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Transmission electron microscopy (TEM) is the preferred method of measuring airborne asbestos
in buildings, but TEM measurements cannot be used directly in the existing equations ralating risk
lo exposure because the equations are based on measurements made with a different technique —
phase contrast microscopy (PCM). Comparison between measurements made by differsnt methods
is not simple because the methods differ in the size of particles they can detect, and the relationship
between exposure and disease is thoughi to depend on, among other things, asbestos fiber size.
Previous suggestions for converting TEM measurements to PCM equivalents lack generality be-
cause they fail to take into account the size distribution of the asbestos particles and the expectation
that fiber-size distributions in current nonoccupational environments could differ from the work-
places of the past on which the risk equations are based. A mathematical model js presenied for
investigating the conversion of airborne ssbestos measurements made by one method lo an equiv-
alent measurement made by another msthod. ““Equivalent® means having the same potential to
cause disease, The model clarifies the issues of concern and suggests approaches for oblaining
meaningful conversion factors that will allow TEM measurements to be used in PCM-based risk
equations. :

KEY WORDS: Asbestos; risk isterpretation; transmission electron microscopy; phase contrast microsoupys
fiber size distribution; relative potency.
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1, INTRODUCTION and extrapolated to estimate risk at low exposure levels.
Although the models used for asbestos share many of
the limitations common to high- to low-dose extrapola-
tion, it is not our intention fo review these limitations or
suggest alternatives. Instead, we address an important
measurement problem that affects the use of the risk
madels for asbestos—namely, the comparability of air-
borne asbestos measurements made by different mea-
surement techniques. This question has become
increasingly important as regulatory authorities, courts,
investors, building owners, and building occupanis grap-
ple with widespread concern over exposure to asbestos.

An association between exposure to .airborne as-
bestos and cancer has been well established.*3) In com-
mon with most toxic substances, however, the quantitative
relationship between the level of asbestos exposure and
the risk of disease, especially at the low levels associated
with nonoccupational exposure, is less clear. Models re-
lating asbestos exposure to risk have been fitted to data
from epidemiologic studies of occupational exposures
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bestos particles. A simple determination of concentration
of asbestos particles per valume of air provides only an
index of exposure that may be applicable within a re-
stricted set of circumstances, but does not fully charac-
terize the exposure and does not allow comparison between
different situations.

Qccupational exposures used to derive equations re-
lating risk of disease to exposure are expressed in terms
of the conceniration in air of fibers measured by phase
contrast microscopy (PCM). For the purposes of PCM
analysis, a fiber is defined as a particle with rovghly
parallel sides and a length-to-width ratic of 3 or greater.
PCM counis only fibers longer than 5 pim and thicker
than ~ 0.25 pum. Asbestos fibers in this size class will
be referred to as “‘optical’” fibers. PCM is not specific
for asbestos. Therefore the exposure measurement may
include other types of fiber, such as cellulose or glass
fiber, in addition to asbestos.

Few historical measurements were actually made
with PCM since the method was not readily available
prior 0 1963.00 Total dust measurements were made
with impingers and concentrations were expressed in
millions of particies per cubic foot of atr. Thus the sk
equations already incorporate a conversion from total
dust measurements to concentration of optical fibers. To
simplify the discussion, this conversion will be ignored.
However, many of the points made with respect to con-
verting present-day measurements (o measurements
comparable with historical measurements cxpressed in
optical fibers also apply to converting dust measure-
ments to optcal fibers.

Fibers longer than 5 um were chosen for the con-
venience of optical microscopic evaluation, not because
there is necessanily any sharp distinction between the risk
associated with fibers longer or shorter than this length ()
Fibers longer than 5 pm usually make up a smail fraction
of the total fibers present. Provided the relative abun-
dances of ecach size class remain constant, the optical
fiber count provides an appropriate index of asbestos
exposure, since increases in the absolute abundance of
any size class are reflected in the absolute abundance of
optical fibers. When size distributions vary from situa-
tion to situation, the index s distorted and does not nec-
essarily provide a reliable indication of the relative risk
of disease.

Although PCM has proven useful in the occupa-
tional environment, it is less satisfactory in settings where
a large proportion of fibers may be nonasbestos, and
where most of asbestos structures may be smaller than
the size range detectable by PCM. In these situations,
transmission electron micrascopy (TEM) is the preferred
measurement method. TEM can detect the smallest as-
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bestos fibrils and can distinguish asbestos from nonzs.
bestos structures.

1.2, Objective

TEM 1s the preferred method of measuring airborne
asbestos in buildings, but TEM measurements cannot be
used directly in the equations relating risk to exposure
because the equations are based on PCM. Various sug-
gestions for converting TEM measurements to PCM
equivalents have been made. Most lack generality be-
cause they fail to take into account the size distribution
of the asbestos particles and the expectation that fiber-
size distributions in current nonoccupational environ-
ments could differ from the workplaces of the past on
which the unit risk factors are based. A difference in
fiber-size distributions’between these settings potentially
provides a bias in estimating exposures, particularly if
the likelihood of discase varies with fiber size and the
measurement methods of the past have not been able to
detect all of the relevant fiber sizes.

In this paper we present a mathematical model for
investigating the conversion of airborne ashestos measure-
ments made by one method to an equivalent measurement
made by another method. “"Equivalent” means having the
same potential to cause discase. The model clarifies the
issucs of concern and suggests approzches for obtaining
meaningful conversion factors that will allow TEM mea-
surements to be used in PCM-based risk equations.

2. MODEL FOR DERIVING CONVERSION
FACTORS

2.1. Description

We express the problem generally by considering
the conversion of an airborne asbestos measurement made
in environment 2 with measurement method 2 (e.g., a
building environment measured by TEM) to a value
equivalent to a measurement made in environment 1 with
measurement method 1 (e.g., occupational environment
measured with PCM). From our model we will derive a
conversion factor, ¢, that allows measurements to be
placed on a common exposure scale. Once rpeasurc-
ments have been placed on & common scale, their rela-
tive magnitudes are meaningfui (i.e., a measurement that
is, say, three times larger thao another measurement rep-
resents three times the exposure and, for & linear dose-
response curve, three tfimes the risk).

The model has three ingredients:
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1. The distribution of structure sizes in each envi-
ronment {f} and £5).

. The relative potency of each structure size (1)

3. The ability of each measurement method to de-

tect each structure size {d; and d,).

[3%3

We will regard f, r, and 4 as functions of structure size
{(length and width). However, they may be defined as
functions of any quantity of interest. They do not need
to be continuous functions, In fact, even when consid-
ering essentially continuous quantities, such as length
and width, information will often be based on discrete
size categories. Within this context, there is no difficulty
in adding additional categories to the model (o cater fo
nonasbestos structures or complex ashestos structures,
such as bundles, clusters, or matrices.

The function fis a probability density function. That
is, the proportion of structures less than or equal o x in
ength and less than or equal to y in width is given by

Lﬁf(x,y) dx dy

0

Relative potency, 7, refers to the ability of a structure lo
cause disease and represents the cumulative effect of
many individual factors (inhalation, clearance from the
lung, etc.). The maximum value of r is set arbitrarily at
1, so that for any structure of [ongth x and width y, rix.y)
represents the potency of that structure relative to the
structure size with maximum potency. For example, rixy)
= (.1 indicates that the potential for a structure of this
size 10 cause disease is one tenth that of the most potent
size class. Since relative potency of a given structare
size may depend on the disease being considered,® there
may be a different relative potency function for each
disease. Similarly, different types of asbestos (chryso-
tile, amphiboles, etc.) could be treated separately if nec-
essary.

For a given measurement method, d{x,y) represents
the probability that a structure ip this size class will be
detected when it Is present in the air. Like », 4 represents
the cumulative effect of several individual factors. These
may include sampiing (e.g., sample collection tech-
niques that deliberately exclude certain structures), method
performance {ability of method to detect certain struc-
tures), and analytical protocol (counting rules that ex-
clude certain structures).

We assume that the total effect of any particular
exposure is given by the sum of the effects of each of
its component structures {i.e., the sum of the abundance
of each structure size weighted by its relative potency).
This assumption {which is implicit in most, if not all,
work to date) implies that there is no interaction between
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the effects of individual structures. Under these condi-
lions, the conversion factor, ¢, is given by

¢ = ([r afy i Jr daf) (Jdi afy ¢ sz dfy)

(see Appendix A) where 7, 4, and f; arz all functions of
structure Jength and width. Measurements made in en-
vironment 2 with method 2 are converted to the same
scale as those made in environment ! with method 1 by
multiplying by ¢.

When there 1s a finite number, k., of discrete cate-
gories, the integrals can be written as sums. For example
Jr df, could be written as £ rf,, fori = 1 to &, where
r; is the relative potency of structures in category i and
for s the refative frequency of structures in category { in
environment 2. We will use the integral notation because
it is more general and easier to write. Most calculatioas,
however, will be simple weighted sums.

The conversion factor, ¢, is the product of two
quantities. The first depends on the structure-size distri-
butions in the two environments, f; and f,, and refative
potercy, 7. This quantity does not depend on either mea-
surement process. The second guantity depends on the
structure-size distributions in the two environments and
the sensitivity of the two measurement processes, d. and
d,. This quantity does not depend on relative potency.

2.2. Implications

Several important observations can be made,

1. The conversion factor, ¢, always depends on the
fiber-size distributions f, and f;, even when f, = f,.
Therefore, ¢ is expected to vary from situation to situ-
ation. There is no single conversion factor that can be
appiied universally.

2. If the two environments under consideration have
the same structure-size distribution (f; = f.), then ¢ de-
pends only on f and d. Information on relative potency
is not needed to calculate the conversion factor when
measurements are made in similar environments,

3. Setting ¢ = (fd, df, / [d, dfy), will be conserv-
ative in the sense of overestimmating ¢ and hence the
estimate of exposure, provided fr df, < [rdf,. This will
be true when the more potent structure sizes are more
commos in environment 1 (e.g., where the epidemio-
logic studies were conducted) relative 1o environment 2
{where current, nonoccupational exposures are taking
place).

Using a value of ¢ that is larger than its true value
is conservative in the sense that it will inflate measure-
ments of exposure and hence risk. We will use the
expression “‘overestimate of exposure’’ as a convenient
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way of expressing this relationship. It shouid be recog-
nized, however, that there are many sources of uncer-
tainty contributing to an exposure estimate and making
& conservative assumption i one part of the process does
not imply that the final estimate will necessarily be an
overestimate.

The amount by which ¢ is overestimated will de-
pend on the value of (J7 df, / J# df,) and, therefore, can
vary from environment to environment. If relative po-
tency does not depend on fiber size {ie., r{x vy} is con-
stant], then ¢ equals (Jd, df, / fd, df,) and no
oversstimation is involved.

4. If we assurne that method 2 detects all structures
{or essentially all) and that fr df, < [ rdf, as in 3 above,
an overestimate of ¢ is given by [d, df;, the proportion
of structures detected by method 1 in environment 1.
This implies that the proportion of PCM-detectabie
structures preseat in the historical occupational environ-
ment, rather than the present environment, is the critical
quantity for placing an upperbound on the conversion of
TEM measurements 10 the same scale as the PCM-based
risk equations. Of course. the structure-size distributions
in both envivonments are needed to estimate ¢.

5. If the same measurement technigue is used in
poth eavironments (i.e., dy = d,), ¢ = (Jr df, / [ rdfy)
which i not necessarily equal to 1. Merely using the
same measurernent technique in two different environ-
ments does not npecessarily provide comparable mea-
surements of exposure. For example, &« PCM measurement
in environment 1, which is twice a2 PCM measurement
in environment 2, does not necessarily imply that ex-
posure in environment 1 is twice that in enviropment 2.
Environment 2 may have a larger proportion of struc-
tures with high relative potency.

6. The effect on ¢, and hence estimates of visk, of
ignoring a particular size class {g.g.. deciding to ignare
asbestos structures shorter than a particular length) is
determined by the refative potency of that size class
weighted by its relative abundance in bou: environments
{Appendix B). The made! can be used to design more
efficient measurement protocols by identifying size classes
that can be ignored and size classes that should receive
particular emphasis.

3. DATA SOURCES AND LIMITATIONS

The conversion factor, ¢, can be calculated pre-
cisely when f7, and 4 are known. Although complete
information will rarely be available, our model provides
a basis for making approximations, determining whether
¢ will be under- or overestimated by a particular ap-
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proach, and jdentifying information needed to improve
the estimate. Bven when information is available, ¢ wil]
be calculated using estimates rather than actual values
of f, 7. and 4. The sensitivity of ¢ to the uncertainty
associated with the estimates is a topic for future re-
search. This section provides a brief overview of our
current knowledge of size distributions (f}, relative po-
tency (r), and method performance (d).

3.1. Size Distributions

Since our focus is on the conversion of present-day
measurements made with TEM, we will assume that the
size distribution of the current exposure {f,) is well char-
acterized, and that the important unknown is the size
distribution associated with past exposures on which the
risk equations are based (f;). This assumption conve-
niently ignores factors such as the effect of different
TEM preparation methods on size distributions,® which
can be handled by the model but are beyond the scape
of this paper. The remainder of this section concentrates
on size distributions associated with past exposures.

Fiber-size distributions are essentially unknown for
the cohorts of workers that have been the subjects of
epidemiologic studies. The lack of data is not surprising
because many of the workers experienced their expo-
sures to ashestos as long ago as the 1930s or 1940s,
when monitoring programs were rare and the imporiance
of fiber-distribution analyses was not perceived. For some
cohorts it has been possible to construct dose-response
relationships through estimates of fiber-exposute levels
taken from the available monitoring data or by using
contemporary monitoring data as an ndex of exposures
that occurred in the past.

Using scanning electron microscopy (SEM) or TEM,
several investigators have analyzed the size distributions
of fibers taken from asbestos operations.!'? In some
instances, the fibers have heen characterized using TEM,
and proportional distributions by diameter and length
have been ascertained. The principal limitation of these
data is not knowing the extent 1o which the data are
representative of the distributions to which workers were
exposed long ago. There is good reason 10 believe that
the distributions have changed over time jus! as exposure
levels have undoubtedly been affectad by new equipment
and exposure-control devices. It is known that dust-con-
tro! strategies have been imposed in many production
operationst™'? and that ventilation systems, as one
strategy, can change particle~size distributions, because
particle collectors are generally more efficient at captui-
ing the larger particles.®® The extent to which recently

e
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collected fiber samples are influenced by ventilation sys-
tems is unknown, but it is reasonable to assume that the
fiber-size distributions in samples taken from operations
in the 1970s may not necessarily be representative of the
exposures encountered by workers decades earlier, when
dust-reduction strategies were different or novexistent.

Since PCM does not distinguish asbestos from other
fibers within the optical size range, the PCM measure-
ment may also include nonasbestos fibers. Therefore, a
complete characterizaiion of the occupational exposures
requires knowing the contribution from nonasbestos fi-
bers. Investigation of size distributions has concentrated
on asbestos fibers, and information on the proportion of
nonasbestos optical fibers in each exposure setting is not
available. It is reasonable to assume that, in many of the
occupational settings, the majority of fibers were asbes-
tos, but this is by no means certain. Complex asbestos
structures (bundles, clusters, and matrices) have also
tended to be ignored by researchers.

Another limitation of the available fiber-size distri-
bution data is the Himited number of samples that have
been taken in the industry. The cohorts that have been
studied consisted of workers employed in numerous op-
erations and activities, whereas oaly a few operations
have been considered in the recent studies of fiber dis-
tributions. Some of the samples have come from oper-
ations which have been the subject of an epidemiologic
study. For example, Dement and Harris™ took chiryso-
tile samples from textile, friction, and cement pipe op-
erations and amosite from a pipe-finishing plant. Sorme
of the textile samples came from the same textile plant
examined in a cohort investigation by Dement ef al. (19

In Table 1 we atternpt to match the epidemiologic
studies listed in Table 3-31 of the 1986 EPA Airborne
Asbestos Health Assessment Update™ with data on as-
bestos fiber-size distributions, These studies were used
to assess dose-response relationships for {ung cancer. In
some instances, the matching is not as ideal as one would
prefer, particularly where more than one type of asbestos
may have been involved. The fiber-size distributions se-
lected correspond to the asbestos type thought to be pre-
dominant in a given exposure. Three size calegories are
used in Table I to summarize each distribution. The sum-
mary is for convenient display only. Where applicable,
subsequent calculations were based on the complete size
distribution provided. When size categories reported in
the literature did not correspond to those used here, es-
timates were cbtained by linear interpolation.

Given the uncertainties in the appropriateness of
these data for exposures occurring in the past, the selec-
tion of one data set over another to link to epidemiologic
studies is somewhat arbitrary. For example, the cohort

JAN-2E-2086 18120

FROM:

Fax  TO: 17572493242 PAGE: 008 CF 01z

441

studies by McDonald er 2f.0% consisted of workers pri-
marily involved In the production of textiles, and there-
fore the size distribution data for textile processes might
be considered appropriate; however, friction products
were also produced at this plant and therefore the actual
exposwre may be a combination of the two distributions.
There is also uncertainty in the extént to which size-
distribution data collected In one country, such as the
data collected in U.S. by Dement and Harris™ for extile
and friction-product operations, would be applicable to
the piants studied in other countries, such as the United
Kingdorm or Italy.

3.2. Relative Potency

A number of researchers®™*&*™ have suggested that
long and thin fibers are more potent than short and thick
fibers, particularly with respect to Jung cancer, but there
have been few advances made in quantifying the risks
of various fiber-size categories. The evidence in favor
of differences in relative potency is for the most part
indirect and comes from at least four categories of sources.
These include animal studies in which exposures were
by the inhalation route!®2% or by implantation/inoca-
lation®8-2-22 fiber-deposition studies of autopsied lung
tissues from workers,®-3) comparative analyses of an-
imal and epidemiologic studies that attempt to reconcile
study findings according to fiber-dimension .character-
istics® 2 and other biological evidence.©”*” None of
these studies alone, however, provides a good data set
by which one can estimate relative potency for specific
size categories of fibers. For example, aithough consid-
erable attention has been given to the fiber-desposition
patterns found in lung tissues of workers, it has ot been
established that the fiber-size distributions found at death
are necessarily the same as those that initiated the discase
years earlier.

Several investigators have proposed fiber dimensions,
particularly for fiber Jength, which distinguish fiber sizes
of considerable carcinogenic potency from those with Little
or nc potency. The Stanton hypothesis, which is one of
the best known, suggests that the most potent fibers are
those with a length greater than 8 wm and a width of 0.25
i or less. 38 Another hypothesis by Bertrand and Pez-
erat® propose that the relative potency of fibess is a cop-
tinuous function of aspect ratio {length divided by width),
regardless of the fiber length or diameter. One of the tenets
of their hypothests, which was based on a reanalysis of
the work by Stanton er al ®Y is that short fibers may be
just as carcinogenic as long fibers if the aspect ratio s a
certain critical value. (Note that our model can readily cater

I
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Tuble L. Epidemiologic Studies Used in EPA's Asbestos Health Assessment Update'™ and Possible Asbesios Fiber-Size Distributions

Size distribution (proportion®)

Epidemiologic stugy Size distribution souvree Short® Long, thin Optical
Dement ef af B9 Demeant and Harris,™ C1-C3 0.79 0.09 .13
McDonald er ol 113 Dement and Harris,™ C1-C3 0.79 0.09 0.13
PeroBd Dement and Harris,™ C1-C3 079 0.09 0.13
McDaonald er ¢l @2 Dement and Harris,™ C1-C3 0.79 0.09 0.13
Berry and Newbouse(™? Dement and Herris,™ C4-C6 0.86 0.07 0.07
MeDonald et ol B9 Dernent snd Harris, ™ C4-C6 0.86 0.07 0.07
McDonald er af.®% (>ibbs and Hwang, U™ Teble 2 0.97 0.01 0.01
Nicholzon er ol % (ibbs and Hwang,®® Table 2 0.97 (.01 0.01
Rubino er al 0 Gibbs and Hwang, ™ Table 2 0.97 0.01 0.03
Seidman et gf, 053 Dement and Harris,™ C10-12 0.37 0.06 0.36

Seciikoff er al 9% Sze note
Henderson and Enteckinefi® See note
Weill et al “? Hughes and Weillt3» See noie
Finkelsteint* See note

“Proporiions may oot sum to 1 due lo rounding.

*Length = 3 pm.

“Length > 5 pm, dismeter < 0.25 pm.

dLength > 3 pm, diameter > 0.23 pm.

*Mixed exposures—size distribution difficult to characterize,

to this hypothesis since relative potency, r, can be any
function of leagth and width),

To the best of our knowledge only Pott™™ provides
guantitative estimates of relative potency. Pott’s hypoth-
esized estimates of relative potency are based or obser-
vations by several investigators. His model takes into
account fiber length and diameter. For example, Pott
suggests that the carcinogenic potency of a fiber is great-
est at a length of approximately 20 pm and that 8 pm
fibers are one haif as potent as 20um fibers. With regard
to fiber diameters, fibers that are approximately 0.1 pm
are the most potent, and fibers 0.5 um in diameter are
one haif as potent as the 0.1 pm fibers. No distinction
is made between fibers causing lung cancer and those
causing mesothelioma. Lippmann'® argues that the crit-
ical fiber dimensions for these two diseases may be dif-
ferent. To apply the model presented in this paper, we
assume oply that the relative potency of long fibers is
not less than the relative potency of short fibers. In many
cases this assumption is sufficient to obtain overesti-
mates of exposure. As additional information on relative
potency becomes available, it can be Incorporated in the
model to refine the estimate of the conversion factor ¢.

3.3. Performance of the Microscopy Method

The model allows for precise definition of the per-
formance of the micrescopy method used to enalyze the

sample. For the examples that follow we will assume
that TEM detects asbestos structures of every size with
probability equal to 1 {i.e., d, =1). Although Steel and
Small®® have shown that the probability of detecting
small structures is less than 1, and possible effects of
different preparation methods are ignored,® the as-
sumption is adequate for the purposes of ilfustration.

We assume that PCM detects all structures longer
than 5 um and with diameter greater than 0.25 and that
sguctures outside this range are not detected {i.e., d,{xy)
= 1forx > Sandy > 0.25, and {} elsewhere). This is
the typical operating range of PCM.C®

4. EXAMPLE

Table 11 lists fd, df; for the epidemiologic studies in
the EPA Health Update,® assuming the fiber-size distri-
butions suggested in Section 3.1. The valies in the table
are simply an estimate of the proportion of optical struc-
tures in the historical environment, We are ignoring any
contribution to the PCM measuremnent from nonasbestos
fibers. Appendix C shows that the effect on nonasbestos
fibers in the optical size range is to increase the value of
fd; 4f, by q/p, where g is the proportion of nonasbestos
fibers in the optical size range and p is the proportion of
asbestos fibers (p-+¢q=1). Providec g is less than 0.1, the
effect of nonasbestos fibers on the estimate of ¢ will be
small relative to other sources of uncertainty.
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Table IL. Values of fd, df, (Proportion of Optical Fibers) for Studies Listed in Table

Epidemiclogic

study?®

{ref.) Type of exposure & fd, df, 1000 K, {d, df,

58,39 Amosite insufation manufacture 0.04200 0.36 15.48
14 Textile production 0.02800 .13 3.64
13 Textile production 0.02500 0.13 3.25
32 Textile production 0.01400 0.13 1.82
31 Textife production 0.01100 0.13 1.43
33 Friction products 0.00038 0.07 0.04
36 Mining and milling 8.00170 0.01 o
37 Mining and milling 0.00081 0.01 0.01
34 Frietion products 0.000:0 .07 0.01
35 Mining and milling 0.00060 0.01 0.01

*Qrdered according to K, fd, df,, 2 measvre of relative patency of the cxposure with respect to lung cancer. See text for assumptions.
*Unit risks for hung cancer calcujated in EPA’s Asbestos Health Assessment Update (Ref. 1).

In addition to listing information needed to estimate
¢, Table II also provides insight into relative potency. The
conversion factor, ¢, can be expressad as ¢,¢,, where ¢,
= fd df /| [rdfyandc, = [rdfy/ [d, df,. c, is determined
by environment 1, whereas ¢, is determined by environ-
ment 2. Instead of multiplying the measurement made in
environment 2 by ¢ and inserting the result in the risk
equation, one may cquivalently multiply the parameter of
the risk equation, X, by ¢, and multiply the measurement
made in environment 2 by ¢,. If the effects of different
size distributions are the only differences among the epi-
demiclogic studies, then ¢,K should be constant across all
studies. That is, ¢ is an adjustment factor that corrects for
size distribution. Setting the constant arbitrarily equal t0 1
gives fr dfy = K [d; df,. The overall relative potency of
the fiber-size distribution associated with each study, fr
df,, is given by the parameter K of the risk equation mul-
tiplied by the proportion of structures detectable by PCM.
Thus K [d, df,, rather than K, should be used to rank
studies in terms of relative potency of their fiber-size dis-
tibutions. K is inappropriate for ranking because it de-
peads on both potency and the proportion of structures in
the PCM size range.

The entries in Table [ are ranked accarding to the
estimated value of K, [d, df,, where K, is the proportion-
ality constant for lung cancer reported in Table 3-31 of the
EPA Health Update (" Keeping in mind the uncertainties
discussed in Section 3, the rankings suggest that the highest
relative potency is associated with amasite insulation man-
ufacturing, followed by asbestos textile productior, and
mining and friction products. The rankings are not dissim-
far from those of K, but adjustment by ¢, indicates rel-
Ative magnitudes. The relative potencies associated with

mining are 3 to 4 orders of magnitude less than the
potency associated with amosite-insulation manufac-
turing. These differences in overall potency could re-
flect the effect of different fiber-size distributions as
well as the effect of fiber type or other faciors specific
to the exposure.

Consider a hypothetical, nonoccupational exposure
of 0.02 ashestos structures per cubic centimeter (sicm?)
measured by TEM in which 96% of the asbestos struc-
tures are shorter than 5 pwm, and of the remaining 4%,
half (2%) have diameters greater than 0.25 pm. The
current information on relative potency suggests that this
size distribution is unlikely to represent a greater relative
potency than the majority of occupational studies in Ta-
ble [ {i.e., [r df, < Jrdf,). Therefore taking ¢ = {[d,
df, | fd, df,) is expected to overestimate exposure. Since
the exposure was measured by TEM, we put [d, df; =1
and obtain ¢ = [d, df;.

To canvert the original TEM measurement of 0.02

sfem? for insertion in the EPA Health Update risk equa- -

tions, we need to multiply by [d, df,. The EFA Health
Update risk equation for lung cancer was derived ex-
cluding the mining and milling studies. Therefore, we
multinly 0.02 sfem® by .15, the average value of {d,
df, for the remaining studies in Table 11, 10 give 0.003
flem?®, an overestimate of exposure. Estimates of risk can
then be read from Table 6-3 of the Health Update. (Table
5-3 is based on U.S. general population death rates and
does not consider smoking habits. Details are given in
Ref. 1.) For a lifetime exposure beginning at birth, the
lifetime risk of death from lung cancer per 100,000 per-
sons is 16 for females and 51 for males.

We have used the EPA Health Update merely as an

\ _
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example. The approach can be apphied to other risk equa-
tions and to mesothelioma as well as lung cancer.

Recall that the extent to which ¢ is overestimated
depends on (J7 df, / fr dfy). While the overestimation
approach may be very valuable in obtaining a conserv-
ative estimate of risk, it does not provide a good basis
for comparing two different risk estimates because the
degree of overestimation will vary from environment to
environment. When comparisuns are desired, additional
information on r, beyond merely assuming [r df, < [r
df;, should be inserted in the modef.

3. CONCLUSIONS AND RECOMMENDATIONS

‘We have developed a flexible model that allows TEM
measurements to be used In risk equations based on oc-
cupationai exposures measured with PCM. The model pro-
vides a basis for proceeding when data are fimited as well
as a framework for incorporating new information as it
becomes available. Information, such as relative potency
of different size classes {including complex structures), dif-
ferences between ashestos types, or more precise descrip-
tons of method performance, can be incorporated in the
model and used to refine estimates of exposure. The mode]
may be used to answer guestions such as, ““Will it make
a difference if the potency of a particular size class is 5,
10, or 100 times another?” and to design measurement
methods by quantifying the effect of reducing the emphasis
on, or ignoring, certain size classes.

In the absence of quantitative information on rela-
tive potency, we recommend checking the TEM fiber-
size distribution to determine that it qualitatively rep-
resents a lowsr potency than that associated with the
occupational exposures used to derive the risk equation.
When this is trus, multiplying the TEM measurement by
the proportion of optical structures in the occupational
cnvironment will provide an overestimate of exposuie.

APPENDIX A

Medel for Converting Asbestos Exposure
Measurements Between Environments and
Aunalytical Protocols

Notation

Lets = the number of structures per unit volume
of air;
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fix.y} = the frequency distribution of structure size,
such that the proportion of structures
shorter than x and narrower than y is
&1 oftxy) dx dy; (Note that although x
and y are used here to represent structure
length and width, respectively, the ar-
gument below applies to any exhaustive
and mutually exclusive classification
system. For exarple, 2 nonasbestos cat-
egory can be added when considering
PCM.)

r{x,y} = the relative potency of structures of size
X, »; and

dix,y) = the probability of the measurement process
detecting a structure of sizex,y given that
the structure is present.

Then m, the number of structures detected by the mea-
surement process is given by

m = s{[flcy)dixy} dx dy

and a, the effective exposwre in terms of potential for
developing disease, is given by

a = sf{fteyjrixy} dx dy

The expression for 2 assumes that the total effect of any
particular exposure is given by the sum of the effects of
each of its component structures (i.e., there is no inter-
action between structures).

Derivation of Conversion Factor

Consider two environments, sy, f1{x)) and 55, fHfxy),
and two measurement processes, 4, and d,. Suppose
measuremnent process 2 measures m, in environment 2.
The objective is to find m, for measurement process 1
in environment 1, such that m, represents the same ef-
fective cxposure, in terms of potential for developing
disease, as m,.

Since s, = my/f [f5x.v)d,(x,y) dx dy, we have

up = my(J[faley)r(ey) dx dy)i{] [frlx yidafxy} de dy)
Similarly
ay = m{f[fixyiley) de dy)i(f [f (o y)d (e y) dx dy)

Putting a; = a, gives
my = my([[faboyirley) de &S ffiboyirixy) dx dy)

JAN-28-28066
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X (Jifiloydilxy) de dyi(f[Fa(e y)daley) dx dy)
which can be written more concisely as
my = omy,
where

¢ = (frdfy/ frdf) (fd, df, ] fd, df)

APPENDIX B

When Can a Size Class Be Ignorad?

Let XY represent a subset of possible size classes.
Let ¢* be the conversion factor that would be obtained
if size class XY were ignored.

Let p; = [ df.. Then £*, the size disuribution in
environment { ignoring size class XY, is given by

£ [fa-p) o) € xY
! Ofor xy) & XY

and ¢* is given by

(Ur dfy = Ly dia)ifr tz"iz))- Jor dfo)Ud, df )i(id,
Z

If ¢ is the ““correct’’ conversion factor, then the ratio of
c* to ¢ is given by

e = (1 = [ dfdr df)i(L ~ (o dfsifr dfy)

The ratio depends on the relative weighted potescy of
size class XY in each environment.

If rixy) = Ofor (xy) € XV, then the ratio is one
and ignoring the size class has no effect. Stmilarly, if f,
= fy, the ratio is also 1. Note that the equality must be
true for all (x,y}. It is not sufficient that f; = 1, for (x,3)
€ XY,

Depending on the precision with which it is desired
to estimate ¢, there may be a range of other situations
for which ignoring a particular size class is acceptable.
For example, if the rclative weighted potencies in en-
vironments 1 and 2 are both less than 0.5, then ¢* differs
from ¢ by no more than a factor of 2. This may be an
acceptable variation relative to other sources of uncer-
tainty. Note that relative potency alone is not sufficient
to determine the effect of ignoring a size class, The
relative potency must be weighted by relative abua-
dance.
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APPENDIX C

Effect of Nonasbestos Fibers on Calculation of ¢

Define f*(A4} as the proportion of particles in class
A, such that

p-flx,y) for asbestos particles

of length x and diameter y
) =

g for nonasbestos particles in

the optical size range

where p+g =1 and f is the size distribution of asbestos
particles as defined previously.

Let ¢, be the proportion of nonasbestos particles in
enviromment 1 and q, be the proportion of nonasbestos
particles in environment 2, Then

c = (Jrdf*y/ frdft) (fd, &f* ] Jd, df*))

We will assume =0 for nonasbestos particles, Then,
assurning measurement method 2 does not count non-
asbestos particles,

¢ = (pafr dfpufr 41) (0uJd, 4+ g pa)
= (f” df, | §r dfyy (Jd, df. + Grip1)
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