APPENDIX A:
UPDATE OF POTENCY FACTORSFOR
LUNG CANCER (K,) AND MESOTHELIOMA (K,,)

Estimates of risk of dying of lung cancer or mesothelioma from asbestos exposure are quantified
by means of mathematical models that express risk as a function of exposure. The models
utilized in the 1986 U.S. EPA Airborne Asbestos Health Assessment Update (U.S. EPA 1986)
contain parameters (K, for lung cancer and K,, for mesothelioma) that gauge the potency of
asbestos for causing these health effects. USEPA calculated K, and K, values from a number of
studies. Inthissection these K, and K, calculations are revised using the same models asin the
U.S. EPA (1986) update, but incorporating newer data from more recent publications. Since the
1986 update, additional cohorts have been studied from several new exposure settings and the
followup periods have been extended for several of the previously studied cohorts.

In the 1986 update, K,, values were not calculated from all of the available studies, perhaps
owing to the limited number of mesotheliomas observed in some of these studies. In this update,
an attempt has been made to utilize any study with suitable health and exposure data, regardless
of the number of mesotheliomas reported, and to quantify the statistical uncertainty attributable
to small numbers using statistical confidence limits. Since the present work utilizes somewhat
different methods from the 1986 update, for consistency, all of the K, and K,, values were

recal culated, even from studies for which no new data were available. Table A-1 contains a
summary of the new valuesfor K, and Table A-2 contains the new valuesfor K,,. The original
values from the 1986 update are also provided for comparison. These tables also contain
statistical confidence limits and ad hoc “uncertainty limits’ for K, and K,,. The derivation of
these limits will be described in detail in subsequent sections.

A.1 LUNG CANCER MODEL

The 1986 U.S. EPA lung cancer model (U.S. EPA 1986) assumes that the relative risk, RR, of
mortality from lung cancer at any given ageisalinear function of cumulative asbestos exposure
(fiber-years/ml, or f-y/ml, as measured by PCM), omitting any exposure in the most recent

10 years. Thisexposure variableis denoted by CE,,. The 10-year lag embodies the assumption
that exposures during the most recent 10 years do not affect current lung cancer mortality risk.
The mathematical expression for thismodel is

RR = 1 + KL * CElO’ (Eq A'l)
where the linear slope, K|, isthe “lung cancer potency factor.” To make allowance for the

possibility that the background lung cancer risk in the exposed population differs from that of the
comparison population, the model is expanded to the form,

RR = % (1L+K, « CEy). (Eq. A-2)



With this form of the model the relative risk at zero exposure is « rather than 1.0. Both K, and «
are estimated by fitting the model to data. The type of data usually available for applying this
model are from cohort studies in which observed and expected (based on an appropriate
comparison population, e.g., U.S. males) numbers of lung cancers are categorized by cumulative
exposure incorporating a 10 year lag. To explore the adequacy of the model, it is useful to have
the data cross-classified by one or more other variables, such as latency.

Frequently the cumulative exposure variable available from the published report of a study does
not incorporate alag (or, less frequently, incorporates a lag of less than 10 years). In thisreport,
rather than attempting an ad hoc correction, no correction for lag has been made. Although this
tends to cause K, valuesto be dlightly underestimated, thisis unlikely to be a serious problem.
For most cohorts, exposures decreased significantly over time. Also, in many studies, followup
didn’t begin until several years after the start of exposure and the bulk of the lung cancers
occurred at older ages. All of these factors tend to mitigate the error created from use of data
with no lag. Moreover, use of an ad hoc correction for lag could hinder comparisons of K,
values among studies that do not employ alag (which includes the mgjority of studies).

A2 MESOTHELIOMA MODEL

The 1986 U.S. EPA mesothelioma model (U.S. EPA 1986) can be derived by assuming that the
mortality rate at timet after the beginning of exposure can be calculated by summing the
contributions from exposure at each increment of time, du, in the past. The contribution to the
mortality rate at timet from exposure to E(u) f/ml (as measured by PCM) at time u is assumed to
be proportional to the product of the exposure rate, E(u), and (t—u-10)?, the square of the elapsed
timeminusalag of 10 years. Thus, as with the lung cancer model, the mesothelioma model
assumes a 10-year lag before exposure has any effect upon risk. With the additional assumption
that the background rate of mesotheliomais zero, the mesothelioma mortality rate at timet since
the beginning of exposure is given by

L) = 3*K,*[ EU)*(t-u-10)°du, (Eq. A-3)

wheret and u arein years, and I,,(t) is the mortality rate per year at year t after the beginning of
exposure. The proportionality factor, K,,, is caled the “ mesothelioma potency factor.” The
factor of “3" is needed to retain the same meaning of K, as defined by U.S. EPA (1986).

If exposureis at aconstant level, E, for afixed duration, DUR, this model can be written as

0 0<t<10
In®) =Ky *E* (t-10)3 10<t <10+ DUR (Eq. A-4)
Ky* E*[(t- 10)3 - (t-10- DUR)3] DUR <t

The genesis of this model and its agreement with data were discussed in U.S. EPA (1986).

Through the courtesy of Dr. Corbett McDonald, Professor Douglass Liddell, Dr. Nicholas
de Klerk, Dr. John Dement, and the National Institute for Safety and Health (NIOSH), raw data
on mesothelioma mortality were obtained from a cohort of Quebec chrysotile miners and millers
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(Liddell et al. 1997; McDonald et al. 1980a), a cohort of Wittenoom, Australia crocidolite miners
and millers (Armstrong et al. 1988; de Klerk et al. 1994), and a cohort of workersfrom aplant in
Charleston, South Carolinathat manufactured textiles from chrysotile (Dement et al. 1983a,b,
1994; Dement and Brown 1998). These data were used to calculate K,, valuesin amore
accurate manner for these cohorts (using the “exact” approach described below) and to explore
the potential magnitude of the errors incurred by the crude application of cohort-wide averages
when fitting the mesothelioma model.

A3 STATISTICAL FITTINGMETHODS

The method of maximum likelihood (Cox and Oakes 1984; Venzon and Moolgavkar 1988) was
used herein to fit the lung cancer and mesothelioma models to data and to estimate K, and K.
The profile likelihood method was used to calculate statistical confidence intervals and
likelihood ratio tests were used to assess goodness-of-fit and test hypotheses.

Typically the data for calculating a lung cancer potency factor, K, consist of observed and
expected (based on an external control group, such as U.S. males) numbers of cancer deaths
categorized by cumulative exposure. The likelihood of these datais determined by assuming
that the deaths in different exposure categories are independent and that the number of deathsin
aparticular category has a Poisson distribution with expected number given by the expected
number predicted by the external control group times the relative risk given by either expression
(Eg. A-1or A-2).

In the typical situation, the published data most useful for calculating the mesothelioma potency
factor, K, consist of the number of mesothelioma deaths and person-years of observation
categorized by time since first exposure. The likelihood of these data is determined by assuming
statistical independence of the number of mesothelioma deaths in different categories and that
the number of mesothelioma deaths in a category has a Poisson distribution with mean equal the
number of person-years in the category times expression (Eqg. A-4), using average valuesfor E,
DUR, and t appropriate for that category.

The fitting of the mesothelioma model (Eq. A-3) to raw (unsummarized) mesothelioma datais
accomplished using an “exact” maximum likelihood method. The cumulative mesothelioma
hazard is defined as

HE) = [ 1,,(u) du. (Eq. A-5)

The contribution to the likelihood of a person whose followup terminated at t is

S(t) = exp[ -H(t) ] if the followup did not terminate in death from mesothelioma, and 1,,(t) » S(t)
if the person died of mesothelioma. The complete likelihood was defined as the product of these
individual contributions. Theintegralsin expressions (Eg. A-3 and A-5) were evaluated
numericaly.



A4 SELECTIONOFA“BEST ESTIMATE” OF K. AND Ky,

For each study for which aK, or K,, isestimated, a*“best estimate” is provided. For lung cancer,
the best estimate of K, (Table A-1) was generally assumed to be the maximum likelihood
estimate (MLE) obtained with « estimated. For mesothelioma, the best estimate of K,, (Table
A-2) is generally the maximum likelihood estimate derived from the best-fitting model in the
form (Eq. A-3) for raw dataand (Eq. A-4) for published data. As described in the descriptions of
theindividual studies, in afew cases these general rules had to be adapted to fit the particular
form of the data available.

A5 UNCERTAINTY INK_ANDK}y,

Statistical uncertainty in K, and K, estimates is expressed using 95% upper and lower statistical
confidence limits. These limits (summarized in Table A-1 for lung cancer and Table A-2 for
mesothelioma) were computed using the profile likelihood method and (for K, ) with o estimated.

However, non-statistical sources of uncertainty, such as model uncertainty and uncertainty in
exposure, are also likely to be very important. Although these uncertainties are difficult to
guantify, it isimportant to attempt quantification, since presentation of statistical uncertainty
alone may provide a misleading picture of the reliability of the estimates. Consequently, an ad
hoc approach to quantifying non-statistical uncertainty was adopted in this report. In this
approach, the primary sources of uncertainty are identified. Then, for each study, afactor was
selected for each uncertainty source using guidelines that will be described in this appendix. The
individual factors were combined with the statistical confidence bounds to arrive at an
“uncertainty range” for K, or K,, for each particular cohort. These ranges are described in detail
in following sections and are summarized in Table A-1 for lung cancer and Table A-2 for
mesothelioma.

Because the most serious uncertainties among published epidemiology studies are often
attributable to the estimation of exposure, three factors (F1, F2, and F3) were defined to address
distinct sources of uncertainty associated with exposure. Two additional factors (FAL and F4AM)
were defined to account for uncertainty due to special limitations that had to be addressed to
facilitate estimation of exposure-response factors from specific studies for lung cancer and
mesothelioma, respectively.

To define the factors we used to address uncertainty associated with exposure, we first
considered that, ideally, cumulative exposure would be estimated in an epidemiology study by:

1 continuously monitoring the concentrations to which the worker is exposed over
their entire working life;

measuring such concentrations using personal monitors (samplers worn by
workers with sampling ports placed within afew inches of the breathing zone of
the worker); and



1 analyzing samples in a manner appropriate for determining the concentration of
the specific range of structures of interest'.

In practice, however, measurements are collected only periodically at fixed locations considered
representative of worker exposures for jobs performed at that location (local operations).
Moreover, measurements were frequently derived using analytical methods that report resultsin
units different from those of interest, so that some type of conversionisrequired. Then,
typically, cumulative exposures are estimated for individual workers as the sum (over the set of
jobs held by that worker) of the product of the mean exposure concentration for each job and the
duration over which that job is performed. Thus:

Cocn, = QZ CoD; (Eg. A-6)
]
where:
Coen is the cumul ative exposure experienced by aworker to PCM fibers (f-years/ml);
Q isafactor used to convert concentration measurements in a particular study to

PCM fiber concentrations whenever the measurements in the study were collected
using adifferent method (usually dust concentrations determined by midget
impinger, in which case the units of Q are f/ml/mppcf);

C.o Istheconcentration estimated for a particular “local operation” typically derived
by a combination of measurement and extrapolation; and

D, isthe duration of time that the worker spent working in local operation “j”.
Note that, because exposure concentrations at specific locations have generally been observed to
decrease over time due to changes in process, introduction of dust control equipment, and other
factors, cumulative annual exposures are generally estimated for workers in the manner
described above and the annual exposures are then summed. However, this does not change the
general applicability of Equation A-6.

Based on Equation A-6, afactor, F1, is defined to account for uncertainty introduced in the
manner that the C,_, are determined in specific epidemiology studies; afactor, F2, is used to
address uncertainty associated with the determination of the conversion factors, Q, for specific
studies; and F3 is defined to represent uncertainty in the manner that job matrices are devel oped

!Most comparisons of epidemiology studies involve converting estimates of cumulative exposures to fiber
concentrations as determined by phase contrast microscopy (PCM) using the “membrane filter method”. Thus, for
the discussion above, the range of structures (exposure index) of interest would be those determined using the
membrane filter method. Importantly, however, discussions in other portions of this document deal with determining
ashestos concentrations using an exposure index representing the specific range of structures that contribute directly
to biological activity, which should not be confused with the exposure index reported using the membrane filter
method.
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in specific studies to assign workers to specific local operations over specific durations. The
manner in which values were assigned for each uncertainty factor is described more fully below.

A.5.1 TheFactor F1

Asindicated above, the factor, F1, represents the uncertainty in concentration estimates to which
workers are exposed (in whatever units of exposure that are reported in a particular study). In
addition to analytical uncertainty, considerations addressed when assigning values for F1 for
specific epidemiology studiesinclude:

1 to what extent exposure concentrations were directly determined from
measurements collected at the locations and times that worker exposures actually
occurred; and

whether measurements were derived from personal monitoring or from area
monitoring (sampling a general areathat is assumed representative of exposure
conditions associated with jobs performed within the local area).

Regarding the latter consideration, exposure concentrations estimated in the published
epidemiology studies were aimost universally determined by area, rather than personal
monitoring. As has been reported in several of these studies (see, for example, McDonald et .
1983b), area monitoring can miss short-term, high-level exposures contributed by the personal
actions being performed by aworker. Moreover, certain periodic activities potentially
associated with extremely high exposure (typically involving cleanup) were not performed
during time periods when work areas were routinely monitored.

Regarding the first bullet above, published epidemiology studies differ in the frequency and time
period over which sampling was conducted. With few exceptions, little or no sampling was
conducted prior to the 1950's when exposure concentrations are thought generally to be higher
than those monitored more recently, due to lack of use of dust control equipment and procedures
that were introduced only later. For many studies, therefore, early exposures had to be estimated
by extrapolation from later measurements and the care with which such extrapolations were
performed also varies from study to study.

Studies vary in the degree to which the range of local operations associated with a particular
facility were individually sampled. Exposure conditions attendant to jobs performed in
association with local operations not sampled directly would then be extrapolated from
measurements collected for other local operations assumed to be associated with “comparable
exposures.” Aswith extrapolationsin time, the care with which such spatial extrapolations were
performed varies from study to study.

Values assigned for F1 vary between 1.5 and 4 (all to the nearest 0.5). The most typical value
assigned is 2.0 for studies in which additional uncertainty is introduced due to use of area
samplers rather than personal samplers, lack of measurements representative of episodic but
high-exposure jobs (usually associated with cleanup), and lack of direct measurements from the
earliest periods of exposure (when dust control equipment and procedures were absent). To be
assigned avalue of 2.0, however, authors must have had access to substantial numbers of
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samples representative of the majority of the local operations of interest, must have described a
systematic procedure for extrapolating exposure estimates to less well studied local operations,
and must have described a systematic procedure for extrapolating exposure estimates to earlier
times when measurements were lacking. The logic used to assign F1 values (and values for the
other uncertainty factors) for individual studiesis described for each study in Section A.6 of this
appendix.

A.5.2 TheFactor F2

F2 isafactor used to characterize the uncertainty introduced in deriving conversion factors to
convert from the exposure indices measured in a particular study to the exposure index typically
reported using the membrane filter method (as determined by PCM). In about half of the studies,
concentrations are estimated in millions of dust particles per cubic foot (mppcf) as determined by
midget impinger (see Section 4.3). The uncertainty introduced by such conversions varies from
study to study because:

1 for asmall number of studies, the majority of measurements were performed by
the membrane filter method so that conversion was unnecessary;

for some studies, conversion factors were derived from a statistical analysis of a
set of side-by-side measurements determined, respectively, using the membrane
filter method and the other method from which measurements need to be
converted (typically the midget impinger method);

for some studies, lack of side-by-side measurements required expert judgement
for comparing across samples collected at different times and locations; and

for some studies, conversion factors were not derived at all, but were adapted
from other studies of similar processes.

Moreover, as has been demonstrated in several studies, the factors used to convert other
measurements (primarily midget impinger) to the exposure index determined by PCM vary as a
function of study environment, local operation, and time. For example, the ratio of PCM to
midget impinger derived from side-by-side measurements in a single study reportedly varied
between 0.3 and 30 (McDonald et al. 1980a).

Note that, given the above, the factors used to convert measured concentrations to exposure
concentrations in units of interest (Q in Equation A-6) ideally should be brought into the sum on
the right and determined individually for each local operation. However, with the exception of
the South Carolina study by Dement and coworkers (Dement et a. 1994; Dement and Brown
1998), only average (study-wide) conversion factors are typically estimated in any particular
study.

Valuesfor F2 assigned to particular studies vary between 1.0 and 3.0. Studiesin which
conversions were not required (due to routine use of PCM) or studies in which conversion
factors were determined for specific operations were assigned an F2 value of 1.0. Studiesin
which a study-wide conversion factor was determined from paired measurements are assigned a
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value of 1.5. Studiesin which conversion factors were adapted from other studies or for which
authors did not define a conversion factor were assigned larger values for F2.

A.5.3 TheFactor F3

The factor, F3, isused in this study to represent the uncertainty attributable to the manner in
which job-exposure matrices were constructed in the various published epidemiology studies.
Authors for some studies had detailed work histories that could be used to identify the complete
set of specific jobs that each worker performed over their working life and the duration of time
spent on each job. Authors from other studies did not have access to individual work histories so
that crude estimates of average duration was applied to all members of the cohort. The factor,
F3, is used to account for conditions in which less than optimal job histories were used to
identify the set of jobs performed by each worker and the duration that each worker spent
performing each such job.

A.5.4 TheFactor FAL for Lung Cancer and F4M for mesothelioma

An additional factor isincluded (FAL for lung cancer) and (F4M for mesothelioma) to account
for uncertainties in mortality data (e.g., when diagnosis is uncertain for a substantial fraction of
potential mesothelioma cases) or when approximations or assumptions are required because the
data are not presented in the form needed for fitting the exposure-response models. Two
assigned FAL values are greater than 1.0 (1.5 and 2.0), and six F4M values are greater than 1.0;
these six values range from 2.0 to 5.0.

A.5.5 Combining Individual Uncertainty Factorsinto an Overall “Uncertainty Range’

Asindicated above, in addition to statistical confidence intervals, four uncertainty factors have
been proposed: F1: exposure, general; F2: exposure conversion factor; F3: lack of individual
work histories; and FAL (lung cancer) and F4AM (mesothelioma): non-exposure related. Since it
isunlikely that all of the uncertainty sources would cause errors in the same direction in the
same study, rather than multiplying the uncertainty factors, an overall uncertainty factor, F, was
calculated as:

F=exp{ [ Ln*(F1) + Ln*(F2) + Ln*(F3) + Ln*(F4) ]*},
where 1.0 is the default value for any factor not explicitly provided. The overall “uncertainty
range” for K, or K,, was calculated by dividing the statistical 95% lower bound by F and
multiplying the 95% upper bound by F.
A.6  ANALYSISOFINDIVIDUAL EPIDEMIOLOGY STUDIES
Predominately Chrysotile Exposure

Quebec Minesand Mills. Liddell et al. 1997 extended the followup into 1992 of a cohort of
about eleven thousand workers at two chrysotile asbestos mines and related mills in Quebec that
had been studied earlier by McDonald et al. 1980b (follow-up through 1975) and McDonald

et a. 1993 (follow-up through 1988). Production at the mines began before 1900. The cohort
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consisted of workers who worked >1 month and who were born between the years of 1891 and
1920. Follow-up began for each individual after 20 years from first employment. The most
recent follow-up (Liddell et a. 1997) traced 9,780 men through May 1992, whereas 1,138 (10%)
were lost to view, most of whom worked for only afew months prior to 1935. Of those traced,
8,009 (82%) were deceased as of 1992.

Estimates of dust levelsin specific jobs were made from some 4,000 midget impinger
measurements collected systematically starting in 1948 and periodically in the factory beginning
in 1944. Estimates for the period prior to 1949 utilized interviews with long-term employees and
comparison with more recent conditions. These dust-level estimates were matched to individual
job histories to produce estimates of cumulative exposure for each worker (mppcf-years).
Conversions between dust levels and PCM concentrations were derived from side-by-side
samples. On the basis of over 600 side-by-side midget impinger and optical microscopy
measurements, it was estimated that 3.14 fibers/ml was, on the average, equivalent to 1.0 mppcf
(McDonald et al. 1980b).

Liddell et al. (1997) categorized cancer deaths after age 55 from of lung, trachea, and bronchus
by cumulative asbestos exposure to that age (Liddell et al. 1997, Table 8). Standardized
mortality ratios (SMRs) were calculated based on Quebec rates from 1950 onward, and
Canadian, or a combination of Canadian and Quebec rates, for earlier years. Table A-4 shows
the fit of the lung cancer model to these data. Although the models both with «=1 and « variable
provided reasonably adequate fits to the data, the hypothesis «=1 can be rejected (p=0.014). The
model with « estimated yields a best estimate of K, of 0.00029 (f-y/ml)™, 90% CI: (0.00019,
0.00041). With a=1, the estimate was K, =0.00041 (f-y/ml)™, 90% ClI: (0.00032, 0.00051).

Smoking history was obtained in 1970 by a questionnaire administered to current workers, and
to proxies of those who had died after 1950. Although no analyses of lung cancer and asbestos
exposure were presented for the 1992 follow-up (Liddell et al. 1997) that controlled for smoking,
such an analysis was conducted for the follow-up that continued through 1975 (McDonald et al.
1980a). Table9 of McDonald et al. (1980a) contained data on lung cancer categorized jointly by
cumul ative exposure to asbestos and by smoking habit. Two models were fit to these data: the
multiplicative model for relative risk

RR=a*(1+b*d)* (1+c*X),
and the additive model
RR=a*(1+b*d+c* x),

where d is cumulative exposure to asbestos to age 45, x is number of cigarettes smoked per day,
and «,b, and c are parameters estimated from the data. The multiplicative model fit the data
well, but the fit of the additive model was inadequate. This corroborates the multiplicative
interaction between smoking and asbestos exposure in causing lung cancer (Hammond et al.
1979). The estimate of potency using the multiplicative model was 0.00051 (f-y/ml)™*, which
was very close to that of 0.00045 (f-y/ml)™* estimated from Table 5 of McDonald et al. (1980a),
which did not utilize smoking data. This suggests that the association between lung cancer and
asbestos exposure is not strongly confounded with smoking in this cohort.
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By 1993, 38 deaths from mesothelioma had occurred in this cohort (Liddell et al. 1997).
Through the courtesy of Dr. Corbett McDonald and Professor Douglass Liddell, the underlying
mesothelioma data from this study were provided for additional analysis (Liddell 2001). These
data contained the following information on each worker: the date of birth, asbestos exposure
history, last date of follow-up, whether follow-up ended as aresult of death from mesothelioma,
location of first employment, and whether aworker had been employed at more than one
location.

Nine distinct locations for first employment were coded. Locations 5-9 referred to small
operations, some having very heterogeneous exposures, and were omitted from the analysis.
Also, workers who worked at more than one location were omitted. After these exclusions, there
remained 9,244 workers who worked at L ocations 1-4, and among whom 35 deaths from
mesothelioma occurred. Location 1 (4,195 men, 8 deaths from mesothelioma) was the mine and
mill at the town of Asbestos. Location 2 (758 men, 5 deaths) was afactory at the town of
Asbestos that, in addition to processing chrysotile, had also processed some crocidolite.

Location 3 (4,032 men, 20 deaths) comprised a major mining and milling company complex near
Thetford Mines. Location 4 (259 men, 2 deaths) comprised a number of smaller mines and mills
also in the vicinity of Thetford Mines. Because of the small number of workers at L ocation 4,
the fact that both locations were near Thetford Mines, and the fact that the separate K,, values
obtained from Locations 3 and 4 were similar, data from these |ocations were combined. The
remaining groups were analyzed separately, because of the crocidolite used at Location 2, and
because of evidence of greater amounts of tremolite in the ore at Thetford Mines that at Asbestos
(Liddell et al. 1997).

The availability of the raw data from this study made it possible calculate K,, from this study
using an “exact” likelihood approach based on expression (Eq. A-3) that did not involve any
grouping of data, or use of average values. For Location 1 (Asbestos mine and mill),
K,,=0.013x10°®, 90% CI: (0.0068x10°®, 0.022x10®). For Location 2 (Asbestos factory),
K=0.092x10"®, 90% ClI: (0.040x10%, 0.18x10®). For Locations 3 and 4, K,,= 0.021x10%, 90%
Cl: (0.014x10®, 0.029x10%). TheK,, estimate from Location 1 (whose ore was reported to have
alower tremolite content) was about one-half that from Locations 3 and 4, although this
difference was not significant (p=0.22). The K,, estimated from Location 2, the mill where
substantial crocidolite was used, was 4—7 times higher than the K, estimated from Location 1
and Locations 3 and 4.

For comparison purposes, K,, were also calculated using grouped data and applying expression
(4), since thisis the method that must be used with most studies. For Location 1 (3 and 4) the
K\, estimate based on the “exact” analysis was 34% (25%) higher than that based upon grouped
data. This suggests that reliance upon published data for calculating K,, may introduce some
significant errors in some cases. Such errors may be further compounded by the failure of some
studies to report the needed data on levels and durations of exposure in different categories of
time since first exposure.

For this study F1 is set equal to 2.0. This study is the paradigm used to define the typical case
(see Section A.5.1) in which increased uncertainty can be attributed to use of arearather than
personal samplers, lack of measurements early in the study, and lack of direct measurements
from certain episodic but high-exposure operations. At the same time, the authors of this study
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appear to have used the available datain a systematic and objective manner to address the issues
raised by the lack of sampling.

The uncertainty factor F2 is set equal 1.5 for this study to reflect use of a conversion factor that
is derived from paired samples, but that is based on a project wide average, rather than
addressing variation for specific, local operations.

All other uncertainty factors are set equal to 1.0 for this study due to lack of remarkable
distinctions. Thus:

F1=20
F2=15
F3=1.0
FAL =1.0
FAM =1.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty ranges for K, and K,, shown in Tables A-1 and A-2.

Italian Mine and Mill. Piolatto et al. (1990) conducted additional follow-up of workers at a
chrysotile mine and mill in Italy that was earlier studied by Rubino et al. (1979). The cohort
consisted of 1058 workerswith at least 1 year of employment between 1946 and 1987. Follow-
up extended from 1946 through 1987, which is 12 more years of follow-up than in Rubino et al.
(1979). Lung cancer mortality was compared to that of Italian men.

Asdescribed in Rubino et al. (1979), fiber levels were measured by PCM in 1969. In order to
estimate earlier exposures, information on daily production, equipment changes, number of
hours worked per day, etc. were used to create conditions at the plant during earlier years. PCM
samples were obtained under these simulated conditions and combined with work histories to
create individual exposure histories.

Piolatto et al. (1990) observed 22 lung cancers compared to 11 in the earlier study (Rubino et al.
1979). Lung cancer was neither significantly in excess nor significantly related to cumulative
asbestos exposure. Piolatto et a. (1990, Table 1) presented observed and expected lung cancers
(based on age- and calendar-year-specific rates for Italian men) categorized by cumulative
exposure in f-y/ml. The lung cancer model with fixed « provided a good fit to these data (Table
A-5, p=0.75) and allowing « to vary did not significantly improve the fit. The K, estimate with
a=1 was 0.00035 (f-y/ml)*, with 90% CI: (0, 0.0015). With « allowed to vary the estimate was
K,=0.00051 (f-y/ml)™* with 90% ClI: (0, 0.0057).

Two mesotheliomas were observed by Piolatto et al. (1990), compared to one found by Rubino
et a. (1979). However, data were not presented in aform from which K,, could be estimated.

Regarding uncertainty factors, F1 is assigned avalue 2.0 for this study for reasons similar to
those described for Quebec. F2 isassigned avalue of 1.0 because measurements were conducted
using PCM so that conversion is unnecessary for this study. All other factors are aso assigned a
value of 1.0 because there are no other unique limitations. Thus:

All



F1=20
F2=1.0
F3=1.0
FAL =1.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty range for K, shown in Table A-1.

Connecticut Friction Product Plant. McDonald et al. (1984) evaluated the mortality of
workers employed in a Connecticut plant that manufactured asbestos friction products. The
plant began operation in 1913 and used only chrysotile until 1957, when alittle anthophyllite
was used. Also, asmall amount of crocidolite (about 400 pounds) was handled experimentally
between 1964 and 1972. Brake linings and clutch facings were made beginning in the 1930s,
and production of automatic transmission friction materials, friction disks and bands was begun
in the 1940s.

The cohort was defined to include any man who had been employed at the plant for at least

1 month before 1959, omitting all that had worked at a nearby asbestos textile plant that closed
in 1939. This cohort consisted of 3,515 men, of whom 36% had died by the end of follow-up
(December 31, 1977). Follow-up of each worker was only begun past 20 years from first
employment.

Information on dust levels from impinger measurements were available for the years 1930, 1935,
1936, and 1939. There was little other exposure information available until the 1970s. An
industrial hygienist used these measurements and information on processes and jobs,
environmental conditions and dust controls to estimate exposures by process and by period in
units of mppcf. No conversion from mppcf to f/ml value was suggested by the authors, a
conversion factor or between 1.4 and 10 is suggested by other studies. The most common value
seems to be around 3 f/ml per mppcf, which has been observed in diverse environments such as
mining and textile manufacture. Thisvalue was provisionally applied to this cohort, although
this conversion has considerable uncertainty associated with it.

Total deaths and deaths from most individual causes investigated were elevated; these elevations
were due primarily to increased deaths in the group working for <1 year. This pattern holds for
lung cancer in particular; the SMR for lung cancer was highest (180) for persons exposed for
<lyear. A similar pattern holds when the analysis was carried out by cumulative exposure
(Table A-6); the SMR in the lowest exposure category is higher than in any other category. The
linear relative risk lung cancer model provided a poor fit (p=0.01) to these data when the
Connecticut rates were assumed to be appropriate for this cohort (fixing the parameter «=1); use
of U.S. rates gave similar results. However, the fit was adequate (p=0.28) if the background
response is allowed to rise above that of Connecticut men (allowing the parameter « to vary).
Although the reason for this increased response in persons that worked for a short period or have
low exposures is not clear, the analysis in which the background response is allowed to vary
appears to be the most appropriate. This analysisyields an estimate of K, =0.0 (f-y/ml)™*, 90%
Cl: (0, 0.0017). The analysiswith a=1 yielded K, =0.0019 (f-y/ml)™, 90% ClI: (0, 0.0061).
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McDonald et al. did not find any mesotheliomas in this cohort. It isuseful to determine the
range of mesotheliomarisk that is consistent with this negative finding. Although McDonald et
al. do not furnish datain the form needed for this cal culation, these data can be approximated
from Table 1 of McDonald et al. (1984). In thistablethey list 511 deaths occurring after age 65.
Assuming that the overall SMR of 108.5 held for persons over 65 years of age, the expected
number of deathsis511/1.085 = 471. The death ratein U.S. white males between 65 and 75
years of age is approximately 0.050 per year (from 1971 vital statistics). Therefore the number
of person years observed in persons post 65 years of age is estimated as 471/0.050=9,420.

A lower bound on the person-years of follow-up between ages 45 and 65 can be estimated by
assuming that follow-up was complete for this age group. First we estimate the number of
persons that would have had to have been in the cohort to experience the observed deaths.
Assuming that x personsin the cohort are alive at age 45, we have the following estimates of the
number entering each successive five-year age interval and the corresponding number of deaths
(based on death ratesin 1,971 white males).

Age Number Entering I nterval Nun_1ber of Deaths Person-Yearsin
in Interval Interval
45-50 X 0.032x 4.9x
50-55 X(1-0.00638) °=0.97x 0.052x 4.7X
55-60 0.97x(1-0.01072) °=0.92x 0.076x 4.4x
60-65 0.92x(1-0.01718) °=0.84x 0.11x 3.9x
65+ 0.84x(1-0.02681) °=0.73x
TOTALS 0.27x 18.0x

Since there were 616 deaths in men between the ages of 45 and 65, the expected number of
deaths is estimated as 616/1.085=567.7 expected deaths between ages of 45 and 60, the number
of persons entering this age interval is estimated as x=567.7/0.27=2,100. The person-yearsis
then estimated as (2,100)(17.964)=38,000.

Using the average age of beginning work of 30.95 years (McDonald et a. [1984], Table 3) yields
the datain Table A-7. Moreover, the average duration of exposure in this cohort was 8.04 years
and the average exposure level was 1.84 mppcf (McDonald et al. [1984], Table 3), whichis
equivalent to 1.84x3=5.52 fibers/ml. These data yields an estimate of K,,=0.0 and a 90% upper
bound of K,,=1.2x10°.

The best estimate of K, was assumed to be zero. For uncertainty factors, F1 is assigned avalue
of 2.0 for reasons similar to those described for Quebec. F2 isassigned avalue of 3.0 for this
study because there is no conversion factor reported by the authors so that an average value of 3
for the range of conversion factors observed among the available studies (U.S. EPA 1986) was
selected for use with this study. To derive an exposure-response factor for mesothelioma from
this study, an upper bound had to be estimated by reconstructing the data because the authors do
not provide the datain aform suitable for performing the required calculation. Therefore, FAM
isassigned avalue of 3 for thisstudy. Thus:
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F1=20
F2=3.0
F3=1.0
FAL =1.0
FAM =3.0

These values, when coupled with the statistical confidence limits, resulted in the uncertainty
ranges for K, and K, shown in Table A-1 and A-2, respectively.

New Orleans Asbestos-Cement Plants. Hughes et al. (1987) report on follow-up through 1981
of acohort of Louisianaworkers from two asbestos cement plants studied previously by Weill et
a. (1979). Although chrysotile, amosite and crocidolite were used at these plants, a group of
workers at one of the plants were only exposed to chrysotile. The cohort contained 6,931
workers, of whom 95% were traced, compared to a 75% successin tracing by Welll et al. (1979).
Thisimproved trace was the result both of greater accessto Social Security Administration
records and greater availability of computerized secondary information sources (Dr. Hughes,
personal communication).

Both of the plants have operated since the 1920s. Chrysotile was used predominantly in both
plants. Some amosite was used in Plant 1 from the early 1940s until the late 1960s, constituting
about 1% of some products, and crocidolite was used occasionally for approximately 10 years
beginning in 1962. Plant 2 utilized only chrysotile, except that pipe production, which beganin
1946 and was housed in a separate building, produced afinal product that contained about 3%
crocidolite. Sincethe total percentage of asbestos fiber in most asbestos cement products ranges
from 15 to 28%, it is estimated that crocidolite constituted between 10 and 20% of the asbestos
used to make cement pipe (Ontario Royal Commission 1984). Workers from Plant 2 that did not
work in pipe production were exposed only to chrysotile.

Estimates of airborne dust levels were made for each job by month and year from midget
impinger measurements initiated in the early 1950s. Levels estimated from initial samplesin the
1950s were also assumed to hold for all earlier periods because no major dust control measures
had been introduced prior to that time. New exposure data from Plant 2 became become
available after the earlier study (Weill et al. 1979) was completed, and these, along with a
complete review of all the exposure data, were used to revise the previous estimates of exposure.
In Plant 1 the earlier and revised estimates were reasonably similar, but in Plant 2, the revised
estimates tended to be about one-third of the previous estimates through the 1940s and about
one-half the previous estimates thereafter. Based on 102 side-by-side measurements by midget
impinger and PCM in various areas of one of the plants, Hammond et al. (1979) estimated an
overall conversion factor of 1.4 fibers/ml per mppcf. There were substantial variationsin this
factor among different areas of the plant.

The principal cohort studied consisted of all workers who, according to company records, were
employed for at least one month prior to 1970, had avalid Social Security number, and were first
employed in 1942 or later (Plant 1), or in 1937 or later (Plant 2). Mortality experience was
compared with that expected based on Louisiana rates.
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Hughes et al. found no significant difference between the exposure responses for lung cancer in
Plant 2 among workers exposed to chrysotile only and those who were also exposed to
crocidolite in pipe production. A single lung cancer exposure response model adequately
describes the lung cancer data from Plants 1 and 2 combined (p=0.42, Table A-8). Thefit of this
model is good when Louisiana men are assumed to be an appropriate control group (fixing the
parameter o=1). Thisfit provides an estimate of K, =0.0040 (fiber-y/ml)*, 90% ClI: (0.0015,
0.0070). With o alowed to vary, the estimate is 0.0025 (fiber-y/ml)™, 90% CI: (0, 0.0066 ).

Six mesotheliomas were identified in the primary cohort studied by Hughes et al., two in Plant 1
and four in Plant 2. Four other mesotheliomas are known to have occurred, one among those
initially employed in Plant 2 before 1937 and three among Plant 2 workers shortly after follow-
up ended in 1981. A case control analysis conducted among Plant 2 workers found a
relationship between mesothelioma risk and length of employment and proportion of time spent
in the pipe area after controlling for length of exposure, which is consistent with a greater risk of
mesothelioma from crocidolite exposure.

Data were not presented in the paper in the form required for estimating K,,. However, Hughes
and Welll (1986) present estimates of mesotheliomas potency from several data sets, including
the cohort studied in Hughes et al. and containing six mesotheliomas, but using a model slightly
different from the 1986 EPA model (3). Estimating K,, by multiplying the potency estimated by
the Hughes and Weill (1986) model by the ratio of the potency values estimated for another
study using the 1986 U.S. EPA model and the Hughes-Weill (1986) model yielded the following
estimates of K,, for the Hughes et al. (1987) data: 0.25x10°® (Selikoff et al. 1979); 0.21x10®
(Dement et al. 1983b); 0.27x108(Seidman et al. 1979); and 0.43x10°® (Finkelstein 1983). Based
on these calculations, K,,=0.30x10® seems to be a reasonable estimate for the Hughes et al.
cohort.

It would be worthwhile to estimate mesothelioma risk using additional follow-up that included
the three cases that occurred shortly after follow-up ended. However, such an estimate should be
no larger than about K,,=0.45x10°®. Thisis because, since there were six mesotheliomas in the
cohort studied by Hughes et al., even if the additional person years of follow-up post-1981 is not
taken into account, the three additional mesotheliomas would increase the estimate of K,, by

only about 50%.

The finding by Hughes et al. (1987) of an association with crocidolite exposure implies that a
smaller K,, would correspond to the chrysotile-only exposed group in Plant 2. Although Hughes
et a. didn't furnish the data needed for precise estimation of K,, from this cohort, it is possible to
make some reasonabl e approximations to thisK,,. Since none of the six mesotheliomas occurred
among workers exposed only to chrysotile, K,,=0 would be the point estimate derived from the
data used by Hughes et al.

However, one mesothelioma was discovered in a person whose employment began in 1927 and
thus was not eligible for inclusion in the cohort. This person was employed continuously for 43
years in the shingle production area, where only chrysotile was used. In an attempt to compute
an alternative K, using this one case, it was noted that the duration of observation of the Hughes
et a. cohort was roughly equivalent to that of the Dement et al. (1983b) cohort. If the person-
years from this cohort, categorized by years since first exposure, are adjusted by the ratio of the
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sizes of Dement et a. and the Hughes et al. non-crocidolite-exposed cohort from Plant 2, one
mesotheliomais assumed to occur (in 30+ years from first exposure category) and the average
duration of exposure (2.5 years) and fiber level (11.2 fibers/ml) appropriate for the Hughes et al.
cohort are applied to these data, aK,,=0.2x107® is obtained.

The best estimate of K,, was assumed to be 0.2x10° for workers exposed only to chrysotile and
0.3x10® for workers exposed to both chrysotile and amphibole. For uncertainty factors, F1is
assigned avalue of 2.0 for reasons similar to those described for Quebec. F2 isassigned avalue
of 1.5 because most early measurements were collected by midget impinger and the authors
report using a conversion factor of 1.4 derived from paired measurements. Due to the lack of
adequate data for estimating both the overall mesothelioma rate and a confidence interval for
such rates and the consequent need to reconstruct the data (incorporating numerous assumptions)
to be able to obtain the needed estimates, a value of 5.0 was assigned to the factor FAM for
chrysotile exposures and 2.5 for mixed exposures. Thus:

F1=20
F2=15
F3=1.0
FAL =1.0
FAM =5.0

These values, when coupled with the statistical confidence limits, resulted in the uncertainty
ranges for K, and K,, shown in Tables A-1 and A-2.

South Carolina Textile Factory. Dement and coworkers (Dement et al. 1994; Dement and
Brown 1998) conducted a retrospective cohort study of employees of a chrysotile textile plant in
South Carolina. In an earlier study of this plant (Dement et al. 1982, 1983a,b), the cohort was
defined as all white male workers who worked for one or more months between 1940 and 1965,
and follow-up was through 1975. Dement et a. (1994) expanded the cohort to include black
male and white female workers who met the entrance requirements, and extended follow-up
through 1990, an additional 15 years. This expanded cohort included 1,247 white males (2.8%
lost to follow-up), 1,229 white females (22.8% lost to follow-up) and 546 black males (7.8% lost
to follow-up). A total of 1,259 deaths were identified, and a death certificate was located for al
but 79 (6.2%) of the deaths.

Based on data from 5,952 air samples taken at the plant between 1930 and 1975, linear statistical
models were used to reconstruct exposure levels, while taking into account textile processes,
dust control methods, and job assignments (Dement et al. 1983a). For each worker, time spent in
each job was multiplied by the estimated exposure level for that job to estimate cumulative
exposure (f/ml-days). Based on regression analyses applied to 120 side-by-side particle and
fiber counts, Dement (1980) estimated a f/ml to mppcf ratio of 2.9, 95% ClI: (2.4, 3.5). Also,
between 1968 and 1971 both impinger and PCM samples were collected (atotal of 986 samples).
Based upon aregression analysis of these data, Dement (1980) determined that a common
conversion factor could be used for jobs except fiber preparation. For fiber preparation, a
conversion factor of 7.8 was found, 95% CI: (4.7-9.1). For al other operations, avalue of 2.5,
95% ClI: (2.1-3.0) was calculated. Based on thisinformation, Dement et al. (1983a) concluded
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that a conversion factor of 3 was appropriate for all operations except preparation, for which a
factor of 8 was adopted.

The underlying data for this cohort were obtained from the National Institute for Safety and
Heath (NIOSH). These data consisted of awork history file and a file with exposure levels by
job category and time period. The work history file contained codes for race, sex, month and
year of birth, vital status, month and year of death, and the department, operation, start date, and
stop date for each job worked. The exposure level file contained the exposure start and stop
dates and the exposure level (fiber/ml) by the plant code, the department code, and the operation
code.

The cohort was defined as the white and black males and the white females who met the
employment requirements described above. This cohort included 1,244 white males (1.5% lost
to follow-up), 550 black males (7.5% lost to follow-up), and 1,228 white females (22.1% lost to
follow-up).

Table A-9 shows observed and expected deaths for lung cancer among white males, black males
and white females, categorized by cumulative exposure. This table shows an excess of lung
cancers that exhibited an exposure response relationship. U.S. rates were used for calculating
expected deaths, whereas South Carolinalung cancer rates are higher for white men, but slightly
lower for white women and black men. Whereas twelve categories of cumulative exposure were
used for fitting the model, these were been combined into seven categories for display in Table
A-9. The model with «=1 and « variable fit the datawell (p=0.8), and the hypothesis that «=1
cannot be rejected (p=0.19). The estimate of K, with a=1 was 0.028 (f-y/ml)*, 90% CI: (0.021,
0.037), and the estimate with « variable was K, =0.021 (f-y/ml)*, 90% CI: (0.012, 0.034). An
analysis applied to white men alone gave somewhat higher estimates (K, =0.040 (f-y/ml)* with
«=1, and K, =0.026 (f-y/ml)™* with « variable).

Two deaths were certified as due to mesothelioma on the death certificates. In addition, Dement
et a. (1994) considered four other deaths as likely due to mesothelioma. The availability of the
raw data from this study made it possible calculate K, from this study using an “exact”
likelihood approach based on Equation A-3 that did not involve any grouping of data, or use of
average values. Using the six confirmed and suspected mesotheliomas, K,,= 0.43x10°%, 90% Cl:
(0.20x1078, 0.79x10®). Using the two confirmed mesotheliomas, K,,=0.14x10%, 90% CI:
(0.034x107%, 0.38x10°®).

For comparison purposes, K,, were also calculated using grouped data and applying Equation
A-4, since thisis the method that must be used with most studies. The datawere divided into 10
categories by the tabulated values of Equation A-4. The K,, estimate based on the “ exact”
analysis was 2% greater than that based upon grouped data.

The best estimate of K,, was assumed to be the geometric mean of the MLE estimates computed
using either confirmed or both confirmed and suspected mesotheliomas (0.25x10%). The
statistical lower bound used for this estimate was the one based on confirmed cases and the
upper bound used was the one based on confirmed and suspected cases.
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Regarding uncertainty factors, F1 isassigned avalue of 1.5 for this study to give credit for the
reasonably complete sampling coverage of exposures by a combination of midget impinger and
extensive PCM, and the formal statistical evaluation conducted to derive job-specific exposure
estimates. However, the exposure estimates are still based on analyses of area rather than
personal samples. Because multiple factors were used to convert midget impinger measurements
to PCM based on side-by-side samples collected from specific areas (associated with specific
operations) within the plant, avalue of 1.0 isassigned for F2 for this study. The treatment of
statistical confidence limits described above was considered adequate to account for the
uncertainty in the number of mesotheliomas, and a value of K,,=1 was assigned. In summary:

F1=15
F2=1.0
F3=1.0
FAL =1.0
FAM =1.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty ranges for K, and K,, shown in Tables A-1 and A-2.

McDonald et a. (1983a) conducted a cohort mortality study in the same South Carolinatextile
plant that was studied by Dement et al. (1994). Their cohort consisted of all men employed for
at least 1 month before 1959 and for whom avalid socia security record existed. This cohort
consisted of 2,410 men, of whom 36% had died by the end of follow-up (December 31, 1977).
Follow-up of each worker was begun past 20 years from first employment.

McDonald et al. (1983a) had available the same exposure measurements as Dement et al.
(1983b) and used these to estimate cumul ative exposures for each man in mppcf-y. In their
review of the environmental measurements in which both dust and fiber concentrations were
assessed, they found a particle to fiber conversion range of from 1.3 to 10.0 with an average of
about 6 fibers/ml per mppcf. Thisvaue, which isintermediate between the values of 3 and 8
found by Dement et al. (1983b) for different areas of the same plant, will be used in the
calculations involving the McDonald et al. (1983a) study.

McDonald et a. describe two practices at the plant that entailed very high exposures and which
were not reflected in either their's or Dement and coworkers estimates: cleaning of burlap bags
used in the air filtration system by beating them with buggy whips during the years 1937-1953,
and the mixing of fibers, which was carried out between 1945 and 1964 by men with pitch forks
and no dust suppression equipment.

A strong exposure response for lung cancer was observed (Table A-10), which parallelsthe
results of Dement et a. (1994). Unlike Dement et a., McDonald et al. used South Carolina men
as the control group rather than U.S. men. Use of this control group provided an adequate
description of the data and lung cancer potency values estimated both with «=1 and alowing «
to vary provided excellent descriptions of the data (p=0.88) and the hypothesis «=1 could not be
rejected (p=0.80). Assuming «=1 resulted in K, =0.012 (f-y/ml)™, 90% ClI: (0.0075, 0.016), and
when o was allowed to vary, K, =0.010 (f-y/ml)™*, 90% CI: (0.0044, 0.025). Theseresults are
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reasonably consistent with the potency estimated from Dement et al. (1994), and the differences
can be largely accounted for by the different assumptions regarding the fiber/particle ratio.

McDonald et a. (1983a) found one case of mesotheliomain this cohort, apparently the same one
discovered by Dement et a. (1983b): aman born in 1904 who died in 1967 and worked at the
plant for over 30 years. Since this study was conducted exactly as McDonald et al. (1984), the
same method used there to reconstruct person-years by years from first exposure can be applied
to this cohort aswell. The reconstructed data are listed in Table A-11. The estimated potency
MLE isK,,=0.088 x10, with a 90% ClI: (0.0093x10%, 0.32x10®).

For uncertainty factors, F1 is assigned avalue of 2.0 for reasons similar to those described for
Quebec. F2isassigned avalue of 1.0 because McDonald essentially used the same data that
Dement and coworkers used to estimate conversion factors (see above), although they favored a
slightly higher mean value. We used the values favored by Dement when evaluating this study.

Unlike the study by Dement and coworkers (for which we received the raw data so that we
could calculate the exposure-response factor and the attendant confidence interval for
mesothelioma directly), the mesothelioma data published in the McDonald study of this facility
was not suitable to estimating confidence bounds. Thus the data had to be reconstructed, which
required incorporation of numerous assumptions. To account for the uncertainty associated with
the reconstruction, FAM is assigned avaue of 3 for thisstudy. Thus:

F1=20
F2=1.0
F3=1.0
FAL =1.0
FAM =3.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty ranges for K, and K,, shown in Tables A-1 and A-2.

Predominant Crocidolite Exposure

Wittenoom, Australia Mine and Mill. deKlerk et a. (1994) followed a cohort of 6,904 men
and women employed at a crocidolite mine and mill in Wittenoom, Australia. This cohort was
followed through 1999 and the raw data were obtained through the courtesy of Dr. de Klerk.

The data consisted of arecord number, date of birth, sex, employment start date, total days of
employment, average exposure level (f/ml), cumulative exposure (f-year/ml), date of last contact,
ICD code for cause of death, indicator variable for mesothelioma death, and date of death if
applicable.

A number of subjects from the full cohort were removed from the analysis reported herein: 412
because the sex was not designated as male; one because the date of last contact was missing;
1,275 subjects because the follow-up period was <5 years; 41 because the number of days
worked was 0 or missing. After these subjects were removed, the cohort consisted of 5,173 men
who were employed at Wittenoom Gorge between 1943 and 1966.
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The concentrations of fibers greater than 5 pm in length as measured by PCM were measured at
various work sitesin a survey conducted in 1966. Job category data were obtained from
employment records and supplemented by records from the Perth Chest Clinic and the Western
Australian Mineworkers Relief Fund. The concentration measurements and job category
information were used to estimate the exposure level for each subject in the cohort (de Klerk

et al. 1994). The exposure levels were high with amedian of 17.8 (fiber/ml). The durations of
employment were low with amedian of 128 days.

There were 251 lung cancer deathsin the cohort. Table A-12 shows the observed, expected, and
predicted lung cancer deaths among the males categorized by cumulative exposure (fiber-
year/ml). The number of expected lung cancer deaths are based on Australian lung cancer
mortality rates. With no allowance for difference between the background lung cancer death
rates among Australia and the members of this cohort («=1), the fit of the model is poor
(p<0.01). Allowing for difference in the background lung cancer desth rates (avariable), the
model provides a reasonably good fit to the data (p=0.10) and estimates K, =0.0047 (fiber-
year/ml)™, 90% CI: (0.0017, 0.0087). The hypothesis «=1 can be rejected with high confidence
(p<0.01).

There were 165 mesotheliomas in the cohort. The availability of the raw data from this study
made it possible calculate K, from this study using an “exact” likelihood approach based on
Equation A-3 that did not involve any grouping of data, or use of average values. With this
approach, K,,=7.95x10%, 90% CI: (6.97x107%, 9.01x10?).

For comparison purposes, K,, were also calculated using grouped data and applying Equation
A-4, since thisis the method that must be used with most studies. The K,, estimate based on the
“exact” analysis was 12% lower than the estimate based upon grouped data.

Regarding uncertainty factors, F1 is assigned avalue 2.0 for this study for reasons similar to
those described for Quebec. F2 isassigned avalue of 1.0 because measurements were conducted
using PCM so that conversion is unnecessary for this study. All other factors are aso assigned a
value of 1.0 because there are no other unique limitations. Thus:

F1=20
F2=1.0
F3=1.0
FAL =1.0
FAM =1.0

These uncertainty factors described earlier, when coupled with the statistical confidence limits,
resulted in the uncertainty ranges for K, and K,, and shown in Table A-1 and A-2.

Predominant Amosite Exposure

Patterson, N.J. Insulation Factory. Seidman et a. (1986) studied a cohort of 820 men (mostly
white) who worked at an amosite asbestos factory that operated in Patterson, New Jersey from
1941 through 1954. The men began work between 1941 and 1945 and follow-up was through
1982. The follow-up of aworker began 5 years following the beginning of employment.
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Workers who had prior asbestos exposure were not included in the cohort, and follow-up was
stopped when a worker was known to have begun asbestos work el sewhere (6 men). Exposures
were generally brief, as 76% were exposed for <2 years, although afew were exposed for as
long as 10 years.

No ashestos exposure measurements are available for this plant. Estimates of exposuresin
particular jobs were made based on air measurements made between 1967 and 1970 at plantsin
Tyler, Texas and Port Allegheny, Pennsylvania that were operated by the same company and
made the same products using some of the same machinery as the Patterson facility. The
estimated median exposure level was 50 f/ml. Amosite was the only type of asbestos used at the
plant.

Seidman et al. cross-categorized lung cancer deaths by cumulative exposure (eight categories of
f-y/ml) and length of time worked (seven categories, Seidman et al. 1986, Table XXXI1V).
Although this table apparently was created by categorizing workers by their final cumulative
exposure (rather than categorizing person-years of follow-up by the cumulative exposure to that
point in time, which is more appropriate for calculating aK, ), because exposures were brief this
likely made little difference. Expected number of lung cancer deaths were based on age- and
year-specific rates for New Jersey white males.

Table A-13 shows the results of applying the lung cancer model to these data, after collapsing
the table by summing over length-of-time worked. Results were highly dependent upon whether
or not the background lung cancer mortality rate was assumed to be equal to that predicted by
the comparison population of New Jersey white males (equivalent to a=1). Thetest for
departure from the null hypothesis, a=1, was highly significant, and the maximum likelihood
estimate was «=3.3. Similarly, the model gave a poor overall fit to the data with «=1 (p<0.01),
but the fit was quite good when « was alowed to vary (p=0.90). The estimated potency
parameter, K , also was highly dependent upon the assumption regarding the parameter, «.. The
estimate of K, was 0.062 (f-y/ml)™, 90% ClI: (0.050, 0.076), when o was fixed at «=1, and
0.011 (f-y/ml)™, 90% CI: (0.0058, 0.019), when o, was allowed to vary, a 6-fold difference. The
lung cancer model was also fit to the data cross-classified by both cumulative exposure and
length of time worked, allowing « to assume a different value in each category of time worked.
Although the estimated values of « tended to increase with increasing duration of exposure,
allowing different values of « did not significantly improve the fit (p=0.64).

The reason for this behavior is not clear. Thereisno indication that workers with shorter
durations experienced disproportionately high mortality, since, as noted above, « tended to
increase with increasing duration of exposure. Although it is possible that cumulative exposure
is not the appropriate exposure metric, it is difficult to envision what metric would predict this
response, so long as alinear model is assumed. It isalso possible that alinear model for relative
risk is not correct and a supralinear model is more appropriate, or that the increased risk is not
proportional to the background risk, as assumed by this simple relative risk model. Finaly, itis
possible that the background rate in this population is significantly greater than that in the
comparison population, although it seems unlikely that it could be 3 times greater as suggested
by the model.
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Seidman et a. (1986) discovered 17 deaths from mesotheliomain this population. Table 11 of
Seidman et a. categorized mesothelioma deaths and person-years of observation by years since
onset of work. In order to apply the 1986 U.S. EPA mesothelioma model it is necessary to have
estimates of the duration of exposure and level of exposure for each category. Using the
categorization of the members of the cohort by duration of work in Table X X111 of Seidman

et a., it was estimated that the mean duration of work was 1.5 years. Using data from Seidman
et a. Table X1V, an average cumulative exposure was for each category of time from onset of
exposure by weighting exposures according to the expected total number of deaths. These
averages were divided by 1.5 years to obtain the average fiber concentrationsin Table A-14.
The estimated exposure level s decrease with time since onset, which is consistent with higher
mortality among more heavily exposed workers.

The 1986 mesothelioma model provided an adequate fit to these data (p=0.35), although it over-
predicted somewhat the number of casesin the highest latency category (>35 years). The
estimate of K,, was 3.9x10®, 90% ClI: (2.6x10?®, 5.7x107).

Regarding uncertainty factors, F1 is assigned avalue of 3.5 for this study because exposure
concentrations were not measured at thisfacility at all. Rather exposures were estimated (as
described in Lemon et al. [1980]) based on measurements collected at another facility in Tyler,
Texas (see below) that manufactured the same products from the same source of raw materials
using some of the same equipment, which was moved from the Patterson plant to the plant in
Tyler. Because the measurements collected in Tyler were analyzed by PCM, no conversion
factor isrequired. Thus, F2 isassigned avalue of 1.0 for this study. All other factors are also
assigned afactor of 1.0 dueto lack of other remarkable limitations. Thus:

F1=35
F2=1.0
F3=1.0
FAL =1.0
FAM =1.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty ranges for K, and K,, shown in Table A-1 and A-2.

Tyler, TexasInsulation Factory. Levin et a. (1998) studied the mortality experience of 1,121
men who formerly worked at a plant in Tyler, Texas that manufactured asbestos pipe insulation.
The plant operated from 1954 through February 1972. The plant used the same raw materials
and some of the same equipment that was used in the Patterson, New Jersey plant that was
studied by Seidman et al. (1986). The asbestos used was amosite from the Transvaal region of
South Africa. The insulation was manufactured from a mixture that contained 90% amosite
asbestos.

Environmental surveys were conducted at the plant in 1967, 1970, and 1971, with average fiber
concentrations ranging from 15.9 through 91.4 f/ml. An average exposure of 45 f/ml is assumed
for this plant, which is near the middle of this range obtained in the three surveys. Itisalso
consistent with average levels assumed for the Patterson, New Jersey plant, which operated
under very similar conditions.
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The cohort consisted of 744 whites, 305 non-white (mostly black), and 72 with missing race
(assumed to be white, based on hiring practices at that time). For the entire cohort, the median
age of first employment was 25 years, and the mean duration of employment was 12.7 months
(range of one day to 17.3 years). Follow-up was through 1993. Death certificates were obtained
for 304 of the 315 men known to be dead. In the mortality analysis only white men were
evaluated and follow-up started 10 years after first employment. After additional exclusions of
men with missing birth dates or missing employment information, the cohort analyzed in the
mortality analysis consisted of 753 former workers, among whom 222 deaths were recorded.
These deaths were compared with those expected based on age, race and sex-specific U.S. rates.

There was an excess of deaths from respiratory cancer (SMR=277, based on 36 deaths, not
including four deaths from mesothelioma). Table A-15 contains observed and expected numbers
of deaths from respiratory cancer, categorized by duration of exposure. Cumulative exposurein
f-y/ml was estimated by multiplying the duration of exposure times the assumed average fiber
level of 45 f/ml. There was an excess of lung cancer deaths in the lowest exposure group

(23 observed, 8.9 expected), and consequently the model with ¢=1 did not fit these data
(p<0.01), and the hypothesis «=1 could be rejected (p<0.01). The K, with « variable was
K,.=0.0013, 90% ClI: (0, 0.0060). With a=1, K,=0.013 (f-y/ml)™*, 90% CI: (0.0055, 0.022).

Four mesotheliomas were reported in this study. However, the data are not presented in aform
that would permit application of the U.S. EPA 1986 mesothelioma model.

Regarding uncertainty factors, F1 is assigned avaue of 3.0 for this study because, although
exposure concentrations were measured at this facility, the data are sparse so that only an overall
average concentration for the entire plant could be derived. Because the measurements collected
were analyzed by PCM, no conversion factor isrequired. Thus, F2 isassigned avalue of 1.0 for
thisstudy. All other factors are also assigned afactor of 1.0 due to lack of other remarkable
limitations. Thus:

F1=3.0
F2=1.0
F3=1.0
FAL =1.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty range for K, shown in Table A-1.

Predominant Tremolite-Actinolite Exposure

Libby, Montana Vermiculite Mine. Amandus and Wheeler (1987) conducted a retrospective
cohort study of 575 men who were exposed to tremolite-actinolite while working at avermiculite
mine and mill in Libby, Montana. A dry mill began operation in 1935 and awet mill began
operating in the same building as the dry mill in 1950 (Amandus et al. 1987).

A total of 376 impinger samples were available that had been collected during 1950-1969,
although only 40 of these were collected prior to 1965. In addition 4,118 PCM samples were
available from the period 1967-1982. Exposure estimates for years later than 1968 were based
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on historical measures of fiber concentrations (f/ml), and those for earlier years were based on
concentrations measured by midget impinger (mppcf) and converted to f/ml assuming a
conversion ratio of 4 f/ml per mppcf. This conversion factor was derived from 336 impinger
samples collected during 1965-1969 and 81 filter samples collected during 1967—1971.
Individual cumulative fiber exposure estimates (f-y/ml) were computed from job-specific
exposure estimates and work histories (Amandus et al. 1987).

The cohort consisted of all men hired prior to 1970 and employed for at least 1 year in either the
mine or the mill. Follow-up was through December 31, 1981. The vital statuses of 569 of the
men (99%) were determined and death certificates were obtained for 159 of the 161 who were
deceased.

Smoking information was available for 161 men employed between 1975 and 1982 and with at
least 5 years of tenure. The proportion of these workers who smoked (current or former) was
84% compared to 67% among U.S. white males during the same time period.

A total of 20 deaths from lung cancer were observed (9 expected, SMR=223.2, using U.S. white
males as the comparison population). Table A-16 (based on Amandus and Wheeler 1987, Table
I1) shows that the excess occurred mainly in workers whose cumulative exposure exceeded 400
f-y/ml (10 observed, 1.7 expected). The 1986 U.S. EPA lung cancer model fit these data
adequately (p=0.25) both with a=1 and « variable, and the hypothesis «=1 could not be rejected
(p=0.8). With a=1, K, was estimated as 0.0061 (f-y/ml)*, 90% CI: (0.0029, 0.010), and with «
variable, K = 0.0051 (f-y/ml)*, 90% ClI: (0.0011, 0.020).

Amandus and Wheeler (1987) observed 2 deaths from mesotheliomain this cohort. However,
information on these cases was not sufficient to permit application of the 1986 U.S. EPA
mesothelioma model.

For uncertainty factors, F1 is assigned avalue of 2.0 for reasons similar to those described for
Quebec. F2isassigned avalue of 1.5 because most early measurements were collected by
midget impinger and the authors report using a conversion factor of 4 derived from temporally
overlapping (but not paired) measurements. All other uncertainty factors were assigned a value
of 1.0. Thus:

F1=20
F2=15
F3=1.0
FAL =1.0

These uncertainty factors, when coupled with the statistical confidence limits, resulted in the
uncertainty range for K, shown in Table A-1.

McDonald et a. (1986) also conducted a cohort study of workers at the Libby, Montana
vermiculite mine and mill. Their cohort was composed of 406 workers employed prior to 1963
for at least 1 year. Follow-up was until July 1983. Vital status was determined for all but one
man and death certificates were obtained for 163 of the 165 men who had died. Cumulative
exposures (f-y/ml) were estimated for each worker using work histories based on 42 job
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categories, and 1,363 environmental measurements, including samples analyzed by PCM (f/ml)
and by midget impinger (mppcf).

A total of 23 deaths from lung cancer were observed (SMR=303, based on Montana rates).
Table A-17 shows these deaths categorized by cumulative exposure (based on Table 4 of
McDonald et a. 1986). Both the models with «=1 and « variable fit these data adequately
(p=0.16) athough the test of «=1 was marginally significant (p=0.11). The estimate of K, with
«=1was 0.011, (f-y/ml)?, 90% CI: (0.0055, 0.017), and with « variable, K, = 0.0039 (f-y/ml)™,
90% ClI: (0.00067, 0.012).

McDonald et a. (1986) observed 2 deaths from mesothelioma. However, information on these
cases was not sufficient to permit application of the 1986 U.S. EPA mesothelioma model.

Because this study and the Amandus study used virtually the same data and very similar
approaches to analysis, the same values are assigned to uncertainty factors for this study that are
assigned for the Amandus and Wheeler study. These factors, when coupled with the statistical
confidence limits, resulted in the uncertainty range for K, shown in Table A-1.

Exposureto Mixed Fiber Types

British Friction Products Factory. Berry and Newhouse (1983) conducted a mortality study of
13,460 workersin afactory in Britain that manufactured brake blocks, brake and clutch linings,
and other friction materials. Only chrysotile was used at the plant except for two relatively short
periods before 1945 when crocidolite was used in the production of railway blocks.

The cohort studied consisted of all men or women employed at the plant between 1941 and 1977.
Follow-up was to the end of 1979 and the mortality experience was examined after 10 years
from first exposure. Airborne dust measurements were only available from 1967 onward and
these were made using the PCM method. Fiber concentrations in earlier years were estimated by
reproducing earlier working conditions using knowledge of when processes were changed and
exhaust ventilation introduced.

Deaths from all causes were less than expected both prior to 10 years from first employment
(185 observed versus 195.7 expected) and afterward (432 observed versus 450.8 expected).
There was no indication of an effect of employment at the plant upon lung cancer; there were 51
lung cancers >10 years from first employment compared to 47.4 expected. A significant deficit
of gastrointestinal cancers was observed after 10 years from first employment (25 observed
versus 35.8 expected, p=0.04).

A linear exposure response model relating cumulative exposure and lung cancer was fit to case-
control data presented by Berry and Newhouse. The resulting K, was 0.00058 (f-y/ml)™* and the
95% upper limit was 0.0080 (f-y/ml)™. This estimate was used as the best estimate of K, and
the lower confidence bound was assumed to be zero.

A case control study on mesothelioma deaths showed that 8 of the 11 cases had been exposed to
crocidolite and another possibly had intermittent exposure to crocidolite. The other two had
been employed mostly outside the factory and possibly had other occupational exposures to
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asbestos. The case control analysis showed that the distribution of cases and controls in respect
to exposure to crocidolite was quite unlikely assuming no association with crocidolite. This
indicates that some, and possibly al, of the eight mesotheliomas with crocidolite exposure were
related to this exposure. The data were not presented in aform that permitted a quantitative
estimate of mesothelioma risk.

Regarding uncertainty factors, F1 is assigned avalue of 2.0 for this study because, although the
manner in which unmeasured exposure was estimated in this study is different than for that
reported for the majority of other studies (see, for example, Quebec), it is unlikely to introduce
greater uncertainty. Rather than extrapolating measured estimates to earlier times based on
expert judgements, judgements were used to simulate earlier conditions at the plant and
exposures were measured directly. Because the measurements collected were analyzed by PCM,
no conversion factor isrequired. Thus, F2 isassigned avalue of 1.0 for thisstudy. An
uncertainty factor FAL=1.5 was included to account for the fact that « was not estimated. F3 was
assigned afactor of 1.0 dueto lack of other remarkable limitations. Thus:

F1=20
F2=1.0
F3=1.0
FAL =1.5

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
range for K, shown in Table A-1.

Ontario Asbestos-Cement Plant. Finkelstein (1984) studied mortality among a group of 535
exposed and 205 unexposed employees of an Ontario asbestos-cement factory who had been
hired before 1960 and who had been employed for at least 1 year. This cohort contained the
cohort studied by Finkelstein (1983) and which required at least 9 years of employment for
membership. Follow-up continued until 1977 or 1981.

The plant produced asbestos cement pipe from 1948, asbestos cement board from 1955-1970,
and manufacture of asbestos insulation materials was added in 1960. Both chrysotile and
crocidolite were used in each batch processed in the pipe process, but only chrysotile was used in
the cement board operation. Crocidolite constituted approximately 20% of the asbestos used in
the pipe process (Ontario Royal Commission 1984).

Fiber concentrations in various work areas and for various epochs were estimated from
membrane filter samples taken after 1969, impinger measurements taken during 1949, 1954,
1956, 1957, and semiannually during the 1960s, and information on changes in dust control
methods. Finkelstein judged that the resulting exposure estimates were "probably accurate to
within afactor of three or five." Exposures of maintenance workers were not estimated, and the
exposure response analysis consequently involved only the unexposed workers (N=205) and the
production workers (N=428).

Only 21 deaths from lung cancer were observed among production workers. Based on these
deaths, Finkelstein compared age-standardized lung cancer mortality rates in production workers
after a 20-year latency, categorized into five groups according to their cumulative exposure
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through 18 years from date of first employment (Finkelstein 1984, Table 7). Mortality rates
were standardized with respect to age and latency using the man-years distribution in the cohort
asawhole asthe standard. Using similarly standardized mortality rates in Ontario males as the
comparison population, lung cancer rates were elevated in all five categories, and Finkelstein
found a significant exposure-response trend. However, the trend was not monotone, as rates
increased up to the middle exposure category and decreased thereafter (Table A-18).

These data may be put into aform roughly equivalent to the more conventional age-adjusted
comparison of observed and expected lung cancer deaths by dividing the rates in the exposed
group by that of Ontario men. (The rate for unexposed workers was not used because it was
based on only 3 deaths.) The results of this are shown in Table A-18, which also shows the
results of fitting the 1986 U.S. EPA lung cancer model both assuming the Ontario rates were
appropriate for this cohort (fixing the parameter «=1) and not making this assumption (allowing
the parameter « to vary). Neither approach provided an adequate fit to these data (p<0.05) and
the test of =1 was marginally significant (p=0.07). The maximum likelihood estimate of « was
4.26, which seems too large to be due to differences in smoking habits. The K, estimate with
a=1 was 0.048 [f-y/ml]*, 90% ClI: (0.028, 0.074). With « allowed to vary the estimate was
K_.=0.0029 [f-y/mI]™, 90% ClI: (0, 0.037). The fact that the lower limit was zero indicates that
the exposure-response trend was not significant when the background was allowed to vary.

Based on a“best evidence’ classification of cause of death, Finkelstein identified 17 deaths from
mesothelioma among production workers. Table 3 of Finkelstein (1984) gives these
mesotheliomas categorized by years since first exposure. Thistable also provides the mortality
rate, from which can be calculated the person-years of observation. Finkelstein states that the
average cumulative exposure for production workers was about 60 f-y/ml, but does not provide
information for determining duration and level of exposure separately. CHAP (1983) used an
average exposure of 9 f/ml for a subcohort of production workers, although they provided no
support for this assumption. If thisvalue is assumed to be appropriate for the expanded cohort,
the average duration is estimated as about 60/9=6.7 years. However these values are uncertain.
Table A-19 presents the result of applying the 1986 U.S. EPA mesothelioma model to the
Finkelstein (1984) data based on these assumptions. The mesothelioma model describes these
data adequately (p=0.26) and provides an estimate of K,,=18x10°®, 90% CI: (13x10%, 24x107%).

Regarding uncertainty, F1 is assigned a value of 4 because Finkelstein indicates that exposure
estimates derived for this study are probably good to within afactor of 3 or 4. Findlestein also
notes that many of the assumptions employed to extrapolate exposures were only weakly
supported by limited, earlier impinger measurements. The source of the conversion factor
employed to link impinger measurements and PCM measurements in this study is unclear.
Therefore avalue of 3.0 isassigned to F2. Because data for evaluating mesothelioma incidence
was not provided in aformat suitable for deriving confidence intervals, so that some
reconstruction was required, avalue of 2.0 isassigned for F4AM. All other factors are also
assigned afactor of 1.0 dueto lack of other remarkable limitations. Thus:
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F1=4.0
F2=3.0
F3=1.0
FAL =1.0
FAM =2.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
ranges for K, and K,, shown in Tables A-1 and A-2.

Swedish Asbestos-Cement Plant. Albin et al. (1990) studied workers at a Swedish plant that
operated from 1907 to 1978 and produced various asbestos cement products, including sheets,
shingles, and ventilation pipes. The asbestos handled was mainly chrysotile (>95%).
Crocidolite was used before 1966, but never exceeded 3—4% of the total asbestos. Amosite was
used for afew yearsin the 1950s but never exceeded 18% of the total asbestos used. Fiber
length classes were the commercia grades 3—7, and all asbestos was milled prior to
incorporation into products.

Impinger and gravimetric dust measurements were available for 1956-1969, and PCM
measurements after 1969. These data, along with information on production and dust control,
were used to estimate exposures for different jobs and periods of time.

The cohort contained 2,898 men and was defined as all male employees who worked for at least
3 months between 1907 and 1977. A reference cohort was composed of 1,233 men who worked
in other industries in the region and who were not known to have worked with asbestos. Vital
status of both groups was determined through 1986. Follow-up of both began after 20 years
from first employment.

Excluding mesothelioma, other respiratory cancers were not significantly increased. Albin et al.
present relative risks of these respiratory cancers and corresponding 95% Cls for three categories
of cumulative exposure (Table A-20), based on Poisson regression with control for age and
calendar year. In order to obtain crude estimates of the range of K, that are consistent with these
data, the 1986 U.S. EPA lung cancer relative risk model wasfit, assuming that the Ln (RR) were
normally distributed with fixed variances computed from the reported confidence intervals for
the RR. Although elevated, the RR did not exhibit an exposure response, and the hypothesis a=1
was not rejected (p=0.13). Inthisanalysis K, was not significantly different from zero,
regardless of whether o was fixed at 1.0 or estimated. With «=1 the estimate of K, was 0.019
(f-y/ml)*, 90% CI: (0, 0.065), and K, =0.00067 (f-y/ml)™, 90% ClI: (0, 0.036) with o estimated.

Thirteen mesotheliomas were identified anong exposed workers and one in the referent
population, and a significant exposure response was observed with increasing cumulative
exposure. Unfortunately, the mesothelioma data were not presented in aformat that would
permit application of the 1986 U.S. EPA mesothelioma model.

Regarding uncertainty, F1 is assigned a value of 4 due to the sparsity of data and the need to
extrapolate. Several assumptions were incorporated into the extrapolations performed that were
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based, among other things, on the scarcity of raw-material asbestos during World War 11. All
other factors are also assigned a factor of 1.0 dueto lack of other remarkable limitations. Thus:

F1=4.0
F2=1.0
F3=1.0
FAL =1.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
range for K, shown in Table A-1.

Belgium Asbestos-Cement Plant. Lacquet et al. (1980) conducted a roentgenologic, asbestosis,
and mortality study in a Belgium asbestos cement factory employing about 2,400 employees that
annually processed about 39,000 tons of asbestos, of which 90% was chrysotile, 8% crocidolite,
and 2% amosite. The mortality study considered male workers who worked in the factory for at
least 12 months during the 15-year period 1963-1977. Apparently no minimal latency was
required before follow-up began.

Fiber counts were available for the years 1970-1976; fiber levels were estimated for as far back
as 1928, but these estimates were considered to be "only good guesses at best." Individual
exposures were estimated in fiber-years from work histories and estimated yearly concentrations
in four work areas.

The incidence of respiratory cancer was very close to that which was expected in a Belgium
population of matched age and sex (Table A-21). The models with «a=1 (p=0.51) and « variable
(p=0.39) gave similar results and the hypothesis «=1 was not rejected (p=0.77). With «=1, the
estimate of K, was 0.0 (f-y/ml)™*, 90% ClI: (0, 0.0010). With « estimated, K, =6.8x10" (f-y/ml)™,
90% CI: (0, 0.0021).

One death was due to pleural mesothelioma. Unfortunately, the data were not presented in away
that allowed the estimation of K,,.

Regarding uncertainty, F1 is assigned a value of 4 due to the sparsity of data and the need to
extrapolate. Much of the data appear to be based on PCM, so that conversion is not necessary.
All other factors are also assigned a factor of 1.0 dueto lack of other remarkable limitations.
Thus:

F1=4.0
F2=1.0
F3=1.0
FAL =1.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
range for K, shown in Table A-1.
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Retireesfrom U.S. Asbestos Products Company. Enterline et al. (1986) extended follow-up
through 1980 for a cohort of U.S. retirees from a large asbestos products company that had been
the subject of an earlier report (Henderson and Enterline 1979). Products manufactured by the
company included textiles, cement shingles, sheets, insulation and cement pipe. Exposure was
predominately to chrysotile in most operations, although amosite predominated in insulation
production, and crocidolite in manufacture of cement pipe. Each worker’s exposure was
estimated from dust measurements in mppcf obtained from environmental surveys that started in
the mid-1950's and were extrapolated back in time by the company industrial hygienist. No data
are provided for conversion from mppcf to PCM in f/ml. Given the wide range of products
manufactured, this conversion likely varied according to operation. Conversions calculated in
different environments have ranged from 1.4 to 10, the most common value being around 3 f/ml
per mppcf, which has been observed in diverse environments such as mining and textile
manufacture. This value was provisionally applied to this cohort.

The cohort consisted of 1,074 white males who retired from the company during 1941-1967, and
who were exposed to asbestos in production or maintenance jobs. The average duration of
employment was 25 years. Follow-up started at age 65 or at retirement if work continued past
age 65. By the end of follow-up in 1980, 88% were deceased.

Overall, respiratory cancer was significantly increased (SMR=258 in comparison to U.S. rates,
based on 79 observed deaths). Enterline et al. (1986) categorized lung cancer deaths by
cumulative exposure (their Table 4). Results of applying the 1986 U.S. EPA |ung cancer model
to these data are shown in Table A-22. Although both the model with «a=1 and « variable fit the
data adequately (p=0.75), the test of «=1 was not rejected (p=0.24). With «=1 the estimate of K
was 0.0021 (f-y/ml)*, 90% CI: (0.0015, 0.0027). With o variable, K, =0.0011 (f-y/ml)*, 90% CI:
(0.00041, 0.0028).

From the death certificates Enterline et al. identified eight deaths from mesothelioma. These
data were not presented in aform that permitted application of the 1986 U.S. EPA mesothelioma
model.

Regarding uncertainty, F1 is assigned avalue of 2.0 for this study for reasons similar to those
described for Quebec. Because the manner employed for deriving the conversion factor used to
convert impinger counts to fiber concentrations is not documented, avalue of 3.0 is assigned to
F2 for thisstudy. All other factors are also assigned afactor of 1.0 dueto lack of other
remarkable limitations. Thus:

F1=20
F2=3.0
F3=1.0
FAL =1.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
range for K, shown in Table A-1.
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U.S. Insulation Applicators. Selikoff and Seidman (1991) reported on follow-up through 1986
of acohort of 17,800 asbestos insulation applicators that had been followed through 1976 by
Selikoff et a. (1979). The cohort consisted of men enrolled as members of the insulator’s union
in the United States and Canada. Deaths were classified both based on the information the death
certificate, and using “best evidence,” in which death certificate information was augmented by
clinical data, histopathological material and X-rays.

Based on the composition of insulation material, it seems likely that these workers were exposed
to substantial amounts of chrysotile and amosite. Data on insulator’ s exposures were reviewed
by Nicholson (1976), who concluded that average exposures of insulation workers in past years
could have ranged 10-15 f/ml and could have been 15-20 f/ml in marine construction. U.S.
EPA (1986) assumed avalue of 15 f/ml as an overall average, with an associated 3-fold
uncertainty. This estimate of 15 f/ml will be used provisionaly here as well.

The form of the data provided in Selikoff and Seidman (1991) is not particularly suitable for
calculating K, . Table 4 of Selikoff and Seidman (1991) contain observed and expected deaths
from lung cancer (determined from either death certificates or best information) categorized by
years from first exposure (<15, 15-19, 20-24, ..., 50+). Death certificate information was
utilized herein to facilitate comparisons with expected deaths (based on the mortality experience
of U.S. white males), which were also based on death certificates. Lung cancer was significantly
increased over expected, except for the category of <15 years from onset of exposure. Selikoff
and Seidman did not provide information on the duration of exposure. The U.S. EPA (1986,
page 90) assumed an average exposure duration of 25 years. Assuming that all workers worked
exactly 25 years and were exposed to 15 f/ml, the datain Table 4 of Selikoff and Seidman can be
used to categorize lung cancer deaths by cumulative exposure lagged 10 years. Theresultis
shown in Table A-23. The 1986 U.S. EPA lung cancer model provided a reasonable fit to these
datawith « variable (p=0.12), but not with a=1 (p<0.01). Also, the hypothesisthat «=1 could be
rejected (p<0.01). The estimate of K, with o variable was 0.0018 (f-y/ml)™*, 90% CI: (0.00065,
0.0038). With a=1, K,=0.0087 (f-y/ml)*, 90% ClI: (0.0081, 0.0093).

Based on best evidence, Selikoff and Seidman (1991) found 458 mesotheliomas in this cohort.
Table A-24 shows these deaths categorized by years from onset (based on Selikoff and Seidman
1991, Tables5 and 6). Table A-24 also shows the results of fitting the 1986 U.S. EPA
mesothelioma model to these data, assuming, as above, that workers worked for 25 years and
were exposed to 15 f/ml. The 1986 U.S. EPA mesothelioma model provided a poor fit to these
data (p<0.01), as it overestimates by more than a factor of 2 the number of mesothelioma deaths
after 50+ years from first exposure. The estimate of K,, was 1.3x10°®, 90% CI: (1.2x10?,
1.4x10%).

Regarding uncertainty, F1 is assigned a value of 4.0 for this study because data employed to
estimate exposure is not facility-specific, but represents general, industry-wide exposure
estimates derived from limited data. F3 isassigned avalue of 2 for this study because the study
provides no information on worker histories. FAL isassigned avalue of 2 for this study because
the data presented in the study were not provided in aform suitable for fitting the lung cancer
model. Thus, the data had to be partially reconstructed. Other factors are also assigned a factor
of 1.0 dueto lack of other remarkable limitations. Thus:
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F1=4.0
F2=1.0
F3=20
FAL =2.0
FAM =1.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
ranges for K, and K,, shown in Tables A-1 and A-2.

Pennsylvania Textile Plant. McDonald et al. (1983b) report on mortality in an asbestos plant
located near Lancaster, Pennsylvania that produced mainly textiles, but also some friction
materials. About 3,000 to 6,000 tons of chrysotile were processed annually at the plant, which
began operation in the early 1900s. Crocidolite and amosite were used from 1924 onward; about
3-5 tons of raw crocidolite were processed annually and the use of amosite reached a peak of
600 tons during World War 1.

The cohort consisted of all men employed for at least 1 month prior to 1959 and who had avalid
record with the Social Security Administration. This group consisted of 4,022 men, of whom
35% had died by the end of follow-up (December 31, 1977). Follow-up of each worker was only
begun past 20 years from first employment.

To estimate exposures, McDonald et al. had available reports of surveys conducted by the
Metropolitan Life Insurance Company during the period 1930-1939, Public Health Service
surveys conducted during 1967 and 1970, and company measurements made routinely from
1956 onward. These data were used to estimate by department and year in units of mppcf.

The lung cancer mortality in this cohort exhibited a significant exposure response trend (Table
A-25), which was partially due to a deficit of cancersin the group exposed to <10 mppcf-y (21
with 31.4 expected). A survey of those employed in the plant in 1978 revealed alarger per cent
of nonsmokers (25%) than were found in the other plants studied by these researchers
(McDonald et al. 1983a, 1984), although this finding was based on a sample of only 36 workers.
Regardless of the reason for this shortfall in the number of lung cancers, it appears that the most
appropriate analysisis that in which the background is allowed to vary; this analysis fits the data
well (p>0.7), whereas the analysis which assumes the Pennsylvania rates are appropriate
provides amargina fit (p=0.08). The hypothesis «=1 was rejected (p=0.01). Consequently, the
former analysisisjudged to be the most appropriate (allowing the parameter o to vary).
McDonald et a. (1983b) did not provide afactor for converting from mppcf to f/ml. Assuming
that 3 f/ml is equivalent to one mppcf, the resulting estimate of lung cancer potency with «
variable was 0.018 (f-y/ml)™, 90% CI: (0.0075, 0.045). With a=1, K =0.0057 (f-y/ml)™*, 90%
Cl: (0.0027, 0.0094).

A diagnosis of mesothelioma was specified on 14 death certificates (ten pleural and four
peritoneal). Thirty other deaths were given the ICD code 199 (malignant neoplasms of other and
unspecified sites) and the diagnosis given in many of these cases was said to be consistent with
an unrecognized mesothelioma. McDonald et al. (1983b) Table 3 lists the average age at
beginning of employment as 28.92 and the average duration of employment as 9.18 years, and
their Table 1 lists 191, 667, and 534 deaths as occurring before age 45, between 45 and 65, and
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after 65 years of age, respectively. Assuming that ¥z of the deaths given the ICD code 199 might
have been due to mesotheliomas, the total number of mesotheliomas in this cohort is estimated to
be 23. Proceeding as in the mesothelioma analysis carried out for the McDonald et al. (1984)
data, the datain Table A-26 were generated. Noting that the age since first exposure categories
in which the mesotheliomas occurred isirrelevant as far as estimating K, is concerned, the
estimate of K, is 1.1x10%, 90% CI: (0.76x107%, 1.5x10®). These estimates are uncertain due to
the uncertainty regarding the number of mesotheliomas in the cohort.

Regarding uncertainty, F1 isassigned avalue of 2.0 for this study for reasons similar to those
described for Quebec. Because the manner employed for deriving the conversion factor used to
convert impinger countsto fiber concentrations is not documented, avalue of 3.0 is assigned to
F2 for thisstudy. A factor of 2.0 isassigned for F4M because the number of mesotheliomas
observed in this study are reported to be estimates expected to be good to within afactor of 2.
Thus:

F1=20
F2=3.0
F3=1.0
FAL =1.0
FAM =2.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
ranges for K, and K,, shown in Tables A-1 and A-2.

Rochdale, England Textile Factory. Peto et al. (1985) studied atextile factory in Rochdale,
England that has been the subject of a number of earlier reports (Peto et a. 1977; Peto 1980a,b).
Peto et al. (1985) has the most complete follow-up (through 1983) and emphasizes assessment of
risk. The factory, which began working with asbestos in 1879, used principally chrysotile, but
approximately 5% crocidolite was used between 1932 and 1968.

Quantitative estimates of risk were based on a subgroup of Peto et al. (1985) "principal cohort"
consisting of all men first employed in 1933 or later who had worked in scheduled areas or on
maintenance and had completed 5 years of service by the end of 1974. In the analyses of interest
relating to lung cancer, follow-up only begins 20 years after the beginning of employment and
exposure during the last 5 years of follow-up is not counted.

Routine sampling using a thermal precipitator began at 23 fixed sampling pointsin 1951.
Comparisons of particle counts and fiber counts taken in 1960 and 1961 were used to convert
between particles/ml and f/ml. Dust levels prior to 1951 were assumed to be the same as those
observed during 19511955 for departments for which no major changes had been made. In
departments in which conditions had improved, higher levels were assigned. These levels and
work histories were used to assign individual exposure estimates. A conversion factor of 34
particlessml per f/ml was determined by comparing average results obtained by the Casella
thermal precipitator (particles/ml) with Ottway long running thermal precipitator (f/ml) at the
same sampling point during 1960 and 1961. However, a conversion factor of 35.3 was used by
Peto et al. (1985) for the sake of consistency with earlier work, and this factor will be used here
aswell.
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After 20 years from first employment, there were 93 lung cancer deaths with only 64.6 expected.
Using alung cancer model essentially the same as the 1986 U.S. EPA model, Peto et al.
estimated K, =0.0054 (f-y/ml)™* for the entire cohort, and K, =0.015 (f-y/ml)™* when the analysis
was restricted to men first employed in 1951 or later. Peto et al. felt that the most plausible
explanation for this difference was that it was largely due to chance and also possibly to the
chance that exposure to the most carcinogenic fibers was not reduced as much as changesin
particle counts from 1951 to 1960 would suggest.

Table A-27 displays the exposure response data based on men first employed in 1933 or later for
lung cancer based on shows that the excess occurred mainly in workers whose cumulative
exposure exceeded 400 f-y/ml (10 observed, 1.7 expected). The 1986 U.S. EPA lung cancer
model fit these data adequately (p=0.63) both with «=1 and « variable, and the hypothesis «a=1
could not be rejected (p=0.57). With a=1, K, was estimated as 0.0052 (f-y/ml)™, 90% CI:
(0.0028, 0.0079), and with « variable, K, =0.0041 (f-y/ml)™*, 90% CI: (0.0012, 0.0087).

Ten mesotheliomas were observed in the cohort used by Peto et al. for quantitative analysis (an
11™ case who was exposed for 4 months and died 4 years later was omitted because the short
latency made it unlikely that this case was related to exposure at the factory). Observed
mesotheliomas and corresponding person-years of observation by duration of service and years
since first employment (Peto et al. 1985, Table 8) are shown in Table A-28. An overall average
exposure was estimated by applying the Peto mesothelioma model to the datain Table A-28 with
a single exposure estimate selecting the value that gave the smallest least squaresfit of this
model to the mesotheliomadata. The fitting was carried out both unweighted and by weighting
by the person years, with resulting estimates of 360 and 322 particles/ml, respectively; the latter
value was the one selected. Using the conversion factor of 35.3 particles/ml per f/ml, the
estimated average exposure is 322/35.2=9.1 f/ml. The 1986 U.S. EPA mesothelioma model fit
these datawell, and the resulting estimate of mesothelioma potency (Table A-28) was
Ky=1.3x10®, 90% CI: (0.74x10-8, 2.1x10®).

Regarding uncertainty, F1 is assigned avalue of 2.0 for this study for reasons similar to those
described for Quebec. Because a conversion factor was derived for measurements collected
using Otway long-running thermal precipitators and PCM measurements based on measurements
of each collected under similar conditions (but not side-by-side), avalue of 2 is assigned to F2.
Thus:

F1=20
F2=20
F3=1.0
FAL =1.0
FAM =1.0

These factors, when coupled with the statistical confidence limits, resulted in the uncertainty
ranges for K, and K,, shown in Tables A-1 and A-2.
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Table A-1. Lung Cancer Exposure-Response Coefficients (K, ) Derived from Various Epidemiological Studies

90%
EPA (1986) ThisUpdate Confidence  Uncertainty
Fiber Type Operation Cohort K,*100 Reference K, *100 I nterval Interval® Reference
Chrysotile  Mining and Quebec mines 0.06 McDonad 0.029 (0.019, 0.041) (0.0085, Liddell et al.
Milling and mills et a. 1980b 0.091) 1997
0.17 Nicholson et al.
1979
Italian mine 0.081 Piolatto et al. 0.051 (0,0.57) (0,1.2) Piolatto et al.
and mill 1990 1990
Friction Connecticut 0.01 McDonald 0 (0,0.17) (0,0.62) McDonad
Products plant eta. 1984 et a. 1984
Cement New Orleans 0.25 (0, 0.66) (0,1.5) Hughes et al.
Manufacture plants 1987
Textiles South 2.8 Dement et al. 2.1 (1.2,3.4) (0.81,5.1) Dementetal.
Carolina plant 1983b 1994
2.5 McDonald 1 (0.44, 2.5) (0.22,4.9) McDonad
et a. 1983a 1983a
Crocidolile  Mining and Wittenoom 0.47 (0.17,0.87) (0.084,1.7) deKlerk et al.
Milling 1994°
Amosite Insulation Patterson, NJ 4.3 Seidman 1984 11 (0.58, 1.9) (0.17,6.6) Seidmanet al.
Manufacture factory 1986
Tyler, Texas 0.13 (0, 0.6) (0,1.8) Levinet al.
factory 1998
Tremolite  Vermiculite Libby, 0.51 (0.11, 2.0) (0.049,4.4) Amandusand
Minesand Mills Montana Wheeler 1987
0.39 (0.067, 1.2) (0.03,2.8) McDonad
et a. 1986
Mixed Friction British factory 0.058 Berry and 0.058 (0,0.8) (0,1.8) Berry and
Products Newhouse Newhouse
1983 1983
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Table A-1. Lung Cancer Exposure-Response Coefficients (K, ) Derived from Various Epidemiological Studies (continued)

90%
EPA (1986) ThisUpdate Confidence  Uncertainty
Fiber Type Operation Cohort K,*100 Reference K, *100 I nterval Interval® Reference
Cement Ontario 4.8 Finkelstein 0.29 (0,3.7) (0, 22) Finkelstein
Manufacture factory 1983 1984
New Orleans 0.53 Weill 1979, 0.25 (0, 0.66) (0,15 Hughes et al.
plants 1994 1987
Swedish plant 0.067 (0, 3.6) (0, 14) Albinet al.
1990
Belgium 0.0068 (0,0.22) (0,0.84) Laquet et al.
factory 1980
Factory workers US. retirees 0.49 Henderson and 0.11 (0.041,0.28) (0.011,1.0) Enterlineetal.
Enterline 1979 1986
Insulation uU.s. 0.75 Seilkoff et a. 0.18 (0.065,0.38) (0.012,2.1) Seilkoff and
Application insulation 1979 Seidman 1991
workers
Textiles Pennsylvania 14 McDonald 18 (0.75, 4.5) (0.2, 16) McDonald
plant et al. 1983b et al. 1983b
Rochedale 11 Peto 1980a 0.41 (0.12, 0.87) (0.046,2.3) Petoetal.
plant 1985

aUncertainty Interval formed by combining 90% confidence interval with uncertainty factorsin Table A-3.
®With supplemental raw data from Terri Schnorr (NIOSH) and Dement
“With supplemental unpublished raw data with follow-up through 2001
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Table A-2. Mesothelimoa Exposur e-Response Coefficients (K,,) Derived from Various Epidemiological Studies

EPA This 90%
(1986) Update Confidence Uncertainty
Fiber Type Operation Cohort K * 100 Reference K *100 Interval Interval® Reference
Chrysotile Mining and Milling  Asbestos, 0.013 (0.0068,0.022)  (0.003,0.049) Liddell et al. 1997°
Quebec
Thedford Mines 0.021 (0.014,0.029)  (0.0065, 0.065) Liddell et al. 1997
Friction Products Connecticut 0 (0,0.12) (0, 0.65) McDonald et al. 1984
plant
Cement Manufacture New Orleans 0.2 - (0.033,1.2) Hughesetal. 1987
plant
Textiles South Carolina 0.25 (0.034, 0.79) (0.023,1.2) Dementeta.1994°
plant
0.088 (0.0093, 0.32) (0.0025,1.2) McDonaldet al.
1983a
Crocidolile  Mining and Milling ~ Wittenoom 79 (7,9 (3.5, 18) deKlerk et al. 1994°
Amosite Insulation Patterson, NJ 32 Seidman 1984 39 (2.6,5.7) (0.74, 20) Seidman et al. 1986
Manufacture factory
Mixed Cement Manufacture  Ontario factory 12 Finkelstein 1983 18 (13, 24) (2, 160) Finkelstein 1984
New Orleans 0.3 - (0.089, 1) Hughes et al. 1987
plant
Factory Workers Asbestos, 0.092 (0.04, 0.18) (0.018,0.39) Liddell et al. 1997°
Quebec
Insulation U.S. insulation 15 Seilkoff et al. 13 (1.2,1.9) (0.25, 6.5) Seilkoff and Seidman
Application workers 1979 1991
Textiles Pennsylvania 11 (0.76, 1.5) (0.17, 6.6) McDonald et al.
plant 1983b
Rochedale plant 1 Peto 1980; Peto 13 (0.74, 2.2) (0.28,5.6) Peto et al. 1985
eta. 1982

aUncertainty Interval formed by combining 90% confidence interval with uncertainty factorsin Table A-3.
PWith supplemental raw data from Liddell
“With supplemental raw data from Terri Schnorr (NIOSH) with Dement
dwith supplemental unpublished raw data with follow-up through 2001
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Table A-3. Uncertainty Factors Used to Develop Uncertainty Intervalsfor Exposur e-Response Coefficients (K, ’sand K,,’s)

Uncertainty Factorsfor Estimating Combined
Exposure Special Uncertainty Factors Uncertainty
Uncertainty  Uncertainty Uncertainty Uncertainty  Uncertainty
Estimating  Converting Assigning  for Special for Special
Exposure to PCM Job Lung Cancer Mesothelioma
Fiber Type Concentrations F2 Histories Limitations Limitations Lung M eso-
Operation Cohort F1 F3 F4 FaM Cancer thelioma Reference
Chrysotile
Miningand  Quebec 2 15 2.2 2.22 Liddell et al. 1997
Milling
Asbestos, 2 15 NR 2.22 Liddell et al. 1997
Quebec
Thedford 2 15 NR 2.22 Liddell et al. 1997
Mines
Italian mine 2 2.0 ND Piolatto et al. 1990
and mill
Friction Connecticut 2 3 3 3.7 55 McDonad et al. 1984
Products plant
Cement New Orleans 2 15 5 22 6.0 Hughes et a. 1987
Manufacture plant
Textiles South 15 15 15 Dement et al. 1994°
Carolina plant
South 2 3 2.0 3.7 McDonald et al.
Carolina plant 1983a
Crocidolile
Miningand  Wittenoom 2 2.0 2.0 deKlerk et a. 1994°
Milling
Amosite
Insulation Patterson, NJ 35 35 35 Seidman et al. 1986
Manufacture factory
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Table A-3. Uncertainty Factors Used to Develop Uncertainty Intervalsfor Exposure-Response Coefficients (K, 'sand K,,'s) (continued)

Uncertainty Factorsfor Estimating Combined
Exposure Special Uncertainty Factors Uncertainty

Uncertainty  Uncertainty Uncertainty Uncertainty  Uncertainty
Estimating  Converting Assigning  for Special for Special

Exposure to PCM Job Lung Cancer Mesothelioma
Fiber Type Concentrations F2 Histories  Limitations Limitations Lung M eso-

Operation Cohort F1 F3 F4 F4M Cancer thelioma Reference
Tyler, Texas 3 3.0 ND Levinet al. 1998
factory

Tremolite

Vermiculite  Libby, 2 15 2.2 ND Amandus and

Mines and Montana Wheeler 1987

Mills
Libby, 2 15 2.2 ND McDonald et al. 1986
Montana

Mixed

Friction British 2 15 22 ND Berry and Newhouse

Products factory 1983

Cement Ontario 4 3 2 59 6.7 Finkelstein 1984

Manufacture factory
New Orleans 2 15 25 2.2 34 Hughes et a. 1987
plant
Swedish plant 4 4.0 ND Albin et al. 1990
Belgium 4 4.0 ND Laquet et al. 1980
factory

Factory U.S. retirees 2 3 3.7 ND Enterline et a. 1986

Workers
Asbestos, 2 15 NR 2.2a Liddell et a. 1997
Quebec

Insulation u.s 4 2 2 55 4.7 Seilkoff and Seidman

Application  insulation 1991
workers
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Table A-3. Uncertainty Factors Used to Develop Uncertainty Intervalsfor Exposure-Response Coefficients (K, 'sand K,,'s) (continued)

Uncertainty Factorsfor Estimating Combined
Exposure Special Uncertainty Factors Uncertainty

Uncertainty  Uncertainty Uncertainty Uncertainty  Uncertainty
Estimating  Converting Assigning  for Special for Special

Exposure to PCM Job Lung Cancer Mesothelioma
Fiber Type Concentrations F2 Histories  Limitations Limitations Lung M eso-
Operation Cohort F1 F3 F4 F4M Cancer thelioma Reference
Textiles Pennsylvania 2 3 2 37 44 McDonald et al.
plant 1983b
Rochedale 2 2 2.7 2.7 Peto et al. 1985

plant

AWith supplemental raw datafrom Liddell et al. 1997 for mesothelioma
PWith supplemental raw data from Terri Schnorr (N1OSH) with Dement
“With supplemental unpublished raw data with follow-up through 2001

NOTES:

Values for uncertainty factors not listed in the table are assumed to be equal to one.

A description of the manner in which each of the values presented in this table was assigned is presented under the descriptions of individual studiesin Appendix A.

NR means no raw data. These are the data sets from Quebec for which we had access only to raw data for mesothelioma. Thus, lung cancer rates could not be determined.
NR means not determined. These are the data sets for which mesothelioma data were either lacking or were unuseable.
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Table A4
Cancer of Lung, Trachea, or Bronchus by Cumulative Exposure
Level among Workers in Quebec Chrysotile Mines and Mills
Liddell et al. (1997)

mpcf-yr (f-yr)/ml SMR Expected Observed Predicted

Range Mean Mean a=1 a=1.15

[0, 3) 1.5 4.71 1.12 67.0 75 67.1 76.9

[3, 10) 6.5 20.41 1.27 50.4 64 50.8 58.2

[10, 30) 20 62.8 1.03 59.2 61 60.8 69.2

[30, 60) 45 141.3 1.32 45.5 60 48.1 54.3

[60, 100) 80 251.2 1.45 42.1 61 46.4 51.8

[100, 200) 150 471 1.27 52.8 67 63.0 68.8

[200, 300) 250 785 1.1 31.8 35 42.1 44.8

[300, 400) 350 1099 1.46 19.9 29 28.8 30.1

[400, 1000) 700 2198 1.84 47.8 88 91.1 89.9

>= 1000 1500 4710 2.97 15.8 47 46.5 43.0

Totals 432.2 587 544.7 587.0
o =1 (fixed) o =1.15 (MLE)

K_*100 0.041 0.029

(90% Confidence Interval) (0.032, 0.051) (0.019, 0.041)

Goodness of Fit P-value 0.18 0.58

Test of Hy: a =1 P-value 0.014
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Table A-5

Lung Cancer Mortality among Chrysotile Asbestos
Miners in Balangero, Northern ltaly

Piolatto et al. (1990)

f-y/ml Observed Expected Predicted

Range Mean a=1 a=0.937

<100 50 4 5.1 5.2 4.9
[100, 400) 250 8 6.1 6.6 6.4

>= 400 600 10 8.7 10.5 10.7

Totals 22 19.9 22.3 22.0

a =1 (fixed) a=0.937 (MLE)

K. *100 0.035 0.051
(90% Confidence Interval) (0, 0.15) (0, 0.57)
Goodness of Fit P-value 0.75 0.45
Test of Hy: a = 1 P-value 0.88

A.46



Table A-6
Lung Cancer Mortality among Workers in a Chrysotile
Asbestos Friction Products Plant in Connecticut

McDonald et al. (1984)

mpcf-yr (f-yr)/ml SMR Expected Observed Predicted
Range Mean Mean a=1 a=1.49
<10 5 15 167.4 32.9 55 33.8 49.0
[10,20) 15 45 101.7 5.9 6 6.4 8.8
[20,40) 30 90 105.4 4.7 5 5.5 7.1
[40,80) 60 180 162.8 3.7 6 4.9 5.5
>=80 110 330 55.22 1.8 1 2.9 2.7
Totals 49.0 73 53.6 73.0

=1 (fixed) a=1.49 (MLE)

K. *100 0.19 0
(90% Confidence Interval) (0, 0.61) (0,0.17)
Goodness of Fit P-value 0.01 0.28
Test of Hy: a = 1 P-value 0.001

A.47



Table A-7

Mesothelioma Mortality among Connecticut Friction Product Plant Workers
McDonald et al. (1984)

Years After First Exposure Duration of f/iml Person Observed Predicted
Range Mean Exposure Years

[14, 34) 22 8.04 5.52 37742 0 0.0

>= 34 39 8.04 5.52 9420 0 0.0

Totals 47162 0 0.0

Ky * 10° 0

(90% Confidence Interval) (0, 0.12)

Goodness of Fit P-Value 1.00

A.48



Table A-8

Lung Cancer Mortality among Workers Employed in Two Asbestos
Cement Manufacturing Plants in New Orleans, Louisiana

Hughes et al. (1987)

mpcf-yr (f-yr)/ml Observed Expected Predicted
Range Mean Mean a =1 a=1.14
Plant 1 Employees
(<6) 4 5.6 3 2.9 3.0 3.4
(6 -24) 13 18.2 9 8 8.6 9.6
(25 -49) 35 49 2 3.7 4.4 4.8
(50 -99) 74 103.6 3 3.8 5.4 5.5
(>=100) 183 256.2 5 4.1 8.3 7.7
Plant 2 Employees
(<6) 3 4.2 20 18.9 19.2 21.8
(6 -24) 12 16.8 19 14.5 15.5 17.3
(25 -49) 36 50.4 12 6 7.2 7.7
(50 -99) 71 99.4 10 5.5 7.7 7.9
(>=100) 164 229.6 12 5.2 9.9 9.4
Totals 95 72.6 89.0 95.0

a =1 (fixed) a =1.14 (MLE)

K. *100 0.4 0.25
(90% Confidence Interval) (0.15, 0.7) (0, 0.66)
Goodness of Fit P-value 0.44 0.42
TestofHy: a =1 P-value 0.18

A.49



by Terri Schnorr (NIOSH)

Table A-9
Lung Cancer Mortality by Cumulative Exposure among Chrysotile
Asbestos Textile Workers in Charleston, South Carolina
Dement et al. (1994) -- based on raw data provided

f-y/ml Observed Expected Predicted
Range Mean oa=1 a=1.22
<0.8 0.14 7 6.8 6.8 8.3
[0.8,2) 1.33 11 9.3 9.7 11.6
[2,4) 2.9 12 9.2 10.0 11.8
[4,10) 6.53 19 11 13.0 15.1
[ 10, 35) 19.35 19 11.9 18.4 20.2
[ 35,85) 54.73 21 8.5 21.7 22.1
>= 85 143.35 33 6.6 33.5 31.9
Totals 122 63.3 113.1 121.1

a =1 (fixed) a=1.22 (MLE)

K_*100 2.8 2.1
(90% Confidence Interval) (2.1, 3.7) (1.2, 3.4)
Goodness of Fit P-value 0.81 0.93
Test of Hy: a = 1 P-value 0.19

A.50



Table A-10
Lung Cancer Mortality among Workers in a Chrysotile
Asbestos Textiles Plant in South Carolina

McDonald et al. (1983a)

mpcf-yr (f-yr)/ml SMR Expected Observed Predicted
Range Mean Mean a=1 a=1.07
<10 5 30 143.1 21.7 31 29.2 30.4
[ 10 - 19] 15 90 182.7 2.7 5 5.6 5.7
[ 20 - 39 ] 30 180 304.2 2.6 8 8.1 8.0
[40 - 79 ] 60 360 419.5 1.7 7 8.6 8.4
>= 80 110 660 1031.9 0.8 8 6.7 6.5
Totals 29.5 59 58.1 59.0
=1 (fixed) a=1.07 (MLE)
K. *100 1.2 1
(90% Confidence Interval) (0.75, 1.6) (0.44, 2.5)
Goodness of Fit P-value 0.95 0.88
Test of Hy: a = 1 P-value 0.80

A.51



Table A-11

Mesothelioma Mortality among South Carolina Textile Plant Workers

McDonald et al. (1983a)

Years After First Exposure Duration f/ml Person Observed Predicted
Range Mean Years

(19-39) 28 10 5.4 26280 0 0.7
(>39) 44 10 5.4 2787 1 0.3
Totals 29067 1 1.0
Ky * 108 0.088

(90% Confidence Interval) (0.0093, 0.32)

Goodness of Fit P-Value 0.14

A.52



Table A-12

Lung Cancer Mortality Among
Asbestos Workers in Wittenoom, Australia

DeKlerk et al. (1994) -- supplemented with unpublished raw
data with follow-up through 2001

(f-yr)/ml Predicted
Range Average Expected Observed a=1 a=2.13
0 0 4.6 5 4.6 9.8
0-0.4 0.19 7.9 27 8.0 17.0
04-1 0.69 8.2 11 8.3 17.6
1-2.3 1.59 11.6 22 12.1 24.9
2.3-4.5 3.27 12.9 28 14.0 27.9
45 -85 6.19 14.3 38 16.7 31.4
8.5-16 11.81 13.2 31 17.4 29.8
16 - 28 21.53 9.2 21 14.5 21.6
28 - 60 41.07 11.6 25 24.5 29.6
60 + 142.28 11.6 43 56.5 41.6
Totals 105.1 251 176.6 251.0
a =1 (fixed) a=2.13 (MLE)
K, *100 2.7 0.47
(90% Confidence Interval) (2, 3.5) (0.17,0.87)
Goodness of Fit P-value < 0.001 0.10
Testof Hy: a =1 P-value < 0.001

A.53



Table A-13
Lung Cancer Mortality by Cumulative Exposure among Amosite
Asbestos Factory Workers in Paterson, New Jersey
Seidman et al. (1986)

(f-yr)/mli Predicted
Range Average SMR Expected Observed a=1 a=3.32
<6 3 2.8 5.3 15 6.3 18.2
6-12 9 4.2 2.9 12 4.5 10.5
12-25 18.5 4.4 3.4 15 7.3 13.5
25-50 37.5 4.7 2.8 13 9.3 13.0
50-100 75 7.1 2.4 17 13.5 14.3
100-150 125 6.0 1.5 9 13.1 11.7
150-250 200 11.4 1.3 15 17.7 13.9
250+ 375 16.0 0.9 15 22.9 15.8
Totals 20.5 111 94.5 111.0
a =1 (fixed) a =3.32 (MLE)
K. *100 6.2 1.1
(90% Confidence Interval) (5, 7.6) (0.58, 1.9)
Goodness of Fit P-value < 0.001 0.90
Test of Hy: a =1 P-value < 0.001

A.54



Table A-14
Mesothelioma Mortality among Amosite Insulation Workers in New Jersey
Seidman et al. (1986)

Years After First Exposure Duration fiml Person Observed Predicted
Range Mean Years
(5-9) 7.5 1.5 46.9 3952 0 0

(10-14) 12.5 1.5 48.3 3628 0 0.1
(15-19) 17.5 1.5 44.1 3198 0 1.1
(20-24) 22.5 1.5 43.2 2656 2 2.8
(25-29) 27.5 1.5 40.3 2094 5 4.2
(30-34) 32.5 1.5 33.5 1576 8 4.4
(35-39) 37.5 1.5 31.1 1086 2 4.3

Totals 18190 17 17.0

Ky * 108 3.9

(90% Confidence Interval) (2.6, 5.7)

Goodness of Fit P-value 0.35
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Table A-15
Lung Cancer Deaths among Asbestos Workers in Tyler, Texas
Levin et al. (1998)

Duration fiml f-y/ml Expected Observed Predicted
Range Mean a=1 a=2.48
(<0.5) 0.25 45 11.25 8.9 23 10.2 22.4
(0.5-1) 0.75 45 33.75 1.1 3 1.6 2.9
(1-5) 3 45 135 1.8 4 4.8 5.3
(>5) 7.5 45 337.5 1.5 6 7.8 5.4

Totals 13.3 36 24.4 36.0
a =1 (fixed) a=2.48 (MLE)

KL *100 1.3 0.13

(90% Confidence Interval) (0.55, 2.2) (0, 0.6)

Goodness of Fit P-value 0.004 0.81

Test of Hy: a = 1 P-value < 0.001

A.56



Lung Cancer Mortality by Cumulative Exposure Among
Vermiculite Mine and Mill Workers Near Libby, Montana
Amandus and Wheeler (1987)

Table A-16

(f-yr)/mli Predicted
Range Average SMR Expected Observed a=1 a=1.13
(<50) 25 1.5 4.0 6 4.6 5.0
(50-99) 75 1.5 1.4 2 2.0 2.1
(100-399) 250 1.1 1.9 2 4.8 4.8
(>=400) 600 5.8 1.7 10 8.1 8.0
Totals 9.0 20 19.5 20.0
a =1 (fixed) a=1.13 (MLE)
K. *100 0.61 0.51
(90% Confidence Interval) (0.29, 1) (0.11, 2)
Goodness of Fit P-value 0.41 0.25
Test of Hy: a = 1 P-value 0.80

A.57



Table A-17

Lung Cancer Mortality by Cumulative Exposure Among
Vermiculite Miners Near Libby, Montana
McDonald et al. (1986)

(f-yr)/mli SMR Expected Observed Predicted
Range Average a=1 a=1.91
(0-25) 12.5 2.04 3.4 7 3.9 6.9

(25-200) 77.3 1.97 2.5 5 4.6 6.3
(200-500) 332.4 7.53 0.9 7 4.2 4.1
(>=500) 836.1 5.58 0.7 4 7.0 5.8
Totals 7.6 23 19.7 23.0
a =1 (fixed) a=1.91 (MLE)
K. *100 1.1 0.39
(90% Confidence Interval) (0.55, 1.7) (0.067, 1.2)
Goodness of Fit P-value 0.16 0.26
Test of Hy: a =1 P-value 0.11

A.58



Table A-18

Lung Cancer Mortality by Cumulative Exposure Among
Ontario Asbestos Cement Plant Workers

Finkelstein (1984)

(f-yr)/ml SMR Expected Observed Mortality Predicted
Range Average Rate a=1 oa=4.26
(<=30) 15 2.307692 1.3 3 3 2.2 5.8
(30-75) 52.5 6.153846 1.0 6 8 3.4 4.8

(75-105) 90 12.07692 0.4 5 15.7 2.2 2.2

(105-150) 127.5 9 0.6 5 11.7 4.0 3.2
(>150) 200 2.692308 0.7 2 3.5 7.9 5.0

Totals 4.0 21 41.9 19.7 21.0

a =1 (fixed) a=4.26 (MLE)

K, *100 4.8 0.29

(90% Confidence Interval) (2.8, 7.4) (0, 3.7)

Goodness of Fit P-value 0.03 0.05

Test of Hy: a = 1 P-value 0.07

A.59



Table A-19

Mesothelioma Mortality among Employees of an Ontario Asbestos Cement Factory
Finkelstein (1984)

Years After First Exposure Duration fiml Person Observed Predicted
Range Mean Years

(10-14) 12 6.7 9 2500 1 0.03
(15-19) 17 6.7 9 2500 1 1.4
(20-24) 22 6.7 9 2963 8 7.6
(25-29) 27 6.7 9 2063 13 12.8
(30-34) 32 6.7 9 625 6 7.2

Totals 10651 29 29.0

Ky * 10° 18

(90% Confidence Interval) (13, 24)

Goodness of Fit P-value 0.26

A.60



Table A-20
Lung Cancer Mortality among Asbestos Cement Workers in Sweden
Albin et al. (1990)

Relative Risk (RR) of Dying of Lung Cancer

(f-yr)/mli RR Lower Upper St. Dev. Predicted
Bound Bound a=1 a=1.82
3.1 1.8 0.8 3.9 0.39 1.1 1.8
25.6 1.9 0.7 5.3 0.52 1.5 1.8
88.2 1.9 0.5 7.1 0.67 2.7 1.9
Totals 5.2 5.6
a =1 (fixed) a =1.82 (MLE)
KL *100 1.9 0.067
(90% Confidence Interval) (0, 6.5) (0, 3.6)
Goodness of Fit P-value 0.32 0.95
Testof Hy: a = 1 P-value 0.13

A.61



Table A-21
Lung Cancer Mortality among Belgian Asbestos-Cement Factory Workers
Laquet et al. (1980)

(f-yr)/ml Expected Observed Predicted
Range Average a=1 a=0.924
(0-49) 25 5.2 6 5.2 4.8
(50-99) 75 2.4 3 2.4 2.3
(100-199) 150 4.6 5 4.6 4.3
(200 -399) 300 7.5 4 7.4 7.0
(400 -799) 600 2.0 1 1.9 1.9
(800 -1599) 1200 0.6 2 0.5 0.6
(1600 - 3200) 2400 0.2 0 0.2 0.2
Totals 22.4 21 22.1 21.0
a =1 (fixed) o =0.924 (MLE)
K. *100 0 0.0068
(90% Confidence Interval) (0,0.1) (0, 0.21)
Goodness of Fit P-value 0.51 0.39
Testof Hy: a =1 P-value 0.77

A.62



Table A-22
Lung Cancer Mortality among Retirees from a US Asbestos Company
Enterline et al. (1986)

mppcf-y f-y/ml SMR Observed Expected Predicted
Range Mean Mean a=1 a=1.43
(<125) 62 186 182.3 23 12.6 17.5 21.8
(125 - 249 182 546 203.1 14 6.9 14.7 15.9
(250 - 499 352 1056 322 24 7.5 23.7 23.4
(500 -749 606 1818 405 10 2.5 11.7 10.8
(>=750) 976 2928 698.7 8 1.1 8.1 7.1
Totals 79 30.6 75.6 79.0
a =1 (fixed) a=1.43 (MLE)
K. *100 0.21 0.11
(90% Confidence Interval) (0.15, 0.27) (0.041, 0.28)
Goodness of Fit P-value 0.75 0.92
Test of Hy: a = 1 P-value 0.24

A.63



Table A-23
Lung Cancer Deaths among Insulation Workers in the United States and Canada
Selikoff and Seidman (1991)

Years After First Expduration Person f-y/ml Observed Expected Predicted
Range Mean Years a=1 a=2.39
(<15) 12.5 2.5 61655.4 37.5 7 3.9 5.1 9.9
(15-19) 17.5 7.5 52709.5 112.5 34 11.6 23.0 33.4
(20-24) 22.5 12.5 57595.4 187.5 85 27.5 72.4 88.2
(25-29) 27.5 17.5 50518.6 262.5 172 46.6 153.1 164.8
(30-34) 32.5 22.5 37165.8 337.5 252 57.5 226.5 222.3
(35-39) 35 25 20340 375 193 46.7 These categories
(40-44) 35 25 10200.5 375 129 30.9 combined into the
(45-49) 35 25 5256.5 375 66 18.8 Over 35 Years
(50+) 35 25 6151 375 71 25.4 category
(35+) 35 25 41948 375 459 121.8 519.0 490.4
Totals 1468 390.6 519.0 490.4
Exposure Concentration is 15 f/ml

a =1 (fixed) a=2.39 (MLE)
K, *100 0.87 0.18
(90% Confidence Interval) (0.81, 0.93) (0.065, 0.38)
Goodness of Fit P-value 0.002 0.12
Testof Hy: a =1 P-value < 0.001

A.64



Table A-24
Mesothelioma Deaths among Asbestos Insulation Workers
Selikoff and Seidman (1991)

Years After First Exposure Person Observed Predicted

Range Mean Years Pleural Peritoneal Total
(<15) 12.5 61655 0 0 0 0.2
(15-19) 17.5 52710 2 3 5 4.6
(20-24) 22.5 57595 10 8 18 23.4
(25-29) 27.5 50519 33 40 73 56.3
(30-34) 32.5 37166 40 65 105 88.0
(35-39) 37.5 20340 33 58 91 87.9
(40-44) 42.5 10201 17 42 59 71.9
(45-49) 47.5 5257 27 31 58 55.5
(50+) 55 6151 11 38 49 106.3

Totals 301593 173 285 458 494.1

Duration = 25 Years and Exposure Concentration = 15 f/ml

Ky * 10° 1.3

(90% Confidence Interval) (1.2, 1.4)

Goodness of Fit P-value < 0.001

A.65



Table A-25
Lung Cancer Mortality among Workers in a Pennsylvania Textile Factory

McDonald et al. (1983b)

mppcf-y f-y/ml SMR Observed Expected Predicted
Range Mean a=1 a=0.519
(<10) 5 15 66.9 21 31.4 34.1 20.7
(10 -20) 15 45 83.6 5 6.0 7.5 5.6
(20 -40) 30 90 156 10 6.4 9.7 8.8
(40 -80) 60 180 160 6 3.8 7.6 8.3
(>=80) 110 330 416.1 11 2.6 7.6 9.6
Totals 53 50.2 66.4 53.0

a =1 (fixed) a=0.519 (MLE)

K, *100 0.57 1.8
(90% Confidence Interval) (0.27, 0.94) (0.75, 4.5)
Goodness of Fit P-value 0.08 0.76
Test of Hy: a = 1 P-value 0.01

A.66



Table A-26
Mesothelioma Mortality among Pennsylvania Textile Plant Workers
McDonald et al. (1983b)

Years After Person
First Exposure Duration fiml Years Observed Predicted
15.5 9.18 6.96 17179 6 0.2
24 9.18 6.96 40868 10 8.2
41 9.18 6.96 9840 7 14.6
Totals 67887 23 23.0
Ky * 108 1.1
(90% Confidence Interval) (0.76, 1.5)
Goodness of Fit P-value < 0.001

A.67



Table A-27
Lung Cancer Mortality among Rochdale Asbestos Textile Factory

Peto et al. (1985)

particle-yr/ml f-y/Iml Observed Expected Predicted

Range Mean a=1 a=1.10
(<1000) 209 5.92 34 29.5 30.4 33.2
(1000 - 2000) 1409 39.92 8 7.7 9.2 9.8
(2000 - 3000) 2511 71.13 11 6.6 9.0 9.4
( 3000 - 4000) 3474 98.41 6 5.7 8.5 8.8
(4000 -5000) 4551 128.92 10 4.3 7.2 7.2
(>=5000) 9057 256.57 24 10.8 25.2 24.6
Totals 93 64.6 89.6 93.0

a =1 (fixed) a=1.10 (MLE)
K. *100 0.52 0.41
(90% Confidence Interval) (0.28, 0.79) (0.12, 0.87)
Goodness of Fit P-value 0.72 0.63
Test of Hy: a =1 P-value 0.57

A.68



Table A-28
Mesothelioma Mortality among Rochdale Asbestos Textile Factory
Peto et al. (1985)

Years After First Exposure Person

Range Mean Duration fiml Years Observed Predicted
(0-19) 115 0.5 9.12 28015 0 0.01
(20-24) 22.5 0.5 9.12 4668 0 0.2
(25-29) 27.5 0.5 9.12 3470 0 0.3
(30-34) 325 0.5 9.12 2041 0 0.3
(35-39) 37.5 0.5 9.12 840 0 0.2
(>=40) 42 0.5 9.12 402 0 0.1
(0-19) 11.5 3 9.12 4786 0 0.003
(20-24) 22.5 3 9.12 877 0 0.2
(25-29) 27.5 3 9.12 632 0 0.3
(30-34) 32,5 3 9.12 421 0 0.3
(35-39) 375 3 9.12 238 0 0.3
(>=40) 42 3 9.12 148 1 0.2
(0-19) 11.5 7.5 9.12 8521 0 0.01
(20-24) 22.5 7.5 9.12 1417 0 0.5
(25-29) 27.5 7.5 9.12 1104 0 0.9
(30-34) 32.5 7.5 9.12 707 0 1.1
(35-39) 37.5 7.5 9.12 383 0 0.9
(>=40) 42 7.5 9.12 249 0 0.9
(0-19) 11.5 15 9.12 4814 0 0.003
(20-24) 22.5 15 9.12 1423 0 0.5
(25-29) 27.5 15 9.12 870 0 0.9
(30-34) 32.5 15 9.12 470 3 1.0
(35-39) 375 15 9.12 204 0 0.7
(>=40) 42 15 9.12 102 1 0.5
(20-24) 22.5 25 9.12 848 1 0.3
(25-29) 27.5 25 9.12 935 1 1.0
(30-34) 325 25 9.12 600 2 1.3
(35-39) 37.5 25 9.12 257 1 1.0
(>=40) 42 25 9.12 122 0 0.8
(30-34) 325 35 9.12 86 0 0.2
(35-39) 37.5 35 9.12 107 0 0.4
(>=40) 42 35 9.12 103 0 0.7

Totals 69861 10 16.1

Ky * 10° 1.3

(90% Confidence Interval) (0.74, 2.1)

Goodness of Fit P-value 0.80

A.69
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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 the peer consultation workshop on a proposed protocol to assess asbestos-
related risk. This report captures the main points of scheduled presentations, highlights discussions
among the pandists, and documents the public comments provided at the meeting. This report does not
contain a verbatim transcript of al issues discussed, and it does not embellish, interpret, or enlarge upon
meatters that were incomplete or unclear. EPA will use the information presented during the peer
consultation workshop to determine whether the proposed risk assessment methodology can be used to
support decisions at asbestos-contaminated sites. Except as specificaly noted, no satementsin this
report represent analyses by or positions of EPA or ERG.
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EXECUTIVE SUMMARY

Eleven expert panelists participated in a peer consultation workshop to review a proposed protocol to
assess ashestos-related risks. The protocol is documented in the report, “ Technical Support Document
for aProtocol to Assess Asbestos-Related Risk, Parts | and 11" (Berman and Crump 1999, 2001). At
the end of the 2%2-day workshop, which was open to the public, the expert pandigts drafted the
fallowing summary of ther findings

The peer consultation pand strongly endorsed the conceptua approach of developing an updated
cancer risk assessment methodology that takes into account fiber type and fiber dimension. The
opportunity is a hand to use subgtantid new information from epidemiology, experimenta toxicology,
and exposure characterization on what continues to be an extremely important societal issue—assessing
the hedlth risks associated with environmental and occupationd exposures to asbestos. The pand
recommended that EPA proceed in an expeditious manner to consder the pandists conclusions and
recommendations with agoa of having an updated asbestos risk assessment methodology. It is
important that EPA devote sufficient resources so that thisimportant task can be accomplishedin a
timely and scientificaly sound manner. The panel urges that additiond anayses underpinning the
document, preparation of documentation, and further 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 Ashestos Superfund Sites Part 1: Protocol” and “Part 2: Technica Background
Document.” The panelists generdly found that these documents did not provide a complete and
trangparent description of how the data were analyzed to support the conclusions presented. The
incomplete documentation of methodology preciuded the replication of the findings, in advance of the
mesting, by severd pandists. The methodology used was clarified by the comprehensive presentations
that Drs. Berman and Crump made at the workshop. However, future drafts of these documents must



clearly describe the methodologies and include sufficient data, perhaps in gppendices, such that the
findings can be replicated.

The pandists made the following conclusions and recommendations:

# M easur ement methods. Continuing advances have been made in the gpplication of exposure
measurement technology for asbestos fibers during the past two decades. These advances
include the use of transmission dectron microscopy (TEM) and alied techniques (e.g., energy
dispersive x-ray detection, or EDS) as an dternative to phase contrast microscopy (PCM),
thereby alowing the bivariate (i.e., length and width) characterization of fibers and fiber type.
The proposed risk assessment methodology incorporates these advances in the devel opment of
an exposure index. The pand was in agreement that this aspect of the new risk assessment
methodology represents a subgtantial advance over the existing methodology.

# Integration of exposur e and risk assessment models. A key aspect of the proposed risk
assessment methodology isalinking of specific exposure characterization methodology with
exposure-response coefficients. It has been emphasized that any change in the exposure
characterization metrics must be accompanied by changes in the exposure-response coefficients
of the risk assessment models. This was emphasized in the report and the panelists endorsed this
view.

# Access to additional raw data sets. The pandigts strongly recommended that EPA make
every atempt to acquire and analyze raw data sets from key human epidemiologica studies.
Where possible, it would also be desirable to obtain bivariate (i.e., length and diameter) fiber
exposure information for these re-andyses. Severd panelists believed that review of additiona
data sets offers substantia opportunity for improving the proposed risk assessment
methodology. In the event that raw data cannot be obtained due to confidentiality reasons or
other regtrictions, the panelists suggested that the authors consider asking those who have
access to the data to conduct the necessary statistical analyses and communicate their results
directly to EPA for further consideration.

# Fiber diameter. The proposed risk assessment methodology uses a diameter cut-off of 0.5
micrometers (um) for consdering fibers. The report states that fibers 0.7 um in diameter can
reach the respiratory zone of the lung. A few pand members indicated that the fiber diameter
cut-off could be as high as 1.5 pm during ord breathing. The 0.4 um cut-off came from rat data,
but larger diameters would be expected to be respirable in humans. There was genera
agreement that the diameter cut-off should be between 0.5 and 1.5 um. Thisissue is desarving
of further andyss.



Fiber length. The Berman and Crump andyses made a Sgnificant contribution by obtaining and
andyzing membrane filters from the anima inhaation sudies in Edinburgh and conducting
quality-assured bivariate length and distribution analyses by TEM—thereby greatly reducing the
uncertainty of the exposure side of the exposure-response relationship for chronic fiber exposure
in rats. Unfortunately, correspondingly detailed information on bivariate size digtribution is not
available for humans Thisleads to the need to use the animd data, athough one must dways
recognize the uncertainties associated with interspecies extrapol ations such as anatomic
characteristics and respirability between species. Future andyses may benefit from using other
available laboratory animal data sets and human data sets.

The fiber length distributions for the human cohort exposures are much more uncertain. For the
Wittenoom, Quebec, and South Carolina cohorts, there are limited fiber length distribution data
based on TEM anayss from historic membrane filter samples, but only fiber categories longer
than 5 pm and longer than 10 um were counted. For al other cohorts, the measurements were
limited to PCM fiber counts for dl fibers grester than 5 pm in length in some, and particle counts
(10x objective) on midget impinger samplesin others. Both methods do not measure thin fibers,
do not discriminate between asbestos and other minerd particles, and provide no information on
the concentrations of fibers longer than 10, 20, or 40 um, or inter-laboratory variationsin

optical resolution and counting rules. As one approach to addressing the varying uncertainty in
ases3ng exposure in the different sudies, Berman and Crump used the available information to
meake adjustments to the uncertainty ranges in the exposure-response coefficients. The
workshop pand welcomed this initiative but suggested dternative approaches (see “ Methods,”
below).

Some paneligts felt that an Exposure Assessment Workshop, with participants having a broad
range of expertise, could evauate the uncertainties in historic occupationa data sets exposure
measurements. They felt such aworkshop could result in a more confident assessment of
exposure-response relationships for populations exposed to a variety of amphiboles, chrysotile,
and mixtures. With incorporation of other available knowledge on fiber type, process, smoking
(if avallable), and the relative number of excess lung cancer and mesothelioma, it may well be
possible to gain a much clearer understanding of the roles of these variables as causal factors for
these ashestos-associated cancers. In addition, the workshop would prove vauable in further
discusson of minerdogica, geologica, and industrid hygiene issues with regard to application of
the modd to risk assessment in environmenta Sites of concern.

The Berman and Crump index assigns zero risk to fibersless than 5 pm in length. Fibers
between 5 and 10 pm are assgned arisk that is one three-hundredth of the risk assigned to
fiberslonger than 10 pm. Pandigts agreed that there is a condderably greater risk for lung
cancer for fibers longer than 10 um. However, the pand was uncertain as to an exact cut Sze
for length and the magnitude of the relative potency. The pandlists also agreed that the available
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data suggest that the risk for fiberslessthan 5 pm in length is very low and could be zero. This
specific issue was addressed by an expert panel convened by the Agency for Toxic Substances
and Disease Registry (ATSDR) in October 2002. Some pandlists suggested that, for
mesothelioma, greater weight should perhaps be assigned to fibersin the 5 to 10 um length
range and to thinner fibers.

Fiber type. For mesothelioma, the pandists supported the use of different relative carcinogenic
potencies for different fiber types. The pandists unanimoudy agreed thet the available
epidemiology studies provide compelling evidence that the carcinogenic potency of amphibole
fibersis two orders of magnitude grester than that for chrysotile fibers. There was some
discussion about the precise ratio expressed due to questions about the availability of exposure
datain exigting studies (e.g., Wittenoom). There was recognition that time since first exposureis
an important factor in determining risk for mesothelioma and some discussion is needed on the
importance of duration and intengty of exposure.

For lung cancer, the panelists had differing opinions on the inferences that can be made on the
relative potency of chrysotile and amphibole fibers. Some pandists supported the finding that
amphibole fibers are 5 times or more potent for lung cancer than are chrysotile fibers. Other
pandigs did not think the statistical andlysesin the draft methodology document supports this
relative potency and wondered if additiona review of the epidemiologica data might identify
factors other than fiber type (e.g., industry consdered) that provide further ingghts on the
matter. These other factors can then be considered when the risk assessment is applied.

Cleavage fragments. The pand knew of little datato directly address the question asto
whether cleavage fragments of equa durability and dimengon as fiberswould have Smilar or
dissmilar potency for lung cancer. The generd view istha dataindicate that durability and
dimension are criticd to pulmonary pathogeness. Therefore, it is prudent at this time to assume
equivaent potency for cancer in the albsence of other information to the contrary. Congderation
of conducting arat inhaation study using tremolite cleavage fragments was recommended to
address thisissue. For mesothelioma, it was viewed thet thin fibers greater than 5 um in length
are more important. Cleavage fragments that do not meet these criteriawould not contribute to
risk of mesothelioma.

Other amphiboles. The pand agreed with the report’ s conclusion that the potency of currently
regulated and unregulated amphibol e fibers should be consdered equa based on the reasoning
that smilar durability and dimension would be expected to result in Smilar pathogenicity.

M ethods. The pandigs extensvely discussed the approach to conducting the meta-anayss of
the large number of epidemiologica studies. A number of the pandists urged that consderation
be given to usng more traditiona gpproaches that would include development and gpplication of
specific criteriafor incluson of sudiesinto the exposure-response analys's, examination of
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heterogeneity and sources of the heterogeneity, and the use of sengitivity andyssto identify
influentid studies.

The pandists dso urged, in the study-specific anadlys's, exploration of dternative exposure-
response models other than the lung cancer and mesothelioma risk models EPA has been using
since 1986. This would possibly include non-linear response models (e.g., log-linear models),
examination of separate effects for concentration and duration, time since first exposure, time
since cessation of exposure, possibly dropping the “« factor,” and different methods for
measurement error. The adequacy of different models should be examined using goodness of fit
datistics across dl studies. The possibility of internal andyses should be re-examined (i.e., it may
be possible to obtain partid data, such as age-specific person years data, from authors).
Exploration of non-linearity should aso include shape of the curve in the low exposure area.

The panelists also urged aternative approaches to meta-andyses. In particular, pandists
recommended meta-regression using origind (untransformed) exposure-response coefficients, in
which predictor variables include the estimated percentage of amphiboles, percentage of fiber
greater than 10 pm, and categorica grouping of studies according to quality. Original exposure-
response coefficient variances should be used in conjunction with random effects moddsin
which residud inter-study variation is estimated. Anayses restricted to long latency and a
predictor variable for industry type should be consdered. A priori digtribution for inter-study
resdua variance might also be consdered. Meta-regression will alow smple ingpection of
likelihoods to consider the importance of different predictor variables. Senstivity analyses should
be conducted in which theinclusion or excluson of specific udies or groups of studiesis
evauated.

Cigarette smoking. Most pandligs felt strongly that future analyses need to pay more attention
to the effects of smoking on the lung cancer exposure-response model and extrapolations to
risk. However, the current data sets have variable and limited information available on smoking.
The pandigts noted that smoking is the primary cause for lung cancer, but the lung cancer dose-
response relationship for smoking is complex due to the effects of smoking duration, intengty,
and cessation.

The impact of smoking has effects on both the estimation and the application of the modd for
projecting risk of lung cancer due to asbestos exposure. This may be an especidly criticd issue
for low-exposure extrapolation. With respect to estimation, accepting the form of the proposed
mode, the effect of smoking may require different K, values for smokers and non-smokers. The
pandigts recognized that thereis limited epidemiologic data to address this issue, but
recommend that it be investigated. With respect to applying the model to make risk projections
for any future cohort, the background rate of lung cancer employed in the model needsto be
carefully determined to capture the smoking behavior of the cohort.



# L ocalized tremolite exposur es. During the course of public comments, the pand received
input from severa individuals who expressed concerns about environmenta exposures to
tremolite asbestos from locdized geologic formationsin Cdifornia The individuds suggested
that inadequate attention had been given to characterization of the exposures to resdents of
these communities. While the panel was not in a pogtion or charged with the evaluation of this
issue, the pand did fed that thiswas a potentidly serious matter deserving of atention by the
gopropriate public heath authorities. Evduation of these kinds of Situations would benefit from
the use of the improved risk assessment methodology being considered.

The remainder of this report summarizes the discussions and observations that led to these findings,
reviews the pandists comments on many topics not listed in this executive summary, and documents
the observer comments provided at the workshop.



1. INTRODUCTION

This report summarizes a peer consultation by 11 expert pandlists of a proposed protocol to assess
ashestos-related risks. Contractors to the U.S. Environmenta Protection Agency (EPA) developed the
proposed protocol, which is documented in areport titled: “Technica Support Document for a
Protocol to Assess Asbestos-Related Risk” (Berman and Crump 2001). The purpose of the peer
consultation workshop was to provide EPA feedback on the scientific merit of the proposed protocol.
The peer consultation workshop took place in a meeting open to the public on February 25-27, 2003,

in San Francisco, Cdifornia

This report summarizes the technical discussions among the expert pandlists and documents comments
provided by observers. These discussions largely focused on three topic aress. interpretations of the
epidemiology and toxicology literature, the proposed exposure index, and genera 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 substantialy since that time. The 1986 assessment considers Six
minerd forms of ashestos and dl asbestos fiber szes longer than 5 micrometers (um) to be of equa
carcinogenic potency. However, since 1986, asbestos measurement techniques and the understanding
of how ashestos exposure contributes to disease have improved substantialy. To incorporate the
knowledge gained over the last 17 yearsinto the agency’ s toxicity assessment for ashestos, EPA
contracted with Aeolus, Inc., to develop a proposed methodology for conducting asbestos risk
assessments. The proposed methodology distinguishes between fiber sizes and fiber typesin estimating



potentia hedlth risks related to asbestos exposure. The methodology a so proposes a new exposure
index for estimating carcinogenic risk.

Asakey gep in determining the scientific merit of the proposed risk assessment methodology, EPA
decided to obtain expert input on the draft report through a peer consultation workshop. The purpose
of the workshop was to obtain feedback from subject-matter experts during the development stage of
the proposed risk assessment methodol ogy; the workshop was not an official peer review. Eastern
Research Group, Inc. (ERG), organized and implemented the peer consultation workshop under a
contract to EPA.

1.2  Scope of the Peer Consultation Workshop

The peer consultation involved many activities before the workshop (see Section 1.2.1), at the
workshop (see Section 1.2.2), and after the workshop (see Section 1.2.3). The following subsections

describe these activities.

121 ActivitiesPrior to the Peer Consultation Workshop

This section describes the mgor activities ERG and the expert panelists conducted prior to the peer

consultation workshop:

# Select expert panelists. ERG selected the expert pandlists for the peer consultation workshop.
ERG sought to compile apand of experts with broad experience and expertise in the following
disciplines: toxicology, epidemiology, biogtatistics, ashestos sampling and anaytical methods,
EPA’s human hedlth risk assessment guidelines, and ashestos-related environmenta and
occupationa health issues. Appendix A ligts the expert panelists ERG sdected, and Appendix B
includes brief biographies that summarize the pandisis aress of expertise.

Every pandig is either asenior scientist, physician, or researcher with extensve experiencein
the aforementioned fields, as demongtrated by peer-reviewed publications, awards, and service

1-2



to relevant professond societies. To ensure the peer consultation offered a balanced
perspective, ERG intentiondly selected expert pandists with a broad range of affiliations (e.g.,
academia, consulting, State and federa agencies). When searching for panelists, ERG asked dll
candidatesto disclose red or perceived conflicts of interest.

# Prepare a charge to the expert panelists. ERG worked with EPA to prepare written
guidelines (commonly caled a*“charge’) for the peer consultation workshop. The charge
includes 12 specific questions, organized into 4 topic areas. Discussions at the workshop largely
addressed the technica issues raised in the charge, but the expert pandists were encouraged to
discuss other relevant matters that were not specifically addressed in the charge questions. A
copy of the chargeisincluded in Appendix B.

# Distribute review documents and other relevant information. Severa weeks prior to the
peer consultation workshop, ERG sent every panelist copies of the charge and the proposed
risk assessment methodology (Berman and Crump 2001). These items formed the basis of the
technica discussions at the workshop. In addition, ERG distributed severd additiona
publications on related topics (see Table 1, at the end of this section, for list of the publications).
The supplementa publications were provided largdly in response to pandists’ requests for
further background information on selected issues. The pandists dso circulated publications
amongst themsdlves on specific topics. Findly, one of the meeting chairs noted for the record
that, upon arriving in San Francisco, he aso received amemo and copies of many abstracts and
other information from Cate Jenkins of EPA. The meeting chair offered to share these materids
with other pandigts during the workshop.

# Obtain and compile the panelists' premeeting comments. After receiving the workshop
materias, the panelists were asked to prepare their initial responses to the charge questions.
Booklets containing the premeeting comments were distributed to the expert panelists before the
workshop and were made available to observers at the workshop. These initid comments are
included in this report, without modification, as Appendix B. It should be noted that the
premeeting comments are preliminary in nature. Some pandigs technica findings may have
changed after the premeeting comments were submitted.

1.2.2 Activitiesat the Peer Consultation Workshop

The 11 expert pandists and approximately 75 observers attended the peer consultation workshop,
which was held a the Westin S. Francis Hotel in San Francisco, Cdifornia, on February 25-27, 2003.

The workshop was open to the public, and the workshop dates and times were announced in the
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Federd Regigter. Appendix C lists the observers who confirmed their attendance a the workshop
registration desk. The workshop schedule generdly followed the agenda, presented here as Appendix
D.

The workshop began with introductory remarks from Ms. Jan Connery (ERG), the facilitator of the
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 observers to make
comments. Mr. Richard Troast (EPA) then provided background information on the review document
and EPA’ s ongoing efforts to assess ashestos toxicity (see Section 1.1). Mr. Troast identified the main
differences between EPA’ s existing ashbestos risk assessment methodology (EPA 1986) and the
proposed methodology (Berman and Crump 2001). Mr. Troast noted that the expert pandlists
feedback will ultimately help EPA complete its update of ashestos hedlth risks for the Integrated Risk
Information System (IRIS); he clarified that the final IRIS update will be subject to peer review or
Science Advisory Board review before being implemented. Following these opening remarks, Dr.
Wayne Berman and Dr. Kenny Crump—the authors of the proposed methodol ogy—ypresented

detailed information on the review document; Section 2 of this report summearizes their presentations.

After the background presentation, Dr. Roger McClellan and Dr. Ledie Stayner chaired the technical
discussons that followed. For the remainder of the meeting, the pandists engaged in free-flowing
discussons when answering the charge questions and addressing additiond topics not specified in the
charge. Observers were given the opportunity to provide verba comments three different times during
the workshop; these observer comments are documented in Appendix E. Representatives from EPA
and the document authors provided clarifications on the proposed methodology periodically throughout
the 2%/>-day workshop.

1.2.3 ActivitiesFollowing the Peer Consultation Wor kshop



The primary activity following the peer consultation workshop was preparing this summary report. A
technica writer from ERG who atended the meeting prepared a draft of this report, which ERG
digtributed to the 11 expert pandlists and asked them to verify that the draft accurately reflects the tone
and substance of the pandlists discussions at the workshop. After incorporating the panelists
suggested revisons to the draft report, ERG submitted the find report (i.e., this report) to EPA.

1.3 Report Organization

The structure of thisreport follows the order of the technica discussions during the meseting. Section 2
summarizes Dr. Berman and Crump’ s background presentations. Sections 3 through 6 are records of
the pandlists discussions on the four main topic areas: interpretations of the epidemiology and
toxicology literature (Section 3), the proposed exposure index (Section 4), genera questions (Section
5), and conclusions and recommendations (Section 6). Findly, Section 7 provides references for dl

documents cited in the text.

The gppendicesto this report include background information on the peer consultation workshop. This
information includes items that were on display at the workshop and items generated since the
workshop (e.g., afind ligt of attendees). The gppendices contain the following information:

# List of the expert pandlists (Appendix A).

# The pandists premeeting comments, the charge to the reviewers, and brief bios of the expert
pandigs (Appendix B).

# List of registered observers of the peer consultation workshop (Appendix C).
# Agendafor the peer consultation workshop (Appendix D).
# Observer comments provided at the peer consultation workshop (Appendix E).

# Observer post-meeting comments (Appendix F).
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Tablel
References ERG Provided to the Expert Panelists

Berman, DW and Crump K. 1999. Methodology for Conducting Risk Assessments at Asbestos
Superfund Sites; Part 1: Protocol. Fina Draft. Prepared for U.S. Environmenta Protection Agency.
February 15, 1999.

Berman, DW and Crump K. 2001. Technica Support Document for a Protocol to Assess
Asbestos-Related Risk. Find Draft. Prepared for U.S. Department of Transportation and U.S.
Environmenta Protection Agency. September 4, 2001.

Berman, DW, Crump, K., Chatfield, E., Davis, J. and A. Jones. 1995. The Sizes, Shapes, and
Mineralogy of Asbestos Structures that Induce Lung Tumors or Mesothdiomain AF/HAN Rats
Following Inhdation. Risk Anadysis. 15:2,181-195.

Berman, DW. 1995. Errata. Risk Analyss. 15:4, 541.

Committee on Nonoccupational Hedlth Risks of Asbestiform Fibers. Bredow, L., Chairman. 1984.
Asbestiform Fibers Nonoccupational Hedth Risks. Washington, DC: National Academy Press.

EPA 1986. Airborne Asbestos Health Assessment Update. U.S. Environmental Protection Agency.
EPA 600/8-84-003F. 1986.

NIOSH Interdivisional Fiber Subcommittee Report. Prepared by the NIOSH Interdivisona Fiber
Subcommittee. 1999.




2. BACKGROUND ON THE PROPOSED PROTOCOL
TO ASSESSASBESTOS-RELATED RISK

This section summarizes presentations given by the principa authors of the proposed risk assessment
methodology. These presentations were given because severa panelists asked ERG, prior to the peer
consultation workshop, if the authors would provide detailed background information on how the
methodol ogy was developed. This section reviews the mgor presentation topics, but does not present
the pandists comments on the proposed protocol. Sections 3 through 6 document the expert panelists
technica feedback on the protocol.

# Motivation for developing the proposed protocol. Dr. Berman identified severa reasons for
developing the updated protocol for ng ashestos-related risks. These reasons include
EPA’ s exiging ashestos models being inconsstent with inferences from the scientific literature,
the need for having uniformly-gpplied sampling and anaytica procedures to measure asbestos
characteristics most predictive of risk, and the belief that EPA’ s current asbestos risk
assessment methodology may not be adequately protective in some circumstances. To improve
upon the current methodology, the authors intended to develop arisk assessment model that
adequately predicts cancer risk in al studied environments and can therefore be gpplied with
much greater confidence to environments that have not been studied. Dr. Berman outlined the
genera approach taken to devel op the proposed protocol, as summarized in the following
bulleted items.

Dr. Berman provided background information on and definitions for asbestos, other fibrous
structures, asbestos morphology, and cleavage fragments. He aso described the capabilities and
limitations of the analytical techniques that have been used to characterize asbestos exposures,
such as midget impingers, phase contrast microscopy (PCM), scanning electron microscopy
(SEM), and transmission eectron microscopy (TEM). Dr. Berman explained how differencesin
these andytica techniques must be criticaly evauated when comparing results reported in dl
epidemiologica and other types of studies that examine asbestos exposure. Dr. Berman dso
stressed that it is not just differencesin andytica techniques, but choice of specific methods for
each andyticd technique that affects results. Further information on these topicsisincluded in
Chapter 4 of the proposed protocol (Berman and Crump 2001).

# Re-analysis of human epidemiological data. Dr. Crump described how the authors
eva uated the human epidemiologicd data. He disolayed alist of the studies that were
considered, noting that he had access to raw, individua-leve datafor three occupationa
cohorts: chrysotile textile workersin South Carolina, United States; crocidolite minersin
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Wittenoom, Austraia; and chrysotile miners and millersin Quebec, Canada. All data sets with
exposure data were considered in the analysis, and criteria were not established for selecting
studies. Dr. Crump then presented findings for asbestos-related risks for lung cancer and
mesothelioma.

For lung cancer, Dr. Crump first reviewed EPA’ s existing lung cancer modd for asbestos
exposure (see equation 6.1 in the proposed protocol), which relates the relative risk of lung
cancer mortdity linearly to cumulative asbestos exposure, with a 10-year lag time. Dr. Crump
noted that the modd predicts that reative risk for developing lung cancer remains constant after
ashestos exposure ceases—an assumption he showed was reasonably consistent with findings
from epidemiologica studies. Dr. Crump aso discussed how the model assesses interactions
between exposures to cigarette smoke and to asbestos—an issue the panelists revisited severa
times later in the workshop (e.g., see Section 3.1.1 and the executive summary). Dr. Crump
presented a sevies of tables and figures demondrating the adequacy of multiple lung cancer
modes. first usng EPA’ s exigting lung cancer modd, next using amodified verson of the modd
that accounts for differencesin the background rates of lung cancer, and findly using the
proposed lung cancer moddl, which considers an exposure index that assgns greeter
carcinogenic potency to amphibole fibers and to longer fibers.

Similarly, Dr. Crump reviewed the performance of EPA’s mesotheiomamodel for asbestos
exposures (see equation 6.11 in the proposed protocol), which predicts that mesotheioma risks
vary linearly with the average asbestos exposure and increase quadraticaly with time from onsat
of exposure. Dr. Crump presented severd tables and graphs indicating how well EPA’s existing
model and the proposed protocal fit the human epidemiologica data. He made severd
conclusions about the exiting risk modd, including that mesotheliomarisk coefficients varied
consderably across the cohorts and the risk coefficients were generaly higher for cohorts
exposed primarily to amphibole fibers, compared to those exposed primarily to chrysotile fibers.
Dr. Crump aso noted that the data did not support consideration of a sub-linear or threshold
dose-response relaionship. This latter point generated considerable discussion later in the
workshop (e.g., see Section 4.3).

Dr. Crump then described the meta-anaysis the authors conducted to evaluate the relative
potency of amphibole and chrysotile fibers. Firgt, he explained how the authors weighted the
different gudiesin the meta-analys's, based on uncertainty factors assgned to the individud
sudies. Dr. Crump identified the four uncertainty factors and described generdly how each
factor was assgned. Sources of uncertainty included representativeness of air sampling data, the
avallability of convergon factors to express exposuresin terms of PCM concentrations, and
whether data on exposure duration were available. Dr. Crump then highlighted the main
conclusions from the meta-analysis. For lung cancer, the meta-analys's suggested that amphibole
fibers are gpproximately five times more potent than are chrysotile fibers, but the differencein
potency was not satisticadly sgnificant (i.e., the authors could not rgject the hypothesis that
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chrysotile fibers and amphibole fibers are equally potent). For mesothelioma, the meta-andysis
suggested that chrysotile fibers are 0.002 times as potent as amphibole fibers, and the difference
in potency was datisticaly sgnificant.

I nferences drawn from the broader literature. Dr. Berman described how the authors
incorporated inferences from the broader scientific literature into the proposed protocol. He
reviewed key findings on how various mechanisms are biologically related to how asbestos
causes disease. These mechanisms included respiration, deposition, degradation, clearance,
trandocation, and tissue-specific biologica responses. Chapter 7 of the review document
provides detailed information on the relevance of these mechanisms, with emphasis on the
influence of fiber type and fiber dimension.

Derivation of the exposure index. Dr. Berman explained how the authors derived the
exposure index, which islargely based on an earlier re-andysis (Berman et d. 1995) of Six
animd inhdation studies conducted by a single laboratory. That re-andyss found that lung tumor
incidence is adequately predicted using an exposure index that assigns no carcinogenic potency
to fibers shorter than 5 pm, relatively low carcinogenic potency to fibers with lengths between 5
and 40 um and diameters less than 0.4 um, and the greatest carcinogenic potency to fibers
longer than 40 um and thinner than 0.4 um. However, these findings could not be applied
directly to the human epidemiologica data, because the epidemiologica studies do not include
exposure measurements that quantify the relative amounts of asbestos fibers shorter and longer
than 40 um.

Dr. Berman noted that the proposed protocol includes an ad hoc assumption thet the fiber sze
weighting factors optimized from the laboratory anima studies can be gpplied to humans, but
with alength cut-off of 10 um in the exposure index, rather than a cut-off of 40 um. Dr. Berman
emphasized that this assumption was made to model the critical characteristics of asbestosin a
manner that reasonably captures cancer risks observed across multiple epidemiologica studies.
He acknowledged that asbestos potency is likely a continuous function of fiber length, but the
exposure measurements from the available anima and epidemiologica studies do not support
Incorporating such a continuous function in the exposure-response modd. The pandists
commented on the proposed exposure index when discussing topic area 3 (see Section 4).

Dr. Berman dso noted that the authors selected a conservative set of dose-response coefficients
(see Table 6-30 of the review document), rather than using the optimized ones from the animal
studies (see Table 6-29). However, the conservative and optimized dose-response coefficients
were reasonably congstent: none of the conservative coefficients differed by more than a factor
of 4 from the corresponding optimized ones.

Conclusions regarding proposed protocol. Dr. Berman indicated that the proposed protocol
Is substantially more consstent with inferences documented in the scientific literature (i.e., that
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long, thin structures contribute most to risk) than EPA’s existing risk assessment methodol ogy.
Further, the proposed protocol provides a better fit to cancer risks observed in the human
epidemiologica studies than does EPA’s existing model, and the proposed protocol appearsto
underestimate risks of lung cancer and mesothdlioma less frequently and to alesser degree than
the existing gpproach. Findly, by recommending use of a sandardized andlytical method that
links directly to the exposure index, the proposed protocol will help ensure that future risk
assessments are conducted in a consistent fashion and their results can be readily compared
from one study to the next.



3. COMMENTSON TOPIC AREA 1: INTERPRETATIONS OF THE
EPIDEMIOLOGY AND TOXICOLOGY LITERATURE

This section summarizes the pandists' discussons on the interpretations of the epidemiology and
toxicology literature. The meeting co-chairs—Dr. McCldlan and Dr. Stayner—facilitated the
discussions on this topic area, which focused first on lung cancer (see Section 3.1) and then on
mesothelioma (see Section 3.2). This section presents arecord of discussion of the topics mentioned
during the workshop. Severa pandigs referred to their premeeting comments (see Appendix B) for
additiona suggestions for how the review of epidemiology and toxicology literature can be improved.

3.1 Lung Cancer

The pandists discussed a 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). Generd issues regarding the lung cancer evauation are presented in
Section 3.1.5.

3.1.1 LungCancer and Fiber Type: Inferencesfrom the Epidemiology Literature

According to the proposed risk assessment methodol ogy, amphibole fibers have a 5-fold greater lung
cancer potency than do chrysotile fibers. The pandists had differing opinions on whether thisfinding is
consstent with the epidemiology literature. On the one hand, some pandlists indicated thet the
epidemiology literature is condggtent with amphibole fibers being more potent for lung cancer, though the
magnitude of this increase may not be known precisdy. One pandigt noted, for example, that multiple
anayses (e.g., Hodgson and Darnton 2000, Berman and Crump 2001, and the statistical anadlyses a
panelist presented during this discussion) al point to a consstent increased lung cancer potency for
amphibole fibers compared to chrysotile fibers, dbeit asmdl increase. On the other hand, other
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panelists did not believe the epidemiology literature supports this conclusion, for reasons stated below.
Findly, other pandists were not convinced that the epidemiology literature supports the higher lung
cancer potency for amphibole fibers, but they believed the difference in potency seems likely based on
evidence from the animd toxicology studies (see Section 3.1.3) and lung burden studies. A summary of

the pandigs discussion on thistopic follows:

# Comments on specific publications. Severd pandists cited specific sudies to support their
positions on the relative lung cancer potency of chrysotile and amphibole fibers, but the pandists
often had differing opinions on the inferences that should be drawn. The pandists mentioned the
following specific Sudies

> Some pandists noted that a recent re-analysis of 17 cohorts (Hodgson and Darnton
2000) indicates that the lung cancer potency for amphibole fibersis 10 to 50 times
greater than that for chrysotile fibers. One pandist did not agree with this finding, due to
the crude approach the article uses to characterize relative potency. Specificdly, this
pandlist noted that carcinogenic potency was cdculaed by dividing the overdl raive
risk for a given cohort by the average exposure for the entire cohort, even for cohorts
where the data support more sophisticated exposure-response modeling. He was
particularly concerned about the authors decision to omit the cohort of South Carolina
textile workers from the meta-analyss. This decision was apparently based on the
South Carolina cohort being an outlier, due to its much higher lung cancer potency
when compared to other studies. The panelist noted, however, that the lung cancer risk
for the South Carolina cohort is not unusualy high when compared to other cohorts of
textile workers. The pandlist was concerned that omitting this study might have biased
the article' s finding regarding relative lung cancer potency. No other pandists discussed
the review aticle.

> One pandligt cited astudy of Quebec chrysotile miners and millers (Liddell et a. 1997,
1998) that reports that increased lung cancer risk was limited to the mining region with
the highest leved of tremolite asbestos, after correction for smoking and exposure. The
article was distributed to the pandists on the first day of the workshop, but no panelists
commented further on the study.

> One pandlist noted that his review of multiple textile cohorts (Stayner, Dankovic, and
Lemen 1996) found relatively smdl differencesin lung cancer potency, even though
some of the cohorts were exposed to asbestos mixtures containing different proportions
of amphibolefibers.



> One pandig indicated that further evidence on how fiber types relaesto lung cancer
potency can be gleaned from epidemiologica studies that were not included in the
meta-analyss due to inadequate exposure data for exposure-response modeling.
Examples include a study of non-occupationdly exposed women from two chrysotile
ashestos mining regions (Camus et d. 1998) and a sudy of railroad workers employed
by shops that processed different proportions of amphibole fibers (Ohlson et d. 1984).
Both studies, she noted, provide evidence that amphibole fibers exhibit greater lung
cancer potency. This pandist added that studies of auto mechanics have provided no
convincing evidence of increased lung cancer due to chrysotile exposure, though she
acknowledged that the abosence of an effect might reflect the short fiber length in the
friction brake products. One panelist cautioned about inferring too much from these
studies regarding fiber type because they were not controlled for other factors, such as
fiber length and leve of exposure.

> One panelist added that a recent study of a cohort of Chinese asbestos plant workers
(Yano et d. 2001) should be considered in future updates to the proposed protocoal;
the workers in the cohort had increased risks for lung cancer and were reportedly
exposed to “amphibole-freg’ chrysotile asbestos. However, another pandlist cited a
publication (Tossavainen et d. 2001) that indicates that asbestos from many Chinese
chrysotile mines actudly does contain varying amounts of amphibole fibers.

> Severd pandists noted that the proposed protocol’ s meta-analysis found a 5-fold
difference in lung cancer potency between amphibole and chrysotile fibers. However,
other panelists indicated that the reported difference was not satisticaly significant.
Some panelists had additional reservations about the authors meta-analyss, as
summarized in the following bulleted items.

Comments on the meta-analysis approach. Severd panelists commented on dternate
gpproaches the authors could have used to conduct their meta-andlysis of the epidemiology
studies. One panelist noted that the lung cancer potencies reported by the various studies exhibit
consderable heterogeneity. In such cases, meta-regresson is conventionally used to identify
which factors account for the variability in the results (i.e., in the lung cancer potencies). This
pandlist suggested that the meta-andysis should have considered other factors in addition to
fiber type and dimengon; such other factors could include industry, follow-up time for the
cohort, and estimated percentage of amphibole fibers in the exposures, to the extent that data on
these other factors are available.

To demongrate how more detailed investigation might reved further insghts, one pandist
presented hisown initid datistica andyss of the epidemiologicd sudies. Thisandyssused a
fixed effects model and arandom effects modd, both inverse weighted by the variance of the
sudies. Hisandysis examined how industry and fiber type contribute to the heterogeneity
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observed among the cohorts and found that the industry of the cohort appears to be a stronger
predictor than fiber type. The pandist explained that the purpose of displaying his statitical
andysiswas to highlight how other approaches to conducting meta-andys's can offer different
indghts on the epidemiologica data. This panelist recommended that the authors conduct smilar
meta-regresson analyses to investigate the importance of various variables on the lung cancer

potency.

This pandigt dso demongtrated how a sengtivity analysis might yied additiond information on
influentid sudies. Using afixed effects modd, the pandlist first showed how lung cancer potency
factors (K| ) vary with exposure to chrysotile fibers, amphibole fibers, and mixed fiber types.
When dl epidemiologica studies were considered in his analys's, the amphibole fibers were
found to be three times more potent than the chrysotile fibers. When the cohort of chrysotile
miners and millers from Quebec was omitted from this analys's, however, the amphibole fibers
were found to be nearly two times less potent than the chrysotile fibers. Conversely, when the
cohort of textile workers from South Carolina was omitted, the amphibol e fibers were found to
be more than ten times more potent than the chrysotile fibers. Given that the conclusions drawn
about the relative potency of chrysotile and amphibole fibers gppear to be highly sengtive to
whether single studies are omitted from the analyss, this pandlist was more skeptica about
whether the increased potency of amphibole fibersis arobust finding. He recommended that the
authors, when completing the proposed protocol, conduct Smilar sengtivity analysesto help
reved the factors or studies that appear to contribute most to lung cancer.

Another panelist agreed with this feedback, and provided further comments on the meta-
andyds, nating that these andyses typicdly start with establishing criteriafor sudy incluson.
After sdlecting studies to evaluate, she said, various satistica andyses can be used to test
hypotheses and to understand the concordance and disparity among the individua studies. The
pandist thought such an approach is needed to help understand the variability in potency factors
observed across the multiple studies and to identify for further analysis the studies found to be
most descriptive of exposure-response. To clarify the authors approach, Dr. Berman indicated
that the meta-andysis considered any published epidemiologica study with sufficient quantitative
exposure data that alowed for a reasonable estimate of the exposure-response relationship;
uncertainty factors were than assigned to give greatest weight to the most robust studies. In
response, additiona pandists concurred with the origind comment that meta-analyses
conventionaly begin with establishing explicit sudy inclusion criteria. These pandigs darified
that they are not advocating removing amgjority of studies currently consdered in the proposed
protocol, but rather being more judiciousin selecting the studies to evaluate.

One pandigt offered additiona comments on the meta-analysis. He supported, for instance, the
use of sengtivity andyses, and encouraged the authors to conduct additional andyses to identify
influential studies, factors that contribute to risk, and the impact of different weighting factors.
The pandist aso0 noted that more sophisticated statistical methodologies (e.g., Bayesan

3-4



modeing, Markov Monte Carlo) can be used to generate distributions of outputs, rather than
discrete vaues, which might offer grester understanding of the inferences that can be drawn from
the epidemiologica studies.

Disparate findings from the South Carolina and Quebec cohorts. Multiple pandists noted
that the issue of the relative lung cancer potency of chrysotile and amphibole fibers depends
largdy on how one interprets the disparate findings from the cohort of textile workersin South
Carolinaand the cohort of chrysotile miners and millersin Quebec. Two of these pandists
indicated that the relative potency issue likely will not be resolved until the underlying reasons for
the differences between these two studies are better understood. The other panelist viewed the
difference in potency observed acrossindudtries (i.e., mining versus textile) as a more important
matter than the difference between the two specific cohorts. When discussing these studies, two
pandists indicated that the increased lung cancer risk for the South Carolina cohort might be
attributed to exposure to amphibole fibers, which are known to be found in trace levelsin
commercid chrysotile.

Relevance of fiber durability. One panelist noted that the issue of fiber durability often enters
the debate on the relaive lung cancer potency of chrysotile and amphibole fibers. Though he
agreed that the animd toxicology dataindicate that amphibole fibers are more persstent than
chrysotile fibers, the panelist noted that trends among the human epidemiologica
data—particularly the fact that lung cancer risk does not gppear to decrease with time since last
exposure, even for chrysotile—suggest that the lower durability of the chrysotile fibers might not
be important.

I nfluence of smoking. The panelists had differing opinions on how the proposed protocol
should address cigarette smoking. In terms of inferences drawn from the epidemiological
literature, two pandists noted that very limited data are available on smoking, making
quantitative andysis of its interactions with asbestos exposures difficult. Specificaly, only one
sudy includes detailed information on smoking, but that study found no difference in lung cancer
potency between smokers and non-smokers. During this discussion, Dr. Berman explained that
the proposed protocol assumes a multiplicative interaction between smoking and asbestos
exposure, condstent with EPA’s 1986 modd. Dr. Berman noted that a multiplicative factor in
the modd, «, represents the background risk in the sudied cohort reative to therisk in the
comparison population, and both groups include smokers; he added that the influence of
smoking is addressed implicitly in the model becauseit isardative risk modd in which the effect
of asbestosis multiplied to the background risk that is present. A pandist clarified, however, that
neither the potency factors nor « were derived based on observations of smoking prevaencein
the epidemiologica sudies.

One panelist emphasized that the confounding effects of smoking greetly complicates the andysis
of lung cancer potency. He noted that the relative lung cancer risk from asbestos exposure is
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congderably lower than that for cigarette smoking. As aresult, the panelist wondered how the
meta-anadysis can truly discern the relative potency of the ashestos fiber types from studies that
present no information on cigarette smoking. This panelist provided an example to illudrate his
concern: if agiven cohort has between 5 and 10% more smokers than the typica population,
thisincreased prevaence of smoking aone could totdly confound relative risks attributed to
ashestos. The pandist indicated thet al future andyses of epidemiologica datawill suffer from
amilar limitations, 0 long as detalled information on smoking is not available.

# General comments. During this discusson, some pandigs offered severd genera comments
that apply to the entire proposed protocol. These comments included concerns about the
trangparency of the andyses, questions about data tables being inconsstent with text in the body
of the report, and some pandigts’ inability to reproduce certain findings from the available data.
These generd comments are reflected in the executive summary of this report.

3.1.2 LungCancer and Fiber Type: Inferencesfrom Animal Toxicology and
M echanistic Studies

The pandligts offered varying ingghts on the inferences that can, or should, be drawvn from animd
toxicology studies and mechanigtic studies regarding the relative lung cancer potency for chrysotile and
amphibolefibers,

Citing various publications (e.g., Lippmann 1994), multiple pandigts noted that the anima toxicology
studies do not support the 5-fold difference in lung cancer potency between chrysotile and amphibole
fibers. Two pandists added that the absence of different potencies might result from the anima studies
being of too short duration (typicaly no longer than 2 years) for the greater dissolution of chrysotile
fibersto be an important factor. Another pandist added that exposure levelsin some animd studies are
not relevant to human exposures; as an example, he noted that arecent rat inhdation study (Hesterberg
et a. 1998) involved exposure levels at 11,000 fibers per cubic centimeter. These pandlists indicated
thet the anima dudies are generaly more informative of how lung cancer potency varies with fiber
length (see Section 3.1.4), and are less informative on how potency varies with fiber type.



The pandigs noted that in vitro studies exhibit various findings, depending on the study design and
endpoint assessed. One pandigt, for ingtance, indicated that some in vitro studies suggest that
chrysotile fibers are actualy more potent than amphibole fibers. Other pandists added that many in
vitro studies show crocidolite being consderably more toxic than chrysotile. These pandlist cautioned
againg drawing firm condusions from thein vitro studies, however, given that the study duretion isfar
too short for any impact of dissolution to be observed. Findly, another pandlist referred to the
Internationa Agency for Research on Cancer (IARC) consensus stlatement on fiber carcinogenesis for
an overview of inferences that can be drawn from mechanigtic sudies: “ Overdl, the avallable evidence
in favor of or againg any of these mechanisms leading to the development of lung cancer and

mesothelioma in ether animas or humansis evauated as weak” (IARC 1996).

Based on the previous comments, the pandists cautioned about attempting to draw inferences from the
animd toxicology for severd reasons. One pandig indicated thet the animd studies have limited utility
because lung cancer in humans results from a complex set of exposures, including cigarette smoke, and
because rats, when compared to humans, develop different types of tumors a different Sites. Another
pandigt reiterated that the duration of most anima studies preciudes one from observing dissolution
effects Given these limitations, two pandists emphasized that conclusions should be based primarily on
the epidemiologicd data, especidly consdering the volume of human data that are available. Though
not disagreeing with this recommendation, one panelist noted that the exposure index—one of the
major outcomes of the proposed protocol—is, in fact, based on observations from animal studies.

3.1.3 Lung Cancer and Fiber Dimension: Inferences from the Epidemiology
Literature

The pandists made severd observations regarding what can be inferred from the epidemiology
literature on how lung cancer potency varies with fiber dimension, though they first noted that most
published epidemiology studies do not include detailed data on the distribution of fiber dimensionsto
which cohorts were exposed. Overdl, the pandists generaly agreed that indirect evidence from the
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epidemiologica studies supports the proposed protocol’ s finding that longer fibers have greater
carcinogenic potency for lung cancer. They added, however, that the epidemiology literature provides
no evidence to support or refute the magnitude of the relative potencies used in the proposed protocol
(i.e, fiberslonger than 10 um being 300 times more potent than those with lengths between 5 and 10
pm). The panelists made no comments about fiber diameter when discussng this matter. Specific

discussion topics follow:

# Observations from the epidemiology literature. The panelistsidentified severd studies that
provide generd insights on the role of fiber sizein lung cancer. One pandlig, for ingtance, noted
that cohorts of textile workers, which were believed to be exposed to relatively longer ashestos
fibers, exhibit higher lung cancer relative risks than do cohorts of miners or cement product
workers. Another pandlist indicated that studies of taconite miners from Minnesota (Cooper et
a. 1988) and gold miners from South Dakota (McDondd et d. 1978) found no increased lung
cancer risks among the cohorts, which were known to be exposed primarily to fibers shorter
than 5 um (see Dr. Casg' s premeeting comments for further information on these sudies). This
panelist added that the Minnesota Department of Hedlth is currently updating the study on
taconite miners and a publication is pending. Another pandlist added that epidemiology studies
of workers exposed to asbestos from friction brake products show no clear evidence of
increased lung cancer. This pandist acknowledged that these epidemiology studies do not
include exposure measurements, but other studies of thiswork environment have indicated that
the asbestos fibersin friction brake products are predominantly short chrysotile fibers.

# Relevance of fibrous structures shorter than 5 pm. Some pandists noted that no
epidemiology studies have examined the rdative potency specifically of fibrous structures shorter
than 5 um, thus no conclusions could be drawn from the epidemiology studies done. While not
disagreeing with this observation, one pandist reminded pandists that airborne particles and
fibers have a broad distribution of fiber lengths, with a clear mgjority (75-90%) of fibrous
structures being shorter than 5 um. This pandist added that indirect inferences can be drawn
from the epidemiology studies listed in the previous bulleted item. Another pandlist noted thet the
fibrous structures shorter than 5 pm behave more like particles rather than fibers, at leest in
terms of lung deposition and clearance patterns. Findly, two pandigsindicated that an ATSDR
expert pand recently evauated the issue of relative potency of fibers shorter than 5 pm;
however, the find report from that expert pane meeting was not available until after the peer
consultation workshop. The find report has since been released, and a conclusion from that
pand was that “there is a strong weight of evidence that asbestos and synthetic vitreous fibers
ghorter than 5 um are unlikely to cause cancer in humans’ (ERG 2003).



Statistical analysesin the proposed protocol. Asindirect evidence that longer fibers have
greater carcinogenic potency, one pandist indicated that the exposure-response modeling by
Drs. Berman and Crump showed an improved fit to the observed relative risk from
epidemiology studies when using an exposure index that assigns grester weight to longer fibers
and no risk to fibers shorter than 5 pm. Another panelist concurred, but added that the authors
could have atempted to determine the specific weighting (i.e., between longer and shorter
fibers) that would optimize thefit to the epidemiological sudies.

3.1.4 Lung Cancer and Fiber Dimension: Inferences from Animal Toxicology and
M echanistic Studies

The pandligts generdly agreed that the anima toxicology studies and mechanigtic studies indicate that

fiber dimension—especidly fiber length—plays an important role, both in terms of dosmetry and

pathogenesis. However, pandigts had differing opinions on the specific cut-offs that should be used for

fiber diameters and lengths in the exposure-response modeling (though pandists generaly concurred

that fibers shorter than 5 um should be assigned zero potency).

Fiber length. Multiple panelists noted that the animad toxicology studies provide compelling
evidence that lung cancer potency increases with fiber length. Another panelist agreed, but had
reservations about assgning no potency to fibrous structures shorter than 5 pm, based on a
recent study of refractory ceramic fibers (Bellman et a. 2001) that found that the incidence of
inflammation and fibrosis gppears to be related to the presence of smdl fibersin the lung. This
pandigt indicated that exposure to smal fibers likely has some bearing on the oxidative stress
gate and inflammation in the lung, and he suspected that the exposure-response relationship for
long fibers might depend on co-exposures or past exposures to shorter fibers. Based on these
observations, the panelist was hesitant to exclude fibrous structures shorter than 5 pm from the
proposed risk assessment methodology. On the other hand, another pandlist added that animal
toxicology studies have shown that fibross endpoints are strongly related to fiber length, with
expaosures to shorter fibers showing less evidence of fibrosis or lung damage. The pandlists
revigted the significance of fibers shorter than 5 pm when discussing the proposed exposure
index (see Section 4).

Fiber diameter. The pandids offered severa comments on the role of fiber diameter in the
proposed protocol. Noting that fibers with diameters up to 1.5 pm are capable of penetrating to
sengtive portions of the lung during ord inhaation, one pandigt indicated that this range of fiber
diameters should not be excluded from future risk assessments. Other pandlists shared the
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concern of assgning no lung cancer potency to respirable fibers with diameters grester than 0.5
pm, especialy congdering that respirability petternsin laboratory animals differ from thosein
humans (i.e,, thicker fibers are more likely to deposit in the human lung than they arein the rat

lung).

The panelists also discussed a statement in the proposed protocol that “few fibers thicker than
0.7 pm appear to reach the deep lung.” Firgt, one panelist indicated that the proposed protocol
includes outdated information on fiber deposition patterns; he recommended that the authors
obtain more current ingghts from specific publications (e.g., Lippmann 1994) and from the latest
lung dosimetry mode developed by the Internationa Commission on Radiologica Protection.
Second, another panelist questioned the relevance of deposition in the deep lung, because
humans tend to develop bronchogenic carcinomas, while rats develop bronchodveolar
carcinomas. Another panelist cautioned againgt inferring that asbestos fibers must deposit on
bronchid arways to cause lung cancer in humans, noting that significant accumulation of
ashestos fibers does not occur in the airways where carcinomas develop in humans, due
primarily to mucociliary clearance; this pandist suspected that deposition of fibersin the deep
lung islikely related to lung cancer formation in humans, though the mechanisms of
carcinogenesis are not fully understood.

3.1.5 Other Issues Related to Lung Cancer

The pandlists discussed severa additiona issues related to the proposed protocol’ s evaluation of lung
cancer potency. Most of the discussion focused on the utility of non-linear exposure-response
modeling, but other topics were aso addressed:

# Consideration of non-linear exposure-response models. The pandigs had differing
opinions on the extent to which the proposed protocol should consider non-linear exposure-
response modeing. On the one hand, one panelist strongly recommended that EPA consider
exploring the gpplicability of non-linear exposure-response models, given his concerns with
linear low-exposure extrgpolation. This panelist acknowledged that the revised linear modd in
the proposed protocol clearly provides an improved gatisticd fit to the epidemiological data
when compared to EPA’s 1986 lung cancer model, but he advocated more detailed exploration
of non-linear cancer risk models, particularly to account for observations of cohorts with low
exposures. This pandist was particularly concerned about the cancer risks that would be
predicted for low exposures: because the dope in any linear lung cancer mode will be
determined largdly by highly-exposed individuas, he questioned whether the dope derived from
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high exposures truly appliesto lowly-exposed individuds. To demondrate his concern, this
pandist indicated that the epidemiologica studies consstently show that cohorts (or subsets of
cohorts) with low exposure generally exhibit no increased lung cancer risk (Sandardized
mortdity ratios not satigticaly different from 1.0). To account for the possibility of athreshold
or non-linearity in the exposure-response reationship, this panelist recommended that EPA
investigate alternate exposure-response models, such as linear-linear modds (i.e., models with
two linear exposure-response regions having different dopes) or log-linear models.

Other pandists generdly supported these comments. One pandigt, for instance, noted that
EPA’s Draft Revised Guidelines for Carcinogen Risk Assessment indicates that exposure-
response relationships should first be evaluated over the range of exposure observations, and
then various gpproaches to extrgpol ate to exposure levels outside (i.e., below) this range should
be investigated. Another panelist added that some studies finding no evidence of lung cancer
risks among large cohorts with low exposures should factor into the decision of whether the lung
cancer modd should include thresholds; he cited a study of non-occupationally exposed women
from chrysotile mining regions in Canada (Camus et d. 1998) to illustrate his concern. Other
pandists noted that the utility of this study is limited, because exposures were not measured for
individuds; further, apandist darified that goproximatdy 5% of the individuas consdered in this
study were occupationally exposed. Findly, one pandist indicated that evidence from the
epidemiology literature strongly suggests there are asbestos exposure levels below which lung
cancer will not occur; this pandist added that he is unaware of any epidemiologica 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 cancer effects have been demonsrated.

On the other hand, some panelists were not convinced of the utility of conducting detailed
anayses a low exposures and investigating possible thresholds. One pandig, for instance,
indicated that a meaningful quantitative andyss of potentia thresholds will not be possible, so
long as the authors do not have access to raw data from additional epidemiologicd studies.
Further, this pandlist suspected that the protocol authors would find considerable heterogeneity
among exposure-response dopes for low exposures, and he questioned what conclusions could
be drawn by focusing exclusively on the low exposure region. Another panelist agreed, adding
that the fallure to find sgnificantly increased cancer risks among lowly-exposed cohorts very
likely results from poor datistical power and other uncertainties, and not necessarily from the
presence of an actua exposure threshold for asbestos-related lung cancer. Finaly, one pandist
indicated that the Nationa Ingtitute for Occupationa Safety and Hedlth (NIOSH) previoudy
examined athreshold mode for the cohort of South Carolina textile workers, and that andysis
reveaed that the best fit of the exposure-response data was a threshold of zero (i.e., the best fit
indicated that there was no threshold).
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3.2

Consideration of cigarette smoking. Severd times during the workshop, the panelists
debated the ability of the proposed risk assessment model to address interactions between
cigarette smoking and asbestos exposure. One panelist recommended that the authorsreview a
recent sudy that examined the role of cigarette smoking on lung cancer among chrysotile miners
and millersin Quebec, Canada (Liddell and Armstrong 2002). Although the panelists generdly
agreed that smoking is an important consderation for developing and gpplying the modd, some
pandlists were not convinced that the available data are sufficient to devel op an exposure-
response model that accurately portrays the interactive effects of asbestos exposure and
smoking. The pandists further discussed thisissue further later in the workshop.

Transparency of the proposed protocol. Severa pandissindicated that the review of
epidemiologicd datain the proposed protocal is not presented in a transparent fashion. One
pandig, for instance, sought more information on the uncertainty factors used in the meta-
anaysis, such as what ranges of factors were considered, what criteria were used to assign the
factors, and atable of the factors that were eventudly applied. This pandist dso recommended
that the proposed protocol identify the a-values that were determined for each epidemiologica
study and provide explanations for any cases when these values are unexpectedly large. Another
pandist indicated that the proposed protocol should more clearly differentiate conclusions that
are based on a meta-andysis of many epidemiologica studies from conclusons that are based
on adetailed review of just one or two studies.

The need to obtain additional raw data sets. The pandists unanimoudy agreed that EPA
should make every effort to try to obtain additiona raw data sets for the epidemiology studies,
such that the authors can further test how adequately the proposed risk assessment model
predicts risk. The executive summary of this report presents the pandists specific
recommendation on thisissue.

M esothelioma

The following paragraphs document the pandists responses to charge questions regarding inferences

from the epidemiology and toxicology literature on how mesothelioma potency varies with fiber type
(Sections 3.2.1 and 3.2.2) and fiber length (3.2.3 and 3.2.4).

3.21 Mesotheliomaand Fiber Type: Inferences from the Epidemiology Literature
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The expert pandists unanimoudy agreed that the epidemiology literature provides compelling evidence
that amphibole fibers have far grester mesothelioma potency than do chrysotile fibers—a finding
reported both in the review document (Berman and Crump 2001) and arecent re-analysis of 17 cohort
studies (Hodgson and Darnton 2000) that reported at least a 500-fold difference in potency. Two
pandists commented further that the epidemiology literature provides no scientific support for chrysotile
exposures having arole in causation of mesothdioma—an observation that is generaly consistent with
the meta-analysisin the proposed protocol, which failed to rgect the hypothesis that chrysotile fibers

have zero potency for mesothelioma.

The most notable response to this charge question was the agreement among most pandlists that
amphibole fibers are at least 500 times more potent than chrysotile fibers for mesothelioma, as
supported by two separate reviews of epidemiological studies. The pandists made additiona comments
on specific matters when responding to this question, as summarized below, but the key point in this
discussion was the agreement that chrysotileis afar lessimportant cause of mesotheliomathan are

amphiboles.

# Relative roles of chrysotile and amphibole. One panelist indicated that cohort sudies with
individua-level exposure-response data and the broader epidemiology literature both provide no
evidence of increased mesothdiomarisk due to chrysotile exposure. Further, this pandist noted
that 33 of 41 mesothelioma cases previoudy identified as occurring among workers primarily
exposed to chrysotile fibers (Stayner et d. 1996) were later reported as likely resulting from
exposures to tremolite fibers found in the chrysotile mines (McDondd et d. 1997). This pandist
noted that a recent finding of asmal mesothdiomarisk from chrysotile (Hodgson and Darnton
2000) results entirely on the assumption that the 33 mesothelioma cases mentioned above result
entirdly from chrysotile exposures. Based on these observations, this pandlist indicated that the
literature suggests that chrysotile exposures have limited, if any, role in causing mesothelioma. He
nonetheless supported the relative potency attributed to chrysotile in the proposed protocol as a
conservative measure in the overall risk assessment process.

# Specific comments on the Connecticut friction products workers. Another pandist
commented on an epidemiologica study of a cohort of workers employed at afriction products
plant in Connecticut. The pandist noted that the origind study (McDondd et d. 1984) did not
identify any deaths from mesothelioma, but review of the state cancer registry (Tetaet d. 1983)
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reveded that three Connecticut residents who died of mesothelioma were employed by the
same friction products company. One of these employees had amphibole exposures during the
time he worked for atextile plant that was under the same parent company that owned and
operated the friction products plant. The other two cases, the pandist noted, were femaes who
indeed worked at the friction products plant. A pathology review found that one of these cases
was awoman with probable pleural mesothelioma and 5 years of exposure; the other case was
a peritonea mesotheiomain awoman who aso had ashestosis, and worked as a clerk for 30
years. This panelist noted thet it was questionable to attribute the latter two mesothelioma
diagnoses to the chrysotile exposures at the friction products plant, though she added that this
possihility cannot be definitively ruled out. This panelist encouraged thet future review of this
epidemiologicd study should be revised given this new information.

# Comments on the proposed 500-fold difference in relative potency. The pandists had
severd comments on the finding in the proposed risk assessment methodology that amphibole
fibers are 500 times more potent for mesotheioma than are chrysotile fibers. Severa pandists
noted that thisfinding is consstent with that of arecent re-andyses of 17 epidemiologica studies
(Hodgson and Darnton 2000). Though not disagreeing that amphibole fibers are clearly more
potent, one pandist was concerned that the risk coefficients (K,,) were largely derived from
data sets with inadequate exposure-response information for mesothelioma, and assumptions
had to be made to determine critica inputs to the mesotheiomamodd (e.g., average exposure,
duration of exposure).

Other panelists commented on specific sections in the proposed protocol. One panelist, for
example, recommended that the authors check the accuracy of data presented in Table 6-16
and Table 6-29 of the report, which are not reported consistently. Another panelist suggested
that the authors better explain why separate risk coefficients for amphiboles and chrysotile were
calculated for some cohorts (e.g., Hughes et d. 1987) but not for others (e.g., Berry and
Newhouse 1983), even though the exposure information available for the studies appears to be
comparable. Finally, one panelist recommended that the authors of the proposed protocol
consder questions recently raised (Rogers and Mgor 2002) about the quality of the exposure
data originaly reported for the Wittenoom cohort (De Klerk et d. 1989) when evauating
exposure-response rel ationships for mesothelioma.

3.22 Mesothelioma and Fiber Type: Inferencesfrom Animal Toxicology and
M echanistic Studies

The pandigts discussed the inferences provided by anima toxicology data and mechanigtic data
regarding relative mesothelioma potency of different asbestos fiber types. Overal, two pandlists
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commented that the human epidemiologica data clearly establish that exposures to amphibole asbestos
fibers pose a greater mesothelioma risk than do exposures to chrysotile fibers. They added that the
animal toxicology data are generdly supportive of thisfinding, but the anima data suffer from some
limitations. Two pandlidts, for instance, noted that the utility of anima toxicology sudiesislimited by the
fact that rodents are rather insensitive to mesothelioma. These pandists added that the animal
toxicology sudiesinvolving intra-trached indtillation or peritoned injection are not directly rdevant to
the inhaation exposures that occur in humans. These limitations notwithstanding, the pandlists raised the
following points when discussng the anima toxicology and mechanistic Sudies

One pandist referred to one of his earlier publications (Lippmann 1994) for further insghts on the
occurrence of mesothdiomain anima sudies. At that time, this pandist noted, the animd inhaation
studies found fewer than 10 cases of mesothelioma, and the number of cases appeared to be greatest
among animals that were exposed to mixtures containing higher proportions of amphibole fibers. He
found this consstent with the influence of fiber type observed in the human epidemiologica data (see
Section 3.2.1).

During this discusson, one pandist reviewed a publication (Suzuki and Y uen 2001) that was mentioned
earlier in the workshop. The publication documents the amounts and types of asbestos fibers measured
in samples of pleura plagues and tumor tissue collected for lega cases. These anadyses reportedly
found rdatively large amounts of short, thin chrysotile fibersin the pleura, suggesting that these fibers
should not be excluded from the group of fibers believed to induce mesothdioma. The pandist had
severd criticisms of the study. Firdt, he indicated that the samples were andyzed using a non-standard
technique, without any controls. Second, he questioned the major finding of fibers being detected in the
pleura, because most of the samples analyzed were actudly tumor tissue, in which he would not expect
to find fibers. The panelist suspected that the chrysotile fibers reportedly found in the study likely result
from specimen contamination—a bias that would have been more gpparent had rigorous qudlity control

procedures been followed. Findly, the pandist noted that a more rigorous study (Boutin et a. 1996) of
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asbestos fibers in the parietd pleurafound a mixture of fibers, including long amphibole fibers, anong
living patients with asbestos-related conditions. Based on these concerns, the pandlist concluded that
the publication of concern (Suzuki and Y uen 2001) is serioudy flawed and its recommended should be
excluded from EPA’s analyses.

A specific issue raised regarding the anaytical technique in the study (Suzuki and Y uen 2001) was that
water was used during the digestion process. Noting that water may contain large amounts (>30,000
fiberg'L) of small ashestos fibers, another pandist suspected that the fibers detected in the sudy might
have resulted from contamination introduced during the digestion process. Because control samples
were not analyzed, the pandist said the study offers no evidence that the fibers detected truly were in
the origind pleura plagues or tumor tissues. He added that studies of lung-retained asbestos fibers
routinely detect primarily short, chrysotile fibers, and that the presence of the short fibersin the pleura
tissue—even if the measurements from the study are vaid—would not necessarily prove that short

fibers cause mesothdioma

3.2.3 Mesothelioma and Fiber Dimension: I nferences from the Epidemiology
Literature

The panelists commented briefly on how the human epidemiologica data characterize the role of fiber
size on mesothdiomarisk. Noting that exposure measurements in most every epidemiologica study do
not characterize fiber length distribution, one panelist indicated that these studies provide no direct
evidence of how fiber length is related to mesothelioma. He added that the studies offer conflicting
indirect evidence of the role of fiber length. Specificaly, the higher mesotheliomarisk coefficient anong
textile workers in South Caroling, when compared to that for the chrysotile miners and millersin
Quebec, could be supportive of longer fibers being more potent, since exposures in South Carolina had
alarger percentage of long fibers. However, a cohort of cement plant workersin New Orleanswas
found to have a higher mesotheliomarisk coefficient than that of the South Carolina cohort, even though
the South Carolina workers were exposed to higher percentages of long fibers. Finally, asindirect
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evidence that carcinogenic potency increases with fiber length, this pandlist noted that the mesothelioma
risk modd using the proposed exposure index, which is heavily weighted by long fibers, provided a
consderably improved fit to the epidemiological data.

The pandligts briefly revisited the inferences that can be drawn from studies of lung-retained fibers. One
pandist again commented that results from arecent study (Suzuki and Y uen 2001) should be viewed
with caution. He added that several other lung pathology studies (e.g., McDonald et a. 1989, Rogers et
a. 1991, Rode sperger et d. 1999) have been conducted using more rigorous methods, such as using
gppropriate controls for age, sex, and hospitd. These studies dl showed that risk of mesotheliomawas
congderably higher for individuas with larger amounts of long fibers retained in their lungs.

One pandigt indicated that results from astudy of lung-retained fibers (Timbrell et d. 1988) suggest
fiber diameter plays arule in mesothdiomarisk: the study observed no mesothelioma cases among a
population highly exposed to anthophyllite fibers, which tend to be thicker fibers. Citing his earlier
review of mesothelioma cases (Lippmann 1988), the panelist also noted that crocidolite fibers are both
thinner than and more potent than amosite fibers, which further supports the hypothesis that

carcinogenic potency for asbestos decreases with increasing fiber diameter.

3.24 Mesotheliomaand Fiber Dimension: Inferencesfrom Animal Toxicology and
M echanistic Studies

The pandists made few observations on findings from anima toxicology studies regarding mesothelioma
and fiber length. One panelist indicated that findings from the animd toxicology studies generdly

support the overdl finding that mesothelioma risks are greetest for long, thin fibers. However, another
pandist noted that his earlier review of mesothelioma risks (Lippmann 1988) hypothesized that the
critical fibers for mesotheliomainduction are those with lengths between 5 and 10 pm. This pandlist
added that fibers of this dimension are more likely to trandocate to the pleura than are longer fibers, but
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he acknowledged that it is unclear whether fibers must first trandocate to the pleurain order to cause
mesothelioma.

Some pandigs indicated that fiber durability likely plays arolein inducing mesothdioma, based on the
fact that mesothdiomais more eadily induced in animas using administration methods (e.g., peritoned
injection) that remove the importance of dissolution.

3.3 ExposureEgtimatesin the Epidemiology Literature

The pandigts raised numerous issues when responding to the third charge question: “To what extent are
the exposure estimates documented in the asbestos epidemiology literature reliable?” Recognizing that
the exposure estimates from the epidemiology studies are critical inputs to the exposure-response
assessment, the pandists expressed concern about the exposure data: few studies provide detailed
information on fiber sze didtribution; many studies report exposures using outdated sampling and
andytica methodologies (e.g., midget impinger); individud-level data are not available for most sudies,
and many studies do not report detailed information on parameters (e.g., exposure levels, exposure
duration) needed to evauate exposure-response relationships, particularly for mesothelioma. Their

gpecific concerns on these and other matters follow:

# Concernsregarding exposure estimates in specific studies. Some panelists expressed
concern about the assumptions made to interpret the exposure data origindly reported in the
epidemiology studies. One pandlist reviewed specific examples of these concerns:

> The origind study of workers at a Connecticut friction products plant (McDonad et d.
1984) reports exposures measured by midget impingers (in units of mmpcf), with no
information on how to convert thisto PCM measurements, and the origind publication
includes limited data on exposure duration.

> The origina study of workers a a New Jersey insulation factory (Seidman et d. 1986)
did not report any exposure measurements from the factory studied, and data collected
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from another plant with smilar operations were used to characterize exposure-response
for this cohort.

> The origina study of workers at a Texas insulation factory (Levin et d. 1998) reported
arange of exposure levels (15-91 fibers/mL), and the authors of the proposed protocol
assigned an average exposure leve (45 fibers/mL) to the entire cohort.

> The origind study of U.S. insulation gpplicators (Selikoff and Seidman 1991) has no
information on exposure. The proposed protocol assumes that all workers were
exposed to 15 fibersmL for 25 years, based on a separate review of exposures among
insulation workers (Nicholson 1976).

> The origind study of retirees from the U.S. Asbestos Products Company (Enterline et
a. 1986) reported exposures based on midget impinger sampling, with no information
on how to convert these exposuresto PCM measurements.

> According to arecent letter to the editor (Rogers and Mgor 2002), the origina study
of the Wittenoom cohort (De Klerk et d. 1989) might have overestimated exposures,
possibly by as much as afactor of 10.

The previous comments led to a discussion on whether certain studies should be excluded from
the meta-analysis used in the proposed protocol (see next bulleted item). Prior to this discussion,
one panelist expressed concern about being overly critica of the exposure estimates used for
many of the studies listed above; he emphasized that al exposure estimates appear to be based
on acriticd review of the literature, and no estimates are completely arbitrary, as some of the
pandists commentsimplied.

Comments on using study inclusion criteria for the meta analysis. Given the concerns
about the quality of exposure data reported in some epidemiology studies, the pandlists debated
whether future revisions of the proposed protocol should exclude certain studies from the
exposure-response analyss. The panelists were divided on this matter.

On the one hand, severd pandlists recommended that the authors devel op and apply study
incluson criteriain the exposure-response eva uation, as is commonly done when conducting a
meta-analyss. One panelit, for instance, recommended assessing exposure-response
relationships for only those studies found to have adequate exposure data, and then using a
sengtivity andyss to examine the effect of excluding studies with inadequate exposure data.
These paneligts clarified that they are not advocating disregarding the mgority of studies; rather,
they are suggesting Smply that the authors of the proposed protocol use study incluson criteria
and sengtivity analyses to ensure that the conclusions are based on the best available exposure
data.
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On the other hand, severd pandlists supported the current approach of using as many studies as
possible and accounting for the quality of the exposure measurements in the uncertainty factors.
One pandig, for example, commended the authors for being as inclusive as possble when
reviewing the studies; he supported the gpproach of recognizing the limitations of the available
exposure data and accounting for these limitations in the uncertainty factors that were ultimately
used to weight the studies in the metarandysis. This pandlist acknowledged thet the exposure
esimatesin some of the epidemiologica studies might be rough estimates, but he emphasized
that the estimates are not worthless and should not be discarded. Other pandlists concurred with
these comments, and did not support applying overly redtrictive study inclusion criteria

Comments on the uncertainty factors assigned to each study. The panelists made severd
comments on the uncertainty factors that the authors assigned to each study. Dr. Berman firgt
explained the four uncertainty factors: the first factor (F1) characterizes the confidence in
exposure estimates; the second factor (F2) represents the confidence in the conversion to PCM
measurements from other exposure metrics (typicaly midget impinger anayses); the third factor
(F3) characterizes the confidence the authors had on worker history data; and the fourth factor
(F4) was a non-exposure related factor to account for other uncertainties (e.g., lack of
information on confounders, incomplete or inaccurate mortdity ascertainment). Dr. Berman
described generdly how the individuad uncertainty factors were assigned and noted that each
factor could range from 1 to 5.

The pandigts comments primarily focused on the trangparency of how uncertainty factors were
presented and incorporated into the meta-andysis. Multiple pandists, for instance,
recommended that future revisons to the proposed protocol include atable that lists the
uncertainty factors assigned to each study. Further, one panelist suggested that the revised
protocol describe the assumptions inherent in the uncertainty factor weighting gpproach, such as
explaining why some factors are assigned vaues over a broader range than others (e.g., why F1
vaues span a broader range than F4 vaues) and describing why the individua uncertainty
factors have equa weightsin generating the composite uncertainty factor. Another pandist
agreed, and added that the revised protocol should more explicitly describe how the uncertainty
factors were combined into the composite factor and how this composite factors affects the
weighting of studiesin the meta-analysis. Expanding on this point, another pandist suggested that
the find document more clearly explain that the final estimates of cancer risk coefficients (K *
and K,*) are actudly weighted averages of the epidemiologica studies, with the weights
assigned to each study being afunction of that sudy’s uncertainty. This pandist dso
recommended that the revised document clearly state how, if at dl, the fraction of amphibole
fibers and the fraction of fiberslonger than 10 um are reflected in the uncertainty factors.

Some panelists debated the utility of dternate approaches that could be used to assign

uncertainty factors. Two pandlists noted that the approach used to assigning uncertainty factors
Is somewhat subjective, because different groups of andysts would likely assign different
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uncertainty factors. To avoid the gppearance of arbitrariness, these panelists suggested using
aternate meta-andysis gpproaches that do not require using uncertainty factors. They noted, for
example, that the authors could use arandom effects model in which resdud inter-sudy
vaiation is estimated. Another suggestion was to conduct sengtivity andyses examining the
effects of including or excluding studies, depending on the uncertainty factors assgned to them.

Another pandist disagreed with these comments and supported the andlysesin the proposed
protocol; this panelist indicated that the authors had no choice but to make judgments based on
the information documented in the epidemiology literature. He suggested that EPA consider
convening a separate expert pand to assign uncertainty factors, if panelists do not support those
selected by Drs. Berman and Crump.

Assumptions made to convert exposur e estimates from midget impinger sampling.
Severd panelists noted that the origind publications for many epidemiology studies document
exposure estimates based only on midget impinger sampling and do not include any informeation
on how to convert these exposures to levels that would be measured by more modern methods
(eg., PCM, TEM). The panelists noted that the conversion factor (from mmpcf to fibers/mL)
can vary condderably from one occupationa setting to the next.

I nter pretations of the study of South Carolina textile workers. The pandists had different
opinions on interpretations of the study of South Carolinatextile workers (Dement et d. 1994).
One pandig, for instance, found this particular study to be an outlier among the other
epidemiologicd studies, and he recommended that the authors exclude this sudy from the
exposure-response analysis until the causes for the increased relative risks observed for this
cohort are better understood. Ancther pandist suggested that the proposed protocol should
classify the South Carolina cohort as being exposed to mixed asbestos fibers, rather than being
exposed to chrysotile fibers. He indicated that some workers in the cohort were exposed to
amosite and crocidolite, in addition to being exposed to chrysotile.!

Other pandigs, however, did not think the South Carolina study should be excluded from
EPA’s andyss One panelist was troubled about criticisms of the exposure estimates for this
cohort, given that thisis one of few studies in which co-located samples were collected and
andyzed usng different methods, thus providing Ste-specific data for converting midget impinger

L After reviewing adraft of this report, one panelist indicated that it isimportant to note that exposure data

for the South Carolina cohort are available from more than just one reference (Dement et al. 1994). He suggested that
EPA use data from studies conducted by McDonald in the 1980s of a parallel cohort in the same plant. However, he
cautioned EPA against treating multiple studies of the same relatively small group of workers as separate studies,
considering the large overlap of workers studied by the two groups of investigators. This panelist encouraged EPA

to consider other data sources for this cohort, given that a recent re-analysis of epidemiological studies (Hodgson

and Darnton 2000) severely 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 to PCM measurements. Another pandist chalenged suggestions that the South
Carolinastudy 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 vaid scientific
reasons for discarding it. During this discusson, one pandist point out in response that the South
Cardlinastudy isindeed an outlier among the textile cohorts, with adope which is higher than
ether of the two textile cohorts; this pandist did acknowledge that the lung cancer risk among
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 Carolina study can achieve
credibility, especidly considering that exposures in South Carolina were supposedly to “ pure”’
chrysotile.
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4. COMMENTSON TOPIC AREA 2: THE PROPOSED EXPOSURE INDEX

This section summarizes the pandists responses to the charge questions pertaining to the proposed
exposure index. Section 4.1, 4.2, and 4.3 document the panelists' responses to charge questions 4, 5,

and 6, respectively.

4.1 Responsesto Charge Question 4

Charge question 4 asks. “The proposed exposure index does not include contributions from fibers
shorter than 5 um. Please comment on whether the epidemiology and toxicology literature support the
conclusion that asbestos fibers shorter than 5 um present little or no carcinogenic risk.” The pandists
discussed this matter earlier in the workshop (see Sections 3.1.3 and 3.1.4 for these comments), and
provided additiona insghts on the matter. Overdl, the panelists agreed that carcinogenic potency
increases with fiber length, particularly for lung cancer. Most pandlists supported assigning no potency
to fibrous structures smaler than 5 um. Some pandists agreed that the short fibrous structures are
clearly less potent than long fibers, but they had reservations about assigning zero potency to the
sructures smdler than 5 pm; these pandists acknowledged that the toxicity of the short fibrous
structures might be adequately addressed by EPA’ s air quaity standards for particulate matter. Specific

comments on this charge question follow:

# Reference to ATSDR’s expert panel workshop on therole of fiber length. Two pandists
noted that ATSDR convened an expert pand in October 2002 to discuss the role of fiber length
on toxicity, and much of that discusson specificdly addressed fibrous structures smdler than 5
pm. A main conclusion of that pand was that there is*a strong weight of evidence that asbestos
and synthetic vitreous fibers shorter than 5 pm are unlikely to cause cancer in humans’ (ERG
2003). The panelists encouraged EPA to review the summary report prepared for that
workshop, which was officidly released on March 17, 2003, and is available on-line at:
www.atsdr.cdc.gov/HA C/asbestospand.

# Evidence from epidemiological studies. One pandlist indicated that the epidemiologica
studies do not provide direct evidence of the role of fibrous structures shorter than 5 um.
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However, the pandist indicated that a growing body of evidence suggests that the cohorts
predominantly exposed to shorter fibers (e.g., friction brake workers, gold miners, taconite
miners) do not have statistically sgnificant increased cancer risks. This pandist added thet the
mechanigtic sudies provide the strongest evidence for assigning no potency to fibrous structures
(see next bulleted item). Another pandist agreed with these statements, and added that his
interpretation of data compiled by the National Cancer Indtitute provide additiond indirect
evidence of short fibrous structures presenting little or no carcinogenic risk (see page 102 of the
premeeting comments in Appendix B).

The pandigs briefly revisited the findings from a recent publication (Suzuki and Y uen 2001) that
reported finding relaively large amounts of short, thin chrysotile fibersin maignant mesothelioma
tissue. Severd panelists encouraged that these findings not be considered in the risk assessment
methodology for reasons cited earlier in the workshop (see Section 3.2.2).

Evidence from mechanistic studies. The panelists offered different interpretations of
mechanigtic sudies. One panelist indicated that mechanistic studies have shown that shorter
fibers are cleared more readily than long fibers from the adveolar region of the lung by
phagocytos's, and therefore provide supporting evidence that short fibers play little or no rolein
carcinogenic risk. This pandist acknowledged that extremely high doses of particular matter and
other non-fibrous structures can generate biologica responses (e.g., inflammation), but he
doubted that such “overload” conditions would be reevant to the environmental exposures that
the proposed protocol will be used to evauate.

Another panelist agreed that long fibers are clearly more potent than short fibrous structures, but
he questioned the conclusion that short fibrous structures have no impact on carcinogenic risk.
This pandlist noted that mechanistic sudies have demongtrated that short fibrous structures and
spherical particles, like silica, can dlicit the same toxic responses (e.g., generate reactive species,
dimulate proliferative factors) identified for asbestos fibers. This pandist added, referring to his
premeeting comments, that exposure to short fibers could cause inflammation and generation of
oxidative species that might increase the response to long fibers (see Bellman et d. 2001).
Overdl, this panelist acknowledged that long fibers are more persstent than short fibersin the
lung and should be weighted more heavily in the exposure index, but he was hesitant to assgn
the short fibrous structures zero potency.

I mplications on sampling and analytical methods. One pandist commented on the
practica implications, from a sampling perspective, of any changes to the exposure index. This
pandigt indicated that measuring al fibers (including structures shorter than 5 um) in
environmenta samples would not only be expengive, but dso would compromise the sengtivity
of measuring the longer fibersthat are most predictive of cancer risk. This pandist
acknowledged that human exposure is predominantly to fibrous structures less than 5 um, but he
noted that the amounts of short fibrous structures retained by the lung tend to be very strongly
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4.2

correlated with the amounts of long fibers retained by the lung. Due to this correlation, this
pandlist noted that measuring long fibers with sufficient accuracy would alow one to estimate
amounts of short fibrous structures in a sample. This panelist added, however, that he seesno
benefit of characterizing exposures to fibrous structures smdler than 5 pm, given the conclusion
that such fibers do not cause cancer (ERG 2003).

Responsesto Charge Question 5

Charge question 5 asks: “The proposed exposure index isweighed heavily by fibers longer than 10 um.

Specificaly, Equation 7.13 suggests that the carcinogenic potency of fibers longer than 10 pm ismore

than 300 times greater than that of fibers with lengths between 5 and 10 um. How consgtent isthis

difference in carcinogenic potency with the epidemiology and toxicology literature?” The panelists

responses to this question follow:

Consistency with epidemiological literature. The panelists noted that the origind
epidemiology studies did not collect exposure information that provides direct evidence of the
relative potency assgned to the two different fiber length categories: fibers longer than 10 pm,
and fibers with lengths between 5 and 10 um. During this discussion, one pandist recommended
that EPA consider the results of a case-control study (Rogers et a. 1991) that suggests that
mesothelioma risks are greater for individuas with larger amounts of the shorter fibers (i.e,
between 5 and 10 pm) retained in their lungs. Another pandlist was not convinced of the findings
from this study, due to possible biases from sdection of controls not matched for hospital of
origin. This pandlist encouraged EPA to refer to more rigorous lung-retained fiber studies (e.g.,
McDonad et a. 1989, Rodel sperger et d. 1999) that have found that the mgjority of cancer
risk for mesotheliomalis attributed to exposures to longer fibers, even when measurements of
short fibers are taken into account.

Questions about the fiber length-dependence used for mesothelioma. Some panelists
were not convinced that the relative potencies assigned to different fiber lengths were
appropriate for mesothelioma. One pandlis, for instance, noted that his previous review of the
literature (Lippmann 1994) suggests that cancer risk for mesotheliomais most closdy associated
with exposure to fibers between 5 and 10 pum long. He indicated thet this assessment is
constent with other human lung evauations (e.g., Timbrell et . 1988), which have reported
that fibers retained by the lung tend to be longer than fibers that trandocate to the pleura. This
pandist added that the epidemiology literature clearly suggests that lung cancer and
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4.3

mesothdioma have different risk factors, as the relative amounts of lung cancer and
mesothelioma cases vary congiderably from one cohort to the next. Based on these concerns,
this pandist suggested that EPA condder developing separate fiber length weighting schemes for
lung cancer and mesothdioma

Another panelist indicated that the epidemiology studies provide indirect evidence that
carcinogenic potency appears to increase with fiber length. Specificaly, he noted that the studies
consstently show that mesothelioma has a very long latency period—atrend that suggests that
the most durable fibers (i.e., the longer fibers) are the most potent. The pandist added that the
anaysesin the proposed protocol provide further indirect evidence of mesothdiomarisks
increasing with fiber length: when the exposure index was used in the mesothelioma modd, the
proposed risk assessment methodology generated an improved fit to the epidemiological data

During this discussion, a panelist cautioned about inferring that only those fibers that reach the
pleura are capable of causing mesothelioma, because researchers have not determined the exact
mechanisms by which mesothdiomais induced. Further, he cautioned about inferring too much
from asingle study (Timbrell et a. 1988), given that many additiond studies are available on
lung-retained fibers.

Questions about the relevance of animal toxicology data. Some pandlists expressed
concern about basing the proposed weighting factors for different fiber lengths on observations
from animd data. First, one pandist noted that the weighting factors were derived drictly based
on lung cancers observed in laboratory animals, and he questioned whether one can assume that
the weighting factors can be defensibly applied to mesothelioma. Second, other panelists noted
that extrgpolating the weighting factors from rodents to humans aso involves uncertainty, dueto
inter-species differences in respiratory anatomy, macrophage sizes, and sites of lung cancers.

Suggested follow-up analyses. Given the concerns about basing the proposed exposure index
entirely on data from anima toxicology studies, two panelists recommended that EPA attempt to
optimize the weighting factors gpplied to different fiber length categories using the available
human epidemiologicd data. One pandist suggested that this optimization could be performed
using the data compiled in Table 6-15 in the proposed protocol, which presents estimates of the
fiber length digtribution for different occupationd cohorts. A pandist dso suggested that EPA
consder deriving separate weighting factors for lung cancer and mesothelioma, rather than
assuming the same fiber length dependence for both outcomes.

Responsesto Char ge Question 6



Charge question 6 asks. “Please explain whether the proposed exposure index will alow meaningful
comparisons between current environmental exposures to asbestos and historical exposures to asbestos
that occurred in the work place.” The pandigts discussed severa topics when addressing the question,
because some pandists had different impressions of what the question was asking. Some pandlists
viewed the question as asking about the validity of low-dose linear extrapolations (see Section 3.1.5 for
more information on this topic), and others viewed the question as asking about whether the proposed
methodology is an improvement over EPA’s current risk assessment modd. A summary of the

pandigts specific responses follows:

# I sthe proposed exposure index an improvement to asbestos risk assessment? When
answering this charge question, multiple panelists focused on whether the proposed exposure
index is an improvement over EPA’s 1986 asbestos risk models. These panelists agreed that the
proposed gpproach is more consistent with the overal literature on health risks from asbestos,
which show that cancer risks vary with fiber type and fiber dimension. Two pandists were
hestant to cal the proposed approach an improvement for evauating mesothelioma risks,
because the fiber length weighting factors are based entirely on lung cancer datain animals.
These pandlists were particularly concerned that the proposed methodology might assign lower
risks for mesothelioma in certain circumstances, because the fiber-length dependence in the
methodology is not based on any toxicologica or epidemiologica studies of mesothdioma

# Does the proposed risk assessment model support extrapolation from occupational
exposures to environmental exposures? Some pandists commented on the applicability of
the proposed risk assessment mode to exposure doses below the ranges considered in the
occupationa studies. Referring to observer comments provided earlier in the workshop, two
pandists indicated that some environmental exposures in areas with naturally-occurring asbestos
do not appear to be considerably lower than those experienced by occupational cohorts.
Another pandlist agreed, and cautioned about distinguishing environmental exposures from
occupational exposures; he instead encouraged EPA and the pandligts to focus on the exposure
meagnitude, regardless of whether it was experienced in an occupationd or environmental setting.

One pandist recommended that EPA investigate how cancer risks for lung cancer and
mesotheioma 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 modd? Dr. Berman indicated that the
proposed methodology, when compared to EPA’s 1986 modd, generally predicts substantially
higher risks for environments with longer, thinner fibers and environments with larger amounts of
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amphibole fibers and predicts somewhat lower risks for environments with shorter, thicker fibers
and environments that contain only chrysotile fibers. One panelist recommended that future
revisons to the proposed protocol include sample calculations, perhaps in an gppendix, for
severd hypothetica environments to demonstrate how estimated cancer risks compare between
the new methodology and the 1986 mode!.



5. COMMENTSON TOPIC AREA 3: GENERAL QUESTIONS

This section summarizes the pandlists responses to charge questions 7-10 and 12. Responsesto

charge question 11 are included in Section 6, because this charge question sought the pandists overdl

impressions of the proposed risk assessment methodology, rather than focusing on any one specific

issue.

5.1 Responsesto Charge Question 7

This charge question asks. “The proposed risk assessment gpproach assigns carcinogenic potency to

individud fibers and to cleavage fragments (or ‘ bundles that are components of more complex

dructures'). Please comment on whether cleavage fragments of ashestos are as toxicologically

ggnificant asfibers of the same gzerange” The pandigts rased the following points when responding:

Terminology used in the charge question. One panelist took strong exception to the
wording in this question (see pages 30-33 in Appendix B) and strongly recommended that the
pandists use correct terminology during their discussons. This pandist noted, for ingtance, that
cleavage fragments are not equivaent to bundles, nor do cleavage fragments meet the regulatory
definition of asbestos, as the charge question implies. He clarified that he defines cleavage
fragments as non-ashestiform amphiboles that are derived from massve amphibole structures.
This panelist was concerned that none of the panelists at the workshop has the mineraogica
expertise needed to address issues pertaining to cleavage fragments. Another pandlist echoed
these concerns and agreed that this charge question raises complex issues.

Significance of cleavage fragments with respect to human health effects. The previous
concerns notwithstanding, several pandists commented on the role of cleavage fragmentsin the
proposed risk assessment methodology. One pandlis, for example, indicated that thereis no
reason to believe that deavage fragments would behave any differently in the human lung than
ashedtiform fibers of the same dimensions and durability; he added that this concluson was dso
reached by the American Thoracic Society Committeein 1990 (Welll et d. 1990). This pandist
acknowledged, however, that expert mineraogists have differing opinions on the role of
cleavage fragments. Severd other pandigs agreed thet it is reasonable to assume that cleavage
fragments and asbestos fibers of the same dimension and durability would dicit Smilar toxic
responses.



5.2

Review of selected epidemiological and toxicological studies. The pandigts briefly
discussed what information has been published on the toxicity of cleavage fragments. One
pandlist indicated that Appendix B in the proposed protocol (see pages B-3 through B-10)
interprets results from an anima study (Davis et a. 1991) that evauated exposuresto Sx
tremolite samples, including some that were primarily cleavage fragments. This panelist noted
that the study provides evidence that cleavage fragments can cause mesothdiomain animds.

Ancther pandigt, however, cautioned againg inferring too much from this anima study for
severd reasons. the study was not peer reviewed; the fiber measurements in the study reportedly
suffered from poor reproducibility; and the mesotheliomas observed in the sudy might have
reflected use of intra-peritoned injection modd as the dose adminigtration method. This pandist
recommended that EPA conduct a more detailed review on the few studies that have examined
the toxicity of cleavage fragments, possibly considering epidemiologica studies of taconite
miners from Minnesota (Higgins et d. 1983) and cummingtonite-grunerite miners from South
Dakota (McDonadd et a. 1978); he noted that a pending publication presents updated risks
among the taconite miners.

Practical implications of measuring cleavage fragmentsin environmental samples. One
pandist added, and another agreed, that measuring cleavage fragmentsin environmental samples
presents some chalenges, becauise microscopists cannot consstently distinguish cleavage
fragments from asbegtiform fibers, even when using TEM.

Responsesto Charge Question 8

Charge question 8 asks: “Please comment on whether the proposed cancer assessment gpproach is

relevant to al amphibole fibers or only to the five types of amphibole fibers (actinolite, amosite,

anthophyllite, crocidolite, tremolite) designated in federd regulaions.” The pandists made the following

generd comments in response:

Review of evidence from toxicological and epidemiological studies. The pandists
identified few studies that address the toxicity of amphibole fibers other than actinolite, anosite,
anthophyllite, crocidolite, and tremoalite. One pandlist indicated that anima toxicology studies
have demongtrated that synthetic vitreous fibers with differing chemistry, but having smilar
durability and dimensions, generdly exhibit smilar potency for fibross, lung cancer, and
mesothelioma. Another pandist added that lung cancer and mesothelioma exposure-response
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relationships for acohort of vermiculite miners from Libby, Montana, have been published for
both asbegtiform richterite and winchite.

# Appropriateness of applying the model to non-asbestiform amphiboles. Severd pandlists
agreed that the proposed risk assessment methodology is relevant to amphibole fibers other than
those listed in the federd regulations. The pandists noted that, in the absence of more detailed
information on the matter, it is prudent to assume that fibers of amilar dimension and durability
will exhibit smilar toxic effects. Two panelists expressed some hesitation on gopplying the
proposed modd to the non-ashestiform amphiboles: one panelist asked how confidently one can
apply the cancer risk coefficients to amphibole fibers that have not been studied, and another
pandist indicated he was not convinced that the model should be applied to the other
amphiboles, let done for the amphiboles that are listed in the federd regulations.

Given the amount of naturaly occurring amphiboles in the Earth’ s crugt, one pandlist suggested
that the proposed protocol clearly state that the non-asbestiform amphiboles being evaluated are
only those with the same dimensiona characterigtics and biodurability as the corresponding
ashestiform amphiboles,

5.3 Responsesto Charge Question 9

Charge question 9 asks. “The review document recommends that asbestos samples be analyzed by
transmission eectron microscopy (TEM) and count only those fibers (or bundles) longer than 5 pm.
Such counting practices will provide no information on the amount of ashestos fibers shorter than 5 um.
To what extent would data on shorter fibers in samples be useful for future evaluations (e.g., vaidation

of the cancer risk assessment methodology, assessment of non-cancer endpoints)?’

The pandigts expressed varying opinions on this matter: some panelists saw no benefit of measuring
fibrous structures shorter than 5 um, based on responses to earlier charge questions (see Sections
3.1.3,3.1.4, and 4.1); other pandligts indicated that there is some uitility to collecting information on
shorter fibrous structures, particularly if the incrementa andytical costs are not prohibitively expensive
and if counting short fibers does not compromise accurate counts of longer fibers. The pandlistsraised

the following specific issues when discussing measurement methods:
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Support for using TEM in future sampling efforts. The pandists unanimoudy supported the
recommendation in the proposed protocol of using TEM, rather than PCM or some other
method, to characterize exposuresin future risk assessments. The panelists dso emphasized that
future measurement methodol ogies must focus on generating accurate counts of the most
biologicaly active fibers, or fiberslonger than 5 um.

Practical implications of counting fibers shorter than 5 um. One pandist indicated that
andyzing samples for fibrous structures shorter than 5 pm would compromise andysts' ahility to
accurately count the amounts of longer fibersthat are of grester biologica concern. Some
pandists and an observer further discussed the costs associated with counting fibersin multiple
length categories, including shorter than 5 um. The pandigts did not cite firm cost figures for
these analyses. However, noting that environmenta samples typicaly contain more than 90%
short fibrous structures, one pandist suspected that counting the shorter structures would
considerably increase the time amicroscopist needs to andyze samples, and therefore dso
would considerably increase the cost of the analysis. A panelist indicated that the costs and
benefits of counting fibers shorter than 5 um might be more appropriately debated between
microscopists and risk assessors, with inputs from indudtria hygienists and minerdogigs.

Relevance of fibers shorter than 5 um for non-cancer endpoints. One pandlist noted that
exposures to fibrous structures shorter than 5 pm can contribute to asbestosisin occupationdly
exposed individuals (Lippmann 1988), but he doubted that the exposure levels found to be
associated with asbestosis would be experienced in non-occupationa settings. Another panelist
added that the role of shorter fibrous structures for other non-cancer endpoints is not known,
such asthe pleura abnormdities and active pleurd fibrosis observed in Libby, Montana. No
pandists were aware of any authoritative statements made on the role that short fibers play, if
any, on these other non-cancer endpoints. During this discussion, one pandist indicated that the
toxicity of fibrous structures shorter than 5 pm might be adequately addressed by EPA’s
particulate matter standards.

Responsesto Charge Question 10

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

estimates should be based only on fibers longer than 5 pm and thinner than 0.5 um. Isthis cut-off for

fiber diameter appropriate?’ Before the pandlists responded to the question, Dr. Berman first clarified

that the exposure index optimized from the anima studies (see Equation 7.12 in the proposed protocol)



assgns afar greater carcinogenic potency to fibers longer than 40 pm, with diameterslessthan 0.4 um;

he noted that the proposed diameter cut-off (0.5 um) was based on an ad hoc adjustment.

The panelists agreed that the proposed cut-off for fiber diameter (0.5 um) would likely include most
fibers of heath concern; however, they aso unanimoudy agreed that the exposure index should not
exclude thicker fibers that are known to be respirable in humans. The main argument given for
increasing the cut-off is that fibers with diameters aslarge as 1.5 pm (or with aerodynamic diameters as
large as 4.5 um) can penetrate to smdl lung airwaysin humans. Other panelists provided additiond
gpecific comments, generaly supporting inclusion of thicker fibersin the proposed exposure index. One
pandig, for example, advised againgt basing the fiber diameter cut-off Strictly on observations from rat
inhaation studies, due to inter-species differences in respirability. Further, noting that the proposed cut-
off for fiber diameter would likely exclude some amosite fibers and a considerable portion of tremoalite
fibers with known carcinogenic potency, another pandist encouraged that the proposed exposure index
include contributions from thicker fibers.

The pandists noted that consideration of fibers thicker than 0.5 pm was viewed as being most
important for the lung cancer risk assessment modd, as risks for mesothelioma appear to be more
closdly linked to exposures to long, thin fibers (see Section 3.2.3). Further, some panelists suspected
that increasing the fiber diameter cut-off in the exposure index should be accompanied by changesto
the exposure-response coefficients in the risk assessment models, but the pandlists did not unanimoudly

agree on thisissue.



5.5. Responsesto Charge Question 12

Charge question 12 asks: “ Section 8.2 of the review document presents three options for assessing
cancer risks from ashestos exposure. Please comment on the technica merit of the proposed risk
assessment options.” The paneligts 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 risk assessment
models—alows for the greatest flexibility in evaluating Site-specific exposure scenarios, particularly
those with time-varying exposures. Dr. Crump indicated that he envisioned this option being coded into
acomputer program, into which users enter their site-specific exposure information. Most pandlists
endorsed developing such a program. The pandlists did not regject use of the second and third options,
provided that EPA ensuresthat al three options generate equivaent risk estimates for the same

exposure scenario.

The one issue discussed in greeter detail was how sengtive predictions using the first option are to the
mortdity rates used in the evaluation. Noting that mortdity rates as functions of age and sex differ from
one location to the next, this pandist encouraged EPA to consder carefully whether nationwide
mortality estimates would be programmed into the risk assessment modd or whether risk assessors
would have the option of entering site-gpecific mortaity rates. The pandist also suggested thet the
authors of the risk assessment conduct sengtivity andlyses to quantify how strongly the mortdity data
affect cancer risk estimates. These comments aso raised questions about the fact that two populations
with different underlying mortaity rates could have different cancer risks, even though their asbestos
exposure levels are equivaen.



6. COMMENTSON TOPIC AREA 4: CONCLUSIONSAND RECOMMENDATIONS

This section reviews the pandigts individua conclusions and recommendations regarding the proposed
protocol (Section 6.1), aswell as how the pandists developed their overal conclusions and
recommendations that appear in the executive summary of this report (Section 6.2).

6.1 Responsesto Charge Question 11

Charge question 11 asks. “ Discuss whether the proposed cancer assessment gpproach, asawhole, isa
reasonable evaluation of the available health effects data. What aspects of the proposed cancer
assessment gpproach, if any, are inconsistent with the epidemiology or toxicology literature for
ashestos?”’ The pandists offered individua summary statements, which were not discussed or debated
among the pand. Following isasummary of the pandligs individud summary satementsin the order

they were given:

# Dr. Lippmann’s summary statement. Dr. Lippmann commended Drs. Berman and Crump
on developing the proposed risk assessment protocol and supported use of amode that
accounts for the factors (e.g., fiber type and dimension) that are most predictive of cancer risk.
Dr. Lippmann supported the authors' attempt to make full use of the existing data and to
interpret the results from the epidemiologica studies. He strongly recommended that EPA make
every effort to obtain individua-level data from additiona epidemiologica studies. Dr. Lippmann
suggested that a follow-up workshop with experts in exposure assessment could help EPA
evauate the uncertainties in exposure measurements from historic occupational data sets. Dr.
Lippmann supported an observer’ s suggestion to conduct an anima inhdation study using
tremolite cleavage fragments to help resolve the issue of these fragments' carcinogenic potency.
Overdl, he encouraged that future work on the proposed protocol continue, through use of
additiona expert panels, to make more informed usage of the human exposure data.

# Dr. Teta’s summary statement. Dr. Tetaindicated that the proposed protocol is an impressive
integration of the animd toxicology data and the human epidemiology data. She commended the
authors for developing a scientific methodology that successfully reduces the varigbility in results
across the epidemiologica studies, suggesting that the studies might be more consgtent than
were previoudy thought. Dr. Tetarecommended improvements to the meta-analyss of
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epidemiologica studies, such as establishing and gpplying criteriafor use of human datain
characterizing exposure-response reationships. Overdl, Dr. Tetafound no inconsstencies
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 not have
well-defined exposure information. Though not disagreeing with the utility of other pandists
recommendations, such as re-analyzing data from additiona epidemiologica studies and
convening additiona expert panels, Dr. Teta encouraged EPA to move forward expeditioudy
with completing the proposed protocol and discouraged implementing additiona steps that might
delay the overdl project.

Dr. Hoel’s summary statement. Dr. Hoel encouraged the use of more sophisticated modeling
that incorporates data on exposure-response (including non-linear models), duration of
exposure, cessation of exposure, and uncertainty in exposure. Dr. Hodl also strongly
recommended that EPA attempt to obtain individua-level data from additiona epidemiology
studies, or a least obtain partid data sets. He encouraged Drs. Berman and Crump to use more
sophigticated uncertainty analys's techniques, such as generating prior and posterior distributions
of uncertainty. To ensure that the lung cancer model is not confounded by cigarette smoking, Dr.
Hod recommended that Drs. Berman and Crump more closdy evauate dl available dataon the
Interactions between asbestos exposure and cigarette smoking.

Dr. Steenland’ s summary statement. Dr. Steenland indicated that the proposed protocol isa
step forward in asbestos risk assessment; however, he had several recommendations for
improving the analysis of epidemiologica studies. For ingtance, Dr. Steenland suggested that the
authors conduct meta-regression analyses using the origina exposure-response coefficients, in
which predictor variables include fiber size, fiber type, the estimated percentage of amphiboles,
percentage of fiber greater than 10 um, and categorica grouping of studies according to qudlity.
He indicated that these factors can be examined using both fixed effects and random effects
models. Dr. Steenland recommended that the proposed protocol explicitly state and defend the
basisfor choosing the 10 pm cut-off for fiber length in the exposure index. He suggested that
EPA should consider using Bayesian techniques or other methods to determine which relative
potencies assigned to different fiber length categories optimize the modd’ sfit to the
epidemiologica data.

Focusing on specific topics, Dr. Steenland indicated that he disagrees with the approach of
assigning amphibole fibers five times greater lung cancer potency than chrysotile fibers,
especidly consdering that the atistical anadysisin the proposed protocol could not reject the
hypothesis that amphibole fibers and chrysotile fibers are equaly potent. Further, he advocated
suggestions of exploring the adequacy of other exposure-response models (e.g., non-linear
models). Findly, Dr. Steenland suspected that cigarette smoking likely will not be a confounding
factor in exposure-response andyses for two reasons. First, he noted that differencesin smoking
practices between working populations and generd populations typically do not cause
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subgtantia differences in standardized mortdity ratios. Second, he indicated thet it is highly
unlikely that prevaence of smoking varies with workers exposure levels. Dr. Steenland
encouraged that EPA refer to arecent publication (Liddell and Armstrong 2002) for smilar
ingghts on interactions between asbestos exposure and cigarette smoking.

Dr. Crapo’s summary statement. Dr. Crapo complimented Drs. Berman and Crump on
preparing the cancer risk assessment methodol ogy, and he supported the genera approach of
expressing cancer risk as afunction of asbestos fiber type and fiber dimension. Dr. Crapo
indicated that the proposed protocol reaches severd defensible conclusions, such as assigning
greater mesothelioma potency to amphibole fibers and to longer fibers while assigning no risk to
fiberslessthan 5 pm in length. However, he was concerned about some specific issues that are
not yet adequately resolved. For instance, Dr. Crapo felt additiona data are needed to
rigoroudy define how mesothelioma potency varies with fiber length (i.e,, fiberslonger than 10
pm being 300 times more potent than fibers with lengths between 5 and 10 um). Dr. Crapo
recommended that EPA, when revising the proposed protocol, explore more sophisticated
modeling techniques, including non-linear exposure-response models and consideration
threshold effects. He supported more detailed analyses of interactions between ashestos
exposure and cigarette smoking, again through the use of non-linear models.

Dr. Sherman’s summary statement. Dr. Sherman firgt indicated that she concurred with
severd recommendations made by Drs. Hoel and Steenland. She focused her summary
statements on the proposed exposure index, recommending that Drs. Berman and Crump use
the epidemiology data to further investigate other formulations of an exposure index. Dr.
Sherman recommended, for example, examining the goodness of fit of other formulations of the
exposure index (e.g., assgning zero potency to al fibers shorter than 10 um). Further, she
recommended that the authors attempt to optimize the potency weighting factorsin the exposure
index to the epidemiological data. Finally, given that panelists expressed concern regarding how
potency varies with fiber length for mesothelioma, Dr. Sherman suggested that Drs. Berman and
Crump consder developing two different exposure indexes—one optimized for lung cancer, and
the other for mesothelioma. Dr. Sherman added that she generdly supported the lung cancer
and mesothelioma exposure-response models, and questioned whether using more complicated
models would necessarily lead to a better understanding of the data.

Dr. Castranova’' s summary statement. Dr. Castranova concluded that the proposed protocol
Isadggnificant advance in asbestos risk assessment methodology. He strongly supported the
recommendation that future measurements be performed using TEM, rather than PCM. Dr.
Castranova aso supported the gpproach of assgning equa carcinogenic potency to cleavage
fragments and asbestos fibers of amilar dimension—afinding, he noted, that could be tested in
an animd inhdation study. Further, Dr. Castranova agreed that non-asbestiform amphiboles and
ashestos amphiboles of the same dimension should be assigned equa carcinogenic potency. Dr.
Cadtranova indicated that the epidemiology and toxicology literature clearly indicate that
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mesothelioma potency varies with fiber type, but he was not convinced that this literature
supports adifference in lung cancer potency between amphibole and chrysotile fibers.

Dr. Price’'s summary statement. Dr. Price found the proposed protocol to be an impressive
compilation of the epidemiology and toxicology literature into a cancer risk assessment mode
that addresses most, but not al, risk factors debated since EPA’s 1986 model. Dr. Price urged
EPA to explore exposure-response models other than the models that involve linear, low-dose
extrapolations, which he viewed as being incons stent with the epidemiology literature. Dr. Price
indicated that future revisons to the protocol should definitely consider non-linear models and
threshold effects.

As an additiona comment, Dr. Price emphasized that the two main e ements of the
protocol—the proposed exposure index and the exposure-response analysis—are closdly inter-
related and subsequent changes to the proposed exposure index could affect the robustness of
the overdl modeling effort. As an example of his concern, Dr. Price noted that increasing the
fiber diameter cut-off in the exposure index from 0.5 um to 1.5 um could (according to an
observer comment) lead to dramétic differencesin the number of cleavage fragments counted in
environment samples, however, he indicated that the anima studies used to derive the origind
exposure index did not include cleavage fragments. Such scenarios raise questions about using
an exposure index derived from very specific exposure conditions in anima sudies to evauate
human hedlth risks associated with exposures of an entirely different character. Dr. Price
encouraged further study of cleavage fragments, perhapsin an animal inhdation study, to resolve
therole of cleavage fragments.

Dr. Case's summary statement. Dr. Case congratulated Drs. Berman and Crump for
compiling what he viewed as a reasonable eva uation of the available toxicology and
epidemiology literature, and he strongly supported the generd gpproach of factoring fiber type
and fiber dimension into cancer risk assessment. Dr. Case indicated that he agreed with the
finding that amphibole fibers have dightly greater lung cancer potency than do chrysotile fibers,
athough he believed that fiber dose, fiber length, and especialy smoking history and type of
industry have grester importance in this regard. Dr. Case recognized that how one views the
differences between the Quebec and South Carolina cohorts affects the conclusions drawn on
thisissue, and he encouraged EPA to classify the cohort of South Carolinatextile workers as
being exposed to mixed asbestos fibers, rather than being exposed to only chrysotile fibers.?

2 \When presenting the summary statements, one panelist (LS) indicated that NIOSH is re-analyzing filters

that were collected in the 1960s from the South Carolinatextile plant, and these re-analyses should indicate the
distribution of fiber typesin this cohort’s exposures. Another panelist (BC) noted that these re-analyses will not
characterize earlier exposures to amosite fibers, which are believed to have occurred primarily before 1950 (based on
findings from studies of lung-retained fibers).

6-4



Dr. Case made severd recommendations for further evauating the existing epidemiologica data
and for collecting additiond data. First, Dr. Case indicated that it is criticaly important for any
lung cancer risk model to consider confounding effects of cigarette smoking, and he encouraged
EPA to incorporate interactions with cigarette smoking into the lung cancer mode to the grestest
extent possible. Second, Dr. Case supported Dr. Lippmann’s recommendation of convening an
additional expert panel workshop to criticaly review inferences that should be drawn from the
exposure measurements made in the epidemiologica studies, such apand, Dr. Case noted,
would require inputs from experts in minerdogy, industrid hygiene, and measurement
methodologies. Third, he supported comments recommending that EPA examine non-linear and
threshold exposure-response models. Finally, Dr. Case agreed that conducting an animal
inhaation study is probably the best way to examine whether tremolite cleavage fragments
produce lung cancer, but did not advocate using rat inhaation studies to examine whether these
fragments induce mesothelioma, because results from rat inhalation studies have been shown to
be a poor mode for mesotheliomain humans. He added, however, that it would quite probably
be impossible to design an experiment in which rats were exposed only to “cleavage fragments’
or “non-ashestiform fibers’ with no asbestiform fibers present at dl.

Dr. Stayner’s summary statement. Dr. Stayner supported the general concept of
incorporating fiber type and fiber dimension into cancer risk assessment, but he recommended
that additional work be conducted before EPA accepts the proposed protocol as a new risk
assessment paradigm. Dr. Stayner indicated that his confidence in the proposed protocol varies
between the lung cancer and mesothelioma models.

For lung cancer, Dr. Stayner indicated that the available epidemiologica data should be able to
support anew risk assessment model, but he recommended that EPA consider the pandists
many recommendations for how the meta-andys's can be improved (e.g., using different
datigticad modes, developing and goplying minima study inclusion criteria, conducting additiond
sengitivity andyses). Concurring with Dr. Steenland’ s summary statement, Dr. Stayner added
that cigarette smoking is very unlikdly to be a confounding factor in the lung cancer modd and he
questioned whether the available data would support a quantitative assessment of the interaction
effects. While Dr. Stayner supported the recommendation for eval uating non-linear exposure-
response models, he noted that the individual-level data needed to construct these models are
not available for most epidemiologica studies. Dr. Stayner added that obtaining raw data from
additiona occupationa cohorts would provide the best opportunity for more detailed
exploration of non-linear exposure-response relationships.

Dr. Stayner expressed greater concern about the foundation of the mesotheliomarisk modd. He
indicated, for instance, that the relative potencies included in the proposed exposure index are
based entirely on toxicology studies for lung cancer, and not on any epidemiology or toxicology
studies specific to mesothdioma. Despite these concerns about the biological basis for the
proposed mesothelioma model, Dr. Stayner noted that the proposed model does provide an
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improved fit to the findings from the epidemiologica studies. He recommended that EPA
consder optimizing the relative potencies in the exposure index to the human data, especidly if
EPA can access raw data from additiona occupationa cohorts to evauate how exposure-
regponse varies with fiber sze and fiber type.

# Dr. McClelan’s summary statement. Dr. McCldlan congratulated Drs. Berman and Crump
for integrating the toxicologica and epidemiologica datainto areasonable evauation of asbestos
cancer risks. Overdl, 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 pandists' feedback. Though he found the presentation of
information in the draft document to lack transparency on many important matters, Dr.
McCldlan 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 actualy factored into the quantitative anayses.

Addressing specific topics, Dr. McClelan indicated that the analysesin the proposed protocol
adequatdly characterize the generd roles that fiber type and fiber dimension play in cancer risk.
He supported suggestions for involving additiond experts, perhgpsin another expert pand
review, to further review interpretations of the epidemiologica studies. Further, Dr. McClelan
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 Guiddines. If linear, low-dose extragpol ation moded s are ultimatdly used, he
suggested that EPA explicitly acknowledge the uncertainties associated with such an gpproach.
Dr. McCldlan indicated that obtaining raw data from additiond epidemiologica studies might be
particularly helpful in the exposure-response modding. Findly, Dr. McCldlan emphasized that
the exposure characterization in the proposed protocol is closely linked to the exposure-
reponse assessment; thus, the authors must carefully consider how revisons to the exposure
characterization affect the assumptions in the exposure-response assessment, and vice versa.

6.2 Development of Final Conclusons and Recommendations

After presenting their individua conclusions and recommendations, the pandists worked together to
draft summary statements for the peer consultation workshop. Every panelist was asked to write a brief
synopss of a particular topic debated during the workshop. These draft statements were then displayed
to the entire pand and observers, edited by the panelists, and then compiled into this document’s



executive summary, which should be viewed as the expert pand’sfind conclusons and

recommendations regarding the proposed protocol.
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Appendix A

List of Expert Panelists



Appendix B

Premeeting Comments, Alphabetized by Author
(includes bios of panelists and the charge to the pandlists)

Note: Thisappendix isacopy of the booklet of the premeeting comments that ERG distributed at the
peer consultation workshop. One pandist (Dr. Bruce Case) submitted an edited form of his
premeeting comments to ERG at the workshop. That edited verson appearsin this gppendix.



Appendix C

List of Registered Observers of the Peer Consultation Wor kshop



Appendix D

Agenda for the Peer Consultation Workshop



Appendix E

Observer Comments Provided at the Peer Consultation Workshop

Note: The peer consultation workshop included three observer comment periods, one on the first day
of the workshop and two on the second day of the workshop. This gppendix includes verbatim
transcripts (to the extent that specific remarks were audible from recordings) of the observer
comments, in the order the comments were given.
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APPENDIX C:
COMPENDIUM OF MODEL FITS TO ANIMAL
INHALATION DATA IN SUPPORT OF THE BERMAN
ET AL. (1995) STUDY AND POST-STUDY WORK

The attached tables are a compendium of raw outputs for the fits of various (exposure index)
models to the Davis et al. animal inhalation studies. Each entry lists the date of the run, the size
categories included in the run, the maximum likelihood estimate for the run, the degrees of
freedom, the P-value for the fit, and the coefficients representing the relative potency assigned to
each size category for the model.

CA



"05/29/1992"™ "17:52:38"
L7472 5.2207E-03 6.
"05/29/1992"™ "17:52:42"

.0000 3.7528E-02
"05/29/1992"™ "17:53:01"
5.1206E-03 6.2222E-04
"05/29/1992" "17:53:06"
.2085 .0000 4.
"05/29/1992" "17:53:16"
2.0226E-11 4.2164E-03
"05/29/1992"™ "17:53:23"
.0000 .0000
"05/29/1992" "17:53:42"
.0000 .0000
"05/29/1992" "17:54:06"
L7619 4.7177E-03 7.
"05/29/1992" "17:54:11"
.0000 .0000 2.
"05/29/1992" "17:55:00"
.0000 .0000 1.
"05/29/1992" "17:55:34"
.0000 .0000
"05/29/1992" "17:55:52"
.0000 3.6828E-03 3.
"05/29/1992" "17:56:15"
.8224 .0000
"05/29/1992" "17:56:20"
1.2200E-02 .2542
"05/29/1992" "17:56:25"
.0000 9.7985E-03
"05/29/1992" "17:56:50"
L1732 L1111
"05/29/1992" "17:56:54"
.0000 .0000 4.
"05/29/1992" "17:57:02"
.0000 .0000
"05/29/1992" "17:57:16"
1.0128E-11 4.0590E-03
"05/29/1992" "17:57:20"
3.1396E-03 .0000

Equation?
"PS PCM <5, 5-10, 10-20, >20
7064E-05
"sCc pCM 20-30, >30, <0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, >0.4
.0000 .0000 .0000 .5381 3.7282E-11 4.3022E-03 5.1364E-03
"SC PCM 20-30, 30-40 >40
"SC PCM 20-30, >30, AR<10<AR<20<AR
1600E-13 3.7200E-03 1.2185E-03
"SC PCM <20, 20-40, 40-60, >60
1.8379E-04
"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 5-60, >60, <0.2, >0.2
.0000 .0000 .7552 .0000 .0000 .2448 .0000
"sC PCM 10-20, 20-30, 30-40, >40, AR<100, 100-200, AR>200
.0000 .2265 8.0142E-02 .0000 .4841 .0000 -6.0482E-08
"SC PCM <5, 5-10, 10-20, >20
9308E-05
"PS PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2
7635E-02 4.6469E-04 .5748 .0000 .3849 1.2251E-02 .0000
"PS(no C or M)PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2
7508E-02 4.3916E-02 .6920 .2466 .0000 .0000 .0000
"SC(no C or M)PCM <5, 5-10, 10-2, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2
.0000 7.8183E-03 .6538 .0000 .0000 .3383 .0000
"sC pPCM 20-30, 30-40, 40-50, <0.15, 0.15-0.25, 0.25-0.35, >0.35
8012E-05 .0000 .0000 1.4520E-02 .0000 .3824 -1.7330E-08
"PS PCM 20-30, 30-40, 40-50, <0.15, 0.15-0.25, 0.25-0.35, >0.35
.0000 .0000 .0000 L1776 .0000 .0000 4.3492E-10
"PS(no C or M)PCM 20-30, 30-40, 40-50, <0.15, 0.15-0.25, 0.25-0.35, >0.35
L1467 .0000 .0000 .0000 .1467 L1467 3.5740E-11
"SC(no C or M)PCM 20-30, 30-40, 40-50, <0.15, 0.15-0.25, 0.25-0.35, >0.35
.0000 .0000 .0000 1.5661E-03 .0000 . 4401 -3.8840E-08
"PS PCM 20-30, 30-40, 40-50, <0.2, 0.2-0.3, 0.3-0.4
.0000 .0000 6.4495E-02 .5343 7.5079E-03 9.4402E-03
"sC pPCM 20-30, 30-40, 40-50, <0.2, 0.2-0.3, 0.3-0.4
9612E-02 L1239 .0000 1.2642E-10 5.0996E-03 1.1890E-02
"sC PCM <5, 5-10, 10-20, >20, <0.25, >0.25
.0000 2.5766E-02 2.3627E-10 4.0282E-03 1.0973E-03
"SC PCME (SC) <5, 5-10, 10-20, >20
3.4073E-05
"FBC PCM <5, 5-10, 10-20, >20, <0.25, >0.25
4.8616E-02 .0000 6.2996E-03 4.2436E-03 1.6013E-03

C.2

n

n

"

n

n

4.

4

4.

MLE

-62.1949

-60.5687

-60.7224

-60.9782

-61.1790
-60.1211

.0000
-59.8032

.1242E-03
-61.7831

-59.6135
.0000
-59.5425
.0000
-60.5424
.0000
-59.1475
4091E-03
-59.3960
.2216E-03
-59.8255
3.4723E-03
-58.9800
1576E-03
-59.6295

-59.0333

-61.4230

-60.4908

-61.5539

ChiSquare

18.

13.

13.

14.

15.

13.

.0000
12.

6.7554E-

17.

12.
.0000
13.
.0000
14.
.0000
11.

1.9861E-

12.

2.6240E-

13.

4.9456E-03

11.

2.1421E-

12.

11.

15.

14.

15.

14
56
89
77
12
15
80
03
00
25
53
20
74
02
11
03
54
67
02
32
22
59
03

72

DF

11

10

10

11

10

.0000

11

.0000

.0000

.0000

10

10

11

P-Value

7.8315E-02

9.4038E-02

.1782

.1407

L1772

.2155

1.3025E-

.1189

.1080

9.2727E-02

-1.5614E-

9.4748E-02

1.9732E-

.1155

-2.8277E-

6.7916E-02

L2776

1.8790E-02

L1120

9.0528E-02

.1897

L1119

L2312

7.3068E-02

Coefficients?
.0000
.0000
7.6677E-02 3
.0000
.0000
.0000
10 2.9064E-0
.0000
.0000
.0000
08 5.6502E-0
.0000
10 4.4931E-0
.0000
10 3.8208E-0
.1315
.0000
.1467

9.8451E-02

.0000 5.

9.2764E-02

.0000

.0000

.0000

.0000

.2042
.2929E-13
.7915

1.000

.0000

3 2.4831E-03
.2092

.0000

.0000

3 9.6600E-03
.0000

3 1.5296E-03
.0000

3 1.8162E-03
.0000

.0000

.0000

.0000
2419E-02
.0000

.0000

.0000

.0000



"05/29/1992"™ "17:57:37"

4.2799E-13

4.2822E-03

"05/29/1992"™ "17:57:42"

4.2799E-13

4.2822E-03

"05/29/1992"™ "17:57:46"

.0000

2.5766E-02 1.9480E-11

"05/29/1992"™ "17:57:54"

.0000

3.9377E-02

"SC PCM

2.1632E-04

5-10, 10-20,

"SC PCM, AR>10,

2.1632E-04

"SC PCM, AR>10,

"SC PCM,
.3581

10-20,
.0000

5-10,

5-10,
4.0282E-03

>20,

20-30, >30

10-20, 20-30, >30

10-20, >20,

1.0973E-03

<0.25,

<0.1, 0.1-0.2, 0.2-0.5,

-2.6301E-10

3.7544E-03

> 0.25

>0.5
1.9807E-03

C.3

-61.

-61.

-61.

-60.

6197

6197

4230

8243

16.

16.

15.

15.

18

18

59

06

10

10

10

9

9.4624E-02

9.4624E-02

L1119

8.9374E-02

.0000

.0000

.0000

.6025

1.7645E-02

1.7645E-02

.0000

.0000



"06/04/1992"
.0000
"06/04/1992"
.0000
"06/04/1992"
1.0642E-02
"06/04/1992"
.0000
"06/04/1992"
1.8243E-03
"06/04/1992"
9.7585E-03
"06/04/1992"
1.1391E-02
"06/04/1992"
1.0616E-02
"06/04/1992"
1.9830E-02
"06/04/1992"
9.7585E-03

"06/08/1992"
9.7772E-07
"06/08/1992"
3.5523E-07
"06/08/1992"
.0000
"06/08/1992"
.0000
"06/08/1992"
.0000
"06/08/1992"
7.9477E-02
"06/08/1992"
6.5890E-02
"06/08/1992"
8.9823E-02
"06/08/1992"
.0000
"06/08/1992"

"15:

.0000

"16:

.0000

"16:

.0000

"16:

.0000

"16:

.0000

"16:

.0000

"16:

.0000

"16:

.0000

"16:

.0000

"17:

.0000

"14:

"14:

"15:

.3697

"15:

.8647

"15:

.9434

"15:

.0000

"15:

.0000

"15:

.0000

"15:

.0000

"15:

59:

00:

00:

09:

09:

10:

25:

25:

25:

01:

23:

23:

17

17:

17:

17:

18:

18:

18:

18:

53"

06"

34"

39"

53"

22"

02"

16"

29"

04"

24"

27"

31"

38"

1.

43"

6.

50"

OO"

16"

33"

Equation?

"PS M <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60
.3350 .0000 . 6647 3.3093E-02 2.7314E-02

"PS M <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60 (without)
L3131 .0000 .6868 2.3751E-02 3.0330E-02

"PS PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60

.1925 .0000 .3962 2.6431E-02 1.3497E-02

"sCc M <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60
.4181 .0000 .5818 3.3111E-02 3.1739E-02

"sCc M <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60 (without)

.3599 .0000 .6382 2.3345E-02 3.4731E-02

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60

.1659 .0000 .1266 2.5546E-02 1.7443E-02

"FBC M <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60

.0000 .4578 .5308 3.2501E-02 7.0673E-02

"FBC M <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60 (without)

.0000 .4798 .5095 2.3348E-02 7.4414E-02

"FBC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60

.0000 .9802 2.1638E-13 2.4967E-02 2.1750E-02

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, 50-60, >60

.1659 .0000 .6978 2.5546E-02 1.7443E-02

"SC PCM, USING SUM OF AR INSTEAD OF THE SUM OF THE NUMBER OF STRUCTURES
"SC PCM, USING SUM OF (L”2/W) INSTEAD OF THE SUM OF THE NUMBER OF STRUCTURES
"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>100
L1637 2.7318E-02 8.6314E-02

"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>50

5222E-11 2.4334E-02 2.8640E-02

"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>30

3283E-14 2.5224E-02 2.2209E-02

"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>10

-7.6669E-10 2.4802E-02 2.8345E-02

"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.1, >0.1

.0000 4.0257E-02 .0000 .0000 .0000 .0000 . 3413
"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2

.9063 .0000 .0000 .0000 .0000 .0000

"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.3, >0.3
.0000 .0000 .8731 .0000 .0000 1.6883E-02 .1024
"sC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.5, >0.5

48"

Cc4

3.9421E-11

"

"

"

n

"

n

"

]

1]

"

"

n

"

"

n

MLE

-325.410

-289.768

-279.861

-324.088

-288.190

-279.958

-327.

-292.240

-280.941

-279.958

-320.998

-304.439

-282.372

-282.195

-284.342

-282.527
-277.397
2.6604E-02
-274.192
2.4470E-02
-273.570
2.5219E-02
-277.042

ChiSquare
72.32
40.91
24.45
69.36
37.50
24.27
76.80
48.03
21

27.

24.27

128.1
92.38
31.86
29.24
33.22
28.52
21.06
3.2997E-02
14.21
9.5869E-02
13.47

7.8163E-02
18.60

DF

12

10

12

12

10

10

11

11

7

P-Value

.0000

.0000

2.8979E-03

.0000

.0000

3.1396E-03

.0000

.0000

1.5744E-03

3.1396E-03

.0000

.0000

.0000

.0000

.0000

2.6697E-05

6.1426E-03

L1142

.1417

8.7967E-03

Coefficients?

2.5437E-04

1.2826E-04

.0000

1.2222E-04

2.5206E-05

.0000

.0000

.0000

.0000

.0000

.5002

.5002 4.

.3233

2.9482E-02

2.5570E-02 3.

1.0006E-02

.5520 5.

.0000 3.

7.5561E-03

7.1726E-03 7.

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.1054

9910E-02

.1434

.1058

1076E-02

.0000

5765E-04

8278E-03

.0000

7336E-03



4.

5.

9.

5.

1.8013E-02 .0000
"06/08/1992" "15:19:15"
.0000 .0000
"06/08/1992" "15:19:23"
L4112 .0000
"06/09/1992" "09:36:19"
.0000 .0000
"06/09/1992" "09:36:44"
.0000 .9754
"06/09/1992" "09:36:50"
4.9270E-02 .0000
"06/09/1992" "09:37:02"
.1396 .0000
"06/09/1992" "09:51:30"
8.9222E-02 2.5453E-04
"06/09/1992" "09:51:53"
9.9701E-02 .0000
"06/09/1992" "09:52:08"
.2282 2.9401E-03
"06/09/1992" "09:52:36"
.2383 .0000
"06/09/1992"™ "10:49:30"
.0000 .0000
"06/09/1992" "10:49:54"
.0000 .0000
"06/09/1992"™ "10:50:29"
.0000 .0000
"06/09/1992"™ "10:42:08"
1.3378E-04 .0000
"06/09/1992" "10:43:04"
.0000 .0000
"06/09/1992" "10:43:44"
.0000 .0000
"06/10/1992" "09:42:52"
.0000 .0000
"06/10/1992" "10:46:34"
.0000 .0000 3
"06/10/1992" "10:47:09"
.0000 .0000 9
"06/10/1992" "10:47:42"

3.6580E-02 .0000 .7005 .0000 .0000 .0000
"sC pCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <1, >1
.1691 L1142 .0000 .0000 .0000 .0000
"sC pCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>200
5280E-02 L1237 .2896
"sC pCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.4, >0.4
.0000 .0000 .9036 .0000 .0000 3.9774E-02
"sC pCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>20
0787E-11 2.4409E-02 2.0780E-02
"sC pCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>5
4.6592E-02 2.4754E-02 2.5388E-02
"sC pCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, AR>3
8428E-02 2.5738E-02 1.9572E-02
"PS PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2
.9088 .0000 .0000 .0000 .0000 .0000
"FBC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2
.8806 .0000 1.5773E-02 .0000 .0000 .0000
"PS PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.3, >0.3
.3567 .0000 .0000 .0000 .0000 .0000
"FBC PCM 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.3, >0.3
.0000 .2039 .5428 .0000 .0000 .0000
"sCc pCM <5, >5, <0.1, ©0.1-0.2, ©0.2-0.3, 0.3-0.5, 0.5-1, 1-2, >2
.0000 .0000 .0000 .0000 .0000 .0000
"sc pCM <10, >10, <0.1, 0.1-0.2, ©0.2-0.3, 0.3-0.5, 0.5-1, 1-2, >2
.0000 .0000 .0000 L7228 .0000 .0000
"sc pCM <20, >20, <0.1, 0.1-0.2, ©0.2-0.3, 0.3-0.5, 0.5-1, 1-2, >2
.0000 .0000 .0000 .3188 .5973 .0000
"sc pCM <30, >30, <0.1, 0.1-0.2, ©0.2-0.3, 0.3-0.5, 0.5-1, 1-2, >2
.0000 .0000 .0000 .0000 .4087 .4290
"sC pCM <40, >40, <0.1, 0.1-0.2, ©0.2-0.3, 0.3-0.5, 0.5-1, 1-2, >2
.0000 .0000 2.8445E-04 .0000 .0000 .9300
"sc pCM <50, >50, <0.1, 0.1-0.2, ©0.2-0.3, 0.3-0.5, 0.5-1, 1-2, >2
0791E-04 .0000 .0000 .0000 .0000 .9601
"SC PCM(different order)<40, >40, <0.1, 0.1-0.2, 0.2-0.3, 0.3-0.5, O.
.0000 .0000 2.8445E-04 .0000 .0000 .9300
"sC M 10-20, 20-30, 30-40, >40, AR<100, 100<AR<200, AR>200
.6258E-03 .0000 .0000 .0000 .7186 2.4978E-03
"sC M 10-20, 20-30, 30-40, >40, AR<100, 100<AR<200, AR>200 (without)
.5295E-03 .0000 .0000 .0000 L7246 4.7535E-03
"sC PCM 30-40, 40-50, <0.2, 0.2-0.3

C.5

.2300
.7058
4.6900E-02
-2.0902E-08
-7.8124E-08
.4087
-2.1203E-06
1.0368E-02
.0000
4.5484E-02
5.4099E-02
.0000
.0000
5-1, 1-2, >2"
.0000
L1761
.1814

2.3656E-02
-276.804

.5210E-02
-314.551

-273.752
.4767E-02
-282.130

-280.428

-280.621

-273.982
2.4482E-02
-276.214
2.5377E-02
-276.577
.5828E-02
-285.851
.7593E-02
-306.621
.2379
-288.155
.3293E-02
-277.141
.0000
-278.516
.0000
-274.
.0000
-285.
.0000

113

544

-274.
.0000
-301.303
.6786E-02
-271.722
.3813E-02
-328.264

113

3.0589E-02
18.60
1.7712E-02
102.3

13.77
5.8149E-02
28.46

24.35

25.34

14.15
L2017
18.66
.1086
19.01
2.8763E-02
39.03
2.3597E-02
96.83
.3233
44.97
.1248
18.94
3.8390E-02
21.96
.1080
13.89
6.9566E-02
42.63
3.9410E-02

13.89
6.9566E-02
21.78
.6618
9.472
.6408
132.1

9 2.8109E-02 1.0869E-02
9 .0000 .0000
8 8.7091E-02 7.5744E-03
10 6.8359E-04 2.4648E-02
9 3.0278E-03 1.0293E-02
9 1.8654E-03 9.1834E-03
8 7.7092E-02 .0000
8 1.5954E-02 .0000
8 1.3996E-02 .0000
8 .0000 .0000
9 .0000 .0000
5.4390E-02 9.2242E-04
9 .0000 .0000
2.6367E-02 9.8343E-03
9 2.4998E-02 .0000
2.2548E-02 4.7097E-02
8 4.1566E-03 .0000
2.6150E-02 5.0063E-02
9 .1256 1.4143E-04
2.6644E-02 9.1119E-02
10 .0000 .0000
3.3774E-02 .1998
9 .1256 1.4143E-04
2.6644E-02 9.1119E-02
10 1.5441E-02 .0000
8 .3034 .0000
10 .0000 .4994

.0000

.2936E-02

.1524E-03

.0000

.0000

.0000

.7037E-03

.9259E-03

.5134E-03

.4957E-02

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.9225E-02

.9714E-02

.0000



.3992 .
"06/10/1992"
.4357 .
"06/10/1992"
.1084
"06/10/1992"
.1009
"06/10/1992"
.1226
"06/10/1992"
1.7299E-04
"06/10/1992"

4.5248E-02 2.

"06/10/1992"

5.9914E-02 2.

"06/10/1992"

6.6660E-02 2.

"06/10/1992"
L1224 2.
"06/10/1992"
.1842 2.
"06/10/1992"
-1.5012E-12
"06/10/1992"
1.7035E-02 2
"06/10/1992"
.2507 2.
"06/10/1992"
-7.5830E-12
"06/10/1992"
.0000 .

"06/11/1992"
5.9240E-03
"06/11/1992"

1.0718E-02 2.

"06/11/1992"
2.4070E-03
"06/11/1992"

5.1824E-03 5.

"06/11/1992"

2.4093E-02 1.

1441 .1207
"10:47:44" "SC PCM 30-40, >40, <0.2, 0.2-0.3
1441 .1141
"10:47:46" "SC PCM 30-40 AND <0.2, 40-50 AND 0.2-0.3
"10:47:47" "SC PCM 30-40 AND <0.2, >40 AND 0.2-0.3
"10:47:49" "SC PCM <40, >40, 0.2-0.3
"10:47:55" "sC pPCM <40, >40, <0.1, 0.1-0.2, 0.2-0.3,
.0000 .0000 .0000 1.6964E-04 .0000
"15:23:45" "SC PCM <40, >40, <0.3, >2
5944E-02 9.8491E-02
"15:24:05" "SC PCM <40, >40, <0.4, >2
7518E-02 4.8515E-02
"15:24:25" "SC PCM <40, >40, <0.3, >3
5536E-02 9.0266E-02
"15:24:36" "SC PCM <40, >40, <0.3, >5
6666E-02 8.0706E-02
"15:24:48" "SC PCM <40, >40, <0.3, >10
9171E-02 8.2945E-02
"15:25:11" "SC PCM 20-40, >40, <0.3, >2
2.5325E-02 8.2712E-02
"15:25:17" "SC PCM 20-40, >40, <0.4, >2
.4296E-02 3.6304E-02
"15:25:24" "SC PCM 20-35, >35, <0.3, >2
6694E-02 2.8991E-02
"15:25:27" "SC PCM 20-45, >45, <0.3, >2
2.4133E-02 L2121
"15:25:34" "SC PCM <20, 20-40, >40, <0.3, >2
0000 4.5312E-02 2.5936E-02 9.8583E-02
"15:31:51" "SC PCM <40, >40
"15:31:56" "SC PCM <20 20-40, >40, <0.3, >5
5619E-02 .1163 2.5487E-02 7.6466E-02
"15:32:29" "SC PCM <10 10-40, >40, <0.3, >2
.0000 4.5564E-02 2.5144E-02 9.3422E-02
"15:32:48" "SC PCM <10 10-40, >40, <0.3, >5
4184E-03 .1346 2.4875E-02 7.0329E-02
"15:33:31" "SC PCM <20 20-40, >40, with AR>100 or w>5
6167E-02

0.3-0.4,
.0000

0.4-0.6,
.7574

C.6

0.

6-1,

>1
.2283

]

"

"

]

]

]

]

1]

]

]

"

"

"

"

]

"

1]

-328.

-328.

-328.

=277.

-274.

.0000

-274.

-275.

-274.

-274.

-274.

-283.

-276.

-282.

-286.

-274.

-289.

-273.

-274.

-273.

-279.

362

264

362

294

426

857

922

995

006

370

427

234

898

727

850

830

833

688

349

057

132.3

132.1

132.3

19.

14.

1.3866E-02

14.

17.

14.

13.

14.

31.

17.

30.

36.

14.

50.

13.

14.

12.

23.

14

08

75

20

95

41

68

70

96

25

13

73

85

04

64

40

32

10 .0000
11 .0000
11 .0000
11 5.7976E-02
7 4.9035E-02
2.6012E-02 .1065
9 9.7473E-02
9 4.4919E-02
9 9.1591E-02
9 .1442
9 9.9294E-02
9 .0000
9 3.4871E-02
10 .0000
9 .0000
9 9.7945E-02
11 .0000
8 .1098
9 .1005
8 L1337
10 8.7947E-03

5.

5.

.4486

.4443

L4927

.9997

2545E-05

4764E-05

.0871E-04

.9029E-05

.1369E-05

.5858E-05

.7466E-02

.9336E-02

.1302

.3230E-02

.4613E-05

.9995

.4307E-05

.4249E-05

.5873E-05

.1284

.0000

.1441

.1441

.7463E-02

.0000

.5762E-04

.0373E-03

.1457E-03

.9037E-03

.2275E-02

.1336E-02

.5388E-02

.0000

.3283E-02

.7873E-04

.0751E-02

.0000

.0000

.0000

.4497



"06/11/1992"™ "15:33:37" "SC PCM <20 20-40, >40, with AR>200 or w>5

5.4238E-02 2.0059E-02

"06/11/1992"™ "16:05:03" "sSC M <10, 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.4, >0.4

.0000 .0000 .0000 .0000 2.0091E-02 .0000 .3376 .0000 .6323
"06/11/1992" "16:06:22" "sSC M <20, >20, <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (without)
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .4395 1.5005E-02
"06/11/1992"™ "16:06:57" "sSC M <30, >30, <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (without)
.0000 .0000 .0000 .0000 .0000 .8490 .0000 9.9544E-02 .0000
"06/11/1992"™ "16:08:07" "sSC M <40, >40, <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (without)
.0000 .0000 .0000 .0000 .0000 .0000 .5169 .4323 .0000
"06/11/1992" "16:08:44" "sC M <10, 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.2, >0.2

1.4206E-02 .0000 .0000 .0000 .9699 1.3334E-02 .0000 .0000 .0000
"06/11/1992"™ "16:09:50" "sC M <10, 10-20, 20-30, 30-40, 40-50, 50-60, >60, <0.3, >0.3

4.3934E-02 .0000 .0000 .0000 .4960 9.9726E-02 5.7563E-02 .0000 .0000
"06/12/1992" "12:45:29" "SC PCM, USING SUM OF (AR)"1.8 INSTEAD OF THE SUM OF THE NUMBER OF STRUCTURES

1.0976E-07

"06/12/1992" "12:46:51" "SC PCM MIMICS RJ LEE

2.5583E-08

"06/12/1992"™ "14:25:51" "sSC PCM <10, 10-20, 20-30, 30-40, 40-50, 50-60, >60 and ,0.2, >0.2

.0000 3.7448E-03 8.7979E-02 .0000 .8868 .0000 2.1443E-02 .0000 .0000
"06/12/1992"™ "14:26:39" "sSC PCM <10, 10-20, 20-30, 30-40, 40-50, 50-60, >60 and ,0.3, >0.3

7.5561E-03 .0000 .0000 .0000 .0000 .0000 .8731 .0000 .0000
"06/12/1992"™ "14:27:33" "sSC PCM <10, 10-20, 20-30, 30-40, 40-50, 50-60, >60 and ,0.4, >0.4

7.5744E-03 2.1524E-03 .0000 .0000 .0000 .0000 .9036 .0000 .0000
"06/12/1992"™ "14:28:40" "SC PCM <20, >20 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8

.0000 .0000 2.8541E-03 .0000 .0000 .3170 8.8019E-03 2178 .0000
"06/12/1992"™ "14:30:01" "SC PCM <30, >30 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8

.0000 .0000 3.1038E-03 8.3599E-02 .0000 .0000 1.5371E-02 5256 .0000
"06/12/1992"™ "14:31:34" "SC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8

3.9080E-02 3.7648E-02 .0000 .0000 .0000 .0000 .0000 0000 .0000
"06/12/1992" "14:32:09" "SC PCM <50, >50 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8

5.5882E-04 3.2760E-04 .0000 .0000 .0000 .0000 .0000 7592 .0000
"06/12/1992" "14:33:06" "SC PCM <5, 5-40, >40 and <0.3, >5

1.7176E-03 .0000 .1453 2.5612E-02 7.0424E-02

"06/12/1992" "14:33:22" "SC PCM <5, 5-40, >40 and <0.4, >5

2.6148E-02 2.3396E-02 6.1184E-02 6.3939E-02 5.3121E-03

"06/12/1992" "14:33:37" "SC PCM <10, 10-40, >40 and <0.4, >5

7.5831E-03 5.6428E-02 3.3751E-14 2.4070E-02 4.5074E-02

"06/12/1992" "14:33:58" "SC PCM <20, 20-40, >40 and <0.4, >5

.2053 .0000 L7667 3.7371E-02 3.2598E-04

"06/12/1992" "14:34:10" "SC PCM <20, 20-40, >40 and <0.3, >8

C.7

1]

]

-287.

-279.

.0000

-290.

.0000
-278

783

728

051

.334

.6664E-04

=277
.0000
-280

.968

.135

.0000

-298

.689

.0000

-316.

-314.

-274.

.0000
-273

1.6883E-02

-273

3.9774E-02

-273
.0000
-274
.0000
-318

759

904

192

.570

.752

.104

.535

.182

.0000

-282

.887

.0000

=272

-301.

-273.

-337.

-345.

.935

510

662

543

304

57.24

23.25
9.9335E-03
43.31
.5454
19.29
9.9650E-04
19.74
5.0666E-02
24.37
2.5917E-03
63.37
.3028

120.5

103.8

14.22
-4.0984E-06
13.47
.1024
13.77
4.6900E-02
12.30
.4536
15.28
.3723
153.4
.9233
38.
.2399
12.

07
19
78.09
13.27
281.4

353.5

10 .0000 4.7695E-02
8 2.2192E-03 3.6878E-05
2.1964E-02 .3872
9 .0000 1.0731E-04
2.3980E-02 3.3505E-02
7 6.5724E-03 5.7529E-05
2.1948E-02 .3498
9 1.8859E-02 8.5360E-05
2.2914E-02 .2941
8 1.1420E-03 5.8051E-06
2.1348E-02 .3422
8 .0000 .0000
4.6309E-02 3.6312E-02
11 .0000 .5002
11 .0000 .4998
8 7.5497E-02 .0000
2.4473E-02 9.7935E-02
9 .1417 .0000
2.5219E-02 7.8163E-02
8 8.7091E-02 .0000
2.4767E-02 5.8149E-02
8 .1378 .0000
2.4370E-02 2.3120E-02
8 5.3177E-02 .0000
2.5364E-02 3.0722E-02
10 .0000 .0000
3.8196E-02 1.0287E-03
9 .0000 .0000
3.7498E-02 6.3278E-02
10 L2716 .0000
9 .0000 .0000
8 .1023 2.6086E-05
10 .0000 2.7954E-02
9 .0000 .2255

. 6415

.0000

.0000

.0000

.0000

.0000

.0000

.6106E-02

.1020

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000



5.5410E-02 .0000
"06/12/1992"™ "14:34:49"
6.0514E-02 1.3755E-02
"06/12/1992" "14:36:04"
.1835 2.0935E-02
"06/12/1992"™ "14:36:54"
6.8066E-02 .0000
"06/12/1992"™ "14:36:59"
.2309 .0000
"06/12/1992"™ "14:37:04"
.3874 4.7852E-02
"06/12/1992"™ "14:37:11"
.2309 .0000
"06/12/1992"™ "14:37:15"
.2258 .0000
"06/12/1992"™ "14:37:21"
2.2757E-02 2.5509E-02
"06/12/1992" "16:47:32"
7.5406E-02 2.7083E-02
"06/15/1992"™ "11:06:50"
3.1957E-02 .0000
"06/15/1992"™ "11:08:19"
4.7120E-02 .0000
"06/15/1992"™ "11:08:49"
9.6472E-04 .0000
"06/15/1992"™ "11:10:43"
.0000 .0000 1.
"06/15/1992"™ "11:12:36"
.0000 .0000 3.
"06/15/1992"™ "11:14:25"
.0000 .0000 7.
"06/15/1992" "11:16:10"
3.3972E-04 .0000
"06/15/1992" "11:18:03"
3.2317E-04 .0000
"06/15/1992" "12:16:10"
8.7093E-02 .0000
"06/15/1992" "12:16:21"
5.6553E-02 .0000
"06/15/1992" "12:16:44"
.0000 .0000

1.

6.1022E-02 3.8161E-02 4.0910E-05

"SC PCM <20, 20-50, >50 and <0.3, >5 "

.1895 2.4667E-02 6.5813E-02

"SC PCM <20, 20-50, >50 and <0.4, >5 "
.4459 2.9928E-02 2.6012E-05

"SC PCM <10, 10-40, >40, with AR>=50 or WIDTH>=5 (6 categories) "

.9319 2.4370E-02 1.4888E-02

"SC PCM <10, 10-40, >40, with AR>=100 or WIDTH>=5 (6 categories) "
.3555 2.5908E-02 3.4688E-02

"SC PCM <10, 10-40, >40, with AR>=200 or WIDTH>=5 (6 categories) "
.2899 5.2688E-02 4.5503E-02

"SC AR>=100 OR (C and CS only) WIDTH>=5, PCM, <10, 10-40, >40 "
.3555 2.5908E-02 3.4688E-02

"FBC AR>=100 OR SC(C and CS only) WIDTH>=5, PCM, <10, 10-40, >40 "
.3623 2.5958E-02 3.4841E-02

"SC PCM <40, >40, and <0.3, >0.3 "
9.4588E-02

"SC PCM <20, 20-40, >40 and >8, <0.3 "

L7421 2.5097E-02 6.9122E-02

"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.2, >8 "

.0000 .0000 4.3341E-02 .0000 .6315 1.6485E-03 .0000

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 "
2.9985E-02 .0000 .0000 .0000 .0000 .0000 .0000

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.4, >8 "
4.3486E-03 .0000 .0000 .0000 .0000 .1754 L7476

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.5, >8 "
3893E-03 .0000 5.2414E-02 .0000 6.0335E-02 .3280 .0000

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.6, >8 "
7626E-03 .0000 3.8885E-02 .0000 .1015 L4142 .0000

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.8, >8 "
6795E-03 .0000 3.4904E-03 .0000 6.0160E-02 .3190 .0000

"sC PCM <3, 3-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 "
4.1296E-03 .0000 0000 .0000 .0000 4.2215E-02 .4837

"sC PCM <5, 5-8, 8-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 "
2.2255E-03 .0000 .0000 .0000 .0000 6.5672E-02 .3431

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=200 or W>=8 (14 cat.) "
8.7093E-02 .0000 .1419 .0000 .0000 .2037 8.7093E-02
"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=100 or W>=8 (14 cat.) "

.2414 .0000 .0000 .0000 .0000 .2577 .0000

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=50 or W>=8 (14 cat.) "
3801E-02 .0000 3.7693E-02 .0000 5.3310E-02 .3375 .0000

C.8

=277.

-349.

-274.

-275.

-286.

-275.

-275.

-276.

-273.

-296.

.0000

-301.

.0000

-272.

.0000
-272.

.3594

-273.
7.0023E-02
-273.

L2732

-272.
.0000
-272.
.0000
-285.
.0000
-272.
.2205
-273.

.3226

024

979

917

017

452

017

121

137

463

708

032

385

858

029

276

209

224

792

200

057

18.84

404.9

15.55

15.94

56.19

15.94

16.15

17.09

12.58

70.84
.2916
82.76
.9229
11.16
7.1640E-02
11.87
.1984
12.11
L3717
12.53
.3365
10.93
.1544
11.04
8.4681E-02
53.75
.1092
11.02
2.2922E-02
12.26
.2351

8 1.4921E-02
9 .0000 .3496
11 .1582 .0000
10 .1006 L4137
9 .0000 .0000
10 .1006 L4137
10 9.4586E-02 L4119
9 4.6680E-02 1.
8 L1262 .0000
8 .0000 .0000
2.8411E-02 1.6238E-02
10 .0000 .0000
2.5358E-02 5.3733E-03
8 L1922 .0000
2.5317E-02 6.4120E-02
7 .1043 .0000
2.4085E-02 4.6887E-02
7 9.6208E-02 .0000
2.4532E-02 3.5003E-02
7 8.3861lE-02 .0000
2.4465E-02 3.7891E-02
7 .1412 .0000
2.5667E-02 9.9115E-02
6 8.6318E-02 .0000
2.5656E-02 .1429
4 .0000
5.5273E-02 .1341
5 5.0335E-02
2.5260E-02 9.4228E-02
6 5.5674E-02 .0000
2.3665E-02 4.4856E-02

6.7283E-05

6030E-05

8.7093E-02

4.9881E-02

.0000

.0000

.0000

.0000

.0000

.0000

.0000

1.8285E-04

8.1316E-05

.0000

.0000

.0000

.0000

.0000

.0000

.0000

6.2016E-07

8.7093E-02

4.9881E-02

1.3179E-07



"06/15/1992" "12:18:06"
.0000 .0000 4
"06/15/1992" "12:19:28"
.0000 .0000 6
"06/15/1992"™ "12:20:57"
.0000 .0000 8
"06/15/1992" "12:22:28"
.0000 .0000 5
"06/15/1992"™ "12:24:05"
.0000 .0000 5
"06/15/1992"™ "15:17:15"
.0000 6.4848E-04
"06/16/1992"™ "15:57:13"
.0000 4.7435E-03
"06/16/1992"™ "15:57:21"
.0000 2.0072E-03
"06/16/1992"™ "15:57:28"
1.0688E-02 8.2511E-03
"06/16/1992" "16:20:15"
1.1243E-02 5.4704E-02
"06/16/1992" "16:20:42"
7.3058E-02 L1151
"06/16/1992" "15:58:04"
.1135 4.1740E-02
"06/16/1992" "15:58:14"
9.8803E-02 3.6726E-02
"06/16/1992" "16:37:21"
.1482 L1710
"06/16/1992" "15:58:39"
L2372 .1225
"06/16/1992" "15:58:46"
9.3549E-02 2.4707E-02
"06/16/1992" "15:58:54"
.0000 4.5497E-04
"06/16/1992" "15:59:39"
.0000 7.6856E-03
"06/17/1992" "14:24:32"
.0000 6.4848E-04
"06/17/1992" "14:25:51"
.0000 6.4849E-04

1.

"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=30 or W>=8 (14 cat.)
.9098E-03 .0000 1.9981E-02 .0000 6.4082E-03 .2060 .0000
"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=20 or W>=8 (14 cat.)
.9703E-03 .0000 .0000 .0000 3.0064E-02 .2439 .0000
"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=10 or W>=8 (14 cat.)
.1095E-03 .0000 .0000 .0000 2.5890E-02 .2019 .0000
"sC pCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=5 or W>=8 (14 cat.
.0759E-03 .0000 4.7770E-03 .0000 .0000 .1090 .0000
"sC pCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 with AR>=3 or W>=8 (14 cat.
.8288E-03 .0000 7.2078E-04 .0000 1.0573E-02 .1299 .0000
"sC pCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3
.0000 3.2479E-03 .0000 .0000 4.9158E-02 .0000 .0000
"SC PCM <5, 5-30, >30 and >8, <0.3
.5686 2.5768E-02 2.5232E-02
"SC PCM <5, 5-40, >40 and >8, <0.3
L7917 2.7267E-02 6.5788E-02
"SC PCM <8, 8-40, >40 and >8, <0.3
.7160 2.5565E-02 5.4117E-02
"SC PCM <10, 10-40, >40 and <0.3, >8
L2171 2.4137E-02 5.6716E-02
"SC PCM <15, 15-40, >40 and <0.3, >8
.3195 2.3806E-02 3.7739E-02
"sSC PCM <10, 10-30, >30 and >8, <0.3
.2284 2.3632E-02 1.8589E-02
"sSC PCM <10, 10-50, >50 and >8, <0.3
1.3111E-11 2.4535E-02 2.2019E-02
"sSC PCM >50, 20-50, <20 and >8, <0.3
8609E-04 2.3804E-02 2.4382E-02
"SC PCM <10, 10-40, >40 and AR>=100 or W>=8 (6 categories)
.3545 2.4533E-02 3.6979E-02
"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and AR>=150 or W>=8 (14 cat.)
.2394 .0000 .0000 2.3420E-02 8.5612E-02 7.6892E-02 .1257
"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 (with AR>=3)
.0000 2.2876E-03 .0000 .0000 .0000 .0000 .0000
"SC PCM <10, 10-40, >40 and >8, <0.3 (with AR>=3)
.7128 2.6190E-02 6.5721E-02
"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 and AR>=10
.0000 3.2479E-03 .0000 .0000 4.9158E-02 .0000 .0000
"sC pcM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 and AR>=3
.0000 3.2479E-03 .0000 .0000 4.9158E-02 .0000 .0000

C.9

)

)

1]

"

"

"

"

]

"

1]

-273.

.6920

-273.

.5410

-273.

.4075

-274.

.7382

-274.

.6530

-272.

.4088

-275.

-272.

-272.

-272.

-272.

-274.

-274.

-275.

-274.

-272.

8.5612E-02
-272.

.2874

-272.

-272.

.4088

-272.

.4088

632

360

866

167

231

198

834

871

805

895

886

890

641

523

361

330

197

%968

198

198

13.

7.0740E-

12.
.1781
13.
.3565
14.
.1430
14.
.2000
10.
L4276

18.

12.

12.

12.

12.

15.

15.

16.

15.

11.

.1054

10.

.5971
11.

10.
L4276

10.
L4276

16
02
73
72
40
54

89

83

51

41

21

13

22

83

90

89

89

7 6.7616E-02
2.3745E-02 6.6264E-
8 .1208
2.4490E-02 5.1541E-

8 8.8611E-02
2.5024E-02 3.8497E-
8 7.1042E-02
2.5059E-02 5.8887E-
7 4.1630E-02
2.5215E-02 5.1238E-
7 .1430
2.5808E-02 L1227
10 4.1618E-02
10 .2515
9 .1906
8 .1414
8 .1446
9 7.0146E-02
9 7.9344E-02
8 4.1166E-02
9 8.5993E-02
1 5.8425E-05
2.7771E-02 L1274
8 .2109
2.6318E-02 .1745
9 .2183
7 .1430
2.5808E-02 L1227
7 .1430
2.5808E-02 L1227

.0000
02
.0000
02
.0000
02
.0000
02
.0000
02
.0000

.0000

.0000

.0000

1.5538E-05

2.1089E-05

.0000

.0000

L6671

.2858

5.6473E-02 5.

.0000

.0000 3.

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

6473E-02

.0000

9534E-05

.0000

.0000



"06/17/1992"™ "14:28:12" "SC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 (chrysotile) " -199.146 8.429 2 1.3952E-02 .0000 .0000

.0000 .0000 .2027 .0000 .0000 .0000 .3859 .2964 .0000 .0000 1.1885E-11 3.2157E-02 7.5085E-02

"06/17/1992"™ "14:32:50" "sSC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 (amphiboles) " -100.336 1.656 1 .1976 .0000 .0000
.0000 .0000 .0000 .0000 9.3260E-02 .0000 .0000 5.5979E-02 .0000 L7515 7.0580E-11 2.3542E-02 .1025

"06/17/1992" "14:33:09" "SC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (chrysotile) "™ -199.147 8.432 3 3.7153E-02 .0000 .0000
.0000 .0000 7.7411E-03 .0000 .4238 .0000 .0000 .0000 6.5665E-02 .0000 .5028 3.2162E-02 2.7220E-02

"06/17/1992" "14:33:41" "SC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (amphiboles) " -100.379 1.697 3 .6374 .0000 .0000
.0000 .0000 .0000 .0000 3.1406E-02 .0000 .8748 .0000 .0000 .0000 9.3811E-02 2.3351E-02 8.8094E-02

"06/17/1992"™ "14:33:51" "SC PCM <10, 10-40, >40 and <0.3, >8 (chrysotile) " -231.202 165.7 3 .0000 .1906 .0000
2.0354E-02 L2327 .5564 3.6817E-02 4.5930E-05

"06/17/1992"™ "14:34:07" "SC PCM <10, 10-40, >40 and <0.3, >8 (amphiboles) " -100.344 1.655 3 .6468 .0000 .0000
.0000 3.9432E-02 8.5786E-02 2.3356E-02 8.8092E-02

"06/17/1992"™ "14:34:13" "SC PCM <10, 10-40, >40 and >8, <0.4 " =273.352 13.00 9 .1619 .0000 .0000
.1034 1.4351E-02 .6578 2.4091E-02 3.4458E-02

"06/17/1992"™ "14:45:23" "SC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 (with AR>=10) " -275.830 18.52 7 9.0747E-03 .0000 .0000
3.7724E-04 .0000 6.8825E-04 .0000 7.1379E-03 .0000 .0000 .0000 .2738 .0000 -1.0060E-10 2.5949E-02 .3142

"06/17/1992"™ "15:45:33" "SC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 (2 studies) " -301.025 12.62 8 .1249 .0000 .0000
.0000 1.5961E-03 .0000 4.1331E-02 .0000 .0000 .0000 .0000 -2.1416E-05 3.1086E-02 1.8208E-02

"06/17/1992"™ "15:45:33" "SC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and >8, <0.3 (2 studies) " -301.025 12.62 8 .1249 .0000 .0000
.0000 1.5961E-03 .0000 4.1331E-02 .0000 .0000 .0000 .0000 -2.1416E-05 2.1682E-02 2.9493E-02

"06/17/1992" "15:45:50" "SC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (2 studies) " -300.792 12.06 6 5.9787E-02 2.6205E-05 .0000
.0000 .0000 7.8049E-04 .0000 4.1073E-02 .0000 .8914 .0000 4.1637E-02 3.2830E-02 .1416

"06/17/1992" "15:45:50" "sSC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (2 studies) " -300.792 12.06 6 5.9787E-02 2.6205E-05 .0000
.0000 .0000 7.8049E-04 .0000 4.1073E-02 .0000 .8914 .0000 4.1637E-02 2.0805E-02 8.7989E-02

"06/17/1992" "15:47:24" "SC PCM <10, 10-40, >40 and <0.3, >8 (2 studies) " -300.139 11.32 8 .1837 .0000 .0000
.1094 3.2465E-02 8.7587E-02

"06/17/1992" "15:47:24" "SC PCM <10, 10-40, >40 and <0.3, >8 (2 studies) " =-300.139 11.32 8 .1837 .0000 .0000
.1094 2.0771E-02 6.6119E-02

"06/22/1992" "15:33:41" "sSC M(14) <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 " =277.733 20.96 9 1.2108E-02 .0000 .0000
9.7750E-04 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .2541 .7450 1.9854E-10 2.1741E-02 .4278

"06/22/1992" "15:35:19" "PS M(14) <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 " =277.324 19.37 9 2.1452E-02 .0000 .0000
3.3816E-03 .0000 .0000 .0000 1.6148E-02 .0000 .0000 .0000 .0000 .9455 3.4942E-02 2.2094E-02 .3327

"06/22/1992" "15:36:20" "FBC M(14) <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 " -282.927 31.48 9 .0000 2.0191E-06 2.8155E-04
.0000 .0000 .0000 .8194 2.2740E-02 1.290

"06/22/1992" "15:37:36" "SC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3 and AR>=20, >8 " =272.197 10.92 5 5.2268E-02 1.7829E-05 1.3304E-09
6.0850E-04 .0000 3.1381E-03 .0000 .0000 .0000 .0000 5.6291E-02 .3825 .0000 9.9690E-02 2.5851E-02 .1301

"06/22/1992" "15:40:55" "sSC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3 and AR>=30, >8 " =272.256 11.12 5 4.8301E-02 8.7621E-05 1.3116E-06
8.4954E-04 .0000 2.3397E-03 .0000 .0000 .0000 .0000 7.1845E-02 .3003 .0000 5.9915E-02 2.5516E-02 .1679

"06/22/1992" "15:43:58" "sSC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3, >8 (chrysotile) " -174.591 3.392 2 .1827 .0000 .0000
.0000 .0000 .0000 .1688 .0000 .0000 L2492 .5106 .0000 .0000 7.1357E-02 3.0137E-02 9.0414E-02

"06/22/1992" "15:46:08" "SC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2, 2-5, 5-8, >8 (chrysotile) " -174.591 3.395 2 .1825 .0000 .0000

C.10



.0000 .0000 5
"06/22/1992" "15:55:24"
3.9108E-03 .0000
"06/22/1992" "16:30:35"
.0000 .0000 1.
"06/22/1992"™ "15:49:00"
8.6521E-03 .1246
"06/22/1992" "15:50:08"
7.0798E-04 7.2592E-03
"06/23/1992"™ "14:32:26"
2.0218E-03
"06/23/1992" "15:20:51"
5.3902E-02 .0000
"06/23/1992" "15:21:06"
7.7664E-04 .0000
"06/23/1992"™ "15:21:59"
9.2037E-04 .0000
"06/23/1992" "15:22:39"
.0000 .0000 4.
"06/23/1992" "15:43:52"
.0000 .0000 4.
"06/23/1992" "15:50:53"
.0000 .0000
"06/23/1992" "15:45:06"
.0000 .0000
"06/23/1992" "16:04:30"
.6923 2.1630E-02 1.
"06/23/1992" "16:04:37"
.1952 2.8847E-02 7.
"06/23/1992"™ "16:04:49"
.1310 2.4517E-02 7.
"06/23/1992" "16:39:42"
4.4491E-03
"06/23/1992" "16:39:44"
2.5926E-02 3.8301E-04
"06/23/1992" "16:39:46"
4.6048E-03
"06/23/1992" "16:40:17"
2.6163E-02 4.7643E-04
"06/23/1992" "16:39:49"
1.1936E-03

.5468E-03 .0000 .3469 .0000 .0000

"sC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3,
1.7452E-02 .0000 1.0756E-02 .0000 .0000

"sC PCM <40, >40 and <0.2, 0.2-0.3, 0.3-0.4, 0.4-2,
4347E-02 .0000 .0000 .0000 .0000

"PS PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 and <0.3,
.0000 .0000 .0000 .0000 L1227

"FBC PCM <5, 5-10, 10-20, 20-30, 30-40, 40-50,

.0000 .7180 2.5916E-02 .3137

"SC PCM <20, >20 (chrysotile only - averaged K013)

"sC pPCM <5,5-10,10-20,20-30,30-40,40-50,>50 with AR>=100 or W>=8

>50 and <0.3,

.0000

>50 with <0.3,

.0000

>50 with <0.4,

.0000

>50 with <0.5,
3.6633E-02

.4443

.0000 .0000

>8 (chrysotile) (avg)"
.0000 .0000

5-8, >8 (chrysotile)

.0000 .8395

>8 "
L4444 .0000
>8 "

"

.2507 .0000

>8 (no discharged) "
.1023 .3292

>8 (no discharged) "
.2528 .5300

>8 (no discharged) "
.0000

"SC PCM <5,5-10,10-20,20-30,30-40,40-50,>50 with <0.5 and AR>=3,>8(no discharged)"

3.6633E-02

.4443

.0000

"SC PCM <5,5-10,10-20,20-30,30-40,40-50,>50 with >8,<0.5and AR>=10(no discharged)"

.4356

6.4002E-03

.0000

"SC PCM <5,5-10,10-20,20-30,30-40,40-50,>50 with <0.5and AR>=20,>8 (no discharged)"

.2203 .0000 .0000 .0000
"sC pCM <5, 5-10, 10-20, 20-30, 30-40, 40-50,
3.3297E-03 .0000 1.1683E-02 .0000
"sC pCM <5, 5-10, 10-20, 20-30, 30-40, 40-50,
5.3676E-03 .0000 2.3489E-02 .0000
"sC pPCM <5, 5-10, 10-20, 20-30, 30-40, 40-50,
4608E-03 .0000 7.6930E-02 .0000
4608E-03 .0000 7.6930E-02 .0000
.0000 .0000 .0000 .1014
.0000 .0000 .1019 .0000
"SC PCM <20, >20 with <0.3, >8 (no discharged)
6030E-02
"SC PCM <40, >40 with <0.3, >8 (no discharged)
4959E-02
"SC PCM <40, >40 with <0.3, >5 (no discharged)
8915E-02
"SC PCM >10 (all with AR >= 3) (no
"SC PCM <10, 10-20, >20 (all with AR >= 3)
"PS PCM >10 (all with AR >= 3)
"PS PCM <10, 10-20, >20 (all with AR >= 3)
"SC(no C,CS,M,or MS) PCM >10 (all with AR >= 3)

.0000

.4509

.0000

WDC chrysotile or tremolite) "
(no WDC chrysotile or tremolite) "
(no WDC chrysotile or tremolite) "

(no WDC chrysotile or tremolite) "

(no WDC chrysotile or tremolite) "

C.11

(avg) "

(14 CAT.) (no discharged)"

.0000 .3974 3.0140E-02
-126.207 1.2755E-15 0 .
.0000 .9679 2.6668E-0

-126.207 2.9177E-13 -

.1459 -1.9596E-10 2.6668E-02
-272.711 12.25 8 .
.0000 .2996 2.5616E-0
-275.871 18.62 8 1.
-127.858 3.449 3 .

-247.715 6.231
.0000 6.1001E-02 2.4264E-

-247.916 6.347 5 .
.0000 L1214 2.3640E-0
-247.977 6.302 6 .
.0000 .1875 2.3356E-0
-248.237 6.697 7 .

.0000 L4377 2.2722E-02
-248.237 6.697 7 .

.0000 L4377 2.2722E-02
-248.223 6.690 6 .

.0000 -3.7956E-06 2.2698E-02
-248.139 6.630 8 .

.0000 .4468 2.2774E-02
-250.437 9.979 9
-251.384 12.81 8
-250.175 9.585 8
-220.082 16.49 9 5
-219.772 16.07 9 6
-220.532 17.26 9 4
-220.468 17.36 9 4
-220.925 18.92 9 2

3.8470E-02

0000 .0000 .0000

2 2.1269E-02

1 .0000 .0000 2.8851E-04
1.3955E-02

1395 .0000 .0000

2 3.4242E-02

6231E-02 .0000 3.7774E-04

3270 1.000 2.9297E-02

5 .2839 .1653 .1653

02 .1097

2733 .0000 .0000

2 .1100

3897 .0000 .0000

2 5.1364E-02

4607 .0000 .0000
3.3184E-02

4607 .0000 .0000
3.3184E-02

3499 .0000 1.0298E-04
3.2980E-02

5767 4.1766E-04 .0000
3.3466E-02

.3517 3.1512E-04 .0000

L1178 9.4338E-05 3.9873E-03

.2948 7.0228E-05 1.5561E-02

.6634E-02 .9283 2.5391E-02

.4832E-02 .0000 3.9618E-12

.4107E-02 .9300 2.5829E-02

.2634E-02 .0000 .1894

.5190E-02 .6933 2.6422E-02



"06/23/1992" "16:39:51"
2.6733E-02 4.2818E-04
"06/24/1992" "14:59:32"
1.0459E-02
"06/24/1992" "14:59:34"
2.5513E-02 4.4249E-04
"06/24/1992" "14:59:36"
1.0404E-02
"06/24/1992" "14:59:38"
2.6426E-02 4.8211E-04
"06/24/1992"™ "14:59:41"
4.6480E-03 .0000
"06/30/1992"™ "10:00:07"
.8530 2.5612E-02 7.
"06/24/1992" "14:59:58"
.8946 2.9880E-02 1.
"06/24/1992" "15:00:08"
L1517 2.5388E-02 7.
"06/24/1992" "15:00:17"
.1902 2.5505E-02 8.
"06/30/1992"™ "10:00:12"
.8530 2.5612E-02 7.
"06/30/1992"™ "10:00:17"
.8530 2.5612E-02 7.
"06/24/1992" "15:00:35"
.8946 2.9880E-02 1.
"06/24/1992" "15:00:46"
.8946 2.9880E-02 1.
"06/24/1992" "15:00:56"
.9347 2.8885E-02 1.
"06/24/1992" "15:01:00"
.9274 2.7747E-02 1.
"06/24/1992" "15:01:03"
2.3031E-02 9.2428E-02
"06/24/1992" "15:01:13"
.2102 2.4254E-02 7.
"06/24/1992" "15:01:18"
.9926 2.6968E-02 1.
"06/25/1992" "10:28:00"
5.5987E-02 2.9951E-02

"SC(no C,CS,M,or MS)

"SC PCM >10

"SC PCM <10,10-20,>20(all with AR>=3 and W>=0.2) (no tremolite or WDC chrysotile)

"FBC PCM >10

"FBC PCM <10,10-20,>20(all with AR>=3 and W>=0.2) (no tremolite or WDC chrysotile)

PCM <10,10-20,>20

(all with AR>=3 and W>=0.2)

(all with AR>=3 and W>=0.2)

(all with AR >= 3)

(no tremolite or WDC chrysotile)

(no tremolite or WDC chrysotile)

"SC PCM <5, 5-40, >40, with W <0.5, >5

.8946 2.9880E-02 1.5430E-02

"SC PCM 5-40, >40, with W >5, <0.3

0424E-02

"SC PCM 5-40, >40, with W <0.5, >5

5430E-02

"SC PCM 5-40, >40, with W <0.3, >5 (and all structures AR>=3)

8347E-02

"SC PCM 5-40, >40, with W <0.3, >5 (and all structures AR>=5)

6887E-02

"SC PCM 5-40, >40, with W >5, <0.3 and AR>=3

0424E-02

"SC PCM 5-40, >40, with W >5, <0.3 and AR>=5

0424E-02

"SC PCM 5-40, >40, with W <0.5 and AR>=5, >5

5430E-02

"SC PCM 5-40, >40, with W <0.5 and AR>=10, >5

5430E-02

"SC PCM 5-40, >40, with W <0.5 and AR>=20, >5

5186E-02

"SC PCM 5-40, >40, with W <0.5 and AR>=30, >5

5152E-02

"sC pCM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50 (no discharged chrysotile)
4.8158E-02 .8364 2.4594E-02 7.7840E-03

"SC PCM 5-40, >40, with W <0.3, >5 (and all structures AR>=3) (no discharged)
1338E-02

"SC PCM 5-40, >40, with W <0.5 and AR>=20, >5 (no discharged chrysotile)
6049E-02

"SC M(16) 5-40, >40 and <0.3, >5

.2335

C.12

(no WDC or tremolite)

1]

1]

"

1]

1]

]

"

1]

]

]

1]

]

"

"

"

"

-220.

-219.

-219.

-220.

-220.

-279.

-272.

-279.

-273.

-274.

-272.

-272.

-279.

-279.

-278.

=277.

-255.

-248.

-253.

-320.

428

932

402

855

072

469

935

469

227

576

935

935

469

469

500

782

492

899

154

420

17.

16.

15.

18.

16.

27.

12.

27.

12.

15.

12.

12.

27.

27.

24.

22.

20.

89

70

90

19

19

19

61

49

19

19

19

19

89

81

01

8.027

18.

65.

13

65

10

10

10

10

10

10

10

10

10

10

10

10

12

.5777E-02

.5704E-02

.6504E-02

.7090E-02

.0312E-02

.5875E-03

.2716

.5875E-03

.2459

.1144

.2716

L2716

.5875E-03

.5875E-03

.7281E-03

.0646E-02

.4712E-03

.5311

.2069E-02

.0000

1

.0000

.9655

.0000

.9594

.9053E-03

.0000

.0000

.6480E-03

.4845E-03

.4548E-03

.0000

.0000

.6480E-03

.6480E-03

.8172E-03

.2458E-02

.0000

.7527E-03

.4254E-03

.2664E-03

.4710E-11

.5115E-02

.4662E-11

.6243E-02

.9158E-12

.0000

.7176E-03

.0000

.0000

.0000

.7176E-03

.7176E-03

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000



"06/25/1992" "10:28:07"
7.1229E-02 2.3175E-02
"06/25/1992" "10:28:13"
.1014 2.6934E-02
"06/25/1992" "10:28:17"
.1164 2.1490E-02
"06/25/1992" "10:28:21"
4.2994E-04 .0000
"06/25/1992"™ "10:30:25"
.1407 2.5473E-02 7.
"06/25/1992"™ "10:30:30"
.1429 2.5396E-02 6.
"06/25/1992"™ "10:53:03"
.8530 2.5612E-02 7.
"06/25/1992"™ "10:30:41"
.1478 2.5544E-02 6.
"06/25/1992"™ "10:30:47"
.1005 2.5652E-02 4.
"06/25/1992"™ "10:30:58"
.1296 2.5808E-02 4.
"06/25/1992" "10:31:15"
L1140
"06/25/1992"™ "10:31:18"
1.5134E-02
"06/25/1992" "10:53:08"
.9573 2.7270E-02 1.
"06/25/1992"™ "10:32:46"
L1139
"06/25/1992" "10:32:49"
L1770 2.4251E-02 6.
"06/25/1992" "10:32:56"
.9285 2.4971E-02 1.
"06/25/1992" "10:32:58"
L1133
"06/25/1992" "10:33:01"
.1332 3.9379E-02 6.
"06/25/1992" "10:53:11"
.8193 3.7799E-02 6.
"06/26/1992" "15:45:42"
.9799 3.5380E-02 4.
"06/26/1992" "15:45:47"

"SC M(14) 5-40, >40 and <0.3, >5

.2276

"SC M(16) 5-40, >40 and <0.3, >5 (no discharged chrysotile)
.2021

"SC M(14) 5-40, >40 and <0.3, >5 (no discharged chrysotile)
.1998

"sC pcM <5, 5-10, 10-20, 20-30, 30-40, 40-50, >50, and <0.3, >5
1.7850E-03 .0000 .0000 .0000 .0000 3.3391E-02 .2812
"SC PCM 5-40, >40 and 0.1-0.3, >5

0764E-02

"SC PCM 5-40, >40 and 0.2-0.3, >5

8760E-02

"SC PCM 5-40, >40 with >5, <0.3 and AR>=10

0424E-02

"SC PCM 5-40, >40 with <0.3 and AR>=20, >5

9820E-02

"SC PCM 5-40, >40 with <0.4 and AR>=5, >5

2275E-02

"SC PCM 5-40, >40 with <0.4 and AR>=20, >5

0611E-02

"SC PCM 5-40, >40 with <0.3

"SC PCM 5-40, >40 with >5

"PS PCM 5-40,
2536E-02
"FBC PCM 5-40,

>40 and <0.3, >5

>40 and <0.3 (there are no fibers >5)
"SC PCM 5-40,
5809E-02
"PS PCM 5-40,
2388E-02

"FBC PCM 5-40,

>40 and <0.3, >5 (no discharged chrysotile)

>40 and <0.3, >5 (no discharged chrysotile)

>40 and <0.3 (there are no fibers >5) (no discharged chrysotile)

"SC PCM(1l6) 5-40, >40 and <0.3, >5

9539E-02

"SC PCM(16) 5-40, >40 with >5, <0.3 (no discharged chrysotile)
2884E-02

"SC PCM <5, >5 with W <0.3, >5

1829E-03

"SC PCM <5, >5 with W <0.3 and AR>=20, >5

C.13

"

"

"

]

"

1]

"

]

]

1]

]

"

]

1]

-286.

-294.

-260.

-272.

.0000

-272.

-272.

-272.

-272.

-274.

-274.

=277.

-299.

-276.

=277.

-248.

-252.

-255.

-309.

-285.

-294.

-294.

209

603

648

188

938

985

935

902

247

223

690

923

320

767

966

063

100

395

380

370

170

40.

56.

32.

10

4.0372E-02

12

12

12.

12.

14.

14.

22.

81.

19.

22

07

81

11

.78

.17

.21

19

14

82

82

79

71

51

.97

8.273

14.

21.

49.

45.

61.

61.

90

82

29

95

28

10 .0000
11 .0000

9 .0000

7 .1480

2.5783E-02 .1943

10 L2734
10 .2706
10 L2716
10 L2751

9 .5423E-02
9 .5218E-02
11 .8207E-02
11 .0000
10 .3427E-02
11 .7084E-02
8 .4067

9 .3166E-02
10 .5245E-02
12 .0000
11 .0000
11 .0000
11 .0000

1

.1853E-03

.6400E-03

.4970E-03

.0000

.8856E-03

.4336E-03

.0000

.8812E-03

.2016E-03

.8966E-03

.9986

L7287

.1545E-02

.9986

.9186E-03

.7562E-02

.9985

.7750E-03

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.7176E-03

.0000

.5835E-02

.3154E-02

.8284E-02

.5902E-02

.1116E-02

.8292E-02

.6766E-03

.3984E-02

.7767E-02

.0000

.1511E-03

.0000

.0000



.9779
"06/26/1992" "15:45:49"
.9929
"06/26/1992" "15:45:52"
.0000 .8530
"06/26/1992" "15:46:03"
.1453
"06/26/1992" "15:46:08"
7.8526E-02

"06/26/1992" "15:46:08"
7.2764E-02

"06/26/1992" "15:46:20"
2.7287E-02 3.2171E-02
"06/26/1992" "15:46:30"
.1014
"06/26/1992" "15:46:32"
7.7677E-02

"06/26/1992" "15:46:32"
7.2156E-02

"06/26/1992" "15:46:42"
3.3975E-02 3.2170E-02
"06/26/1992" "15:46:50"
.1018
"06/26/1992"™ "17:18:46"
8.6976E-02

"06/26/1992" "17:18:46"
7.5613E-02

"06/26/1992"™ "17:19:12"
.9546 3.2171E-02
"06/26/1992" "17:19:48"
.8983
"06/26/1992" "17:19:51"
9.5056E-02

"06/26/1992" "17:19:51"
7.3280E-02

"06/26/1992" "17:20:27"
.7876
"06/26/1992" "15:47:32"
9.3412E-02

"06/26/1992" "15:47:32"
7.2605E-02

"06/26/1992" "15:47:47"

3.4927E-02 4.

2.7947E-02 1.

.1453

2.5612E-02 7.

2.4772E-02 8.

2.4718E-02 8.

2.4743E-02 8.

3.0145E-02 6.

1831E-03
"SC PCM 5-40,
4448E-02
"SC PCM 5-40,

"SC PCM 5-40,
0424E-02
"SC PCM 5-40,

"SC PCM 5-40,

"SC PCM 5-40,
.1319

"SC PCM 5-40,
5164E-02

"SC PCM 5-40,

"SC PCM 5-40,
"SC PCM 5-40,
.1252

"SC PCM 5-40,
4964E-02

"SC PCM 5-40,
"SC PCM 5-40,

"SC PCM 5-40,

.1304

"SC PCM 5-40,
5096E-02

"SC PCM 5-40,
"SC PCM 5-40,
"SC PCM 5-40,
0929E-02

"SC PCM 5-40,
"SC PCM 5-40,

"SC PCM 5-40,

>40 with AR>=20, >5

>40 with <0.3,
2.5612E-02

>40 with <0.3, >5

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

>40

with

with

with

with

with

with

with

with

with

with

with

with

with

with

with

with

with

<0.3, >5
<0.3, >5

<0.3, >5

<0.3 and AR>=

<0.3 and AR>=

<0.3 and AR>=

<0.3 and AR>=

>5 (C and CS

>5 (C and CS

>5 (C and CS

>5 (C and CS

>5, <0.3 (no

>5, <0.3 (no

>5, <0.3

<0.3 and AR>=

<0.3 and AR>=

<0.3 and AR>=

0.3-5,
7.0424E-02
>40 with <0.3, >5

(4 categories)

>5

(but exclude all M and MS)
(2 studies)

(2 studies)

(chrysostile only)

(amphiboles only)

20, >5 (2 studies)

20, >5 (2 studies)

20, >5 (chrysotile only)

20, >5 (amphiboles only)

only), <0.3 (FBC only) (2 studies)
only), <0.3 (FBC only) (2 studies)
only), <0.3 (FBC only) (chrysotile only)
only), <0.3 (FBC only) (amphiboles only)

discharged) (2 studies)

discharged) (2 studies)

(chrysotile only - no discharged)

20, >5 (no discharged) (2 studies)
20, >5 (no discharged) (2 studies)
20, >5 (chrysotile only - no discharged)

C.14

"

"

"

"

"

]

"

]

]

]

"

"

"

"

-277.

-272.

-272.

-300.

-300.

-199.

-100.

-300.

-300.

-199.

-100.

-300.

-300.

-199.

-100.

-276.

-276.

-174.

-276.

-276.

-174.

958

935

935

312

312

150

725

286

286

150

723

289

289

150

724

253

253

593

253

253

593

23.15

12.19

12.19

11.46

11.46

8.438

2.344

11.41

11.41

8.438

2.337

11.34

11.34

8.438

2.341

7.248

7.248

3.399

7.262

7.262

3.397

11

10

10

1.6070E-02

.2716

.2716

.2451

.2451

3.7044E-02

.5038

.2481

.2481

3.7048E-02

.5051

.1824

.1824

3.7044E-02

.5043

.4031

.4031

.1821

L4017

L4017

.1823

.1418E-03

.7176E-03

.7176E-03

.1256

.1256

.3631E-04

.2569E-04

.1283

.1283

.5321E-04

.6046E-04

.8903

.8903

.5135E-02

.0000

.8852

.8852

.4305E-02

.1027

.1027

.0719E-03

.0000

.0000

.0000

.3596E-02

.1933E-02

.5232E-02

.0000

.3499E-02

.1909E-02

.4942E-02

.0000

.3130E-02

.1784E-02

.5254E-04

.3382E-04

.1198E-02

.1220E-02

.5901E-03

.1189E-02

.1218E-02

.6781E-02



.2255 3.0158E-02 5.
"06/26/1992" "15:48:06"
1.3384E-02
"06/26/1992" "15:48:06"
1.9317E-02
"06/26/1992" "15:48:13"
2.1254E-11 3.0232E-02
"06/26/1992" "15:48:16"
.9863 1.9872E-02 1.
"06/26/1992" "15:48:17"
.9919 2.0367E-02 1.
"06/26/1992" "15:48:19"
.9915 2.0225E-02 1.
"06/26/1992" "15:48:21"
.9908 2.0025E-02 1.
"06/26/1992" "15:48:23"
.9770 2.0138E-02 1.
"06/26/1992" "15:48:24"
.9403 2.0684E-02 1.
"06/26/1992" "15:48:26"
1.9186E-03 4.6766E-03
"06/26/1992" "15:48:36"
4.6766E-03 .8164
"06/26/1992" "18:00:06"
1.0063E-02
"06/26/1992" "18:10:08"
2.3184E-02 4.3772E-04
"06/30/1992" "10:44:26"
1.0475E-06
"06/30/1992" "10:44:27"
1.0362E-06
"07/01/1992" "15:49:07"
.3941 2.7504E-02
"07/02/1992" "11:56:05"
1.1629E-03 .0000
"07/02/1992" "11:57:25"
9.5393E-04 .0000
"07/02/1992" "13:14:24"
5.0646E-03
"07/02/1992" "13:14:26"

1641E-02

"SC PCM 5-40, >40 with AR>=20, >5
"SC PCM 5-40, >40 with AR>=20, >5
"SC PCM 5-40, >40 with AR>=20, >5
1.2891E-02

"SC PCM 5-40, >40 with AR>=20, >5
5860E-02

"SC PCM 5-40, >40 with AR>=3, >5
3821E-02

"SC PCM 5-40, >40 with AR>=5, >5
3745E-02

"SC PCM 5-40, >40 with AR>=10, >5
4364E-02

"SC PCM 5-40, >40 with AR>=30, >5
6260E-02

"SC PCM 5-40, >40 with AR>=50, >5
7099E-02

"SC PCM <5, 5-40, >40 with <0.3,
L1770 2.4251E-02 6.5809E-02
"SC PCM 5-40, >40 with <0.3, 0.3-
L1770 2.4251E-02 6.5809E-02
"SC PCMQ >10 (all structures AR>=
"SC PCMQ <10,10-20,>20

"PS PCM,

"PS PCM,

"SC PCM 5-40, >50 and W >5, <0.3
.2366

"sSC pCM <5, 5-10, 10-20, 20-30, 3
5.3055E-03 .0000 .0000

"sSC pCM <5, 5-10, 10-20, 20-30, 3
6.7145E-03 1.9149E-02 .0000

"SC PCM >=5 and W <0.3, >=5

"SC PCM 5-40, >=40

(4 categories)

(4 categories)

(4 categories) (chrysotile only - no discharged)

(4 categories)
(4 categories)
(4 categories)

(4 categories)

(4 categories)

(4 categories)

(no discharged) (2 studies)

(no discharged) (2 studies)
(amphiboles only)

(amphiboles only)

(amphiboles only)
(amphiboles only)
(amphiboles only)

(amphiboles only)

>5 (no discharged chrysotile)

5, >5

3,W>0.2)

(all structures AR>=3,W>0.2)

(all structures AR>=20)

0-40, >=40 and W <0.3, >=5
.0000 .0000 6.1057E-02 .1258
0-40, >=40 and W <0.3, >=5 (no discharged)
.0000 .0000 8.2033E-02 .1382

(no discharged chrysotile)

(no discharged chrysotile)

(no WDC chrysotile or tremolite)

USING SUM OF VOLUME INSTEAD OF THE SUM OF THE NUMBER OF STRUCTURES

(no discharged)

(no discharged chrysotile)

C.15

]

1]

"

"

]

]

1]

]

]

(no WDC chrysotile/tremolite)"

USING SUM OF SURFACE AREA INSTEAD OF THE SUM OF THE NUMBER OF STRUCTURES"

"

"

"

"

"

-279.340

-279.340
-174.600
-103.580
-105.610
-105.251
-104.569
-103.778
-103.554
-248.966
-248.966
-223.907
-221.562
-285.826

-291.704

-253.886

-272.586

2.4594E-02

-248.218

2.2930E-02

-267.012

-261.069

13.11 9
13.11 9
3.396 2
6.615 4
10.10 4
9.464 4
8.284 4
6.865 4
6.499 4
8.273 8
8.273 8
24.09 9
19.60 8
39.16 11
55.77 11
19.50 9
11.47 8
6.9386E-02
6.779 6
6.7034E-02
49.63 10
31.75 10

.1571

L1571

.1823

.1569

.7986E-02

.9692E-02

.0934E-02

.1425

.1641

.4067

.4067

.4107E-03

.1142E-02

.0000

.0000

.0509E-02

L1757

.3412

.0000

.0000

.9916

.9916

.1242E-03

.3691E-02

.0680E-03

.4672E-03

.2017E-03

.3034E-02

.9731E-02

.0000

.9186E-03

.9521

.1793

.5002

.5002

.0000

.0000

.0000

.9815

.9907

.1665E-02

.1102E-02

.3689

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.3551E-02

.3351E-13

.9496E-02

.7021E-02

.6482E-04

.0000

.0000

.0991E-02

.8947E-02



5.4757E-03

"07/02/1992"™ "13:14:29"
7.0975E-03
"07/02/1992"™ "13:14:31"
4.4280E-03
"07/02/1992"™ "13:14:33"
2.6253E-03
"07/02/1992"™ "13:14:50"
1.9186E-03 4.6766E-03
"07/02/1992"™ "13:15:02"
2.8947E-02 5.4757E-03
"07/02/1992"™ "13:14:35"
.9815 3.0991E-02 5.
"07/02/1992"™ "13:14:39"
2.0883E-05
"07/02/1992"™ "13:14:41"
8.8654E-05
"07/02/1992"™ "13:14:43"
1.6960E-05
"07/02/1992"™ "13:14:45"
1.6962E-02
"07/02/1992"™ "13:14:46"
.1069
"07/02/1992"™ "14:50:19"
.0000 .0000
.0000 .0000 6.
"07/02/1992" "15:42:07"
.0000 .0000
.0000 .0000
"07/02/1992" "15:43:31"
.0000 .0000
.0000 .0000 1.
"07/02/1992" "16:13:33"
.0000 .0000
.0000 .0000
"07/02/1992" "16:30:29"
.0000 .0000
.0000 .0000
"07/02/1992" "17:20:59"
.0000 .0000 1.
.0000 .1431 2.
"07/02/1992" "17:18:45"

"SC PCM >=5 (no discharged chrysotile)

"SC PCM 5-40 and W <0.3, >=5 (no discharged chrysotile)

"SC PCM 5-40 (no discharged chrysotile)

"SC PCM <5, 5-40, >=40 and W <0.3, >=5 (no discharged chrysotile)

.1770 2.4251E-02 6.5809E-02

"SC PCM <5, 5-40, >=40 (no discharged chrysotile)

"SC PCM <5, >=5 and W <0.3, >=5 (no discharged chrysotile)

0646E-03

"SC PCM <5 and W <0.3 (there are no fibers W >= 5) (no discharged chrysotile)
"SC PCM <5, >=5 (no discharged chrysotile)

"SC PCM <5 (no discharged chrysotile)

"SC PCM 5-40, >=40 and W >=5 (no discharged chrysotile)

"SC PCM 5-40, >=40 and W <0.3 (no discharged chrysotile)

"sC PCM <5,5-10,10-20,20-40,>=40 and <0.15,0.15-0.3,0.3-1,1-5,>=5 (no discharged)
.0000 .0000 2.5839E-03 .0000 .0000 .0000 .1706
0103E-02 .0000 .5370 .0000 .2046 2.2673E-02 5.5023E-02
"sC M(14) <5,5-10,10-20,20-40,>=40 and <0.15,0.15-0.3,0.3-1,1-5,>=5

.0000 1.5838E-02 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .8857 2.5155E-02 7.3297E-02 2.1648E-02 .2244

"sC PCM <5,5-10,10-20,20-40,>=40 and <0.15,0.15-0.3,0.3-1,1-5,>=5

.0000 .0000 1.8178E-03 .0000 .0000 .0000 3.3464E-02
7003E-02 .0000 .7188 .0000 .1269 2.4549E-02 7.7920E-02
"sC M(14) <5, 5-10, 10-20, 20-40, >=40 and >=5, 1-5, 0.3-1, 0.15-0.3, <0.15
.0000 .0000 .0000 .0000 .0000 1.5838E-02 .0000
.0000 7.3297E-02 .0000 2.5155E-02 -1.2727E-09 2.1648E-02 .2244

"sC pPCM <5, 5-10, 10-20, 20-40, >=40 and >=5, 1-5, 0.3-1, 0.15-0.3, <0.15

.0000 .0000 .0000 .0000 1.8178E-03 .0000 .0000
.1020 .1269 .0000 .0000 -1.9608E-09 2.4549E-02 7.7920E-02
"sC PCM <5, 5-10, 10-20, 20-40, >=40 and <0.3, 0.3-1, 1-5, >=5

2014E-03 .0000 .0000 .0000 5.4344E-03 .0000 .0000
4572E-02 6.7829E-02

"sC PCM <5, 5-10, 10-20, 20-40, >=40 and <0.3, 0.3-1, 1-5, >=5 (with CI)

C.16

]

"

"

-285.

-283.

-286.

-248.

-261.

-267.

-301.

-285.

-301.

-267.

-260.

-248.
.0000

-279.
.0000

-272.
.0000

-279.
.0000

-272.
.0000

-272.
.0000

-272.

450

414

783

966

069

012

986

450

288

213

510

178

614

616

614

616

680

680

103.2

99.33

107.2

8.273

31.75

49.63

132.5

103.2

132.0

60.09

33.58

6.674

.0000

23.57

.0000

11.60

.0000

23.57

.0000

11.60

.0000

11.64

.0000

11.64

10

10

10

.0000

9

.0000

.0000

.0000

.0000

.0000

4

.0000 .9875 5.7855E-02
.0000 .9753 5.5205E-02
.0000 L9671 6.2602E-02
.4067 .0000 .0000
.0000 .0000 .9907
.0000 .0000 .0000
.0000 .6775 .1194
.0000 1.000 5.7855E-02
.0000 .6657 .1169
.0000 L9371 5.1633E-02
.0000 .9982 3.3808E-02
.3515 .0000 .0000
.0000 2.5171E-02 .0000
.2818E-03 .0000 .0000
.0000 .0000 .0000
L1137 .0000 .0000
.0000 .1020 .0000
.8615E-03 .0000 .0000
.0000 .0000 .0000
.0614E-02 .0000 .0000
3.3464E-02 1.7003E-02 .0000
.1674 .0000 .0000
.0000 1.1976E-02 .8382
.1674 .0000 .0000



1.

2.

2.

2.

.0000 .0000 1
.0000 .1431 2
"07/06/1992" "09:32:37"
5.7162E-02
"07/06/1992"™ "10:57:33"
1.3791E-05
"07/06/1992"™ "10:57:42"
2.5174E-03
"07/06/1992"™ "11:18:57"
1.3791E-05
"07/06/1992"™ "11:19:00"
2.5174E-03
"07/06/1992"™ "11:33:31"
.0000 .0000
.0000 .0000 7
"07/06/1992"™ "13:44:41"
.0000 .0000
.0000 .0000
"07/06/1992"™ "15:20:12"
.0000 .0000
.0000 .0000 1
"07/07/1992"™ "13:28:40"
.0000 .0000
.0000 .0000
"07/07/1992" "14:46:55"
.0000 .0000
.0000 .0000
"07/07/1992" "15:06:25"
.0000 .0000
.0000 .0000
"07/07/1992"™ "15:24:54"
.0000 .0000
.4496 -1.8055E-07
"07/07/1992" "15:30:50"
.0000 .0000
.3578 -7.4710E-09
"07/07/1992" "15:50:02"
.0000 .0000
.0000 1.4806E-10
"07/07/1992" "16:31:01"

.2014E-03 .0000 .0000 .0000 5.4344E-03 .0000 .0000
.4572E-02 6.7829E-02

"SC PCM >=40 and W <0.3, >=5

"SC PCM (no length or width categories)

"SC PCM length >= 5

"SC PCM (no length or width categories)

"SC PCM length >= 5

"ps PCM <5, 5-10, 10-20, 20-40, >=40 and W <0.15, 0.15-0.3, 0.3-1, 1-5, >=5
.0000 5.4514E-03 .0000 .0000 .0000 .0000 L4190
.3795E-02 .0000 .0000 .0000 .4188 2.3729E-02 2.3807E-02
"pPSs M(14) <5, 5-10, 10-20, 20-40, >=40 and W <0.15, 0.15-0.3, 0.3-1, 1-5, >=5
.0000 7.9976E-02 .0000 .0000 .0000 .0000 .3587
.0000 .0000 .0000 .2160 .3401 2.1931E-02 8.7607E-02
"scC pcM <5, 5-10, 10-20, 20-40, >=40 and W <0.1, 0.1-0.3, 0.3-1, 1-5, >=5

.0000 .0000 1.7628E-03 .0000 .0000 .0000 3.8041E-02
.2887E-02 .0000 .7253 .0000 .1256 2.4639E-02 7.9469E-02
"sSC PCM <5, 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.3-1, 0.15-0.3, <0.15
.0000 .0000 .0000 .0000 1.2681E-03 .0000 .0000
.1038 4.4982E-02 .0000 6.8896E-03 -1.8720E-10 2.3811E-02 9.7120E-02
"PS PCM <5, 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.3-1, 0.15-0.3, <0.15
.0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 -1.0440E-08 3.4370E-02 2.4421E-03
"Ps PCM <5, 5-10, 10-20, 20-40, >=40 and W <0.15, 0.15-0.3, 0.3-1, >=1, Complex
.0000 .0000 .0000 .0000 .0000 .0000 L4217
0417E-02 .0000 .0000 .3577 -1.1622E-08 2.4136E-02 4.6418E-02
"ps PCM 5-10, 10-20, 20-40, >=40 and W <0.15, 0.15-0.3, 0.3-1, >=1, Complex
.0000 .2655 .0000 .0000 .2317 4.4614E-04 .0000
6883E-02 3.3488E-02

"PS PCM 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.3-1, 0.15-0.3, <0.15

.0000 2.8399E-03 .2072 .0000 .0000 L4218 1.0419E-02
4136E-02 4.6405E-02

"Ps PCM 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.4-1, 0.2-0.4, <0.2

.0000 3.1200E-03 5.6519E-02 .0000 .0000 .0000 .0000
4043E-02 .1039

"sC pCM 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.4-1, 0.2-0.4, <0.2

CA7

]

.0000

-310.

-322.

-309.

-322.

-309.

-273.
.9527E-02

-275.
.1851E-03

-272.

.0000

-274.

.6933E-03

-294.
.0000

-274.
.0000

-275.
.0000

-274.
.0000

-273.
.0000

-272.

173

668

474

668

474

275

607

609

051

903

044

101

044

078

998

.0000
118.6
131.4
107.2
131.4
107.2
12.67

.0000
15.73

.0000
11.58

.0000
14.09

.0000
61.42

.2615
14.95

.0000
17.10

.5093E-02
14.95

.0000
12.73

.0000
12.43

.0000

11

11

11

11

11

.0000

.0000

.0000

.0000

10

.0000

L2071

.0000

.0000

.0000

.0000 1.1976E-02 .8382
.0000 .2645 9.1781E-02
.0000 .6354 L1125
.0000 .9691 6.3273E-02
.0000 .6354 L1125
.0000 L9691 6.3273E-02
.9868E-02 .0000 .0000

4.3412E-02 .0000 .0000
.5597E-02 .0000 .0000

.0000 .0000 .0000
.1146 .0000 .0000

.0000 9.6416E-02 .0000
.7817E-02 .0000 .0000

.0000 .0000 .0000
.0000 .0000 .0000

.0000 .7385 .0000
.9811E-02 .0000 .0000

2.8387E-03 2.8200E-04 .0000
.0952E-03 .0000 .0000

2.7684E-02 .0000 .0000
.5898E-02 .0000 .0000

.0000 .0000 .0000
.1208 .0000 .0000

.2888 .0000 .0000
.2239E-02 .0000 .0000



.0000 1.5795E-03 .0000 .0000 4.9393E-02 .0000 1.1903E-02 .0000 .0000 .0000 .0000 2.1272E-03 .0000 3.0210E-02 .0000
.0000 1.5002E-10 2.4148E-02 3.9445E-02

"07/07/1992"™ "16:56:39" "PS PCM 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.4-1, <0.4 " -278.198 21.79 9 8.8203E-03 .0000 .0000
.0000 .0000 .0000 .4346 .0000 .0000 .0000 .0000 .0000 .1909 .3745 .0000 -1.0420E-06 2.2334E-02 1.3918E-02
"07/08/1992" "08:36:46" "PS PCM <5, 5-10, 10-20, 20-40, >=40 and W <0.4, 0.4-1, >=1, Complex " -274.519 14.77 6 2.1279E-02 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 6.1242E-02 8.8340E-04 2.0129E-02 5.4116E-02 .0000 1.2797E-02 .8508
.0000 -7.3093E-07 2.5732E-02 7.1660E-02
"07/08/1992"™ "08:42:38" "PS PCM <5, 5-10, 10-20, 20-40, >=40 and Complex, >=1, 0.4-1, <0.4 " -273.814 14.11 9 L1177 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 3.9837E-03 3.0906E-02 .0000 .0000 .0000 .0000 .0000 3.2175E-02 .0000
.0000 .9329 2.4067E-02 9.1268E-02
"07/08/1992"™ "09:04:18" "PS PCM >=40, 20-40, 10-20, 5-10, <5 and Complex, >=1, 0.4-1, <0.4 " -292.314 55.42 10 .0000 .0000 .0000
.0000 .0000 .6995 .0000 .0000 .0000 .0000 .0000 .0000 .3005 .0000 .0000 .0000 .0000 .0000
.0000 -4.5399E-07 3.0207E-02 2.7264E-03
"07/08/1992"™ "09:09:10" "PS PCM >=40, 20-40, 10-20, 5-10, <5 and W <0.4, 0.4-1, >=1, Complex " -298.842 69.62 10 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .9993 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 6.9620E-04
.0000 -2.5203E-07 4.4540E-02 2.2204E-03
"07/08/1992"™ "09:16:06" "PS PCM <5, 5-10, 10-20, 20-40, >=40 and Complex, <0.4, 0.4-1, >=1 " -273.814 14.11 8 7.8127E-02 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 3.9837E-03 .0000 .0000 3.0906E-02 .0000 3.2175E-02 .0000 .0000 .0000
.9329 2.6822E-10 2.4067E-02 9.1268E-02
"07/08/1992"™ "09:24:17" "PS PCM <5, 5-10, 10-20, 20-40, >=40 and Complex, <0.4, >=1, 0.4-1 " -292.314 55.42 10 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .3006 .0000 .0000 .6994 .0000 .0000 .0000 .0000
.0000 -1.2442E-06 3.0200E-02 2.7271E-03
"07/08/1992"™ "09:27:24" "PS PCM 5-10, 10-20, 20-40, >=40 and Complex, <0.4, 0.4-1, >=1 " -273.814 14.11 8 7.8127E-02 .0000 .0000
.0000 .0000 3.9837E-03 .0000 .0000 3.0906E-02 .0000 3.2175E-02 .0000 .0000 .0000 .9329 1.4118E-10 2.4067E-02 9.1268E-02
"07/08/1992" "09:57:02" "PS PCM <5, 5-10, 10-20, 20-40,>=40 and W <0.4, 0.4-1, >=1(no complex structures)" -275.298 16.34 7 2.1478E-02 .0000 1.2928E-03
.0000 .0000 .0000 .0000 .0000 .0000 4.5807E-02 1.8949E-02 3.3914E-02 .0000 .9000 -1.1481E-05 2.7020E-02 8.8065E-02
"07/08/1992" "10:17:31" "PS PCM <5, 5-10, 10-20, 20-40,>=40 and W >=1, 0.4-1, <0.4(no complex structures)" -275.298 16.34 8 3.6935E-02 .0000 1.2930E-03
.0000 .0000 .0000 .0000 4.5810E-02 .0000 .0000 .0000 3.3927E-02 1.8952E-02 .0000 .9000 2.6966E-02 8.8070E-02
"07/08/1992"™ "13:34:26" "PS PCM <5,5-10,10-20,20-40,>=40 and >=1, 0.4-1, <0.4 and Complex with 6 lengths " -273.774 14.04 7 4.9819E-02 .0000 .0000
.0000 .0000 .0000 .0000 3.7007E-02 .0000 .0000 .0000 .0000 3.4493E-02 .0000 .0000 .9198 .0000 2.8166E-03
5.9101E-03 .0000 5.3636E-10 2.3957E-02 8.8626E-02
"07/08/1992" "14:44:47" "SC PCM <5,5-10,10-20,20-40,>=40 and >=1, 0.4-1, <0.4 and Complex with 6 lengths " -311.176 143.3 10 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 5.4027E-05 .9999 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 -9.9125E-08 1.4853E-02 9.5085E-04
"07/08/1992" "14:48:02" "SC PCM Complex with 6 lengths and <5,5-10,10-20,20-40,>=40 and >=1, 0.4-1, <0.4 " -293.905 58.17 9 .0000 .0000 .0000
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 1.5413E-05 .1811 .0000 .8189
.0000 .0000 -1.8353E-07 4.1522E-02 3.4939E-03
"07/08/1992" "14:58:17" "SC PCM <5,5-10,10-20,20-40,>=40 and <0.4, 0.4-1, >=1 and Complex with 6 lengths " -272.749 11.85 7 .1049 .0000 .0000
.0000 6.5666E-04 .0000 .0000 6.0087E-03 .0000 5.8557E-02 2.6025E-02 .0000 .0000 .8173 .0000 .0000 .0000 .0000
.0000 .0000 9.1494E-02 2.4199E-02 3.6281E-02
"07/08/1992" "15:13:14" "SC PCM <5,5-10,10-20,20-30,>30 for<.3 and 5-10,10-20,20-30,30-40,40-50,>50 for>5" -274.867 15.39 8 5.1113E-02 .0000 3.3674E-03

C.18



.0000 7.4658E-02
"07/08/1992" "15:45:37"
.0000 6.3774E-04
.0000 .0000 7.
"07/09/1992"™ "09:11:08"
.0000 6.5666E-04
.0000 .0000 9.
"07/09/1992"™ "11:30:24"
L1140
"07/09/1992"™ "11:30:28"
1.5134E-02
"07/09/1992"™ "11:30:29"
3.3178E-03
"07/09/1992"™ "11:30:31"
.6999 -1.6245E-07 1.
"07/09/1992" "12:05:26"
5.6375E-03 .0000
"07/09/1992"™ "12:05:47"
.0000 8.5144E-03
"07/09/1992"™ "14:31:48"
.0000 .0000 1.
"07/09/1992"™ "14:55:48"
.1450 2.6668E-02 7.
"07/09/1992"™ "15:18:32"
8.1133E-02
"07/09/1992" "15:18:32"
7.1689E-02
"07/09/1992" "15:46:24"
.0000 .0000
.0000 .0000
"07/09/1992" "15:47:33"
.0000 .0000
.0000 .0000
"07/09/1992" "16:06:08"
.0000 .1453 2.
"07/09/1992" "17:22:46"
.0000 .0000 2.
.1045 9.8618E-04
"07/10/1992" "09:34:47"
1.7176E-03 .8530

1]

]

"

]

"

"

1]

L4261 .0000 .0000 .0000 .2326 .2633 2.3275E-02
"SC PCM <5,5-10,10-20,20-40,>=40 and <0.3, 0.3-1, >=1 and Complex with 6 lengths
.0000 .0000 4.1770E-03 .0000 1.8608E-02 .0000 .0000
4421E-02 2.4148E-02 7.5365E-02

"SC PCM <5,5-10,10-20,20-40,>=40 and <0.4, 0.4-1, >=1 and C and CS with 6 lengths"
.0000 .0000 6.0087E-03 .0000 5.8557E-02 2.6025E-02 .0000
1494E-02 2.4199E-02 3.6281E-02

"SC PCM 5-40, >=40 and W <0.3

"SC PCM 5-40, >=40 and W >5

"SC PCM 5-40 and W <0.3, >5

"SC PCM 5-40, >=40 and W <0.3, >5 and Length < 5 (no widths) (with 95% CI)
5694E-02 2.9785E-03

"SC PCM <8, 8-15, 15-25, 25-40, >=40 and W <0.3, >=5

.0000 3.8505E-02 .0000 .0000 .1430 2.3986E-02 7.0573E-02
"SC PCM 10-20, 20-40, >=40 and W <0.3, >=5

.1634 2.3902E-02 5.9924E-02

"SC PCM <5, 5-10, 10-20, 20-40, >=40 and <0.4, 0.4-1 and Complex with 6 lengths
0729E-02 3.2242E-03 .0000 .0000 .8210 .0000 .0000

"SC PCM 5-40, >=40 and W <0.3, >5 (multipy control animals/response by 1076)
0300E-02

"SC PCM 5-40,>=40 and W<0.3,>5 (2 studies) (control animals/response * 1076)
"SC PCM 5-40,>=40 and W<0.3,>5 (2 studies) (control animals/response * 1076)
"sc M(le) <5, 5-10, 10-20, 20-40, >=40 and <0.15, 0.15-0.3, 0.3-1, 1-5, >=5
.0000 1.7778E-02 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .9076 1.9604E-02 5.5023E-02 2.2577E-02 .2350

"pPs M(l6) <5, 5-10, 10-20, 20-40, >=40 and <0.15, 0.15-0.3, 0.3-1, 1-5, >=5
.0000 .1318 .0000 .0000 .0000 .0000 .1955
.0000 .0000 .0000 .1961 .3931 2.1022E-02 7.2003E-02
"SC PCM Length < 5 (no widths) and 5-40, >=40 and W <0.3, >5 (with 95% CI)
5612E-02 7.0424E-02

"PS PCM(F&B)5-10,10-20,20-40,>40 and<.4,.4-1,>1 C only and CS with 6 length cat.
1747E-03 7.1876E-02 5.3176E-02 .0000 .0000 .7673 .0000
.0000 .0000 .0000 -5.1981E-08 2.4947E-02 6.3726E-02

"SC PCM Length < 5 (no widths) and 5-40, >=40 and W >5, <0.3 (with 95% CI)
2.5612E-02 7.0424E-02

C.19

3.

2685E-02

-272.

.0000

-272.

.0000

=277.

-299.

-309.

-318.

-272.

-273.

-273.

.0000

2.774611E+07

5.549198E+07

5.549198E+07

-310.

.0000

-304.

.0000

-272.

-272.

.0000

-272.

964

749

690

923

212

153

701

565

213

198

903

935

433

935

12.

.8789

11.

.8173

22.

81.

11

85

79

71

107.4

159.1

11.

13.

12.

.0000

37.

.0000

25.

.0000

12.

11.

.0000

12.

12.

12.

12.

78

25

51

11

10

10

43

27

19

32

19

7 9.
2.3299E-02

.0000

11 1

11

11

8
7.6252E-02
10

11
.0000

10 4.

.0000

10

.0000

10

6267E-02 .0000 .0000
.0000 .0000 .0000
.1049 .0000 .0000
.0000 .0000 .0000
.8207E-02 .9986 2.8284E-02
.0000 L7287 5.5902E-02
.0000 .9697 6.2884E-02
.0000 8.1546E-02 .0000
.2254 .0000 .0000
.1508 1.4457E-02 .0000
.1290 .0000 .0000
8.8839E-02 2.4809E-02 3.9978E-02
.2770 1.7130E-03 .0000
.2074 .1240 2.6668E-02
.2074 .1240 2.6668E-02
.0000 .0000 .0000
.0000 .0000 .0000
0203E-03 .0000 .0000
.0000 .0000 8.3400E-02
L2716 .0000 1.7176E-03
.8319E-02 .0000 .0000
.0000 .0000 .0000
L2716 .0000 .0000



"07/10/1992"
.0000
.4446

"07/10/1992"
.0000
.0000

"07/10/1992"
.0000
.0000

"07/10/1992"
.0000
.0000

"07/10/1992"
.0000
.0000

"07/10/1992"
.0000
.0000

"07/10/1992"
.0000
.0000

"07/10/1992"

2.5406E-02 1.

"07/10/1992"

2.6927E-02 1.

"07/16/1992"

1.0898E-02 4.

"07/16/1992"
.0000
4.2294E-02

"07/16/1992"
.0000

"07/20/1992"

7.8262E-02 8.

"07/20/1992"

3.6883E-02 9.

"07/20/1992"
L1132
"07/20/1992"
.1544

"10:28:12"

1.5443E-03
.0000

"11:30:52"

.0000 7.
.0000

"12:20:58"

.0000
.0000

"12:15:35"

.0000
1.0111E-02

"12:29:04"

.0000
.0000

"12:32:22"

.0000
.0000

"13:46:21"

.0000
.0000

"14:23:02"
0021E-02
"15:20:11"
2277E-02

"09:13:25"
2320E-03
"09:14:13"

6.5172E-04

"16:17:33"

.0000

"11:16:23"
3237E-02
"11:16:24"
8082E-03
"11:16:25"

2.6895E-02

"11l:16:26"

L1622

C.20

)H

)H

)H

)lv

]

]

"SC PCM <5,5-10,10-20,20-40,>=40 and <0.15,0.15-0.3,0.3-1,1-5,>=5 (Mesotheliomas
.0000 .0000 .0000 .0000 .0000 .0000 .0000
.5538 .0000 .0000 .0000 -5.0341E-08 4.6448E-03 6.0542E-04

"SC PCM <5,5-10,10-20,20-40,>=40 and >=5,1-5,0.3-1,0.15-0.3,<0.15 (Mesotheliomas

4663E-05 7.7508E-02 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 4.2322E-10 1.4830E-03 1.1808E-02

"sSC PCM <5,5-10,10-20,20-40,>=40 & >=.3,.15-.3,<.15 & Complex w/6 lengths (Meso.
.0000 .0000 5.4696E-02 .0000 .8768 6.8520E-02 .0000
.0000 -1.9458E-08 4.3684E-03 7.3528E-04

"SC PCM <5,5-10,10-20,20-40,>=40 & <.15,.15-.3,>=.3 & Complex w/6 lengths (Meso.
.0000 .0000 .8618 .0000 3.1225E-02 .0000 .0000
.0000 -5.4691E-08 4.2054E-03 9.5365E-04

"SC PCM Complex w/6 lengths & <5,5-10,10-20,20-40,>=40 & <.15,.15-.3,>=.3 (Meso.
.0000 .0000 9.2717E-05 .0000 .0000 .0000 .0000
.9970 -1.6111E-06 4.7046E-03 1.0201E-02

"SC PCM Complex w/6 lengths & <5,5-10,10-20,20-40,>=40 & >=.3,.15-.3,<.15 (Meso.
.0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 -1.5832E-08 4.6132E-03 2.6062E-04

"SC PCM Complex w/6 lengths & <5,5-10,10-20,20-40,>=40 & <.15,>=.3,.15-.3 (Meso.
.0000 .0000 7.8080E-05 .0000 .0000 .0000 .0000
.0000 .8977 4.6447E-03 1.1447E-02

"SC PCM >= 20

"SC PCM >= 20 and < 0.4

"SC PCM <5, 5-10, 10-20, 20-40, >=40 & <0.4 and Complex only with 6 lengths

.8006 .0000 .0000 L1114 .0000 7.2753E-02

"sSC PCM <5, 5-10, 10-20, 20-40, >=40 & <0.2, 0.2-0.4 and Complex only w/6 lengths"
.0000 1.4206E-02 .0000 .0000 .0000 .8095 .0000

"sC PCM <5, 5-10, 10-20, 20-40, >=40 & >=1, 0.4-1, <0.4 (no complex structures)
.0000 .0000 5.0739E-02 .0000 1.1999E-02 2.7987E-02 .0000

"SC PCM Length >=20 and Width <0.2

"SC PCM Length >=30

"SC PCM Length >=30 and Width <0.4

"SC PCM Length >=30 and Width <0.2

-60.6932
.0000

-59.0535
.0000

-60.6227
.0000

-60.6067
.6821E-02

-59.3875
.0000

-60.7657
.0000

-59.3238
.0000

-282.315
-285.310
-273.250
2.4602E-02
-273.150

.0000

-273.681
.2087E-04

-313.069

-287.475

-316.358

-331.356

14.64
.0000

12.20
.0000

14.73
.0000

14.72
.0000

11.93
.9416E-03

15.50
.1489

12.04
.0000

28.39
39.84
12.63
4.1308E-02
12.42

.0000

13.88
.0000

137.2

40.36

110.2

132.3

.0000

.0000

.0000

.0000

.0000

.0000

10

.0000

11

11

.1250

.0000

11

11

11

11

.1005

.0000

.2015

.0000

.7866E-02

.0000

.4088E-02

.0000

L2167

.0000

.7300E-02

.5814

.2815

.0000

.0676E-03

.0000

.0924E-02

.1328

.0000

.2712E-02

.9084

.0000

.0000

.0000

.0000

.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
.0000 .0000
L2697 .0000
.0000 .0000
.1022 .0000
.2055 .7945
.4983 .5017
.0000 1.5099E-04
.0000 .0000
5.0575E-02
.0000 2.4004E-04
2.4677E-02
.5000 .5000
.4976 .5024
.5702 .4298
.5175 .4825

2.4376E-02

4.0742E-02



"07/20/1992"™ "11:16:27" "SC PCM Length >=20 and Width >=0.4 " -285.590 34.13 11 .0000 .3007 .6993
2.9009E-02 1.0020E-02

"07/20/1992"™ "11:16:28" "SC PCM Length >=10 " -292.283 56.96 11 .0000 3.6654E-02 .9633
3.0399E-02 1.0603E-02

"07/20/1992" "16:59:38" "SC PCM F&B with 5-40,<0.3, F&B with >=40,<0.3, and Complex only with >=40,>=5 " -272.933 12.20 10 L2712 1.7376E-03 .8516
L1467 2.5581E-02 7.0175E-02

"07/20/1992" "17:02:26" "SC PCM F=>40,<.3, B=>40,<.3, Complex=>40,>5, F=5-40,<.3, B=5-40,<.3 " =272.537 11.55 8 .1718 .4988 .4405

5.9873E-02 8.8266E-06 8.3673E-04 2.9366E-02 .1525

"07/21/1992"™ "13:14:11" "SC PCM 5-40 & <0.3, >=40 &<0.3, and >=40 & >=5 " =272.935 12.19 10 L2716 1.7176E-03 .8530

.1453 2.5612E-02 7.0424E-02

"07/21/1992"™ "13:19:20" "SC PCM >=40 & >=5, 5-40 & <0.3, and >=40 &<0.3 " =272.935 12.19 10 L2716 .1453 1.7176E-03
.8530 2.5612E-02 7.0424E-02

"08/06/1992"™ "15:38:36" "SC PCM length >= 8 and width < 0.25 " -306.530 100.2 11 .0000 .3319 . 6681
5.4171E-02 4.4551E-03

"12/14/1992"™ "16:30:46" "SC PCM Length < 5 (no widths) and 5-40, >=40 and W <0.3, >5 (with 95% CI) " =272.935 12.19 10 .2716 .0000 1.7176E-03
.0000 .8530 .1453 2.5612E-02 7.0424E-02

"12/15/1992"™ "10:16:36" " (all except chrysotile) SC PCM <5,5-10,10-20,20-40,>=40 and <0.15,0.15-0.3,0.3-1,1-5,>=5 " -100.359 1.685 3 .6399

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000
.0000 .0000 .0000 .0000 7.6546E-02 .0000 .9027 .0000 .0000 2.0714E-02 2.2772E-02 8.6916E-02

"12/15/1992"™ "10:17:47" " (chrysotile only) SC PCM <5,5-10,10-20,20-40,>=40 and <0.15,0.15-0.3,0.3-1,1-5,>=5 " -199.146 8.430 1 2.9414E-03 1.9054E-08
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 L1719 .0000 .0000 .0000 .0000 .0000 .0000
.0000 2.0494E-02 .0000 .5626 .0000 .0000 .2450 .0000 -6.1822E-05 3.2157E-02 3.7205E-02

"12/17/1992"™ "14:09:01" " (chrysotile only) SC PCM <5,5-10,10-20,20-40,>=40 and >=5,1-5,0.3-1,0.15-0.3,<0.15 " =224.122 109.7 3 .0000 .0000
.0000 .0000 .1402 9.5597E-03 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .8502
.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 1.2193E-07 5.9591E-02 1.1295E-04

"12/18/1992"™ "09:34:18" " (chrysotile only) SC PCM >=40,<5,5-10,10-20,20-40 and <0.15,0.15-0.3,0.3-1,1-5,>=5 " -199.146 8.430 3 3.7196E-02 .0000
.0000 .2450 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 L1719 .0000
.0000 .0000 .0000 .0000 .0000 .0000 2.0501E-02 .0000 .5625 3.2158E-02 3.7206E-02

"10/08/1993"™ "16:02:37" "SC PCM 5-40, >=40 with >=5, < 0.3 (All except chrysotile) " =2.774594E+07 2.321 3 .5082 .0000 7.1027E-05
9.8000E-02 .9019 2.6668E-02 8.6399E-02

"10/12/1993" "17:03:34"™ "SC PCM >=40, 5-40 with <0.3, >=5 (Chrysotile only) (d1*1000,d2*100,d4*30) " -2.774604E+07 8.826 3 3.0963E-02 .3958 9.4552E-02
.2883 L2214 2.6668E-02 3.3475E-04

"03/23/1994"™ "14:46:29" "SC - Length: <5, 5-40; Width: <.3, >5 " -271.156 8.005 10 0.6280 2.5270E-03 0.0000E+00

C.21



0.9161 8.

"03/23/1994"

0.3639 0.

"03/23/1994"

6.1680E-02 1.

"03/23/1994"

2.2466E-02 1.

"03/23/1994"

0.0000E+00 O.

"06/28/1994"

0.0000E+00 O.
0.0000E+00 O.

2.1446E-02

"06/30/1994"

0.0000E+00 O.
0.0000E+00 O.

0.7434

"06/30/1994"

0.0000E+00 O.
2.2450E-02 O.

0.0000E+00

"07/05/1994"

0.0000E+00 O.
1.8899E-02 O.

0.0000E+00

"07/05/1994"

0.6729 0.

"07/05/1994"

0.6166 0.

"07/11/1994"

0.0000E+00 O.
0.0000E+00 O.

0.0000E+00

"07/11/1994"

0.0000E+00 O.

1337E-02 2.3018E-02 8.4603E-02

"14:52:42" "SC - Length: 5-20, >20; Width: <.3, >5 "
6204 2.1557E-02 1.0547E-02

"15:13:12" "SC - Length: 5-40, >40; Width: >5 "
6153E-02

"15:13:26" "SC - Length: 5-20, >20; Width: <.3 "
0049E-02

"15:35:48™ "SC - Length: 5-20, >20; Width: <.3 and Length: 5-40, >40; Width: >5 "
7780 2.2547E-02 1.5203E-02

"15:56:48" "SC (smooth): L: 5-10, 10-20, 20-40, >40; W: 0-.15, .15-.3, .3-1, 1-5, >5 "
0000E+00 0.0000E+00 9.3741E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7745E-02
0000E+00 0.3401

6.0462E-02

"08:40:56" "SC (smooth): L: <5, 5-10, 10-20, 20-40, >40; wW: 0-.15, .15-.3, .3-1, 1-5, >5 "
0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.2563 4.5062E-02 6.3313E-02

"09:27:22" "SC (smooth): L: <5, 5-10, 10-20, 20-40, >40; wW: 0-.15, .15-.3, .3-1, 1-5, >5 "
0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.3393
0000E+00 0.0000E+00

0.1061 0.0000E+00 0.0000E+00 0.5322 2.1610E-02 2.6262E-02

"12:25:40" "SC (smooth): L: <5, 5-10, 10-20, 20-40, >40; wW: 0-.15, .15-.3, .3-1, 1-5, >5 "
0000E+00 0.0000E+00 0.0000E+00 8.6406E-04 0.0000E+00 0.0000E+00 0.0000E+00 9.4722E-02
0000E+00 0.0000E+00

0.4309 0.0000E+00 0.0000E+00 0.4546 2.3140E-02 2.9659E-02

"13:42:25" "SC (smooth) - Length: 5-40, >40; Width: <.3, >5 "
3216 2.1457E-02 3.1507E-02

"13:46:50™ "SC (smooth) - Length: 5-40, >40; Width: <.3, >5 "
3803 2.2734E-02 3.0645E-02

"09:30:21" "Davis Studies - Using mass to calculate the constant for the dose "
0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.9335E-02 0.0000E+00 0.0000E+00
3107 0.0000E+00

0.0000E+00 0.5525 0.0000E+00 -7.1447E-05 2.1965E-02 2.1994E-02

"09:48:26" "PS (smooth) L: <5, 5-10, 10-20, 20-40, >40; wW: <.15, .15-.3, .3-1, 1-5, >5 "
0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.2206 0.0000E+00

C.22

-276.444

-303.315

-284.330

-275.192

-274.350
0.0000E+00

-285.085
0.0000E+00

-272.652
0.0000E+00

-274.379
0.0000E+00

-273.849

-274.767

-271.857
0.0000E+00

-274.561
0.0000E+00

17.

90.

35.

15.

13.
2.8592E-02

51.
0.0000E+00

10.
0.0000E+00

14.
0.0000E+00

12.

14.

53

11

14

27

01

34

23

21

39

82

9.198

0.0000E+00

15.
1.5167E-03

30

10 6.2729E-02 1.5736E-02 0.0000E+00
11 0.0000E+00 0.3142 0.6858
11 0.0000E+00 1.5189E-02 0.9848
10 0.1217 1.1560E-02 0.2105
8 0.1108 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.5198 0.0000E+00
9 0.0000E+00 2.0498E-04 7.1561E-05
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
9 0.3313 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
8 7.5695E-02 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
10 0.2589 5.4909E-03 0.0000E+00
10 0.1382 3.1150E-03 0.0000E+00
7 0.2382 0.0000E+00 0.0000E+00
7.7491E-02 0.0000E+00 0.0000E+00 0.0000E+00
8 5.2770E-02 0.0000E+00 0.0000E+00
0.1926 0.0000E+00 0.0000E+00 0.0000E+00



0.0000E+00 O.

0.0000E+00

"09/06/1994"

0.0000E+00 O.

"09/06/1994"

0.0000E+00 O.

"09/08/1994"

0.0000E+00 1.

"09/08/1994"

0.0000E+00 2.

"09/08/1994"

1.1306E-03 0.

"09/09/1994"

1.1306E-03 0.

"09/09/1994"

0.0000E+00 2.

"09/09/1994"

0.0000E+00 O.

"09/09/1994"

1.7669E-03 0.

"09/15/1994"

1.6818E-04 5.

"09/15/1994"

0.0000E+00 2.

"09/15/1994"

1.3661E-03 0.

"09/15/1994"

8.6262E-04 0.

"09/29/1994"

0.0000E+00 O.

"09/29/1994"

0.0000E+00 O.

"09/29/1994"

0.0000E+00 O.

"09/29/1994"

0.0000E+00 O.

0000E+00 0.0000E+00

0.0000E+00 0.5853 0.0000E+00 -2.9093E-07 2.3400E-02
"14:33:11" " SC - Length: <5, 5-10, 10-20 20-40, >40; F&B,
0000E+00 5.2769E-02 2.5228E-02 0.0000E+00 0.0000E+00
"14:44:46™ " PS - Length: <5, 5-10, 10-20 20-40, >40; F&B,
0000E+00 6.4922E-02 1.4464E-02 O0.0000E+00 0.0000E+00
"09:59:21" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
9526E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
"10:40:42" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
0334E-02 0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
"10:40:54" " (Indirect) SC - Length: <5, 5-10, 10-20 20-40,
6515 0.0000E+00 0.3474 0.0000E+00 0.0000E+00
"15:25:33" " (Indirect) SC - Length: <5, 5-10, 10-20 20-40,
6515 0.0000E+00 0.3474 0.0000E+00 0.0000E+00
"15:25:54" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
0334E-02 0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
"15:28:54™ " (Direct) PS - Length: <5, 5-10, 10-20 20-40,
0000E+00 2.0403E-02 9.0581E-04 O0.0000E+00 4.6108E-03
"15:29:19" " (Direct) SC - Length: <5, 5-10, 10-20 20-40,
0000E+00 3.8221E-03 O0.0000E+00 O0.0000E+00 0.0000E+00
"15:28:41" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
2736E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+4+00
"15:29:00" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
0334E-02 0.0000E+00 O0.0000E+00 O0.0000E+00 0.0000E+00
"15:29:18" " (Indirect) SC - Length: <5, 5-10, 10-20 20-40,
0000E+00 0.0000E+00 0.9985 0.0000E+00 0.0000E+00
"15:29:34" " (Indirect) SC - Length: <5, 5-10, 10-20 20-40,
6668 0.0000E+00 0.3324 0.0000E+00 0.0000E+00
"15:14:20" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
1713 0.0000E+00 0.1244 0.0000E+00 0.0000E+00
"15:14:30" " (Indirect) PS - Length: <5, 5-10, 10-20 20-40,
1713 0.0000E+00 0.1244 0.0000E+00 0.0000E+00
"15:14:38" " (Indirect) SC - Length: <5, 5-10, 10-20 20-40,
0000E+00 0.0000E+00 0.9859 1.1353E-02 0.0000E+00
"15:14:46" " (Indirect) SC - Length: <5, 5-10, 10-20 20-40,
0000E+00 0.0000E+00 0.9855 1.2036E-02 0.0000E+00

1.7669E-02
c&M
0.8311 9.0947E-02
c&M
0.7031 0.2175
>40; F&B, C&M
0.0000E+00 0.9805
>40; F&B, C&M
0.0000E+00 0.9797
>40; F&B, C&M

0.0000E+00 0.0000E+00

>40; F&B (w<.3), C&M
0.0000E+00 0.0000E+00
>40; F&B (w<.3), C&M

0.0000E+00 0.9797

>40; F&B (w<.3), C&M
0.9375 3.6547E-02
>40; F&B (w<.3), C&M
0.9790 1.5448E-02
>40; width: <.3, >=
0.0000E+00 0.9471
>40; F&B (w<.3), C&M
0.0000E+00 0.9797
>40; width: <.3, >=
0.0000E+00 0.0000E+00
>40; F&B (w<.3), C&M
0.0000E+00 0.0000E+00
>40; width: <.3, >=1
0.0000E+00 0.7044
>40; width: <1, >= 1
0.0000E+00 0.7044
>40; width: <.3, >=1
0.0000E+00 -6.8408E-09
>40; width: <1, >= 1
0.0000E+00 7.0771E-10

C.23

"

2.2160E-02

1]

2.2220E-02

"

2.7743E-02

"

2.7748E-02

"

6.7921E-02

"

6.7921E-02

1]

2.7748E-02

"

2.2579E-02

]

2.2709E-02

.3 ]

2.6545E-02
(w>=.3) "
2.7748E-02

.3 ]

8.5000E-02
(w>=.3) "
8.1093E-02

"

2.8964E-02

]

2.8964E-02

1]

2.5704E-02

"

2.5422E-02

-275.569
1.5963E-02
-276.055
1.4475E-02

-281.736
0.1171

-281.698
0.1125

-301.014
2.4401E-02

-301.014
2.4401E-02
-281.698

0.1125

-277.173
0.1224

-272.162
0.1088

-282.522
0.1388
-281.698
0.1125
-312.657
1.2810E-02
-304.851
2.5418E-02

-278.476
1.1187E-02
-278.476
1.1187E-02
-273.829
1.2676E-02
-273.637
1.2459E-02

16.35

33.23

33.16

90.67

90.67

33.16

17.54

9.944

33.70

33.16

116.4

103.5

26.59

26.59

15.15

14.50

11

11

11

10

11

10

10

.3160E-02

.9294E-02

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.4088E-02

.3545

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.1803E-03

.1803E-03

.5433E-02

.8763E-02

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.1927E-04

.1660E-07

.0000E+00

.0000E+00

.3701E-05

.1098E-05

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.6475E-03

.3654E-03



"10/08/1994"

0.9525 -4.

"10/08/1994"

0.9933 1.

"10/08/1994"

0.3818 0.

"10/08/1994"

0.9539 1.

"10/08/1994"

0.7112 0.

"10/08/1994"

0.9238 2.

"10/08/1994"

0.9586 -2.

"10/08/1994"

0.9062 8.

"10/08/1994"

0.1544 0.

"10/08/1994"

5.6862E-02 3.

"10/08/1994"

0.9525 -4.

"10/08/1994"

0.9933 1.

"10/08/1994"

0.3818 0.

"10/08/1994"

0.9539 1.

"10/08/1994"

0.7112 0.

"10/08/1994"

0.9238 2.

"10/08/1994"

0.9586 -2.

"10/08/1994"

0.9062 8.

"10/08/1994"

0.1544 0.

"10/08/1994"

5.6862E-02 3.

"10/10/1994"

"13:35:28" " (Direct)
4052E-13 2.2537E-02
"13:35:30™ " (Direct)
9299E-13 2.2452E-02
"13:35:33" " (Direct)
2283 2.4778E-02
"13:35:35" " (Direct)
1028E-13 2.1312E-02
"13:35:38" " (Direct)
1171 2.2471E-02
"13:35:41"™ " (Direct)
0145E-02 2.1867E-02
"13:35:43" " (Direct)
2348E-10 2.0451E-02
"13:35:46"™ " (Direct)
4893E-02 2.3156E-02
"13:35:48"™ " (Direct)
1680

"13:35:51" " (Direct)
1167E-02

"15:07:24" " (Direct)
4052E-13 2.2537E-02
"15:07:27" " (Direct)
9299E-13 2.2452E-02
"15:07:29"™ " (Direct)
2283 2.4778E-02
"15:07:32"™ " (Direct)
1028E-13 2.1312E-02
"15:07:35" " (Direct)
1171 2.2471E-02
"15:07:38™ " (Direct)
0145E-02 2.1867E-02
"15:07:41" " (Direct)
2348E-10 2.0451E-02
"15:07:44" " (Direct)
4893E-02 2.3156E-02
"15:07:47" " (Direct)
1680

"15:07:49" " (Direct)
1167E-02

"08:00:28"™ " (Direct)

PS - Length:

4.9013E-02

SC - Length:

2.6220E-02

PS - Length:

1.6989E-02

SC - Length:

2.0133E-02

PS - Length:

2.1357E-02

SC - Length:

1.4365E-02

PS - Length:

3.4136E-02

SC - Length:

1.5083E-02

PS - Length:
SC - Length:

PS - Length:

4.9013E-02

SC - Length:

2.6220E-02

PS - Length:

1.6989E-02

SC - Length:

2.0133E-02

PS - Length:

2.1357E-02

SC - Length:

1.4365E-02

PS - Length:

3.4136E-02

SC - Length:

1.5083E-02

PS - Length:

SC - Length:

PS - Length:

5-35, >35; width: <.4,
5-35, >35; width: <.4,
10-35, >35; width: <.4,
10-35, >35; width: <.4,
10-30, >30; width: <.4,
10-30, >30; width: <.4,
5-30, >30; width: <.4,
5-30, >30; width: <.4,
>40; width: <.4, >=.
>40; width: <.4, >=.
5-35, >35; width: <.4,
5-35, >35; width: <.4,
10-35, >35; width: <.4,
10-35, >35; width: <.4,
10-30, >30; width: <.4,
10-30, >30; width: <.4,
5-30, >30; width: <.4,
5-30, >30; width: <.4,
>40; width: <.4, >=.

>40; width: <.4, >=.

5-35, >35; width: <.4,

>=,
>=,
>=.4
>=.4
>=.4
>=.4
>=,
>=,
>=,
>=,
>=.4
>=.4
>=.4
>=.4
>=
>=
>=,

C.24

"

"

"

"

"

1]

]

1]

]

]

"

"

"

"

1]

1]

-273.

-274.

-278.

-274.

-278.

-275.

-273.

=277.

-331.

-300.

-273.

-274.

-278.

-274.

-278.

-275.

-273.

=277.

-331.

-300.

-273.

526

549

769

577

770

485

993

242

352

376

526

549

769

577

770

485

993

242

352

376

526

12.55

13.85

21.65

13.29

21.61

15.94

12.89

19.78

132.3

70.55

12.55

13.85

21.65

13.29

21.61

15.94

12.89

19.78

132.3

70.55

12.55

10

10

11

11

10

10

11

11

.1832

L1792

.3099%E-03

.1492

.4643E-03

.7477E-02

.1669

.0632E-02

.0000E+00

.0000E+00

.1832

L1792

.3099%E-03

.1492

.4643E-03

.7477E-02

.1669

.0632E-02

.0000E+00

.0000E+00

.1832

3.6855E-02

6.7383E-03

0.3404

2.7992E-02

0.1124

3.2623E-02

1.9502E-02

8.8853E-03

1.000

0.7468

3.6855E-02

6.7383E-03

0.3404

2.7992E-02

0.1124

3.2623E-02

1.9502E-02

8.8853E-03

1.000

0.7468

3.6855E-02

.0638E-02

.0000E+00

.9499E-02

.8079E-02

.9273E-02

.3444E-02

.1946E-02

.0000E+00

.8068E-14

.2532

.0638E-02

.0000E+00

.9499E-02

.8079E-02

.9273E-02

.3444E-02

.1946E-02

.0000E+00

.8068E-14

.2532

.0638E-02



<.

0.9525 1.1095E-13 2.2538E-02 4.9012E-02

"10/10/1994" "08:00:31" " (Direct) SC - Length: 5-35, >35; width:
0.9933 1.9284E-13 2.2454E-02 2.6220E-02

"10/10/1994" "08:00:33" " (Direct) PS - Length: 10-35, >35; width:
0.3817 0.2283 2.4778E-02 1.6987E-02

"10/10/1994" "08:00:36"™ " (Direct) SC - Length: 10-35, >35; width:
0.9539 1.0979E-13 2.1314E-02 2.0134E-02

"10/10/1994" "08:00:38™ " (Direct) PS - Length: 10-30, >30; width:
0.7113 0.1171 2.2472E-02 2.1356E-02

"10/10/1994" "08:00:41"™ " (Direct) SC - Length: 10-30, >30; width:
0.9238 2.0172E-02 2.1869E-02 1.4365E-02

"10/10/1994" "08:00:44™ " (Direct) PS - Length: 5-30, >30; width:
0.9586 2.7876E-13 2.0451E-02 3.4131E-02

"10/10/1994" "08:00:47" " (Direct) SC - Length: 5-30, >30; width:
0.9062 8.4873E-02 2.3157E-02 1.5084E-02

"10/10/1994" "08:00:49"™ " (Direct) PS - Length: >40; width: <.4,
0.1544 0.1680

"10/10/1994" "08:00:52" " (Direct) SC - Length: >40; width: <.4,
5.6857E-02 3.1165E-02

"10/18/1994" "10:52:04"™ " (Direct) SC - Length: 5-40, >40; width:
0.9963 1.2560E-03 2.7391E-02 4.7399E-02

"10/18/1994" "10:52:22" " (Direct) SC - Length: 5-40, >40; width:
0.9684 3.0243E-02 2.5583E-02 8.5973E-02

"11/10/1994" "13:06:25" " (Direct) SC - L: 5, W: <.4; L:5, W: >=.
0.9976 2.7465E-02 4.7575E-02

length-width category followed by 2 equation coefficients

"10/22/1996" "19:32:55" "PS PCM lengths <10, >=10

3.4161e-02 3.5653e-04

"10/22/1996" "19:32:56" "PS PCM lengths >=10

3.5653e-04

"10/22/1996" "19:32:56" "PS PCM lengths >=10 and widths < 0.3
2.6484e-03

"10/22/1996" "19:32:56"™ "PS PCM lengths >=10 and widths < 0.4
1.9852e-03

"10/22/1996" "19:32:57" "PS PCM lengths >=10 and widths < 0.5
1.4187e-03

"10/22/1996"™ "19:32:57" "PS PCM lengths >=10 and widths >=0.3
3.8243e-04

"10/22/1996"™ "19:32:57" "PS PCM lengths >=10 and widths >=0.4
4.0886e-04

4,

>=.

>=.

>=.

>=.

>=.

>=.

>=.

>=.4

>=.3

>40,

(not adjusted)

(not adjusted)

W

<.

4

(not adjusted)

C.25

"

"

"

"

"

"

]

"

"

]

"

]

"

]

"

-274.

-278.

=274

-278.

-275.

-273.

=277.

-331.

-300.

-275.

-275.

-275.

549

768

.577

771

485

992

241

357

376

345

510

346

Log-Like

-296.

-296.

-325.

-312.

-306.

-297.

-298.

320

320

595

334

%968

031

067

13.85

21.65

13.29

21.61

15.94

12.89

19.77

132.3

70.55

17.84

17.22

17.86

Chi-s

69.01

69.01

129.6

110.2

96.93

70.29

72.82

10

11

10

10

11

DF

12

12

0.1793

9.3202E-03
0.1493

9.4607E-03
6.7504E-02
0.1670

3.0658E-02
0.0000E+00
0.0000E+00
5.6943E-02
6.8761E-02

8.4167E-02

p-value

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00

6.7384E-03

0.3404

2.7991E-02

0.1123

3.2620E-02

1.9478E-02

8.8850E-03

1.000

0.7468

2.4333E-03

1.3829E-03

2.4379E-03

.0000E+00

.9500E-02

.8080E-02

.9294E-02

.3446E-02

.1954E-02

.0000E+00

.8065E-14

.2532

.0000E+00

.0000E+00

.0000E+00

coefficients for each

0.0000E+00

1.000

1.000

1.000

1.000

1.000

1.000

1.000

.4161e-02

.1064

.6970e-02

.5436e-02

.5080e-02

.6791e-02



"10/22/1996"
4.4693e-04
"10/22/1996"

0.6171 0.

"10/22/1996"

0.6218 0.

"10/22/1996"

0.5800 0.

"10/22/1996"

0.0000E+00 O.

"10/22/1996"

0.0000E+00 O.

"10/22/1996"

0.0000E+00 O.

"10/22/1996"

3.0399%e-02 3.

"10/22/1996"
3.8864e-04
"10/22/1996"
1.2887e-03
"10/22/1996"
8.0126e-04
"10/22/1996"
5.9682e-04
"10/22/1996"
5.3901e-04
"10/22/1996"
7.0335e-04
"10/22/1996"
1.0040e-03
"10/22/1996"
0.0000E+00
"10/22/1996"

0.1906 0.

"10/22/1996"

6.8701e-02 0.

"10/22/1996"

0.0000E+00 O.

"10/22/1996"

0.0000E+00 O.

"10/22/1996"

"19:32:57"

"19:32:58"
3829
"19:32:58"
3782
"19:32:58"
4200
"19:32:59"
0000E+00
"19:32:59"
0000E+00
"19:32:59"
0000E+00

"19:33:00"

8864e-04

"19:33:01"

"19:33:01"

"19:33:01"

"19:33:02"

"19:33:02"

"19:33:02"

"19:33:03"

"19:33:03"

1.000

"19:33:03"
8094
"19:33:03"
9313
"19:33:04"
0000E+00
"19:33:04"
0000E+00
"19:33:05"

"PS PCM

"PS PCM
3.4084e-02
"PS PCM
3.3966e-02
"PS PCM
3.4167e-02
"PS PCM

0.6171
"PS PCM

0.6218
"PS PCM

0.5800

"SC PCM

"SC PCM

"SC PCM

"SC PCM

"SC PCM

"SC PCM

"SC PCM

"SC PCM

"SC PCM
3.0016e-02
"SC PCM
2.9857e-02
"SC PCM
2.8234e-02
"SC PCM
0.0000E+00
"SC PCM

0.1906
"SC PCM

lengths >=10

lengths <10,
8.9173e-04
lengths <10,
8.6454e-04
lengths <10,
7.8386e-04
lengths <5,
0.3829
lengths <5,
0.3782
lengths <5,
0.4200

lengths <10,
lengths >=10
lengths >=10
lengths >=10
lengths >=10
lengths >=10
lengths >=10
lengths >=10

lengths <10,
5.3901e-04
lengths <10,
7.3280e-04
lengths <10,
9.6970e-04
lengths <5,
1.000
lengths <5,
0.8094
lengths <5,

>=10
>=10
>=10
5-10,
5-10,

5-10,

>=10
>=10
>=10
5-10,
5-10,

5-10,

and widths >=0.5

3.4084e-02

3.3966e-02

3.4167e-02

and widths < 0.

and widths < 0.

and widths < 0.

and widths >=0.

and widths >=0.

and widths >=0.5

3.0016e-02

2.9857e-02

and widths <0.3,

and widths <0.4,

and widths <0.5,

and widths <0.3,

and widths <0.4,

and widths <0.5,

>=10 and widths <0.3,
8.9173e-04
>=10 and widths <0.4,
8.6454e-04
>=10 and widths <0.5,
7.8386e-04

>=0.

>=0.

>=0.

>=10 and widths <0.3,
5.3901e-04
>=10 and widths <0.4,
7.3280e-04
>=10 and widths <0.5,

3

4

5

C.26

"

"

"

"

1]

]

1]

]

]

"

"

"

1]

-298.

-296.

-296.

-296.

-296.

-296.

-296.

-292.

-292.

-301.

-300.

-299.

-291.

-291.

-289.

-291.

-291.

-289.

-291.

-291.

-289.

522

228

124

226

228

124

226

283

283

778

564

230

282

615

538

282

297

410

282

297

410

73.

68.

68.

68.

68.

68.

68.

56.

56.

90.

87.

80.

53.

53.

47.

53.

53.

47.

53.

53.

47.

82

97

75

95

97

75

95

96

96

24

30

93

08

13

01

08

07

20

08

07

20

12

11

11

11

11

11

11

12

12

12

12

12

12

12

12

12

11

11

12

11

11

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00
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APPENDIX D:
THE VARIATION IN K, VALUESDERIVED FOR
CHRYSOTILE MINERSAND CHRYSOTILE TEXTILE
WORKERS

The difference between the observed risk of lung cancer for comparable levels of chrysotile
exposure among Quebec miners (most recent followup: Liddell et al. 1997) and South Carolina
textile workers (Dement et a. 1994; McDonald et a. 1983a) has been the focus of much
attention. Reasonably good agreement between results from the Quebec studies and another
study of chrysotile minersin Italy (Piolatto et al. 1990) coupled with reasonably good agreement
between results from the South Carolina Plant and results from textile plantsin Mannheim,
Pennsylvania (McDonald et al. 1983b) and in Roachdale, England (Peto 1980a,b; Peto et al.
1985) suggest that the difference between Quebec and South Carolina may reflect a general
difference between the two industries (see Table 7-6 and Section 7.2.2). This appearstrue
despite the fact, for example, that cohorts at two of the textile plants were apparently exposed to
significant amounts of amphibole in addition to chrysotile (see Appendix A and Section 7.2.2).

Three main hypotheses have been advanced to explain the difference in the risk per unit
exposure observed among miners and textile workers (see, for example, Sebastien et al. 1989).
These are:

(1)  thelow reliability of exposure estimatesin the various studies;

(2 differencesin fiber size distributions in the two industries (with textile-related
exposures presumably involving greater fractions of longer fibers); or

3 simultaneous exposure to a co-carcinogen (i.e., oil that may have been sprayed on
the asbestos fibers) in the textile industry.

It has also been proposed that differences in the concentration of long tremolite (amphibole)
fibersin dusts from each of the two industries might represent an explanatory factor (see, for
example, McDonald 1998b). However, thiswould also require a large relative difference
between the potencies of tremolite (amphiboles) and chrysotile toward the induction of lung
cancer. Thislatter issueis addressed further in Sections 7.4—7.6. McDonald (1998b) aso
presents an overview of the current status of each of the hypotheses described above.

In an attempt to distinguish among the above-listed hypotheses, Sebastien et al. (1989)
conducted a study to determine lung fiber concentrations in tissue samples from deceased
members of the cohorts studied from both the Quebec mines (specifically, from the Thetford
mine) and the South Carolinatextile plant. These researchers ultimately analyzed tissue samples
from 72 members of the South Carolina cohort and 89 members of the Thetford (Quebec) cohort.
Because the tissue samples came from cohort members, they could be matched with estimates of
the exposure experienced by each of the individuals as well as details concerning the age at first
employment, the age at death, the years of employment, and the number of years following
employment until death.
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In the Sebastien et al. (1989) study, tissue samples were obtained in formalin-fixed or paraffin
blocks, which were then digested in bleach, filtered, and analyzed by TEM. Tissue samples
were apparently “opportunistic.” Only fiberslonger than 5 pm with an aspect ratio >3:1 were
included in the count. For consideration of the limitations associated with such preparations, see
Section 5.2.

Results from matching of tissue samples with the histories of corresponding cohort members
indicate that tissue samples obtained from each cohort covered a broad range of exposure levels,
duration of exposure, and years since the end of exposure. They also indicate that South
Carolina cohort members included in the Sebastien et al. (1989) study experienced, on average,
13.5 years of exposure with 18.1 years between the end of exposure and death. In contrast,
Thetford workers included in this study experienced an average of 32.6 years of exposure with
only 11.6 years between the end of exposure and death. Corresponding to differencesin
exposure levels observed across the two cohorts in the original epidemiology studies, mean
exposure levels experienced by Thetford cohort membersincluded in this study were about 10
times mean exposure levels experienced by South Carolinaworkers (19.5 mpcf vs. 1.9 mpcf).

Because Sebastien and coworkers recognized the general lack of a good model describing the
retention and clearance of asbestos fibersin the lungs at the time their study was conducted, they
performed most of their analyses either on pairs of members (one from each cohort) matched for
duration of exposure and time since end of exposure or on groups of members from each cohort
similarly stratified by duration of exposure and time since end of exposure.

Results from their study indicate that, overall, lung burdens observed among Thetford cohort
members are substantially higher than those observed among South Carolina cohort members.
Geometric mean lung chrysotile concentrations are reported to be 5.3 and 0.63 fibers/pg dry lung
tissue in Thetford workers and South Carolina workers, respectively. Furthermore, despite
tremolite representing only a minor contaminant in the chrysotile from Quebec and the dusts to
which the miners were exposed (Sebastien et a. 1986), the mgority of fibers observed in the
lungs of Thetford miners were in fact tremolite (mean concentration 18.4 f/ug dry lung). Since
the raw material used in the South Carolina plant came largely from Quebec, tremolite was also
expected to be aminor contaminant in the dusts to which textile workers were exposed. Y et
among these workers also, tremolite represented a substantial fraction of the lung fibers observed
(mean concentration 0.36 f/png). Thus, the ratio of tremolite concentrations observed among
Thetford miners and that observed among South Carolinaworkers (18.4.0.36, or 51) iseven
more extreme than the ratio observed for chrysotile (8.4).

To evaluate the first of the above-listed hypotheses, it isinstructive to compare the ratios of
chrysotile or tremolite fibers observed in the lungs of deceased workers from Thetford and South
Carolina, respectively, with the overall exposures that each received. A rough estimate of
cumulative exposure for each set of workers in the Sebastien et al. (1989) study representing
each cohort can be derived as the product of the mean duration of exposure and the mean
intensity of exposure. Thus, for example, mean cumulative exposure in Thetford was 32.6
yearsx19.5 mpcf or 635.7 mpcf-yrs. Similarly, for South Carolina, mean cumulative exposure
was 25.65 mpcf-yrs, which gives a Thetford/South Carolinaratio of 24.8. This presumably
represents the relative cumulative exposure to chrysotile. For tremolite, Sebastien and
coworkers report that, based on aregression analysis, the fraction of tremolite fibers among total
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asbestos fibers were likely only 0.4 times as much in South Carolinaasin Thetford (where they
likely averaged 1% of total fibers). Therefore, the ratio of cumulative exposures to tremolite for
the sets of cohort members studied by Sebastien and coworkersislikely 62.

Comparing the ratio of Thetford:South Carolinalung burden estimates with the ratios of the
corresponding cumulative exposures, it appears that the chrysotile lung burden ratio (8.4) isonly
athird of the ratio predicted based on cumulative exposure (24.8). However, theratio of lung
tremolite concentrations (51) is much closer to the corresponding cumulative exposure ratio (62).
It thus appears that, although, airborne concentrations may not closely track the exposures that
led to the observed lung burdens for individual s (see below), the overall trend in exposures
predicted by airborne measurements is approximately correct. It istherefore likely that overall
exposure concentrations in Thetford were in fact substantially higher than in South Carolina (in
agreement with airborne measurements). Thus, we concur with Sebastien et a. that the
unreliability of exposure estimates in these two cohortsis unlikely to explain the observed
difference in the risk per unit of exposure observed for each cohort.

Importantly, although the general trend in relative overall exposure levels predicted by airborne
measurements between Thetford and South Carolina appear to have been confirmed by mean
lung fiber concentrations in the Sebastien et al. (1989) study, the estimated exposures correlate
poorly with lung burdens for any particular individual. To demonstrate this, we analyzed the
Thetford: South Carolinaratios of lung chrysotile concentrations and, separately, lung tremolite
concentrations reported by Sebastien et al. for their set of 32 matched pairs of cohort workers to
determine whether trends in these ratios adequately matched trends in the corresponding
estimated airborne exposure level ratios for the same matched pairs. To do this, we subjected the
ratios presented in Table 7 of the Sebastien et al. (1989) study to a Rank Von Neuman test
(Gilbert 1987). Resultsindicate that trends in neither lung chrysotile concentration ratios nor
lung tremolite concentration ratios can be predicted by the observed trend in the estimated
airborne concentration ratios among these 32 matched pairs.

There are numerous sources of potential uncertainty that may mask the relationship between
airborne exposure estimates and resulting lung burdens (Section 5.2). Potentially the largest of
these is the variation expected among lung burden estimates derived from use of “opportunistic”
tissue samples, which are not controlled for the portion of the respiratory tree represented by the
sample. Even for samples collected from adjacent locations in lung parenchyma, observed fiber
concentrations may vary substantially and such variation is magnified between samples taken
from different individuals at locations in the lung that may not in any way correspond to their
relative position in the respiratory tree.

Other potentially important sources of variation that may mask the relationship between airborne
exposure concentrations and resulting lung burden estimates may primarily involve limitationsin
the degree to which the airborne estimates from an epidemiology study represent actual
exposures to the individual members of a study cohort (Section 5.1). The following factors may
all contribute to the uncertainty of exposure estimates:potential differences between individual
EXPOSUres versus area concentrations (which are what is typically measured), the adequacy of
extrapolation to the earliest exposures in a cohort (when measurements were generally not
available), or the adequacy of estimating job x time matrices for individual workers that can then
be integrated with work area exposure estimates to derive individual exposure estimates.
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The second of the above-listed hypotheses, involves potential differencesin the size of structures
that may have been present in the airborne concentrations in Thetford and South Carolina, which
may not have been adequately represented by the exposure measurements. More generally, this
isaquestion of the degree to which measured exposures in the two environments adequately
reflect potential differencesin the character of exposure that relate to biological activity.

Sebastien et al. (1989) considered this second hypothesis by generating and comparing size
distributions for the fibers observed in the lungs of workers from Thetford and, separately, South
Carolina. Importantly, the size distributions for each cohort were generated by including the first
five fibers observed from every member of that cohort, without regard to the duration of
exposure, level of exposure, or time since exposure experienced by each cohort member.
Therefore, the size distributions obtained are “averaged” over very different time frames during
which differing degrees of fiber retention and clearance will have taken place, each of which
potentially alters the distributions of fiber sizes (Section 6.2). Thus, the two distributions
generated are each actually collections of samples from multiple, varied size distributions (rather
than single distributions) and this likely masks distinctions between the two work environments.
It istherefore not surprising that the authors found relatively little differencesin the two size
distributions.

The portion of the generated size distributions that are least likely to have been affected by the
limitations due to the manner in which they are generated (as Sebastien et al. suggest) isthe
fraction of tremolite (amphibole) fiberslonger than 20 um. Thisis because (1) tremolite fibers
(unlike chrysotile) are biodurable and (2) biodurable fibers longer than approximately 20 pm
have been shown to clear from the lung only very slowly, if at all (Section 6.2). Thus, the
Thetford: South Carolinaratio of long tremolite fibers may provide the best indication of the
relative exposures to long fibersin the two environments.

Table D-1 presents the estimated, relative concentrations of specific lengths of fibers observed in
lung tissue among Thetford miners and South Carolinaworkers, respectively. The length
category for various fibersis presented in the last column of the table. The estimated
concentrations, presented in Columns 2 (for Thetford) and 3 (for South Carolina) of this table
were derived asfollows. For thefirst length category (L>5 pm), concentrations are taken
directly from Table 5 of the Sebastien et al. (1989) paper (the geometric means are presented).
Concentrations for the remaining length categories were estimated by multiplying the
concentrations for thisfirst length category by the fraction of the size distribution represented by
each succeeding length category (as provided in Table 4 of the Sebastien et a. paper). So that
the relative precision of these concentration estimates can be evaluated, an estimate of the
numbers of fibersincluded in each length category (from the total used to derive the size
distribution in Table 4 of Sebastien et al.) are provided in Columns 6 (for Thetford) and 7 (for
South Carolina), respectively. The Thetford: South Carolinaratios of the concentrations of fibers
in each length category (for each fiber type) are provided in Column 5 of the table.
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Table D-1. Estimated Concentrations of Sized Fibers Observed in the Lungs of Thetford
Minersand South Carolina Textile Workers?

MEAN LUNG
CONCENTRATION NUMBER OF FIBERS

South Ratio: South Size Range of
Fiber Type Thetford Carolina Units Th/SC Thetford Carolina Fibers®
Chrys 5.3 0.63 f/lupglung 841 371 226 Length>5 um
Trem 184 0.38 f/lpglung 48.42 405 175
Chrys 1.73 0.17  flpglung 10.00 121 62 Length>8 um
Trem 3.90 0.091 f/uglung 42.95 86 42
Chrys 0.59 0.070 f/lpglung 841 41 25 Length>13um
Trem 0.72 0.024 fluglung 30.46 16 11
Chrys 0.16 0.031 f/lpglung 5.15 11 11 Length>20pm
Trem 0.037 0.008 f/luglung  4.40 1 4

®Derived from data presented in Tables 4 and 5 of Sebastien et al. (1989)
®Geometric mean

It isinstructive to compare the ratios presented in Table D-1 to the Thetford:South Carolina
ratios of mean cumulative exposures estimated above for chrysotile and tremolite among the
cohort members included in the Sebastien et al. (1989) study (24.8 and 62, respectively). As
indicated in Table D-1, for chrysotile, the ratio remains approximately constant at about 9
(varying only between 8.4 and 10) for all of the size ranges reported except the longest. For the
longest category (L>20), however, the ratio dropsto 5. Because fiberslonger than 20 um are
expected to be the most persistent in the body (Section 6.2), it may be that the ratio of 5 best
represents the relative concentration of long chrysotile structures among the two sets of cohort
members.

Because thisratio (for the long fibers found in the lung) is only approximately 1/5 of the
estimated ratio for the cumulative exposure to chrysotile (24.8), this suggests that the South
Carolina cohort may indeed have been exposed to dusts enriched in long fibers relative to dusts
experienced at Thetford. Because the estimate of thisratio isbased on counts of at least 11
fibers from Thetford and South Carolina, respectively, it is unlikely that thisratio will vary by
more than afactor of 2 or 3 (the 95% CI around 11 fibers, based on a Poisson distribution is
6-19).

The trend with tremolite is even more striking. Moreover, as previously indicated, because
tremolite fibers are biodurable, it is the tremolite fibers longer than 20 um that may best
represent the ratio of long fibers to which these two groups of cohort members were exposed.
The ratios observed among tremolite fibers steadily decrease from approximately 50 for fibers
longer than 5 um to 4.4 for fibers longer than 20 um, athough thislast value is uncertain (due to
it being based on only 1 fiber observed among Thetford-derived lungs and only 4 fibers among
South Carolina-derived lungs). In fact these data are statistically consistent even with aratio
considerably lessthan 1, (i.e., with a considerably higher concentration of long tremolite fibers
in South Carolinathan in Quebec). Given that the ratio of the original cumulative exposures for
tremolite was estimated to be 62, that the ratio of long tremolite fibersis only 4.4 suggests that
dusts in South Carolinamay have been highly enriched in long fibers.
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Observations that the fibers to which textile workers were exposed were longer and thinner than
those found in mining are further supported by various published size distributions of fibers
determined in air samples collected in these environments (see, for example, Gibbs and Hwang
1975, 1980). Also, as noted in Crump (1986), the raw fiber purchased by textile plants was
commonly described as the longest grade of product (see Table 22 of Crump). Sizeissues are
addressed further in Section 7.4.

The datain a more recent study by Case et al. (2000) demonstrates even more strongly that
South Carolina textile workers were exposed to fibers that were substantially longer than those
inhaled by Quebec miners and millers. In this study, lung fiber contents were determined for 64
deceased textile workers and 43 deceased chrysotile miners and millers, respectively, which
represent randomly selected subsets of the workers, miners, and millers for whom lung burdens
were previously described by Sebastien et al. (1989), as discussed above.

In the Case et al. (2000) study, analyses were conducted on sets of TEM specimen grids that had
originally been prepared in the Sebastien et al. (1989) study, thus selection of subjects and the
preparation of samplesin this study is the same as described above for the Sebastien et al. study.
However, Case et a. focused specifically on the counting of fibers longer than 18 pm.

Results from the Case et al. (2000) study are summarized in Table D-2. Asindicated in the
second column of Table D-2, the mean cumulative exposure to which the selected cohort
members from Quebec and South Carolinawere exposed in this study was 186 and 3.63 mpcf-y
(millions of particles per cubic ft-years), respectively. This gives a Quebec/South Carolinaratio
of approximately 51. In contrast the Quebec/South Carolinaratios of the concentrations of
asbestos fibers observed in lungs among these selected cohort members are substantially smaller
(4.28 for long chrysotile, 12.04 for long tremolite, and 5.45 for long amphibole). Thisimplies
that the lungs of South Carolinaworkers are substantially enriched in these long fibers relative to
the lungs of Quebec miners and millers. Moreover, because substantial numbers of long fibers
were counted in these analyses, the uncertainty of these ratiosisrelatively small.

TABLE D-2. ESTIMATED MEAN AIRBORNE EXPOSURE CONCENTRATIONS
AND ASSOCIATED LUNG FIBER BURDENSFOR A SELECTED SET OF TEXTILE
WORKERS, MINERS, AND MILLERS*

Lung Lung Lung Total
Mean Airborne Chrysotile Tremolite Amphibole
Exposure Content Content Content
Concentration (long fibers) (long fibers) (long fibers)
L ocation (mpcfy) (f/no) (f/no) (f/no)
Quebec Mining 186 0.231 0.325 0.349
SC Textiles 3.63 0.054 0.027 0.064
Ratio 51.24 4.28 12.04 5.45

®Derived from data presented in Table 2 of Case et al. (2000)
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If the estimated K’ s derived for Quebec miners (0.00029) and South Carolina textile workers
(0.021), as reported in Table 7-6, are adjusted to account for the relative concentrations of long
fibers reported by Case et al. the disparity in these K| estimates effectively disappears. |If
adjusted as described in Section 7.4.2, the new K.’ s for Quebec (0.234) and for South Carolina
(1.21) now differ by only afactor of 5 (rather than the original factor of 72). Thus, accounting
for long structures appears to reconcile these potency estimates.

The data presented by Case et al. (2000) also indicates that the lungs of textile workersin South
Carolina (but not those of Quebec miners) contain substantial concentrations of commercial
amphibol e asbestos fibers (amosite and crocidolite) in addition to tremolite. In fact, the majority
of the amphibole fibers observed in lungs from South Carolina workers were composed of the
commercial amphibole types. This suggests, among other things, that the exposure environment
in South Carolina should actually be characterized as a mixed exposure environment rather than
achrysotile exposure environment. Asindicated in the following two paragraphs, however,
conclusions concerning the nature of the general exposure environments in Quebec mines or the
South Carolina textile mill that are based only on observations among the small subsets of these
cohorts examined by Case et al. may not be robust.

Importantly, Case et al. indicate in their paper that, because they observed substantially greater
absolute numbers of long fibersin the lungs of Quebec miners than in the lungs of South
Carolinaworkers, they conclude that (regardless of the above analysis), Quebec miners were still
exposed to a greater absolute number of long fibers than South Carolinaworkers. However, this
does not appear to be avalid conclusion that can be derived from the data provided in the paper.

We compared the mean exposure concentrations reported for the subset of Quebec miners and
South Carolina textile workers that Case et al. (2000) examined (Table D-2) to the distribution of
exposures reported among the entire cohorts in Quebec (Table A-2) and South Carolina (Table
A-8), respectively. Results suggest that, exposures for the subset of Quebec cohort members
included in the Case et al. study are higher than approximately 75% of the exposures
experienced by the overall cohort. In contrast, exposures for the subset of the textile worker
cohort examined by Case et al. are lower than approximately 50% of exposures experienced in
the overall cohort. Thus, given that the mean exposures experienced by the subsets of each
cohort examined by Case et al. do not reflect mean exposures for the respective cohorts as a
whole, it is not reasonable to compare absolute numbers of structures observed in the lungs of
these workers and draw general conclusions about the relative, absol ute exposures among the
entire, respective cohorts.

At this point it is worth mentioning some of the potential differencesin the characteristics of
mining dusts and textile mill dusts that may affect biological activity, but that may not be
adequately delineated when measuring exposures by PCM (in f/ml) and almost certainly not
delineated when exposures are measured by midget impinger (in mpcf), see Section 4.3. During
the mining of asbestos, only a small fraction of the rock (generally no more than 10%) that is
mined istypically composed of the fibers of interest.

While the host rock in amine may be of similar chemical composition, it generally represents an
entirely different crystalline habit. Nevertheless, alarge fraction of the dust that is created
during mining is likely composed of fragments from the host rock and many of these fragments
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will be of a size that would be included in the particles counted by midget impinger.
Furthermore, at least some fraction of the fragments created by the crushing and cutting of the
host rock will be elongated “cleavage” fragments (Section 4.0) so that at least some fraction of
these may be included even in PCM counts, despite many of them being either too thick to be
respirable, or too short or thick to be biologically active (see Section 6.2). Note, athough
Sebastien et a. (1989) employed TEM to characterize fibersin the study, they apparently
employed afiber definition that was sufficiently broad that they too would have counted large
numbers of structures that may be too short or too thick to contribute to biological activity.

In comparison, the dusts created in atextile factory are likely composed almost exclusively of
true asbestos fibers. The raw material received by the factory will already have been milled and
beneficiated to remove the vast majority of non-fibrous material. It istherefore, much lesslikely
that extraneous fragments (even cleavage fragments) exist that might be counted either by
midget impinger or PCM. We make this point because, if this represents the true situation, it
would be expected that risk per unit exposure estimates (i.e., exposure-response factors) derived
from any mining site, may be smaller than estimates derived for the same fiber type in
occupational environments where only finished fiber isused. Thus, another interpretation of the
variation observed among estimated K, values for amphiboles (reported in Section 7.2.2) is that
mining values are somewhat low. Aslater described (Section 7.3.2), the same may be true for
amphibole K,, values. The implications of this possibility are discussed further in each
respective section.

Note, although the Sebastien et a. (1989) paper suggests that (mpcf) exposure estimates from
Thetford and South Carolina grossly suggest the relative range of lung burdens observed, thereis
too much scatter in the data to determine how closely the air ratios track the lung burden ratios.
For example, ratios derived from arithmetic means (rather than the geometric means) for the
Sebastien et al. data are substantially different. Moreover, as indicated above, there may be
substantially different size distributions in the two environments, which might at least in part be
explained by the inclusion of large numbers of cleavage fragments (with dimensions
inappropriate for biological activity) in the mining environment.

Although the third of the above-listed hypotheses was not addressed by Sebastien and
coworkers, the question of whether a co-carcinogen contributes to the overall observed lung
cancer rate among textile workers has been considered by several other researchers. To test the
hypothesis of whether oils potentially contributed to disease in South Carolina, Dement and
Brown (1994) performed a nested case-control study among a subset of the cohort members
previously studied by Dement et al. (most recent update, 1994). In thisanalysis, Dement and
Brown qualitatively assessed the probability of mineral oil exposure for cases and controls based
on knowledge of historic descriptions of mineral oil use. The extent of such exposure was then
further categorized into three strata: none or little, moderate, or heavy, based on where each
worker was longest employed. Cases and controls were then further categorized based on years
at risk and level of asbestos exposure. Results from this nested analysis indicated no significant
change in the estimated exposure-response slope for asbestos after adjusting for minera oil
exposure.

Additional, albeit qualitative, evidence that oils may not represent an adequate explanation for
the relative lung cancer risks observed in mining and textilesis provided by McDonald (1998b).
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McDonald suggests that oils were not used in the Roachdale plant until 1974. Therefore, due to
latency, it isunlikely that the use of such oils would have had a substantial impact on the
observed lung cancer cases at the point in time that the study was conducted (Peto 1980a,b; Peto
et al. 1985).

Taken as awhole, the evidence presented in this section suggests that the relative distribution of
fiber sizes found in dusts in the textile industry and the mining industry, respectively, may be the
leading hypothesis for explaining the observed differencesin lung cancer risk per unit of
exposure between these two industries.
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APPENDIX E:
CALCULATION OF LIFETIME RISKSOF DYING OF
LUNG CANCER OR MESOTHELIOMA FROM
ASBESTOS EXPOSURE

This appendix describes how additional lifetime risk of lung cancer and mesothelioma are
calculated from the estimated K , the potency for lung cancer, and K,,, the potency for
mesothelioma. Let S(t | X) be the probability of surviving to aget, given survival to age x <t,
under some pattern E of asbestos exposure, let M(t) be the mortality rate at age t for agiven
cause (i.e., lung cancer or mesothelioma) under exposure pattern E. For a small age increment,
At, the probability of dying of the given cause between age t and t+At, given survival to aget, is
Me(t)* At. The corresponding probability of dying given survival to age X, is the probability, Sc(t
| x,), of surviving to aget given survival to age x;, times the probability of dying from the given
cause given survival to aget, or

SE(t | Xl)* M E(t)*At (Eq. E-1)

The probability of dying of the given cause between ages x, and x, given survival to age x, is
therefore given by the integral
(Eq. E-2)

X2

Po(x, %) = [ Sclt 1) * Me (1) ot

and the additional probability
of dying from the given cause as aresult of exposure pattern E is

PE(Xl’ Xz)_ Po(Xy Xz) (Eg. E-3)

where the subscript 0 indicates no asbestos exposure.

The lung cancer and mesothelioma modelsin Sections A.1 and A.2 model the mortality rate,
Meg(t). It isshown below how expressions (Eq. E-2 and E-3) are implemented to convert
estimates of mortality rate obtained from the lung cancer and mesothelioma models into
estimates of additional risk defined by equation (Eqg. E-3).

Let by, i=1to n, represent the mortality rate from all causes for personsin the age interval (t-1,
t), whereti-1 <ti and t,=0, and let g be the corresponding mortality rate for lung cancer.
Typically, mortality rates are reported for 5-year age-intervals as the number of deathsin a given
calendar year per 100,000 persons alive at the beginning of the year, in which case A=5and b, is
the reported value for all-cause mortality divided by 100,000. Let A, be the width of the interval
(termed the “i™ observational interval”) formed by the intersection of the age-interval (t-1, t.) and
the interval (x,, X,) representing the age-interval over which we wish to calculate the probability
of dying of lung cancer. For an unexposed person, the probability of dying of lung cancer in the
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i™ observational interval, given survival to the beginning of theinterval, is calculated as a* A,
(risk per person-year times years of observation), and the probability of surviving this age
interval, given survival to the beginning of the interval, is calculated as S=1-b*A,. The
probability of surviving to the beginning of the i interval given survival to age x; is calculated
recursively as

» (Eq. E-4)

SJ

j=0
where, by definition, S;=1. The probability Py(x,, X,) of dying of lung cancer between x, and x,,
given survival to x,, is the sum over each observational interval of the probability of surviving to
the beginning of the age-interval times the probability of dying of lung cancer in the interval
given survival to the beginning of the interval, or

(Eq. E-5)

R(x%)= ﬁﬁ}*a*@

i=1\_j=0
This expression represents a discrete approximation to the integral (Eq. E-2).

We now indicate how this expression is modified to account for exposure. First suppose the
exposure pattern E is a step function defined by constant exposure to f (in units of the optimal
exposure index) between ages e, and e,, with no exposure at other ages. According to the lung
cancer model (Eq. A-1), in the presence of exposure the mortality rate ai for the i™ observational
interval isincreased to ai* (1+KL*d,), where di is the cumulative exposure lagged 10 years for
thisinterval. Inthe implementation of thisalgorithm, d, is calculated as

0, if m<eg+10
d =1 f*(m-g-10), if g+10<m <e,+10
fxe-g, if e, +10<m

(Eg. E-6)

where m; is the midpoint of the i™ observational interval.

Thus, to account for exposure, a in expression (Eg. E-5) isreplaced by a*(1+K *d). The
survival probabilities, S, in (Eq. E-5) must be modified to account for the affect of exposure
upon both mesothelioma and lung cancer. Applying the mesothelioma model (Eg. A-3), the
mesothelioma mortality rate in the i™ observational interval isK,,*Q, where K,, isthe
mesothelioma potency factor, and

0, if m<eg+10
3 ) (Eq. E-7)
Q =1 f *(m —¢g -10)’, if +10<m <e +10
f+{(m —el—10)3—(m—e2—10)3], if e, +10<m
Thus, to
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account for the dose-related effects of both lung cancer and mesothelioma upon survival,
S=1-b*Aiisreplaced by

S(E)=l—(h —q >X<KL >X<di _KM *Q)*Ai

(Eq. E-8)

Similarly, the probability of dying of mesothelioma from exposure pattern E between the ages of
X, and X,, given survival to x,, is calculated as

n i-1

Ky * *ZHSJ'(E)*Q *A (Eq. E-9)

i=1 =0

The oldest (n") age-interval is unbounded above. In the implementation of the algorithm, a
width of 1/bn isassigned to thisinterval, which is an estimate of the average survival timein this
age-interval. When, asistypical, the oldest interval isfor ages >85 years, this assignment only
affects the calculation when the followup period extends past 85 years (x,>85), and then only
minimally.

When used to estimate risk from continuous exposure (24 hours/day, 7 days/week), K, and K,,
were adjusted upward by multiplying by 365/240 (to adjust from an assumed occupational
exposure of 240 days/year to 365 days/year) and by 2.0 (to adjust from an assumed exposure
during work hours to 24 hours/day, assuming that the amount of air breathed during 24 hoursis
roughly double the amount breathed during a single work shift.

This algorithm is expanded to handle dose patterns composed of any linear combination of step
functions smply by replacing d, and Q, by the sum of the corresponding terms resulting from
each step function that composes the linear combination. Since any exposure pattern of interest
can be approximated to any degree or accuracy by alinear combination of step functions, the
algorithm can consequently estimate risk from any exposure pattern of interest.

Age-specific mortality rates for both lung cancer (g) and all-causes (b)) are needed to calculate
asbestos-related risk using the above approach. In order to account for differencesin asbestos-
related risk between males and femal es and—particularly for lung cancer—between smokers and
non-smokers, it is necessary to apply sex- and smoking-specific mortality rates. Lung cancer
and all-cause mortality rates for U.S. males and females for the year 2000 (CDC 2003) are
provided in Table E-1. Also provided in this table are corresponding rates for never-smokers
and current smokers, which were calculated from the U.S. 2000 rates, data on the effect of
smoking obtained from the Cancer Prevention Study Il (CPS-11) of the American Cancer Society
(Thun et al. 1997a), and information on the prevalence of smoking obtained from the National
Health Interview Survey (NHIS) (Trosclair et al. 2002). The following paragraphs describe how
these smoking-specific rates were calculated.
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Table E-1. Mortality Ratesfor All Causesand Lung Cancer per 100,000 Population per Y ear

All Causes Lung Cancer
Non- Non-

Age U.S.2000 smokers  Smokers U.S. 2000 smokers  Smokers
Males

1 799.9 799.9 799.9 0 0 0
5 36.5 36.5 36.5 0 0 0
130 18.3 18.3 18.3 0 0 0
288 25.0 250 250 0 0 0
15-20 94.9 94.9 94.9 0 0 0
20-25 142.0 93.8 281.4 0 0 0
25-30 141.9 93.7 281.2 0.3 0.1 09
30-35 157.3 103.9 311.7 0.8 0.2 2.5
35-40 209.8 138.4 416.3 3.3 0.9 10.4
40-45 303.3 1925 623.7 10.4 2.7 32.6
45-50 461.7 314.9 886.0 26.0 5.8 84.4
50-55 658.3 430.1 1318.1 54.6 8.1 189.1
55-60 1007.5 6714 1979.1 118 15.7 413.8
60-65 1565.5 1087.1 2948.5 206.2 23.6 734.2
65-70 2399.3 1690.8 4447.7 3275 42.6 1151.3
70-75 3705.4 2661.6 6723.1 444.0 59.7 1555
75-80 5591.2 4334.9 9223.2 507.3 80.9 1740
80-85 8956.9 7257.3 13870.5 549.6 128.4 1767.3
85+ 16605.4 15651.1 19364.3 499.0 144.1 1525.2
Females

1 654.3 654.3 654.3 0 0 0
5 29.1 29.1 29.1 0 0 0
130 14.5 14.5 14.5 0 0 0
288 16.6 16.6 16.6 0 0 0
15-20 40.0 40.0 40.0 0 0 0
20-25 48.2 48.2 48.2 0 0 0
25-30 56.5 56.5 56.5 0 0 0
30-35 76.0 76.0 76.0 0.9 0.3 3.2
35-40 115.1 112.7 124.2 2.6 0.8 9.3
40-45 172.2 171.7 174.2 8.1 2.6 29.0
45-50 254.0 207.6 428.5 16.6 3.2 67.2
50-55 386.3 324.1 620.3 35.1 11.2 125.0
55-60 611.8 486.0 1085.1 70.9 16.5 2754
60-65 982.0 7745 1762.6 122.3 321 461.5
65-70 1527.5 1199.7 2760.7 181.6 41.4 709.2
70-75 2381.8 1943.6 4030.4 238.7 81.6 829.6
75-80 3812.6 3230.0 6004.2 268.6 79.6 979.6
80-85 6444.8 57534 9045.8 272.8 118.0 855.3
85+ 14768.6 13829.2 18302.3 2135 84.7 698.2

CPS-II (Thun et al. 1997a) prospectively followed more than one million personsin the U.S.
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beginning in 1982. Subjects were recruited by volunteers and were >30 years of age at the time
of enrollment. Smoking status was determined by a questionnaire administered at the time of
enrollment. Never smokers were defined as persons who had never smoked any tobacco
product, and current smokers as persons who were cigarette smokers at the time of enrollment.
Although follow-up has now been extended, following a recommendation of Dr. Thun (Thun
2003), the present cal culations are based upon follow-up through 1988 (Thun et a. 1997a).
There are two reasons for this: (1) follow-up past 1988 mostly involves older ages for which
sufficient numbers of deaths had already occurred prior to 1988 to insure adequate statistical
stability of mortality rates; and (2) more importantly, since smoking histories were not updated,
with longer follow-up thereis greater misclassification of persons who were classified as current
smokers at time of enrollment, but who may have quit smoking during the follow-up.

Based on follow-up of the CPS-I1 cohort through 1988, Thun et al. (1997a) present age-specific
mortality rates for a number of causes of death, including lung cancer and all-cause mortality, by
5-year age-intervals beginning at age 30. Separate tabulations are provided for never smokers
and for current smokersin both males and females (reproduced in Table E-2). These rates are
not necessarily representative of the general U.S. population. For example, amember of the
CPS-11 cohort is more likely to be college-educated, married, middle-class, and white (Thun et
al. 1997b). Note also, that, despite the fact that smoking is awell-documented health risk,
female smokersin CPS-11 (Table E-2) had lower all-cause mortality than U.S. women in general
(Table E-1). Consequently, rather than applying the CPS-11 rates directly to the U.S. population,
they are used only to estimate age- and sex-specific relative risks resulting from smoking. These
relative risks are used in conjunction with estimates of the current fraction of smokersto
partition the U.S. 2000 mortality rates between non-smokers and smokers. For agiven age, sex
and mortality cause (lung cancer or all-cause mortality), we write

(Eq. E-10)

r2000 rNS * (1_ pSI\/I )+ rNS * RI%\/I * pSI\/I :
wherer,p isthe U.S.

2000 mortality rate for the age, sex and cause category, pgy, IS the proportion of smokersin the
U.S. population, and RR,, isthe relative risk for smoking obtained from the CPS-I1 data
(mortality rate in current smokers divided by mortality rate in non-smokers). The U.S. mortality
rate for non-smokers, rys, is estimated by solving this equation. The corresponding U.S. rate for
smokersis then estimated as the product of the rate in non-smokers and the relative risk for
smoking, rys* RRgy-
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TableE-2. CPS-11 Mortality Ratesfor All Causesand Lung Cancer
per 100,000 Population per Year?®

All Causes Lung Cancer®

Age Non-smokers  Smokers Non-smokers(adj) Smokers(ad))
Males

25-30 — — (0.02) (0.3)
30-35 — — (0.2 (2.2)
35-40 729 219.3 4.6(0.6) 5.9(7.4)
40-45 93.7 303.6 0.0(1.5) 18.7(17.5)
45-50 151.8 427.1 6.0(2.8) 414
50-55 221.4 678.5 5.5(4.9) 115.3
55-60 367.7 1083.8 5.3(7.8) 206.1
60-65 672.6 1824.2 11.6 361.1
65-70 1096.7 2884.9 215 581.6
70-75 1846.6 4664.5 34.9 909
75-80 3441.2 7321.7 52 1118.3
80-85 5466.5 10447.8 89.2 1227.7
85+ 11141.6 13784.9 86.8 919
Females

30-35 — — (0.03) (0.4)
35-40 80.6 88.8 2.0(0.2) 4.0(2.8)
40-45 109.3 110.9 0.0(0.8) 8.9(9.5)
45-50 1224 252.6 1.9(2.0) 424
50-55 182.1 348.5 5.8 64.7
55-60 268.2 598.8 7.2 119.9
60-65 411.4 936.3 12.3 176.6
65-70 666.5 1533.7 16.7 286.3
70-75 1073.9 2227 30.5 310
75-80 1838.7 3417.9 325 400
80-85 3154.2 4959.2 57.6 417.6
85+ 8069.2 10679.2 60.6 499.6

*Thun et a. (19973).
PAdjusted rates (in parentheses) were used to calculate the rates in Table E-1.
See text for adjustment method.
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To implement this approach an estimate is needed for pg,, the proportion of smokersin the U.S.
population. Based on the NHIS administered in 2000 to a nationally representative sample of the
U.S. non-ingtitutionalized population over 18 years of age, the proportion of current smokers was
0.257 among men and 0.210 among women. Smoking prevalence was fairly age-independent,
except among persons greater than 65 years of age. Among men the proportions of current
smokers was 0.285, 0.297, 0.264, and 0.102 among men aged 18-24, 25-44, 45-64 and >65,
respectively. The corresponding proportions for women were 0.251, 0.245, 0.216, and 0.093
(Trosclair et al. 2002). The oldest category likely includes a sizable percentage of former
smokers whose mortality rates are influenced by their former smoking habits. Because of this
and related problems, it was decided not to age-adjust smoking rates, but simply to apply the
overall rates from the NHIS survey. Consequently, the proportion of smokers was assume to be
Psw=0.257 in men and pg,=0.210 in women.

Smoking-specific mortality rates were not available from CPS-I1 below the age of 35.
Additionally, in both males and females the CPS-11 lung cancer rates in the lowest age categories
were based on fewer than 10 deaths, and consequently quite uncertain. In these age categories,
the lung cancer rates were adjusted using a cubic function of (age less the oldest age at which the
2000 U.S. rate was zero), keeping the total expected number of lung cancer deathsin these
categories equal to the observed number. The resulting adjusted rates are shown in parentheses
in Table E-2. Equation E-10 was applied to these adjusted rates.

Turning now to all-cause mortality, for males between the ages of 35 and 60, the CPS-I1 al-
cause mortality rates in smokers were approximately three times the rates in non-smokers
(RR=3). Consequently, to estimate smoking-specific rates below the age of 35, equation E-10
was applied using RR=3 between the ages of 20 and 35 and RR=1 for earlier ages. For women,
since the all-cause mortality rates in smokers and non-smokers differed by less than 10%
between the ages of 35 and 45, the rates in smokers and non-smokers were assumed to be equal
below the age of 35. The resulting smoking-specific rates are shown in Table E-1. The
difference in estimated rates between smokers and non-smokers is not necessarily solely due to
smoking; other differencesin lifestyle between smoker and non-smokers likely contributed,
particularly among males.
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