes more detailed questions on the
proposed exposure index.)

Ti;érejis vi@ally no dé,té available fn the epidemiqlqgig_;._ lit,eratdre fo evaluéte ‘how the carcmogemc potency fgr
mesotﬁelioma varies by fiber fength. tis interesﬁng 4o note, however, that the K s (0.013 for Asbestos, and
0.021 for Thedford) derived in this report from the analysis of raw data from the Quebec study of miners and
millers [Liddell et al. 1997], was nearly an order of magnitide lower than the K., (0.11) défived froim analysis of
the raw data from the South Carolina textile cohort. This may be consistent with the argument that the
exposures in'South. Carolina had a larger percentage of fong fibers, than in the Quebec mines and mills
[Dement and Wallingford 1990}, and thus with the hypothesis that longer fibers have higher Cardinogeric
polency for mesothelioma. On the other hand, lhe fact that the K, for the cement plant study by Hughes etal

' i 987] was hrgher than the South Caralina textile plant would seem to contradict this bypothesus since Dement
and’ Walhngford [1 990] aiso suggested that the exposures at the South Cardlina textile Iac:mty had ‘a2 higher

percentage of long fibers than the exposures at the cement factory.

There is no epidemiologic evidence to support the choice of the specific exposure index that is proposed in
this report [Equation 7.13].

AC] To what extent do.animal studies {e.g., studies by Davisand otherresearchers) suggest
that carcmogemc potency varies with fiber type and fiber length ?
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- The toxicological evidence to suggest that the carcinogenic potency for mesothelioma varies by fiber type is
limited. There is considerable evidence from the toxicologic studies using fiber implantaion that fiber fength
is an important determinant of carcinegenic potency for mesoihelioma, but there is. very limited data from
inhalation studies. Part of the problerﬁ with answering this question is that very few mesomeliémaé are
produced in rodent studies where the route of exposure is via inhalation. The inhalation studies by Wagner et
al. [t 974] and the studies by Davis et al. produced small numbers of tumors, and overall prov:de htt!e ewdence
[see review by Stayner et al. 1996]. The analysls by Berman et al. {1595} do% suggest lhat chrysotlle is
approximately 3 times fess potent than amphiboles. However, there too few cases (n=13) to perform a dlrect

evaluation of this question and it was evaluated by testing whether a direct constant of proportionality couldbe

applied to the probability of fung cancer and mesothelioma. itwasfoundthat this propoitionality constant was
weakly sngmﬁcanﬂy (p-o 032) forchrysotile and amph‘boles Il should be noted that this anatys:s does not take
into account dlfferences in the fiber size drstnbutions, and only lnd;rectly the exposure leve!

e

D] Please comment on the extent to which carcinogenic potency is a function of fibér
properties (e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber
iength. How adequate is information in the epidemiology or toxicology llterature for
supporting these other properties into dose-response. analyses?

There is no.,data,frgrp,epidemiclogi;: studies to evaluate these q_uesli_ons.

3)To what extent are the exposure estimates documented in the asbestes epidemiology
fiterature reliable?

The potentnal for exposure mssclassuﬁcahon in many of the epvdemlotoguc studtes is extremely
large, and possnbly mtroduces far more uncertainty than the adjustmems used by the authors of
this report. Exposure intensity and even duration of exposure had to be estimated for many -, of.the
studies included in this analysis. For example, the study by Selikoff and Seidman Of‘ Uu.s.
insulators .did riotinciude information on duration of exposure, and the US EPA (and this report)
simply assumed that all workers in this study were exposed for 25 years, and to 15 fmiin order

to calculate a K,

There are also large uncertainties in the exposure estimates for studies that included -analyses
by cumulative or average asbestos exposure. One of the key issues is the conversion of

measurements from impingers {mpcf) to the more modern methods based on PCM or TEM.
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This may in fact-be an-explanation for the differences in:potency between the South Carolina

chrysolile textile-cohost, and the Quebec chrysotile miners and millers study,.which is a critical

issue in this risk assessment: The South-Carolina -textile worker study included. extensive side by

side measurements Tor the conversion. . It is noted in the report (page.5.3) that the conversion
factors for the Quebec study came from studies at other facilities. -t is also noted in this report

{page 6.43) that in the mining.environment. there .is a large potential for interference in using the

.impinger method and even the PCM method from non-asbestos dust and cleavage fragments.

This suggests the possibility that fiber counts may have been over estimated in the Quebec study,

-which.may explain-in part the lower carcinogenic potency observed in this facility relative to-the
- South Carolina-cohort.. . . . Coe e

Topic Area 2: The proposed exposure index.

~4) - The proposed exposure index does notinclude contributions fromfibers'shorter than

5 pm. Please comment on whether the epidemiology and toxicology literature support
the conclusion that asbestos fibers shorter than 5 pm present little or no carcmogemc
risk. . . .

The epidemiologic literature does not have any information to contribute to this question. The
toxicologic literature does, and it does strongly indicates that fibers shorter than 5 pm.have little
if any carcinogenic risk. For example, the mullivariate analyses by Berman et al. {13995)
indicated zero potency for fibers shorter than 5 ym. However, 1 think we peed 1o be somewhat
cautious here about ovennterprehng these ﬁndmgs itis ‘still p(.)ss'i'b!e‘ that short fibers (<5 ym)

have a very low carcinogenic potency “and that the toxscologlc studies did not have adequate

- statistical power to detect the level of risk associated with.exposures to.-these. fibers. . One mlght

expect short fibers1o have similar carcinegenic potency as has been observed for.other particles

such as titanium dioxide or carbon black.

5) The proposed exposure index is weighed heavily by fibers longer than 10 pm.
Specifically, Equation 7.13 suggests that the carcmogemc potency of fibers Ionger
than 10 pm is more than 300 times greater than that of fibers with !engths befween
5 and 10 ym. How consistent is this difference in carcinogenic potency with the
epidemiotogy and toxicology literature?
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There is virtually no information in the epidemiologic literature to address this question. There
-is also very'limited information from the toxicological literature with the exception of the paper

" by Berman et al. [1995], and even this paper does not clearly support the factor of 300, which
appears to have been chosen-somewhat -arbitrarily (i.e., -using an “ad hoc method”). ‘
Unfortunately, the Berman et al: paper did not present a model comparable to the proposed
index. The closest mode! shown is the “intermediate” analysis, and in this analysis the potency
of fibers that are 5 to 10 pm long is only approximately 1/4" léss than 10-20, 1710 less than 20-

< 40, and 900 times less than >40° Pm. Based on this model it would seem that assuming a factor
of 300 in potency between fiber5 and 10 ym, and > 10 pm would only make. sense if a very
larger percentage of the fibers > 10 ym were > 40 pm. It would be very informative if the

analysis by Berman et al. could be repeated using the proposed exposure index.

One also must be concerned that this formula is based solely on the analysis of toxicdlogical
- data. One:might expect-that humans might show_a very different pattern in.risk related. to fiber
*‘Size, gwen specles dlfference |n resplratory anatomy and the snze ‘of human and rat

macrophages. The snte of lung tumors is also different with rats developmg tumors in the

alveoli, and humans in the bronchus. Given these species differences, one would sirongly

suspect that the relationships between fiber sizé and carcinogenic potency could be species

spegific. '

6)  Please explain whether the proposed exposure index ‘will allow meaningful
comparisons between current environmental exposures to asbestos and historical
exposures to asbestos that occurred in the work place.

. At this time, itis not possible.to use the exposure index to make meaningful compaﬁsons between
current-environmental exposures and workplace because the workplace studies have not included

the exposure measurements needed to use the index.

Topic Area 3 General questions.

7) The proposedrisk assessment approach assigns carcinogenic pétéhéy to individual
fibers and to cleavage fragments (or “bundles that are components of more complex

B-133

HWBUI0010068



Lestie Stayner

structures”). Please comment on whether cleavage fragments of asbestos are as
toxicologically signiﬁcant as fibers of the same size range.

! am unaware of any ep:demrologrc or toxncolognc studles that have diréct beanng on this queslton
tis mtereshng to riote’ the concefn raised | in this report that studles of miners may have mcluded
count.mg of c!eavage fragments, and that this might account for the very low lung cancer nsk '

detected in these studles

7 Please comment on whatherthe proposed cancer assessmentapproach is relevant
‘to alt amphibole fibers or only to the five types of aniphibiole fibers (actinolite,
amosite, anthophyliite, crocidolite, tremolite) desjgnated in federal regulations.. .

lam not convinced that the proposed methiodology is even relevant for the amiphiboles -

designated in federal regulation let alone for other fiber types.

8) The review documert recommends that asbéstos Simples be -anilyzed by
transmission electron microscopy (TEM) and count énly fhose fibers{or biindles)
longer than 5 um. Such counting practices will provide no information on the amount
of asbestos fibers shorter than 5 pm. To what extent would data on shorterfibersin
samples be useful for future evaluatnons {e.q., validation of the cancer risk
assessment methodology, assessment of non-cancer endpomts)? 7

1 thinkiiis obvrous that if we ever, want to be able in the future to answer the, quesuon as. to whether

ar not fibers. < 5 pm are carcinogenic, than we will need to have;studies in which these fibers.are -

measured.

)] The proposed risk assessment methodology suggests that exposure estimates
should be based only on fibers longer than 5 ymand thinner than 0.5 ym. Is this cut-
off for fiber diameter appropriate?

In. the “optimum” model in the paper by Berman et al,, fibers longerthan 40.  pm, and >.5 ymin

diameter showed a relatively high carcinogenic..potency. This would suggest that 0.5:  um is not

an appropriate cutoff, particularly when you have long fibers.

11)  Discuss whether the proposed cancer assessment approach, as a whole, is a
reasonable evaluation of the available health effects data. What aspects of the
proposed cancer assessment approach, if any, are mconsvstent wnth the
epidemiology or toxicology literature for asbestos?
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| believe what this report has done is clearly ldentify weaknesses in the current methodology using
for measuring asbestos exposure, and for assessing risk ~ The choice of as pm cutoff with a 3
to 1 aspect ratuo was clearly arbntrary. and not based on biologic prmcuples as much as on the
avaﬂable samplmg methodology However, 1 am afratd the proposed methodology is also qu:te

arbitrary, and lacks a solid scaentlﬁc basis. tam most concerned that lower index for chrysoule

and lung cancer risk is not supported by the analysis of the epidemiologic data. } am also
concerned that whlle the proposed exposure metnc may have more plaussbnllty than the current
one, that it stlll needs furlher evaluation. before. bemg adopted. . In partccular. 1 thmk that there is
a real need fo réanalyze soie of the kéy epidemiologic studies using this iidex and other possible

indices based on TEM analysis to determine what an appropriate index is.

12) Section 8.2 of the review document presents three options for assessing cancer
- risks from asbestos exposure. Please comment on the technical merit of the
proposed risk assessment options. . : :

Obviously the first option (using the dose~resp'onse’ model and a life {able) is'thé most accurate, but the
second (estlmalmg risk from a llfe table) should be reasonably accurate under most c:rcumstances (i.e.
excess risks less than 1 per 100) As far as ease of use, of course the 3 optson is the easiest although
the least reliable. All three methods may be'uséful for different audiénces. EPA officials would probably
want in most cases 1o use thé first:option since it is the most accurate. On-the other hand, the unit risk
option might be most appropriate for the lay public and this is what EPA might want to continue to use inils
IRIS database.

Other Comments:? -

This document is in sericus need’of editing; ‘and in many ways is a very rough draft. 1 have the

folfowing editorial and other minor cofments to offer:’ ~

1) Page 4.21 — It seems that a bullet should be added stated that there are important species
differences in the morphology. of. the lung and pleura, and these.differences may have
important implications for.risk assessment.

2) Page 5.7, next to last paragrapll» Tl_lere is a missing reference (R_EF).
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3)

4)

3)

6)

7)

8)

9)

Page 6.17, last paragraph — it is stated that the animal data suggests that tumorigenecity

is a function of in-vivo durability. However, this statement seems to be inconsistent with the
fact that the animal studies have generally failed to demonstrate a difference carcinogenic
potency between chrysofile and the amphiboles. The section 7.2.4 that is referred to is
merely a discussion of differences in dissolution rates and does not provide any evidence
to support this statement.

Chesson et al 1989, which is a critical reference cited several times in this document {e.g.
page 6.46), is listed in the references as “Submitted for Publication 19892

In the meta-analyses of K_and K, | hope that they have not included both the McDonald
and Dement analyses of the South Carolina cohort.  This would obviously be a mistake.

Page 6.61 -The improvement in the range of K | from when adjustments were made is not
very impressive and seems to be due fo improvements solely in the agreement between
the South Carclina textite and Quebec miners studies. ! am not sure that this can be

interpreted as providing justification for the new index as the report does.

Page 6.65, formula 6-12 ~ the symbols for this formula need to be defined.

Page 6.69, last paragraph — {t should be noted that the differences in mesothelioma risk
was not statistically significant, which is clear in the presentation in the appendix.

Page 6.70 — it should be noted that the model does not fit locations 2 or 3&4 very well.

10) Page 6.90 — For the conservative sisk coefficients why not use the largest value for

chrysotile rather than only using the largest values for crocidofite and then scaling
chrysotile?
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EPA ésbgstos document (Berman and Krump), comments by Kyle Steenland, 2/10/03
Summary of approach

" Exposure-response estimates based on a linear relativé risk model for lung cancer, and
an absolute tisk model for mesothelioma, were re-calculated on summary data from the 15-20
epxdemlologrc ‘studies in the literature with exposum-rtsponsc data. - For hmg cancer, these
apalyses werg based on SMRs comparing exposed populations to large non—exposed populanons
with background rates, and in the re-calculation an-additional parameter was &stxmatcd asa
multiplier of background rates. -Using the results of these analyses; a meta-analysis of exposure-
response coefficients was then conducted, for both lung cancer and mesothetioma. A correction '
was applied to exposure-response coefficients for lung cancer and mesothelioma based on fiber
size (more weight on long thin fibers) and on fiber type (more weight on amphiboles vs
chrysotile). The fiber size correction was taken a priori from animal data tempered by
limitations in available exposure data, while the adjustment for fiber type was estimated from
the data. The fiber type adjustment results in separate exposure-response estimates for
chrysotile and amphiboles, a major difference from the cutrent EPA approach.  The fiber size
correction has fewer implications.

The authors have done a thorough and competent job synthesizing a large body of
literature and data, and have taken inventive approaches to old questions. Nonetheless, Ihave
some questions and disagreements as outlined below. My comments are focused on
epidemiologic issues, which is my area of expertise.

General comments ,
L Style of the document. -

It is actually quite difficult to de-cipher the text, the heart of what was done is contained
in a few pages of a very long document. This document could be simplified. For example,
pages 6.1-6.30 could be put in an appendix, as their results are essentially never used by the
authors. I have put my comments on page 6.1-6.30 at the end of this document. Similarly, the
animal data in section 7 seems to be summarized at the end on pages 7.148 through 7.158, and it
is not clear to me that the preceding pages could not be reduced in size.

I Meta-analysis of exposure response coefficients.

The meta-analysis differed from customary meta-analyses (DerSimonian and Laird, 1986)
in which a random effects model is used (in the presence of heterogeneity) and an inverse-
variance weighted average of study-specific exposure-coefficients is calculated (with the vanance
reflected in the confidence interval of each study-specific estimate), along with the addition of a
variance component for between study heterogeneity. Here, in contrast, the between-study
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variatice component was estimated via a likelihood approach, a parameter for weighting fiber-
type was also estimnated via likelihood, and the individual study vaniance (conﬁdenoe mherval)

“ wasmﬂatedmawaydwcnbedmdlet\ppendm

This approachis not unrmsonable, and is of unportance in the estimation of the ﬁber—type
weighting parameter from the data. - One thing not clear, however, is. the inflating of confidence -
intervals for each study as indicated in the Appendix. First, it should be made clear in the text
that these inflated confidence intervals are used uniformly throughout the text, which I believe is
the case — it would be better to consistently give them a different name altogether (eg,

‘reasonable range’ which is used sometimes). More importantly, Appendix A is not clear on how
these inflated confidence are in fact calculated. They seem rather arbitzary. There appears to be
an assumed value of 1.0 for up to 4 factors. This yalue would not appear to make sense as the
formula in:Appendix A has the logarithm of these ﬁ\cto:s which would then be 0. Imust be -
missing something here. ..

A different and more traditional approach, perhaps more transparent, would be estimate
the weighting factor for fiber type from the data and then use it in a traditional meta-analysis, in
which the traditional study-specific varances (C!s) are used, and an additional variance
component (which would cover all the factors in Appendix A) was taken as the between study

variance.

ol : . Why SMRs inthe hung cancer re-analysis?.

For lung cancer, why were mtemal analyses not considered, rather than SMRs" Use of

SMRs leads to comection of background rates (estimation of ‘alpha”) for background rates, which '

in tum changes the &shmated exposure-response coefficients. The raw data for the meta-analysis
given in the Appendnx uses a Poisson-SMR model in which background rates are incorporated.
It is not clear why a Poisson model could not be used:in intemal aralyses without recourse to ..
national rates, which would get rid of the need to estimate the extra parameter alpha (background
correction). - .. . .

Iv. Why these mgdéls (ﬁ'le»ﬁ'sual.EIfA. moﬁels for lur;g cancer and mesothelioma)?.
Given that the éliﬂlors héve m—calculaée& eprsure—resbonse data for éaéh std&y, why

were models restricted largely to the usual EPA:models? Why not the more commuon statistical
models, such as the usual log-linear relative risk model for fung cancer? .

For mesomehoma, ths usual EPA model was ongmally based on ammal datz and

mechanistic considerations. Itis not a model used for any other disease, to my knowledge. The
model, which is based on absolute risk rather than relative sk, is based on an average intensity
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and fime since first exposure, with no consideration of cumulative exposure. Cumulative
exposure is the metric of interest in most occupational cancer studies. For example, it is the
metric of interest used here for lung cancer (and lung cancer models do not include time since
first exposure) This discrepancy between thwe two models could be memioned

If there is a reason to accept the EPA models a priori for historical reasons ﬁus should be
stated. Of coixrse, one reason is to simplify the task. :

V. Throw out the outliers?

Anothér stiggestion wotild be to throw-out dutliers, such ds-any plant where thereis no
exposure-response- for lung cancer (this contradicts the great bulk' of the evidence) and perhaps
the Ontario plant for mesothelioma, where mesothelioma deaths were almost as mimerous as-
lung cancer deaths.

Comments on adjustment for ﬁber size and fiber type.
The charge for peer reviewers primarily reiate to thwe two questions.

The authors claim that ‘by adjusting for fiber type and fiber size, the existing data base of
studies can be reconciled adequately to reasonably support risk assessment’. The basis of this
statement is not clear. Adjusting for fiber type and fiber size reduces somewhat the heterogeneity
of the data; nonetheless; the hetérogeneity reraining within the categories of amphibole arid
chrysotile studies remains very large, and any decision to accept a common risk coefficient
across such heterogenous datais more a policy than a statistical decision (the authors do not do
any tests for heterogeneity, referring rather to non-overlapping confidence limits, buttests are
somewhat superﬂuous in the face of large and apparent- heterogmenty)

Adjustment for fiber type. Mesothelioma. It would appear that there is reasonable
evidence that adjustment for fiber type is worthwhile for mesothelioma, in that the amphxbo!e
cohorts appear t6 have consideiably higher risks than the chrysotile cohorts. However, there is
great heterogeneity within the amphibole cohorts, making prediction within them quite difficult
(the controversy over Whitenoom exposure estimates further increases uncertainty here, see
below under ‘minor points’). Furtherimore, the chrysotile cohorts are also quite different, ie,
between Quebec-and S. Carolina/N. Orleans. Thie Carolina and'New Orleans cohorts show high
risk, and approach the lower bounds of some of the'amphibolé cohorts. Nonetheléss, given the
general increase in risk for all the amphibole cohorts vs the chrysotile cohorts, some adJustment
for fiber type appears justified. :
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Animal data also apparently tends to support an increased risk of mesothelioma for .
amphiboles,

Adjustment for fiber type. Lung caner. The evidence for adjustment for fiber type for
lung cancer is more problematic, in that it relies almost exclusively on the low risk among
Quebec chrysotile miners, or conversely-on the high risk for Carolina textile workers and New
Orleans cement workers exposed to chrysotile. The discrepancy of results these results for these-
3 cohorts is unresolved,-and yet upon it rests the conclusion that the hung cancer risk as- :
substantially different between amphiboles and chrysotile, The evidence is wak, in my view, 0
make an ad;ustment for ﬁbet type for lung cancer risk.

Thc ammal data do not clmﬂy mdlcatc that lung. cancer nsk 5 hlgher for amphnboks vs
chrysotile, further weakening the case for adjustment for fibertype for hing cancer. Theories . -

about the short life of rats and the over-whelming of clearance mechanisms have been proposed- . - -

to explain the Iack of difference in rats:by fiber type but these explanauons do.not appear tohave .
explained away the issue. : o

Adjustment for ﬁber size. 'Ihe adjustment for fiber size on page 6 50 (a m—welghtmg of
traditional exposure measures used in the current standards, which are based on fibers longer
than 5 um and with 2°3:1 aspect ratio and greater than 0.25 um diameter) is taken from the animal "
data in which long thia fibers (40 um) appear to be more carcinogenic, plus an ad hoc , .
recognition that the epidemiologic studies permit exposure measures only based on a-dichotormy
of greater or less than 10:um in length (so that a re-weighting using 40 um cannot be done).

The data supporting the carcinogenicity of long and thin fibers appear reasonably
uncontroversial. The.application of this adjustment in fact does not change much the observed:
heterogeneity in the data. .Another possible approach to adjusting for fiber size is to pick the
weighting (wrzendy :0.3%for <10 um, 97.7%. for >10 um) such that heterogeneity in the data is.
maximally reduced. In practice so little welght is given to fibers <10 um that their welghtmg :
could simply be 0.
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More minor poinés
a) Specnﬁc comments on pages 6.1-6.30.,

While ffiey are mtertstmg exercises, 1t is not clear to me why the analyses of raw data for two
specific cohorts was done, given the limited inferences which can be drawn about the universe of
asbestos studies (a pooled analysis of all existing data, as opposed to a met-analysis, would be
ideal but very time-consuming and possibly iropractical). Tentative conclusions.about the current -
EPA model are drawn based on these two studies, based on sparse data, which do not strike me
as valid. In particular inferences about the patiem of rate ratios after employment termination
sirike me as unwarranted, as they are based on very sparse data. Time-related patterns of RRs,
eg, stratified by time since termination, are affected by other variables involving the healthy:
worker survivor-effect, independent of cumulative dose. Estimation of models using various. .
assumptions about internal dose vs-external dose are focused on pattems for time-since- .- -
termination. It might be more interesting to first evaluate dose-response by cumulative dose. -
using estimates of internal dose vs external dose. But in any case, if only two cohorts can be
studied using raw data, it does not seem woxth the effort, as no genemhzanons can be
exuapolated to- other studies. : : ,

Similarly, it was not clear to me why the multi-stage model was included in the apalysis of two -
cohorts . Again, while this was an interesting exercise, it could have been predicted that this

model — which has not been adopted by epidemiologist conducting occupational studies — is
complex and involves estimating a large number of parameters based on biological assumptions.
It is difficult to mterpret these parameters

b) There is a dispute about exposure levels in Whitenoom which is not reflected in thlS .
document, whereby exposure levels may have been overestimated by 4-10 times (see Hodgson
and Darnton, 2000). This becomes relevant (see below), given the large wexght of thxs study '
(large numbers of cases).

¢) As a general comment, it would be worthwhile if the authors were to add the observed
numbers of cancers to Table 6.12. These would enable an immediate appreciation of the
strength of evidence provided by each study.
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CHARGE QUESTIONS

Topie Are,a-_1: . Interpretations of the epidemiology and toxicology literature.

)

For lung cancer.

A] Influsnce of fiber type Please comment on the extent to whlch the epzdemio!ogy Merature and

) mechanistic studies - suggest that carcinogenic potency varies from one fiber type to the next (e. g-»
-chrysotile . versus. amphibole fibers). How adequate is the.information in the epxdem«ology literature

for supporting dose-response. analyses . for different fiber Iypes? Specifically, to what extent do you

. .thlnk the proposed risk ooefﬁaents in. Tab!e 6-29 are supporzed by the ep!demlo!ogy lxlerature"

There is compellmg ewdcnce from epnde:mologlc and mechamsﬁc studms that

'-cammogemc potency varics by ﬁber type with cbrysotﬂe bemg a less porcnt lung

carciniogen than the amphiboles. The formal analysis of the cohor smdls included in the
Berman/Crump report illustrates this fact, even after adjustment for fiber size. There are
16 cohort studies with quantitative data upon which to base these analyses and published
studies with average TEM fiber size distributions relevant to all but two of them. This is
adequate information. While uncertainties remain related to some of the assumptions and
adjustments made in this methodology, the end result is much greater homogeneity
among the studies within each fiber type ahd a clear distinction in risk between chrysotile
and the amphiboles.

The analysis of refative risk (RR) with time, using raw data from Wittenoom (crocidolite}
and SC (primarily chrysotile), is also informative with respect to pdtency variability, The
RR remains constant after exposure for-the Wittenoom miners but diniixﬁshes with fime
since last exposure for the textile workers. This is consistent with the findings of
Finkelstein and Dufrensne (1999) that chrysotile splits both longitudinally and
transversely in the human lung and that lung burdens decrease substantially with
cessation of exposure. The breakdown of chrysotile and its greater solubility has an
inverse relationship with tumorgenicity. Although fiber size is the stronger influence on
biopersistence, both rodent and human pathology studies indicate that in vivo durability
(solubility) is a predictor of clearance and it is dependent on fiber mineralogy.
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While unable to distinguish Ehe effects of fiber size and type, the large body of asbestos
epidemiologic-studies; pot included in this report because of inadequate exposure data for
exposure-response modeling, is very consistent with the lesser potency of chrysotile. For
example, Camus etal, (New England Journal of M.edici;r_l'e 1998; 338: 1565-71) reported
no excess risk of lung cancer in a population of women with relatively high levels of
nonoccupational asbestos exposure ﬁom two chrysotile asbestos muung regnons '
However, th¢m arg, numerQus exampls of bystander and domesnc amphxbole eXposures
fe.g., shipyard, asbestos cement] linked with mcr&sed lung cancer rates. Thereisno
clea evidewo, of incrased lung cancer isk among,yehicle mechanics déspte potential
exposure to chrysotile in bﬁaké dust and little or no risk associated with manufacture of
(chxysoule) ﬁlctxon pmducts Sumlar ﬁbcr type nsk dxﬁ‘emm have eVen been observed

workets ina raﬂroad workshop Smnd J Wozk Envxmn Health 10 283~29l) or mdustnal
group (chrysotile v. amosie cement éohorts). The conttast in hung canicer risk amiong
female gas mask workers follows a similar élear pa&em of ldwer risk amaﬁg!thosé;
exposed to chtysoule than crocidolite. The exceptxon of course isthe texule .
manufacturing studies, where ﬁber size and the extent of mxxad exposures to amphxboles
confound-d}q_g!gd{ty to address variability in risk QQE to r{nnerglogy. .

As Berman and Cmmp pomt out, the exnstmg EPA model prowdw an adequate .

A descnptlon of lung cancer mortahty for the Wnttenoon cohoxt but may not 'be adequate for A

the sSC cohort ’I'h&se ﬁndmgs, in addmon to the dxﬁ'erenc&s obscrved m the opnmxzed
coefficients upon adjustment for fiber size (Table 6—29) and the conszstent mechamsuc
datz, provide compelling evidence that the dose-cesponse curves for chyysotlle and the
amphxbolesare too d{s_para_t_g:,té) be ;ep.géscn.qu by,one curve or -n“1‘0(~iel.‘;. o

The optmnzed cocff cients for pure ﬁber typae wuh aratio of 5. 3: l (ampluboles to
chrysotﬂe) in Table 629 successﬁxlly reduce study potency vanabxhty € 3% ﬁ'om a factor
of 90 (based on 18 studies) to 60 (based on 16 studxes)) Since the coeﬁicnents have been
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adjusted for fiber type and size, a straightforward quantitative assessment of consistency
with épidemiology studies may not be fedsible. Furthermore, since the tdst informative
epidemiology studies have been uséd to derive these values, they cannot be used as an
mdependent test of ¢ consnstency This might have been possible, had some studies been’
exciuded from the derivation of the coefficients. In this case, predictions based on' the
coefficients could have been cornparéd to what was observed in thé study cohorts. The
disadvantage, of ¢oiirSe, would be the reduction iri the nistber of studies and thie
associated incréssed uncertainty in thie optimization procedure. Would itbe possible,
however, to examitic théobserved niimber of lung caricér cases in-eacki study against -
predicted, usifig the opfiiized cosfficiehis to evaluais the goodncss of fit?

- B} Influence of fiber length: Please comment on the extent to which the epidemiology .

literature and mechanistic studies suggest that carcinogenic potency varies with ﬁber
length. How adéqite is informatior ‘in the epidemiology literature for supporting dose-

~Iesponse analyses for different fiberlengths? In general, is it appropriate to assess cancer

risks using an exposure index (see Equatlon 7.13) that is weighed heavily by fibers longer
than 10 micrometers (um)'7 (Note: Toplc area 2 includes more detailed ques!}ons on the
proposed exposure, index.) . .

Syt

Epldcnuology and mechanisti¢ stidies provnde convincing evidence that fiber size and
shape (length and dianieter) are unportant predictors of ¢ ca:cmogemc risk. -

Mechanistically, fiber dimension is related to respirability, depdsition, degradatxon, o
clearance and translocatmn and, therefom |s a major determmant of cumxﬂauve dose to
the Iung Attempts to relatc potency to asbestos air conoentmhons or worse, measures of

dust contmmng asb&stos, tesults in extteme vanabxhty in potenctw, both among d:fferent
ﬁber ‘types and thhm the same ﬁber type .

Thic detailed feview of experirienial it from rodents and hurhans in the Bétiian/Cruinp
report show that:* shoit fibers (<i0 1im) aré cleared mich more quickly than long (>20
um) insoluble ﬁbers short fibers do not induce fibrosis, long ﬁbexs producc substannal
mﬂammauon, and deposmon and txanstocauon depend predommaﬁely on ﬁber sxze while
durabxhty depends mostiy on fiber type Even longer ﬁbers may be cleared eﬁicnendy xf
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-they.are soluble. . Studies were examined that included varying fiber lengths within the

same fiber:type to enable distinctions to be made, free of confounding. Both the
epidemiology-and mechanistic data support using-a weighted exposure index that
recognizes the predominant influence of fibers longer than 10um.

The analysis of the lung cancer crude potencies (not adjusted for ﬁber snze) bascd on the
Quebec mmers and SC texnle worker studies, together with a revanalysns of thc lung
pathology rtsults of workers from th&se two locations are very mfomauve ngher
measured concentrations in Quebec do not translate to higher lung cancer potency; in fact

-the epidemiology shudies confirm higher lung cancer risks in the textile workers. The.

Berman/Crump analyses show that airborne concentration ratios between the two work :
seftings are not predictors of lung butden (relative ratios of fiber types [chrysotile or
uomohtc]) Morc unpoxtanﬂy, size dxsmbuuou oompansons mdlcate that texhle dust in-
SC may have been: hngxly enriched with: long tremolite fibers (>20 um) The pubhshed
size distributions in these environments (Gibbs and Hwang, 1975, 1980) and knowledgc
of the raw ﬁber purchased by the textile plant further suppoxt these ﬁndmgs o

The absence of a clear increase in lung cancer in epidemiology studies of auto and brake -
mechanics, after-adjustment for smoking, may be explained in part by the potential
exposure to short fiber chrysotile, in contrast with the long fiber types in textile settings
needed to facilitate weaving of the fibers.

Table 6-15 shows a clear correlation between fiber length and lung cancer potency
coefficients. Wittenoom, however, seems to be an exception, with a predominance of
shorter fibets and one of the higher potencies. Potencies adjusted for fiber size (by using
the new exposure metric) are presented in Table 6-15. All coefficients increase by factors
of 2 to 7, with the exception of Wittenoom, whose increase is less than 2, dropping it
down to 9™ most potent (of 20 cohorts). The Wittenoom results merit some discussion

and clarification.
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The Berman/Crump approach to adjusting the lung cancer potencies for fiber size (length
and width) is'very effective in reconciling the variability in the unadjusted estimates.
This body of epidemiological data is adequate for supporting these dose-response
analyses. The approach of using relevant TEM size diéuibu:ions from the published
hterature to implement the size ad)ustment is both rational and innovative. The
uncertamty values a&clgned, however, need to be more clearly explamed and jusuﬂed.
The tange of uncertainty values should be dcscnbed for each consideration and the
criteria used clanﬁed ‘ ’

C} Yo what extent do animal studies (e:g., studies by Davis and other researchers) suggest that
carcinogenic potency varies with fiber type and fiber length?

As an epidemiologist, I will defer to the toxicologists on this issue.
D] Please comment on the extent to which carcinogenic potency is a funchon .of fiber properties {e.g.,
diame!er, aspecl rallo, surface properhes) other than fiber type and fiber Ienglh How adequate is

information in thelepidemiclogy or toxicologyliterature for supporiing these other properties into dose-
response analyses?

Fiber diameter is a more lmpoztant charactensuc thh n%pect to r&spuabxhty (0 02-2um) than
fiber length. In addition, experimental studies cIearly show that long, thin ﬁbexs have the
greatest potency. Few fibers thicker than 0.7 um appear to réach the deep lung. Berman and
Crump make a persuasive case that maximum diameter is more important than aspsct ratio as a
criteria for an exposure metric: I do‘not think epidemiology informs this issue:
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2) For mesothelioma:

A] Influence of fiber type: Please comment on the extent to which the epidemiology literalure and
mechanistic studies suggest that carcinogenic potency varies from one fiber lype fo the next (e.g..
chrysotile versus amphibole fibers). How adequate i§ thé information in the epidemiology literature
for supporting dose~espense analyses for different fiber fypes? Specifically, to what extent do you
think the proposed risk coefficients in Table 6-29 are supported by the epidemiology iiterattire? -

The evidence from epidemiologic and mechanistic studies that carcinogenic potency varies by
fiber type with chrysotile bemg fess potent than the amphlbol&c is even more dramatlc for L
mwothehoma than for hmg canoer The fonna! analyms of the oohort studies mciuded in the h
Berman/Crump report illustrates this fact, even aﬁer ad_;ustment t‘or fiber sxze 'I'here am 2 o
cohort studies with quantitative data upon whlch to base these analyses and pubhshed studm
with average '['EM ﬁber size dxstnbutnons mlevant to all but one of them. Thisis adequate
mformahon. (See lA for comments regardmg the mechamstlc ewdence ) Whlle unoeﬂmntlm
remain xelated to some of the assumpuons and adjustments included in this meﬂmdology thc end

* resultis much gmaber homogenexty among the studies within each fiber type and a clear

distinction in mesothelioma risk between chrysotxle and the amplubolw (about 600 times more
potent).

The percentages of deaths from mesothelioma in amphibole-exposed cohorts greatly exceed what *
is seen among workers primarily exposed to chirysotile, Paraoccupational and bystander o
mesothelioma excesses exarmined in formal epidemiology studies have been associated with
amphibole exposiises. In a rocent publication, Casé ef al” identified six mesothelioma cases

among womei in the Quebec clifysotile mining region. All resided in Thetford, Where the i minés™
have a higher tremolite concentration aiid none in Asbestos. The' ubiquitous uses of crocidolite iii
Australia have led to the highest rates of mesothelioma in the world. The clear increased rate of -

lung cancer in the SC textlle cohort contrasts with the few observed suspect deaths from
mfsoﬁlehom 'Ihe cases of m&eothehoma identified in the Quebec miners and mﬂlers study
track with the cm:dohte cxposune at Iocatlon 2 and the higher tremolite content at 'I'hetford In .
a mostly chrysotlle ﬁlctlon products plant, the 11 cases of mesothehoma were attnbutable to uses ‘.

of crocidolite at the plant or other employment (e £, Be:ny and Newhouse 1983) The contrast in
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| lung cancer risk among female gas mask workers follows a similar clear pattern of lower risk -

among those exposed to chrysotile than crocidolite.

In additior_r,;the current EPA model, which applies po,téncyl derived from cohorts heavily exposed
to amphiboles, has been shown to overpredict mesothelioma in a }:hryéoﬁle;exposed populéﬁon
{Camus et al., 2002).

The CT fuction product plant studred by McDonald et al. (1984) with no reported deaths due to
mesothelioma based o death certificates is worthy of comment, since it has had special o
treatment in this report. There were 3 deaths due to m&sothehoma that were employed at this
location, identified from the CT Tumor Registry as part of a case/oontml study (T eta et aL 1983
Letters to the edxtor, JOM 1986 28: 808—809) One man worked at an asbcstos textrle plant,
1921-32, whrch was the parent company to the friction  products plant studied by McDonald. 'His
hire date premded the start of her cohort, 1938, 'and involved amphrbole eXposure. There were
two women whose cause of death on their death certificates did ot list mesothelioma. One was
classified as probably pleural mesothelioma and the other as a éonfitmied case of peritoneal
mesothelioma during a pathological review. There were issues related (o possible domestic
exposures and possible irrvolver:n,er_rt of other jobs, so it is not known whether these cases are
attributable to expognoat_ the friction products plant. Peritoneal mesothelioma is vrrtually

unheard of due to chrysotile oxposaur;e.z’rhc Berman/Crump report included in their analyses
suspected mwodrelioma mses from tho SC textile cohort and cases in other studies for ryhi_ch

there was possible mvolvemont of other employmem_ This seems msonabre given the under-
reporting of cases in the past on death certificates. In this same spirit, perhaps the two wornen
might be included in the- arralysrs of | the McDonald cohort.

The treatmcnt, in geneml, of uncertain mesothelioma cases shou!d be evaluated for consistency
in computing Km values. For example in Hughes, 1987 Kms were denved for chrysotile and
amphibole cohorts separately However, no Kims were calculated for Berry and Newhousc
(1983), although the study 'had 0 cases exposed to chrysotile and 8-11 for crocidolite. Neither
study perrmtted Clstobe oomputed directly.
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The optmnzed coefficients for pure ﬁber types witha raﬂo of 600:1 (amphxboles to chrysotde) in
Table 6-29 successfully reduce study potency vanablhty, a remarkable reconcmatxon from a
factor of . 1000 to about 26. Since the coefficients have been adjusted for fiber size, a
straightforward quantitative assessment of consistency with epidemiology studies may not be
feasible. Furthermore, since the most infonmative epidemiology studies have been used to derive
these values, they cannot be used as an independent test of consistency. This might have been -
possible, had some studies been excluded from the derivation of the coefficients. In this case,
predictions based on the coefficients could have been:compared to what was.observed in the
study cohorts. The dis%dvantage, of caurse, would be the reduction in the number of studies and
the associated increased uncertainty in the optimization procedure. Would it be possible,
however, to examine the number of observed mesothelioma cases in each study against.
predicted, using the optimized coefficients to evaluate the goodness of fit? |

-B} Influence of fiber fength: Please comment.on the extent to which the epidemiology literature and
mechanistic studies suggest that carcinogenic polency varies with fiber length. How adequate is
information in the epldemmlogy literature for supporting dose«response analyses for different fiber
fengths? In general, is it appropriate to assess cancer risks using an exposure index (see Equation
7.13) that is weighed heavily by fibers longer than: 10 micrometers (pm)?-(Note: Topic area 2 includes
more detailed questions on the proposed exposure index.)

Epndermology and mechanistic studies provide convmcmg evidence that fiber size and shape
(length and. dxameter) are unportant predlctors of carcmogcmc nsk. Mcchamsucally, fiber
dimension is related to respirability, deposition, degradation, clearance and translocation and,
therefore, is a major détexfninant of cumulative dose to the lung, Attempts to relate potency to
asbestos air concentrations or worse, measures-of dust contammg asbestos results.in extreme

variability in potencies, both among different fiber types and wnhm the same fiber fype.

As with lung cancer, it is evident from Table 6-15 that the unadjusted mesothelioma potencies
for the 12 cohort studies correlate with fiber size, with the exception:of Wittenoom, which ranks
#2 in potency but #10 in total fibers > 10um.. Fhe most dramatic-changes after adjustinent are in
the insulating manufacturing and insulator cohorts, whose potencies dramatically increased, due
to the highest proportion-of long fibers. The smallest change occurred for Wittenoom, consistent
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with a distribution favoring short fibers (crocidolite). (Note: the K1 values for Wittenoom and
SC in Table 6-16 don’t seem to agiee to the values in Tables 6-1 and 62)
The Berman/Crump approach to adjusting the mesothelioma potencies for fiber size (léngth and 7
width) is very effective in reconciling the variability in the wmadjusted estimates. This body of
epidemiological data is adequate for supporting these dose-response analyses.. The approach of
using relevant TEM size distributions fom the publistied literature to implement the size.
adjustment is both rational and innovative. Thie uncertainty valucs assigned, however, rieed 16 be
more clearly explained and justified. The range of uncertainty values should be described for
each corisideration and the criteria used clarified. The authors might consider a‘section
describing each decision in the process that was made to account for uncertainty, in both the use
of TEM values from other studies and thie F1-F4 factors related to exposure and othér
uncertainties. ‘ '

C] To what extent do animal studies (e.g,, studies by Davis and other researchers) suggest

that minogenig potency varies with fiber type and fiber length?

As an epidemiologist, I will defer to the toxicologists-on this issue.

D} Please comment on the extent to which carcinogenic potency is a function of fiber properties ‘(é;g.,
diameter, aspect ralio, surface properlies) other than fiber type and fiber length. How adequate is
information in the epidemiolbgy or loxicology literature for supporting these other properties into dose-
response analyses?

[ have nothing to add beyond my brief comment in 1 D,

3) To- what extent are the éxposure estimates documented in the. asbestos
epidemiology literature reliable? :
Obviously, some studies have more complete and more accurate exposure estimates and the
amount of error and imprecision is a function of time, with estimates of historical exposures
being the most difficult to reconstruct. In-the past they are more likely, however, to be worst:
case, with representative sampling becoming routine around the mid to late 1970s, if the
chemical industry pattern in the U.S. holds. The authors used uncertainty factors (F1-F3) to

account for uncertainties in exposure estimates for each of the studies: F1 for uncertain recreation
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of past exposures, F2 for conversion and F3 for use of a crude estimate of average exposure. F4

was used for other types of uncertainties.

While thexe issues captum the key exposure factors the choice of F values ¢ at least 1. 5 and is at
least 2 or more in most-cases”} is madequately explained and appears arbxtrary Funhemom the '_ o
formula for the overall unccrtamty factor (A.6) the square root of the exponent of the sum of the
logs squared of the factors, needs more Justlﬁcatxon than the reasonable one that it aocounts for .
errors in different duecuons In addmon, the factors are only apphed to the conﬁdence mtervals .
(CD), as if the only influence on the coeﬁicnems would be related to random vanabmty or

- precision. It is unclear how the Cls impact the final coefficients in Tables 6-29 and 6-30.

§ would disagres with the use of F3 as an uncertainty. factor and argue that use of an overalf
cohort average exposure i oo uncerin nd sicies it tis Severe’ imfation sbild nof be.
used for expmum@mme. It appears this occurs for only oné stdy, Selikoff ‘and Se‘idtﬁéri, -
1991. The limitation of this study is even greater because the average exposure concentration did
not even come directly. from the study itself. (A case study by Nicholson, 1976, is cited in the
1986 EPA Health Assessment). Furthermore, there were no data on duration of exposure,
requiring another outside average to be used. This was a very important study with respect to
identification of asbestos hazards, but the available information is not adequate for use in
exposure-response analyses.. Another study I would reconsider including in the exposure-
response is Lacquet et al,, 1980. The follow up is much to short and the exposure information
inadequate. "

Toplc Area2: The proposed exposure index.

4) The proposed _exposure |ndex does not include con’mbutsons from ﬁbers shorter than 5 ym.
Please commient on whether the emdemxology and toxicology literature support the
- conclusion that.asbestos fibers shorter than 5 um present little or no carcinogenic risk.

There is adequate evidence that fibers'shorter than Sum present little or no risk. Experimental
data confirm that clearance of fibers is-dependent on fiber length and that short fibers do not
produce fibrosis. Mechanistic and other experimental studies show fibers < 5 um clear readily -
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and the small proportion that do not clear are sequestered in alveolar macrophages. Fibers
shorter than 10-20 um are almost completely handled by macrophages. The strongest evidence
comes from Berman’s re-analysis of the toxicological studies of Davis et al. usmg TEM based
fiber lcngth distribution data. Noné of the epldcrmology studies havc TEM data and there is no
way to xdcnnﬁ/ workers in the studies that are exposed only to ﬁbers <5um, Tberefore '
epidemiology cannot spaclﬁcally address this issue. 'I'here is corroborative epxdemxology,
however, m studm of vehicle and brake mechamcs, who have potentla! exposum to short fiber
asbestos (chrysohle) and have not been found to be at increased nsk of mesoﬂxehoma in
DULNETous smdm exa:mmng this i issue. '

5) The proposed exposure index is weighed heavily by fibers longer than 10 ym. Specifically,
Equation 7.13 suggests that the carcinogenic ‘potency of fibers longer than 10 pm is more
than 300 times grealer than that.of fibers wilh lengths between 5 and 10 pm. How
consistent is this difference in carcmogenxc poténcy with the epndemiology and tox:cology
literature? - . . . . .

This difference is based on the re-analysis of the Davis et al. studies, using TEM based fiber
distributions. Other éxperimental evidence is corroborative indicating that fiber lengths shorter -
than 10 to 20 um are readily handled by macrophages. In addition, the optimum exposure index
indicates little impact of exposures as high as 40 um in length.

As indicated in #4-above, epidemiology cannot offer specific:guidance on this issue.-

6) Please explain whether the proposed exposure index will allow meaningful comparisons
between current environmental exposures to asbestos and historical exposures to asbestos
that occurred in the work place.

Current environmental exposum to asbestos can be ﬁﬂly charactérized by ﬁber type and size using
fo,r expOsure-tesponse by tlme-same charactenstxcs. : Factoxs have been- mtmduced, howcver, to
address uncertainty in the .exposure. data from the studies and in the derivation of fiber size
distributions from these studies for purposes of potency calculations and their Cls. Therefore, if I
understand the question correctly, direct comparisons of exposure would not be a meaningful
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exercise, However, use of the models with the new potency estimates can be effectively employed
to estimate lifetime risk associated with the particular environmental circumstance.

Topic Area 3: General questions.

1) The propmed risk assessment approach assigns carcinogenic potency to individual fibers and to
cleavage ‘fragments (or Abiindles that are ‘components of more complex structures@). Please
comment on whether deavage fragments of asbestos are as toxicologically significant as ﬁbers of
the same size range.

This issue is béyond my area of expertise.
2) Please comment on whether the proposed cancer assessment approach i$ rélevant to all amphibole

fibers or only to the five types ‘of amphibole fibers (dctinofife, amosite, anthophyllute cracidolite,
tremolite} desrgnated in federal regulatlons

T'am pot familiar with any other amphxbole fibers and doubt that the:e is any epxdemlology fo

- inform the & issue.

3) The review document récommends that asbestos samples be analyzed by transmission electron
microscopy (TEM) and count only those fibers {or bundles)longer than 5 pm. Such counting practices

will provide no information on the amount of asbestos fibers shorter than 5 ym. To whal extent would.

data on shorter fibers in samples be useful for future evaluations {e.9., validation of the cancer risk
assessment methodology, assessment of non-cancer endpoints)? - .

Since fibers shorter than 5 um do not contribute to fibrosis, there would be no value in collecting

these data for non-cancer endpoints. To.validate the risk assessment methodology, more research -

would be needed. The only circumstance I could think of that would be of interest is where there -
is an exposure scenario (e.g., work environment, environmental source) where exposures are
[imited to <5 um and there is an ability to identify increased risk; if it existed for lung cancer and:
mesothelioma. It would be extremely difficult, however, to design-a valid study with reasonable
precision. 'Power issues and confounding exposures would likely be insurmountable.

-t

4} The proposed risk assessment melhodology suggests that exposure estimates should be based only

on fibers longer lhan 5 prm and thinner than 0.5 prm. Is this cut-off for fiber diameter appropnale”

With the exception of mouth breathing, few fibers > 0.7 um in diameter feach the deep lung.

And not all those that do will adhere to the lung surfaoe Experimental data also indicate that itis
the fibers thinner than 0. 7 um and longer than a minimum of 10 um that lzkely contribute fo

disease. Timbrell (1982) reported complete clearance of short (< 4 um) fibers with diameter less |

B-158

HWBUI0010093



S, 4

5

M

e

M. Jane Teta, Dr.PH

than 0.6um. (Berman and Crump make another argumenit supporting' 0.5 um as the cut-off refated -
to diffusional diameter. This discussion is outside the-scope of my expertise.) Reliance on the re-
analyses of the Davis et al. toxicology studies using TEM based exposure results in an adequate

fit of the data with a cut-off of 0.3 um diameter for structures between 1 and 40 um in length
Adequateﬁtwasalsoseenmdlao4umcut-oif lnhghtoftlusevxdcnonS um seems

appropnate

5) Discuss whether the proposed cancer assessment approach, as a whole, is a reasbhabl.é’evaluation
of the available. health effects data. What aspects of the proposed cancer assessment approach, if
any, are inconsistent w:lh the epxdemlology orF tox]oo!ogy Ixterature for asbestos? )

“Thisisa very impressive piece of work that considers al‘the evidence and mtegxat&s it

effectively. The methodological approtich is stipported by a solid foundation of séientific
evidence and data. Uncertainties in the human data are considered and factored into the method. -
The expeﬁmenlal data is careﬁﬁly scmumzed and masonably evaluated in a balanced fashion '

The variability in the msults of the: epndennology studns are well d&ecnbed, but no standards are
provided to judge the acceptabnhty ‘of the studies for risk assessment. oo

I found the epidemiology data to be accepted at face value as evidenced by the placement of study
summaries in the Appendix. The information from these studies .is fundamental to the methodology.
Justification for the .unceriainty factors needs to- be clearer (see response to qucst‘ion.#ii),»: What_
criteria were used for acceptability of the studies for inclusion (see prior discussion of Selikoff -and
Seidmanand Lacquet et al)? I support.the use of human data and the -methodology proposed. but
question whether study quality and the suitability of each study for exposure-response was measured
against any standard. I am not convinced that introducing the uncertainty factor, F4, for example,
solves all the [imitations uarelated to exposure, such as 4 sizeable proportion’ of sulpects lost to

follow up. Would it be more _appropxiéte to exclude the study?

I see no substantxve mconsnstencm mth the existing epldenuology and tox1co!ogy hterature The
extreme vanablhty i estimates of risk from the epxdermology studies has troubled smenhsts for
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some time. It is well accepted in the scientific community that asbestos.fiber size and.type are key
dcterxmnants of nsk. More speclﬁcaﬂy, # is well rccogmzed that the long, thm ﬁbers are: the most
potent and that amphibo[& have greater potency than chrysotﬂe '[hxs smennﬁc understandmg and
a practlca! approach to applying it has been captured in thc Bexman/Cmmp pmp05ed me:hodology
The result is a vast improvement in reconcmng the dlﬁferenca in the epldexmology studxes
Thls is an innovative plece of work that vastly unpmvm the nsk assessment mcthodology for
asbwtos and makes excellent use of all the cumently avaxlable scxentxﬁc mfoxmauon

"~ &) 'Section 8.2 of the review document presents three 6'ptior§é‘ fof assessing cancer risks ‘o asbestos

exposure. Please comment on the technical merit of the proposed sisk assessment opfions.

hed

I"sup;;ort,options_ #1 and #2 as appropriate appréaches to assessing cancér xisks for ;sbécms -

exposure. They are both techrically éorrect with option #1 béing; toré fleiblé (¢ 2; ci handle
ﬁmé—vaqring exposurej, being the moxe ;gen—eral caée; but obtion' #2 bcmg easier-fé i‘mp_ler'hex;f' -_:-.
(only need estimates of long-term exposure). Chiosing between these options depends on the
circumstances of the population of interest. To make a judgment about lifetime risk tb an urban :
USS. population with a relatively constant exposure, option #2 would be the easmt to use and b
would provide the same result, had option #1 been employed.- If a: demohuon project is under
consideration in which exposure concentrations might vary by task and workers ‘wotld have ‘
various fixed durations of employment, then option #2 would not be suitable, but the more o

general case, option #1 would be.

1 would not recommend option #3, some sort of combinediinit risk, bécausé it deféats 'ffi:éfi;urpose
of taking into account how-potencies vary by fiber size and type and introduces an-additional
welghtmg procedure Whlle smgle unit nsk estunates have the advantagc of sxmphcnty the,
disadvantages in this case outweigh the advantage pamcularly thh the £ase’ of use- of the nsk table~

Topic Aread: -~ Development of Conclusions and Recommendations .. -

At the end of the workshop, the peer consultants will be asked to draft conclusion statements
identifying their most notable findings on the proposed methodology. As a prelude to developing
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these stateinents, the peer copsultants are invited to provide any ‘additional comments or concems,
both strengths and weaknesses, on topics not specifically addressed.in the previous charge questions.
After completing the discussions the peer consultants will preparc ‘their conclusions, and they will
also be asked to develop recommendations for how EPA can improve the methodology. Please note
that, although recommendations for future research projects are welcomed, the focus of this
workshop is on the proposed risk ‘assessment methodology and how 1t may be used to suppon
decisions at asbestos-contaminated sites. d

Addltlonal comments.

It is noted n 6. 65 that background cases of m&soﬂlehoma are rare in the general populahon
Is 2 per million, the estimate for the U'S. small énough to not impact:the model? =

- Why are 90% CI preferred in this document?

) Dlscussmn of two-stage model may be better placed in the Appendix, since it dldn't turmn out

to be useful
Very long section on factors governing oellular and txssue response (1 ., mechanism of
carcinogenicity) should be substantially shortened (with more detail:in Appendix), since it
resulted mostly in hypotheses that were not integral to methodology. |
Clarify how Cls are incorporated into final coet’ﬁcxems 1f in fact they are. If not, ‘How do the
uncertainty factors make a difference? -
Would mcmpoxauon of a maximum latency penod mto the EPA model zmprove its
pcrfounanoe?
There .is- litle discussion of peritoneal mesothelioma- — would potency: éstimates be “any
different for this endpoint? , .
P. 5.6 notes one needs incidence of meso. by “age at first exposure ” to mlplement EPA
model Is this correct or should it be “time since first exposure™? - :
P. 6.65, descnptxonpf equation 6-12. “assuming that exposure remains ccmstant” may be
incomrect. '
P. 8.7 notes -consistency with Stayner yet he concludes that with- respect to -lung cancer,
epidemiology doesn’t support lower potency for chrysotile?

Is there any mechanistic data to understand why chrysotile is closer in potency to amphiboles
for lung cancer but so much less potent than amphiboles for mesothelioma?
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Westin St. Francis
San Francisco, CA
February 25-27, 2003

‘Agenda

Workshop Co-Chairs:  Roger McClellan, Toxicology & Human Health Risk Analys:s
Leslie Stayner, National Instttute“for Occupat:onal Safety and Health

PO N B RIS ., MR R TT
st e . B 3 B BEEREY

Facilitator: ~ Jan Connery, Eastern Research Group, lnc.’
TUESDAY, FEBRUARY 25, 2003 )
m . 8:00AM - : .Registration/Checklpn - . -...: "~ . ¢ : i .
)
S A 8:30AM Welcome and Announcements. ... ............ P S e Jan Connery
8:35AM Opening RemMarks ...........coovuenuacnnnnn R e Richard Troast .

U.S. ‘Enviropmental Protection Agency (U.S. EPA)

* - Office:of Solid Waste and Emergency Response (OSWER)

Office of Emergency and Remedial Responsée (OERR)

8:45AM Peer Consul-tént lntfo.duc‘tic'o;ls' and ' FRURY C .
Conflict-of-interestDisclosure’., .. . .. ev¥og o oo oo .. . s Facilitated by Jan Connery

2:00AM Goals, Purpose, and Ground Rules ............. PR A A ~idan;Connery
9:10AM Background on the Proposed Protocot to

Assess Ashestos-Reldted Rish . .7 .5 & .. il i o nlan o WaynéiBeédman,

Aeolus, inc.

b b o v, andKenpny Crump,

ENVIRON

10:10AM. - BREAK =i .

40:30AM Charge to the Peer Consultants

—~,
] 7T 1ANRGIC TRONH LR “
i Y ) D-1
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TUESDAY, FEBRUARY 25, 2003 (continued)

10:40AM Topic Area 1: Interpretations of the Epidemiology and Toxicology Literature : w
- . Discussians facilitated by Roger McCIellan (Ammal Toxaoofogy and Mechamshc studtes)

"“and-Leslie' Stayner (Epidémiology)’ : EL TS
LUNG CANCER ISP R ESRES S
(1} Fiber Type § ..
a. Epidemiology B T T L
{6} Animal Toxicology and Mechanistic Studies -
12:00Noon LUNCH [onown) VRO T e ey
1:00PM Observer Comment Period .. .. ..... .. ... ... ....... Fac:lftated by Jan Connery

2:00PM Topic Area 1: Interpretations of the Epidemiology and Toxlcology Lnterature

ik LUNG&ANCER {céniinueco

il.  Fiber Dimensions and Surface Propemes (Iength and other cons:deratzons)

a. Epidemiology : e o
b. Animal Toxicology and Mechanistic Studies
3:30PM BREAK S S T O L T NS ¥ S

3:45PM Topic Area 1: Interpretations of the Epidemiology dnd T oxi¢ology Literature.

. MESOTHELIOMA I Y

" ‘6,‘ ”' . Fiber Type [ PR Efeg i :..1” .
e ".Epidemiology .

b Animial - Tox:cology and Mechanistic Studies

LT s . 4“\_.:, - e

i F:ber Dimens:ons and Surface Propertzes (Iength and other cons:deraﬂons)
a. Epidemiofogy NN vy ,_* A o
ol Liwiio. b, Animal Toxicology and Mechamst:c Studies ...iv:

cw- 5 30PM . ADJOURN EIEI : T TR R

SR LR T "-r-:;:':‘-.'.-1\.:*._-.'--"5- QR

WEDNESDAY FEBRUARY 26 2003
8 ()OAM Observer Comment Period

9:00AM Review of Day One Discussions and Day Two Charge to Peér Consuitants

D-2
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9:10AM

9:40AM

10:10AM

10:30AM

11:15AM

12:00Noon

1:00PM

3:15PM

3:30PM

4:50PM

5:00PM

WEDNESDAY,FEBRUARY 26, 2003 (continued)

Topic Area 1: Interpretations of the Epidemiology and Toxicology Literature
EXPOSUREESTIMATES . ................. e Facilitated by Leslie Stayner

Topic Area 2: The Proposed Exposure Index

Question#4 ..... .. ... ... ... ... . ... e Facilitated by Roger McClelfan

Topic Area 2: The Proposed Exposure fndex

QUESHON S .. ...\ttt e iiiie e Facilitated by Leslie Stayner

Topic Area 2: The Proposed Exposure index
Question#B .. ... . ... ...t iiiiinraieansnnnnanns . . Facilitated by Roger McClellan

LUNCH

Topic Area 3: General Questions

QUESHON 7 . vttt it a it ettt i et a e Roger McClefian

Lo Tt 1o 1 1 - S U UG U Leslio Stayner
QUESHIONS © . ..ottt i aa e e Roger McClellan
Question 10 .. ... ... i i iiei it it it taes s e Leslio Stayner
QUESHOM 12 .. .. i ittt i e i ee e e Leslio Stayner
QUestONS 10 . .. i ittt e ettt Roger McClolfan
BREAK

Discussionof OtherKeylssues ... ... ... ... ciiienemeenananann Facilitated by
Roger McClellan and Leslie Stayner

Wrap Up of Day Two Discussions and Review of Goals for Thursday

ADJOURN

THURSDAY, FEBRUARY 27, 2003

B:00AM
10:15AM

10:30AM
11:35AM

11:45AM

Topic Area 4: Devetopment of Conclusions and Recommendations

BREAK
Topic Area 4: Development of Conclusions and Recommendations
Closing Remarks

ADJOURN

D-3
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