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Dear Chairman Steorts:

I transmit herewith the report of the Chronic Hazard Advisory
Panel on Asbestos. '

The Panel concluded that on scientificlgrounds and as a matter
of public health prudence, the Commission should regard asbestos at
all Tevels of exposure as a potential human carcinogen,

This report has perhaps been more extensive than originally
planned; however, as the analysis Proceeded, the Panel became
convinced that a thorough examination and presentation was important
for the support of the Panel's major conclusion. However, in order
L0 meet the requirements of readers’' varying technical backgrounds,
the issues are developed at three levels: a brief surmary, followed
by a somewhat more technical exposition, which :n turn is succeedad
by a detailed and fully referenced section.

The Parel has extensively discussed and reached acreement on
almost all issues; in one case (which is identified) it was unable
to reach total agreement. Thus the report as submitted has the
complete concurrence of the Panel, and the members have so indicated
by affixing their signatures beiow.
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With the hope that our efforts will be helpful <5 the Commission,
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HEALTH EFFECTS OF ASBESTOS

A. INTRODUCTION, SUMMARY AND CONCLUSIONS

This report was prepared in Tésponse to a Conswmer Product Safety

Amendmeht of August 1981.* The Panel met five times (January 23-24,
March 17-18, April 15-16, May 12-13, and June 20-21) including a

public meeting on June 20, 1983.

In approaching‘its assigrnment, the Panel examined a series of
questions presented hy.CPSC and after extensive discussion, modified
some and added othe;s. These questions or "issues” then became the
-séctions of this report and are briefly introduced and sumnarized

here and more extensively reviewed in the body of our report.

1. Adequacy of Human and Animal Data as to the Carcinogenicity of

Asbestos
R

Indusfrial and other studies have shown that asbestos exposure is
a cause of cancer. Lung céncer is increased ﬁn asbestos-exposed
persons; mesothelioma is increased in asbestos—exposed persons.
Animal studies have fully confirmed these findings. In short, both
types of data fully support the conclusion that asbestos is

carcinogenic, i.e., leads to camcer. The term carcinogenic is used

*Consumer Product Safety Amendment of 1981, Public law 97-35,
Title ].2, Subtitle A, 95 Star. 703  Anotvier 11 1089 3. ~a.



here in its most gemeral form, i.e., capable of leading to increased
cancer occurrence without any implication as to its mechanisn of
action. The mechanisas by which exposures to asbestos lead to cat{ce:
are not knoun, and iE.!iEEE studles have yet to produce useful
hypotheses. Fiber length and diameter have been shown to be major
determinants of carcinogenicity in animal implantation studies, but

differences in chemical and physical properties among different fiber

types may also affect biological activity.

2. Types of Cancer Associated with Asbestos Exposure

Lung cancer and mesothelioma constitute the majority of asbestos
produced cancefs. The association of these malignancies with asbestos
exposure ig firml§ established. Some othér forms of cancér,
particularly digestive fract, oral, pharngeal, laryngeal, and kidney,
have, in some large studies, been found to be iﬁcreased; there are
digagreepents among Panel members as to the strength of the evidence

associating this group of cancers with asbestos exposures.

3. Chronic Health Effects ofher than Cancer Related to Low Level

Exposure to Asbestos

Asbestosis, a disabling non~malignant fibrotie lung disease, is
clearly associated with industrial exposure to asbestos; there is no
evidence that disabling asbestosis is caused by non~cecupational

exposure. Radlologically detectable "plaques” or pleural thickening

and/ar narenrkRuomal Filhewmad o L. 4



exposures. These can give evidence of asbestos exposure; their health

implications are unknown. Studies of the lungs of the U.S. adult

population have found asbestos fibers ip virfually all instances.

The Panel was able to identify only limited informationm on

teratologic and reproductive effects and asbestos exposure. There-

fore, the Panel could reach no conclusions on this issue.

4. Cancer Risk in Relationship to Fiber Type and Size

All major fiber types studied (1.e., chrysotile, amosite, and
crocidolite} appear to be capable of causing lung cancer and all
except anthophyllite,pleu;al mesothelioma In humans. Laboratory data
are consistent with this' conclusion. Epidemiological studies suggest
that chrysotile has a lower potential for preducing peritoneal
mesotheliomas than other fiber types, but there is less evidence of
marked differences between fiber types in their potential to produce
plural mesothelioma and lung cancer. Among miners, crocidolite
appears to cause a much larger risk of plural mesothelioma than
chrysotile. However, it'is not clear whether this :s related to fiber
t%pe or to ﬁhe duration and intensity of exposure, zs there a%e no

neasures of exposure inm crocidolite mining.

Animal studies suggest that longer and finer fibers are more

carcinogenic than shorter and coarser fibers. However, short fibers



are far more oumerous in the environment, and no dimensional
threshold has been established. It is not yet possible to reconcile

different dose-responaé patterns on the basis of fiber 8ize .or type.

5. Age, Time, and Dose Dependence of Cancer incidenee

The effect of asbestos exposure on the production of lung cancer

is (at least‘approximatelfi t9 '“iii'il inﬁ uunlrljlﬂﬂ unﬂ!ﬂul!!

population risk by a factor proportional to the total inhaled dése.
The multiplicative factor appears to be largely independent of age,
and the effect 13 manifest in about 10 years, and coutinues: for
decades thereafter. Thus, fhe increase in lifetime lung cancer
appeérs to depend largely on total asbestos exposure irrespective of
age at first exposure. Because.of'the lower underlying risk, the

absolute increase in non-smokers is about 1/10 of that in smokers.

The risk of mesothelioma rises rapidly with time from the onset of
exposure for at least 50 years. Risk 1is independent of smokiqg habits
and incr;ases with both intensity and duration of exposure. Because
of the rapid increase of risk with time, the lifetime effect of
éxp05ure in childhood is likely to be much'greater than if exposure

begins in adulthood.

Accurate quantitative data covering a range of exposure types and

patterns are not available; in certain studies where the extent of



exposure could be approximated, lung cancer appeared to increase

linearly with both level and duratjon of exposure. However, the
degree of increase for a fixed unit of exposure has varied widely in

different studies. Thus, the reported percent incresse in lung cancer

risk per unit dose, i.e., percent per fiber-year per ml, even after
adjustment for possible biases, varies over an almost 100 fold range.

These differences may be a result of the differences in fiber

dimensions encountered in different industries and in the inadequacies

of exposure assessment.

The Panel concluded that a range of estimates of dose response.at
‘low levels may be made (and are illustrated in Section IT J), but
cautions tﬁ#: the actual risk in a specific circumstance may lie
outside this range. Dose extrapolation to low levels of exposure is
based on a no threshold linear extrapolation. This no threshold
assunption is based on: (1) the inabililty to demSnstrate its
presence, (2) consistency with accepted theories of cancer induction
and (3) prudence. Linearity of dose~response implies that there is
neither disproportionally high risk at very low exposures, nor the

absence of any risk.

The remainder of Section I of this report expands these brief
summaries. This is followed by Section II which sets out in fuller
technical detail the background for the Panel's couclusions.

Section I is not referenced. Sources are referenced in Section II.



6. GENERAL CONCLUSION

Asbestos of many fiber types and fiber sizes is clearly linked to

the production of cancer, with risk increasing as the amount of

asbestos exposure increases; there is no evidence to support the
existence of a dose below which there is no effect (threshold) .

p!edictions of risk uslng tesponses observed at high exposure levels
with varying fiber types to estimate responses to exposure at léw
levels or with shorter fibers are uncertain. From a public health
standpoint, and in the absence of final clarification of the
‘uncertainties, it is prudent to behave as 1if aébestos fibers may be
carcinogenic at low exposure levels and at small particle sizes.
Bowever,lthe estimates of risk at low exposure levels, although
uncertain, serve as important guidelines to the magnitude of the
potential risk and, as such, are useful in the risk assessment

process.



B. CHEMICAL AND PHYSICAL PROPERTIES OF ASBESTOS

The primary "asbestiform minerals” of health concern can be
separated by crystal structure into tw ‘general classes: serpentine

and amphibole. Serpentine minerals are "layered silicates™ and only

one of these, chrysotile, is an asbestos aineral, The amphidole

asbestiform minerals are "chain silicates” and the five varieties of

commercial importance are commonly known  as actinolite, amosite,

anthophyllite. crocidolite and tremolite. Actinoliie, anthophyllite
and tremolite also exist as nonasbestiform varieties. For the body of
this report, fhe terms actinolite, anthophyllite and tremolite will

refer to the asbestiform varieties only.

Chrysotile fibers are generally longer, softer and more flexible
than the amphibole fibers which tend to be more brittle. These
differences arise from the differ;nces in crystal structure. The
sllicate layer; in chrysotile are linked to a sheet of m#gnesium
hydroxide~oxide octahedra, by the octahedra sharing oxygen atoms with
the silicate tetrahedra. 4 structural strain is introduced because
the dimensions of the two layers do not match. This straia is
relieved by curvature, thus producing a hollow, flexible, scréll—like,

eylindrical morphology for chrysotile.

Chrysotile, especially long fiber chrysotile, is not expected to

penetrate efficiently to the deeper parts of the lungs because of its


http://www.mesohotline.com/what-is-asbestos/products-with-asbestos/

hydrochioric acid follows the order chrysotile > amosite > erocidolite
» anthophyllite which, for the awphiboles, is probably related to the
loss of ironm. Magneéium loss from amphiboles in the lungs follows the
order anthophylli;e > amosite > crocidolite. Chemical reactivity of
the exposed fiﬁril surfaces follows the order‘chrysotile >

anthophyllite > amosite > crocidolite.

Chrysotile has propbttionally OTS MAgUESIum Lhan the amphiboles.
Since magnesium seems to leach more readily than the other metals, and
since there is probably more surface area to enable the metal ions to
be leached from chrysotile, this form of asbestos would probably
."dissolve” more easily than thelamphiboles. This would help explain

the faster clearance rate for chrysotile.

Chrysotile has a slightly lower specific gravity (2.55) than the
amphiboles (2.85 - 3.5); accordingly, the number of fibers of a given.

size per mass unit would be greater than with amphiboles.



C. LABORATOR! EXPERIMENTS

Inhalation animal studies have shown that amosite, anl:hc:ph.yllite,
crocidolite and chrysotile have all pr.oduced luog tumors and
mesothelicmas in laboratory experments. Tumors at other sites have
not been found at statistically significant levels 10 animals treated

with asbestos.

Injection and implantation studies have shown that mesotheliomas

and lung tumors can be caused by all asbestos types and by some other

non-asbestos materials such ags glass and aluminum oxide. Using
'implantation studles, it can be concluded that carcinogenic

potency 1is correlated with fiber size for various materials, and that
decreasing diameter and increasing length led to greater potency.
However, aerodynamic properties (which depend on fiber dimensions) and
the size distribution of the asbestos fibers may affect the locus and
extent of deposition in the lungs and clearance patterns. The
relatioanship between carcinogenic potency and fiber dimensions may
therefore differ between implantation studies angd inhalation exposure

studies.

The data on the carcinogenic activity of asbestos in animals
dosed orally are contradictory. An assoclation between tumor

production and asbestos exposure has been suggested in some
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studies. H)weve;, tecent tests conducted as part of the National
Toxicology Prograz have been negative. 1f asbestos is primarily a
late stage carcinogen (promoter) exposure to am imitiator would be
Tequired. However, such studies that have been conducted to date have
methodoligical deficiencies. Thus, the possibility that gsbestos is a

carcinogen when ingested cannot be eliminated on the basis of animal

studies,

Some in vitro studies have shown that chrysotile, amosite, and
crocidolite are mutagenic. These fiber types, as well as
anthophyllite, have been shown to be cytotoxic. In vitro studies

2lso have shown that longer fibers have a greater mutagenic potency.

In summary, the laboratory studies show that all asbestos types
can cause lung tumors and mesothelioma and perhaps some other types of
cancer. Implantation studies indicate that longer, finer fibers have

greater carcinogenic potential than shorter, thicker fibers.



D. ADEQUACY OF HUMAN AND ANIMAL DATA AS TO CARCINOGENICITY

1. Lung Cancer and Mesothelioma

Lung cancer in hwmans has been associated with exposurs to all of

the principal commercial asbestos winerals: chrysotile, amosite,

crocidolite, and anthophyllite. Excess risks of bronchogenie
carcinoma have been c'locumented in wining and =iliing, manufacturing,’
and end product uses Qf asbestos. Cigarette smoking and asbestos have
a strong synergistic interaction in the development of lung cancer.
Asbestos appears to act principally as a late stage cafcinogen
(promoting agent) that multiplies the underlying risk of lung cancer
that occurs in the absence of asbestos eéxposure. If the underlying
risk is the low one of a aon-smoker, the absolute increase in lung
cancer mortality will be small (although the relative risk can be
high). On the other hand, 1if the underlying risk is high, as in

smokers, the absolute increase in mortality can be very large.

.Mesothelioma has been associated with exposure to chrysatile,
amosite, and crocidolite in humans, and can be 2 common cause of death
among workers heavily exposed during asbestos products manufacturing,
insulation application, and the mining and milling of crocidolite.
Lower risks of death from mesothelioma are found among amosite and
chrysotile mine and mill employees. Mesothelioma has also been

associated with asbestos exposure in other than occupational



circumstances. The tumor has occurred among family coatacts of
asbestos workers, in people who lived im the neighborhood of
iabestos-using facilitiea,'and In people who were expoae& incidehtally
in other circumstances. There are reported cases of mesothelioma

among persons for which mo exposure has beeq identified.

These risks are confirmed and extended in animal studies. All

four of the above asbestos varieties have produced lung cancer and

mesotheliona in anigal imhalation Studies, 1In oome asses with

éxposures as short as one day.

.2. Other Cancer

Neither the magnitude of the effect noted nor the.quality of the
evidence was as great for other cancers as for lung cancer and
mesothelioma. Gastrointestinal céncers, however, have been found
elevated in many studies in which significant exposure to asbestos

occurred.

Elevated occurrences for cancer of the larynx, pharynx, and buccal
cavity have been observed in some studies of asbestos exposed workers.
As with lung cancer, increases at these sites are also linked to

cigarette smoking.



Asbestos exposure also has been associated with tancers of other

sites. However, only cancer of the kidney and of the ovary in femaley

have been showm #s Be {n excess at a 0.05 level of significance.

While the excess of malignancy at any other individual site does not
achieve statistical significance, the excess at all other sites

combined is highly significant in some studies. The magnitude of this
excess and its interpretation are uncertain, however, because of the

posgible misattribution of agbestos-relaged 4¥Dg cancers. and

wmesothelioma to other sites.

The asbestos-related rigks for cancer other than mesothelioma or
lung cancer have not been confirmed ip animal studies. As with the
epldemiologic d§Ca, while some studies pave shown excesses at some
sites, these have ot been consistently seen. If the role of
asbestos 1is that of a promotor, the absence of well done initiation

' studies in animals could reduce the lmportance’ of negative results.



E. NONMALIGNANT RESPIRATORY EFFECTS OF ASBESTOS EXPOSURE

Three categories of nommalignant response to asbestos can be
identified within the respiratory system: (1) an accumulation of
fibers in lung tissue, (2) pleural plaques and thickening, and (3)
diffuse pulmonary interstitial fibrosis, which can lead to disabling
asbestosis. The first two of these three effects are generally
Eﬂﬁlllé!éd !6 Le a marLers of asbestos exposure, without associated
adverse health effects; however, pleural thickening can lead to
disabling lung restriction. Asbestosis is a chronic disease

characterized by breathlessness and impaired lung function and is

associated with functional disability and early mortality.

1. Asbestos Bodies and Fibers in Lung Tissue

When inhaled asbestos fibers are retained in lung tissue, the larger
coes may be Identified with the light microscope as fibers or as asbestos

bodies, which are asbestos fibers coated with material formed in lung

tissue. By means of the electron microscope much smaller fibers—camba—

resolved. These fiber's can be found inp histological sections of lung
tissue, dissolved lung tissue, scrapings of lung tissue from éhe
parenchymal surfaces, and sometimes in sputum. There are far gore
uncoated asbestos fibers which can be found with electron microscopy
than coated fibers seen by light microscopy. . The discovery of coated
asbestos fibers tends to increase with the vigor of the search. 1In

routine autopsy series, asbestos body prevalences vary from 20 to 60
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percent, with generally higher counts in urban thaz rural populations;
in men tharm in women and in persons living close to industrial users
of asbestos than among persons in other parts of the same city. With
electzon uicroscopy asbestos fibers were idestified in nearly all lung
tissue samples examined from New York City residents. Counts of
asbestos fiber or asbestos body cohnts {n lung tissue can be useful in
quantifying the accumulation of asbestos in lungs of exposed persons,

but 1its épplication to dose-rebponse studies is lirited by the expensge

of the procedure and difficulty of access to lung tissve from

representative samples of study groups.

2. Pleural Plaques/Thickening

Pleural plaques are raiéed fibrotic or calcified lesions in the
inner surface of the rib cage and diaphragm, and are clinically and
epldemiologically important because they can be seen on chest
roentgencgrams and may occur even after relatively low level exposure
to asbestos. As wmany as 25 percent of household contacts of asbestos
factory workers have been found to have pleural abnormalities on their

chegt films, compared with 2 percent of controls.

Of themselves, pleural plaques do not give rise to clinical
syaptoums or -functional impairment. Pleural plaques may have no long
term health consequence. They are, however, markers of asbestos

exposure, although there are other causes of pleurzl plaques such as



trauma to the chest wall. Their presence on a chest filn is useful ip
alerting the clinician to a possible risk of asbestos-relateq
malignancy in that person. Mo studieg have been done that are capable
of resolving the question whether persous with pleural plaques are at
locreased risk for asbestos-related disease Independent of the

intensity and duration of their asbestos exposure.

31 Asbestosis

Asbestosis i3 a chronic fibrosis of lung and pleural tissye. Its
diagnosié 1s made from a.constellation of findings which eay include:
-radiographic changes, breathlessness, abnormal pulmonary function, and

crepitations heard on auscultation of the lung. Some clinical

features of asbestosis are similar to those of other fibrosing lung
disease, and a history of occupational exposure to asbestos is a key
feature of the c¢linical dilagnosis. Asbestosis can appe#r and/or
Pro,ress many years after removal from exposure. Latency and
nenspecificity of disease mahifestation make it diffieult to estimate

dose-response relationships for asbestosis.

Much of the early evidence concerning the occurrénce of asbestosis
in occupationally exposed groups suggest that the disease does not occur
from low level éxposure to asbestos. However, more recent data onm
the incidence of asbestoris, among workers for whom cunulative

exposure estimates could be obtained from on-site measurements, are
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compatible with a linear exposure-response relationship with no
threshold. Based on observations of occupationan_y exposed workers,
digferent dose-response curves can be derived gud §111 var} depending
upon the residence time of fibers in the lung and the induction period
for disease manifestat{on. Whether a;bestosis is likely from low

doses characteristic of the nonoccupational enviromment is uncertain.

The Panel 1s not aygpg é‘ a0y cvidenca of fﬂﬂﬂ!!éd d¢eurrence of

disabling asbestosis in nonoccupationally exposed people. This
eventuality can be betrter addressed now, with personal monitors and

epidemiological studies of newly exposed occupational groups followad

for more than 10-20 years.



F. DOSE-RESPONSE RELATIONSHIPS

1. Models for the Dose, Time, and Age Dependence of Lung Cancer and
Mesothelioma

a. Linearity of Dose-Response

The dependence of lung cancer and mesothelioma incidence on ege,

cumulative asbestos exposure, and smoking (in the case of lung

cancer) 1is reasonably well established. Liqearity of dose-response is
indicated at occupational exposure levels by several large studies of
asbestos workers. Linearity will be assumed over the enmtire range of
-exposure levels for the purposes of estimating risks from occupational

studies and for extrapolations to low dose exposure.

b. Lung Cancer

The relative risk for lung cancer increases with both duration and
intensity of asbestos exposure, and a simple model is now widely
accepted, at least as a useful approximation, for the resulting cancer
inciéence in ésbestos workers of a given age, history of smoking, and
asbestos exposure. The model is given by the equation:

I (A) = Ip(a)[1+K fd],
where Iy is the predicted lung cancef incidence rate at age 4, f is

the avers e exposure level in fibers/ml, d is duration of exposure,

Kj, is a constant that probably depends on fiber dimensions and type,



and Iy {8 the "normal” lung cancer incidence amoung unexpos ed
individuals of the same age and smo! ng history. This model can be
wodified both to accommodate a delay of about 10 years for the

manifestation of increased risk and ap eventual fall in relative risk

observed in certain cohorts. The effects of such adjustments are,
however, very much smaller than the uncertainty in the appropriate

value of K-

As the majority of lung cancers in both sm&kers and non-smokers
occurs in persons over age 60, this model implies that the lifetime
risk caused by asbestos exposure before age 50 will be virtually

independent of age at first exposure and will be simply proportional
to the cumulative dose. Under this model, the age distribution ;f
asbestos~indliced lung cancers will be virtually the same ag that of
lung cancers in unexposed individuals, even if asbestos exposure
occurs only in childhood or occurs throughout 1ife due to ambient

exposure.

C. Mesothelioma

For both pleural and peritoneal mesothelioma, incidence appears
to rise as the third or fourth power of time since first exposure.
This rise occurs irrespective of duration of €xposure, age, or
cigarette smoking. However, the magnitude of the risk is related to

both the level and duration of exposure.

e Rt
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The model for mesothelioma is given by the equations:

IH-f}LH[{t-logj-(t-IO-d):‘] £> 10 + d
Ly=fKug( £-10) 10 + d>t>10
Iy=0 102¢

Where the incidence Iy 15 a function of level of exposure (f),
duration of exposure (d), and years after first exposure (t). Ky is
a proportionality constant which may depend on fiber dimension and type. .

The formulae used to model mesothelioma incidence (I) also incorporate

a delay of 10 years for the manifestation of an asbestce effect.

2. Risk Estimates for ngg_Cancer and Mesothelioma

The estimated slope of the linear dose-response relationship
depends on the level of.exposure, duration of exposure, the excess
of asbestos related disease and (for lung cancét) the smoking habits
of the observed group. The level of past asbestos exposure is in many
studles the least reliable of these measurezents. Two differenc -
analytical techiqués have been used for measuring intensity of
exposure, ?n earlier studies the total of dust particles per unit
volume of air was measured, but, more recently, asbestos fibers per

unit volume has been determined.

Two procedures have been used to estimare ashestos exposure
levels of industrial workers:
i) measurements of the dust exposure during the earlier
years of worker exposure supplesented by parallel measurements
relating fider and dust exposures under similar clrcumstances;

and



11) recent fiber measurements for work activities believed similar

to those c¢f the group under study.

Unfortunately, in most occupational situations of ihterest, only

Tecent measurements are available. The factors for converting dust

medsurements to fiber counts vary greatly between samples at a single

Job and even more markedly between jobs. The use of current fiber
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occurrences has obvious limitations. Further, all studies are limited
by the accuracy of reported employee job assigmments and employment
activities. Clearly, éxposure estimates involve considerable

-uncertainties.

In addition to errors in the escimates of exposure, errors may
also occcur in the estimates of risk; these can be a result of
incomplete tracing of the cohort, misclassification of causes of
death, inappropriate choice of the comparison population, and
variability due to small numbers of deaths. Few studies have obtained
information concerning the smoking habits of the study group, and the
smoking patterns of the general population are therefore usuall;

assumed to hold, which is a fufther source of possible bias.

In spite of these difficulties, estimates of the slopes (KL) of

dose-response relationships for lung cancer in eleven studies have



been made assuming a linear association. Because of the multiple

sources of possible errors and because the slopes reported in these

studles vary widely, each study must be reviewed for possible errofs

in the estimation of both the dose and the excess risk of the .

population under study. The observation of a dose-respouse gradient

with & reasonable level of risk for the lowest exposure levels,

provides important additional support for the validity of the study.

Greater attention should be given to studies showing a gradient of
risk across several doses, to studies having reliable exposure

measures and to studies demonstrating high statistical precision.

The limitations discussed above, as well as possible differences
in the effects of fibers of different types and dimensions and the use
of these fibers in varying processes and with other contaminants,

contribute to the wide range of observed slopes.

a. Lung Cancer

The range of values estimited for the dose-response slope (Xp)
after attempting to account for possible errors anc biases ig
individual studies, 1s almost lQG fold. These differences cannot be
reconciled on the basis of fiber type; both the lowest and one of the
highest values are from exposure. to chrysotile, and even estimates
from similar processes differ 15 fold. This variability illustrates

the effect of some of the uncertzinties discussed rreviously.



b. Mesothelioma

The values of Ky must be estimated using data ou both the time

from onset of exposure and exposure level. Such data are present or

can be estimated in only four studies. The apparent variability for

mesothelioma is less than that for lung cancer, but this is largely

because 1o mesothelioma dose-response data are available from the
Canadian miners studies which gave the extreme low value of the

&ose-response slope for lﬁng cancer (Kp).

The age at first éxposure to asbestos is an important determinant
of lifetime risk of mesothelioma. The mesothelioma risk may be
similar to that for lung cancer for smokers 1f exposﬁres begin prior
to age 20, and in non-smokers the lung cancer risk from asbestos will

greatly exceed it.

3. Extrapolations of Risk to Lower Exposure

Using the models of lung cancer and mesothelioma presented above
and assuming a linear dose-response relationship, the ranges of
lifetime mortality from asbestos cancers are calculated for ;n assumed
exposure to 0.0l f/ml (NIOSH optical method) for diZferent time périods
(see Tables J-BA and J-8B). While uncertainties exist in the conversions
of fiber/ml measureménts to nanogram/m3 (a common unit of measure of

non-occupational exposure), this corresponds approxizmately to 300



ng/m3. In the estimates of risk, current Y.S. lung cancer mortality

rates were used for males, but female rates were doubled to reflect
the more rapid increases seem im lung cancer mortality among U.S.

women. A 10 fold range of values of both K and Ky vas selected

to represent the variation of risks observed in occupational studies.

If lung cancer rates continue to rise in the United States as they

have in the past, then the estimates of lung cancer risk associated
with asbestos exposure will be increased in proportion. Curreatly
lung cancer rates are increasing even more rapidly in women than in

men. However, the rates for women are not likely to reach the maximum

levels observed for men.

It should be empha§ized that the range of values for risks
represents ounly a range of estimates of Ky for different
cccupational studies. Because of qualitative differences between
occupational and environmental exposures (particularly in the fiber
size distributioms), Ky, and Ky may lie outside the ranges

estimated for a given low level exposure circumstance.



G. LABORATORY STUDIES INCLUDING DEPOSITION AND CLEARANCE

1. Introduction

Animal studies of asbestos health effects have, for the most part,
confirmed previously established human data rather than served as
predictors of human disease. This has occurred in part because

asbestos usage predated the use of animal studies for ascertainment of

Tashy 10 parc because the animal madals Utilized were relatively

insensitive to the human diseases of coucern, and fiﬁally because the
principal carcinogenic risk from asbestos, lung cancer, is the result
of mdltifactorial interaction between cigarette smoking and asbestos
exp03ure.and is difficult to elicit in a single exposure circumstance.
All of the asbestos-related malignancies were first identified in
humans. Experimental studies have confirmed the carcinogenicity of
asbestos and have provided information ou.the deposition, clearance
and retention of fibers, as well as on cellular changes at short times
after exposure. Unfortunately, one of the most important questions
raised by human studies, that of the role of fiber type and size,
still remains uganswerea by animal research. Injecticn and
implantation studies have shown longer and thinner fibers to be more

carcinogenic once in place at a potential site of cancer. dowever,

the size dependence of the movement of fibers to mesothelial tissues

is not fully elucidated and the questions raised in the human studies



concerning the relative carc.nogenicity of differeat asbestos

varieties still remain.

2. Animal Deposition and Clearance

The deposition and clearance of fibers from the respiratory tract

of rats has been studied directly by Morgan and his colleagues (Morgan

5 T B ) W e sl ‘

radioactive by neutron irradiation. Followiag 30 minute inhalatign |
exposures in a nose breathing apparatus, the deposition and clearance
from the respiratory tract were followed. At the conclusion of the
-_inhalation, the distribution in various Oorgan systexzs was determiped.
The results are shown in Table G-1. Rapid clearance, largely from the
upper respiratory tract, occurred 'within 30 piuutes with up to

two—thirds of the fibers being swallowed and found in the

gastrointestinal tract.

Clearance from the lower respiratory tract proceeds more slowly with
two distinct components being observed. The first believed to be due
to macrophage movement leads to the elimination of a considerable
portion of the material deposited in rthe lower respiratory t?act with
half of the material removed within six to ten hours. 4 second phase
proceeds much more slowly and involves the clearance from alveolar

Spaces and takes from 60 to 80 days to remove half the remalning material.



TABLE 6-1

Distribution of Fibers at the Ternination of 30 Mnute Exposures
(2 of Total Deposited)d

lower
Fiber Nasal Esophagus GI Tract Respiratory
Passagesd Tract

Chrysotile A 9+3 2+1 3l1+9 38+ 8
(hrpaseile I 843 2t e 1% 4 4
Amosite 6+1 2+1 57 + 4 35+ 5
Crocidolite 8+ 3 2+ 1 51+ 9 39+ 5
Anthophyllite 7+2 2+ 1 61 + 8 30 + 8
Fluoramphibole 3+2 1+1 67 + 5 25 + 4

8Morgan et al, 1975
PMean and SD



In some cases, it may be necessary to invoke a third intermediate
transport phase of approximately eight days but the amount of material
involved in that movement 1s relatively:less than i{n the other two
phases. 'Data for a synthetic fluoramphibole are showﬁ in Pigure 6-1
which show one short and two long-term. (slower) components for fiber
clearance. Data for other fibers may show only one long-term

component. An anomaly, however, is the observation that the ratio of
fibers in the feces to those in the lung at the time of sscrifice is
not a constant as would be expected from a single component decay

(Morgan et al, 1979).

Tﬁe relati;e amounts of different f£ibers deposited in the
bronchiolar spaces and the alveoli are shown in Figure G-2. The
similarity of the percentage deposited in the lower broﬁchioles or
alveolar spaces for different fiber diameters 1s a reflection of two
competing processes. At smaller fiber diameters, fibers can be
inspired and then expired without deposition in the lower respiratory
tract. As the fiber diameter increases, impact deposition in the
upper respiratory tract becomes important, which leads to a lower

percentage being carried to the alveolar spaces.

Morgan et al (1979) has also studied the length distribution of fibers
remaining in the lunmgs of rats in order to determine the significance

of fiber length on clearance. He found that the shorter fibers are



Figure G-1

Measurements of Animal Radiocactivity (Corrected for Decay)
at Various Times after Inhalation Exposure to Synthetic
Flouramphibsle &b -

=

PERCENT OF MITIAL COUNTING RATE ICORRECTED ¢OR DECAY]
u
—

I 4 1 i 1
® iy 5% ) @ ™
TIME AFTER ADMINISTRATION [DAYS |

3Mean result for three animals expressed as a percentage
of the counting rate measured immediately after exposure.
bMorgan et al, 1977



Figure G-2

Alveolar Fiber Deposition as a Function

Aclivity Medign Aetodyn

8Morgan et al,

1979
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preferentially removed during the first week after inhalation. The
fibers recovered in bronchial washings within this first week show few
fibers longer than 15 ym in length and very few exceeding 20 pm,

which suggest that fibers of such sizes are inefficiently transported

by the alveolar macrophages.



The radioactive chrysotiles used in the clearance experiments allow
autoradiography to demonstrate the location of f.bers at different
times after exposure. At 48 hours after exposure, the distribution of
fibers in the lung is relatively uniform. However, at later times,
there {s & movement of fibers to the periphery of the lung where they

accunulate in subpleural foci comsisting of alveoli filled with

fiber-conpaining cells.

Other data om the deposition and retention of inhaled asbestos
have been reported by Wagner et al (1974). Figure G-3 shows the dust
content of rat lungs following exposures to different asbestos
.varieties. Imn the case éf amphibole exposures, a linear increase in
the amount of retained fiberlwas seen, whereas for chrysotile the
content of the lung rapidly reaéhed an equilibrium betwe;n removal or
dissolution processes and deposition and did not increase thereafter.
The long-term build-up of the amphiboles indicates that in adéition to
the clearance processes observed by Morgan et al (1979), there is
permanent retention of some fibers. Using & minute volume for the
rat of 100 ml, it would appear that about one percent of the total
crocidolite or amosite inhaled is p;rmanenfly retained in the lung.
The slower clearance from the respiratory tract to the
gastrointestinal tract demonstrates a route of eXposure that may be
important for gastrointestinal cancer. The occurrence in humans of

peritoneal mesothelioma, and in some studies excess cancer of the



rigure G-2

Mean welgit of Dust in Lungs of Rats
in Relation to Dose and Timed

Weignt of dust
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8Wagper et al, 1974



stonzch, colon and rectum, and possibly cancers at other
non-respiratory sites, such as the kidneys could be explained by the
wigration of such fibers to the gastrointestinal mucoss.

Additionally, fibers may resch organs in the peritoneal cavity by

transdiaphragmatic migration or lymphatic-hematogenous transport.

3. Human Deposition and Clearance

Some limited data are available on the quantity of asbestos fibers
in lungs of individuals with and without known exposures to asbestos
(Sebastien et al, 1979; Jones et al, 1980&; McDonald, 1980;

VWaguer et al, 1982). Most of the cases analyzed have been selected
because of death from mesothelioma, often coupled with an

investigation of a specific work group (Wagner eg al, 1982; Berry and
Newhouse, 1983). Generally, amphibole burdens of indiiiduals.heavily
exposed range from 107 ¢o 108 fibers/gram dry weight; general
population cﬁntrols {in Great Britain) usually have less than 106
fibers/gram dry weight (Jones et al,.1980a). Similar concentrations of
chrysotile vere seen in exposed workers (Wagner et al, 1982) and

unexposed controls (Jones et al, 1980a).
; .

Very few data are available that provide a basis for establishing
a model for the deposition and clearance of fibers in humans. It

would be expected that both short and long term clearance mechanisms



would exist in humans as they do In animals. If only long-term
processes are considered (characterized by months or years), the
simplest nodel 1s one {n which the change in lung burden (N) is

proportional to the rate of deposition of fibers (A) (assuming constant

continuous exposure) diminished by a clearance that {s proportional

(by factor B) to the number of fibers present.

%g = A - BN
This yields for the number of fibers present after a constant exposure
of duratiom, t,

N=2 (- Bty
and at a time, ty after cessation of a constant exposure of duration
-cl,

N ._% (1 - e~Bt))e-Byy
Such a model would be applicable at times t) and ty which are long
compared to any short-term clearénce mechanisms. This 1s clearly a very
simplistic model in that it considers only one characteristic time for
long-term ¥emoval processes. Nevertheless, it illustrates the
| difficulty of applying even the simplest model. In order to
characterize lung burdens, one needs information on the duration and
intensity of the exposure and the time from last exposure in order to
obtain a measure of the characteristic removal time for a ziven fiber

type. OSuch information has not been available for the individuals whose

lungs have been analyzed.



Data have been presented by Bignon et al (1978) on the number of
amphibole fibers detected in lung washings of seven asbestos
insulation wprkers.‘ All were exposed between 10 and 16 years.

Table G-2 shows the number of fibers found ig the lung washings .
according to time since last employment. While 1ndiviﬁual eXposures

were unknown, fewer fibers were found in the washings of those longest

removed from exposure. The 4ata are consistent with a decroass sf Q¥

in the number of washable fibers at five to seven years after

cessation of exposure. The fibers found in the lung washings were

largely amphibole; no corresponding data are available for chrysotile

fibers.

Bignon ét al (1978) also presented data on the relative numbers of
fibers of different types (amphibole or chrysotile) and their
dimensions in different thoracic tissues. Figure G-4 shows the
percentage of chrysotile fiﬁers (of total) found in lung parenchyma
and pleural tissue. Amphiboles predominated in lung parenchyma and
wére not commonly found in pleural tissue. (Amphiboles were virtually
the only fiber found iﬁ the lymph nodes, but only 3 cases were
studied.) Data on the fiber dimensipnality from these studies (Table
G-3) show a decrease in the average iength and diameter of fibers
 found in the pleura compared with those found in the parenchyma.
However, no distinction was made between amphiboles and chrysotile in

this analysis and the different length-width data could simply be a



Table G-2

Amphibole Fibers Obtained in Lung Washings
of Asbestos Insulators?

Years Years since
last exposure

Case of exposgure

Millions
of fibers

per washiq&

1 16 2 21
2 _ 10 4 5
3 11 - 3 6
4 10 11 2.4
3 15 4 3.8
6 11 0 10.3
7 14 3 7
Table G=3
Parameters of the Sf{ze Distributiom for
Asbestos Fibers Encountered in Lung Parenchyma
and Parietal Pleurad :
" Lung Parietal
Parenchyma Pleura
Mean Length o 4.9 2.3
print .
Mean Diameter ST .06
m
longer than 42 15
Sum (%)
Longer than ' 15 2
8m (%)

4Bignon et al (1978)
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reflection of the sredominance of the different fiber types in the

lung as compared to the pleura.

4, Models of Deposition and Clearance

The Task Group on.Llung Dynamics of the International Commission on

Radiological Protection has rrorosed 2 wd% 450 s ‘Gpﬂﬁl[luu ﬂﬂﬂ
retention of particles (ICRP) 1966). Tigws §-) depicia Che

percentages of particles of different sizes deposited in the various
compartments of the respiratory tract. As can be seen, alveolar
deposition is dominant for particles with a mass medium diameter of.
.less than 0.1 ym. As the particle size increases, deposition in this
area decreases falling to‘ZSZ at 1 pm and to 0 at 10 zm or above.
Nasal and pharyngeal surface deposition becomes important above 1 am
and rises rapidly to be the dominanc deposition site for particles 10
Jm In diameter or greater. The above models were developed for
spherical particles. Timbrell (1965) has shown that the settling

- velocities of particles and their aerodynamics are such that a fiber
behaves like a particle with a diameter three times as great,
independent of the length of the fiber (for fibers having an aspect
ratio of at least 3). This has been-corroborated by calcula;ions of
Harris and Fraser, 1976. Thus, few fibers with a diameter as large as
2 ym are likely to penetrate into the alveolar spaces, although finer

fibers, even as long as 200 xm, may do so.



Figure G-5
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LABORATORY EXPERIMENTS

5. 1lnhalation Experiments

Reports on {nhalation experiments published after about the mid
1970's generally contain information on both the source of asbestos

[e.g., UICC (International Union Against Cancer) samples] and the
methods used to produce the asbestos cloud. This information is

important because both the source and the cloud production can affect
the size distribution (length and width) of the fibers. In turn, the
potency of a given asbestos sample may be related to fiber dimensious.
Later experiments recognize the importance of fiber source and cloud
production to potency.

Chrysotile, amosite, anthophyllite and crocidolite have all
produced fibrosis in experimental animals. (Davis et al, 1979;
Wagner et al, 1974; Wagner, 1963; Reeves et al, 1974; Davis et al,
1978.) Davis found that rats exposed to UICC chrysotile exhibited_
-more fibrosis than those exposed to UICC amosite although factory
samples of the two minerals produced similar amounts of fibrosis
{(Davis et alj 1979). Wagner concluded that no important différences
existed in the amount of fibrosis in rats exposed to UICC samples
(generated with a Timbrell machine) of anthophyllite, crocidolite and
chrysotile (Canadian and Rhodesian) although amosite was slightly less

potent (Wagner et al, 1974). (In earlier experiments, Wagner had



concluded that amosite caused wmore asbestosis ip guinea pigs, rats and
monkeys than chrysotile (Wagner, 1963). Rats, rabbi'ts, guinea pigs,
gerbils and mice weré exposed to chrysotile, amosite and crocidolite
using a procedure Involving hammer milling which reduced the particle
$lze and fibrous structure of the asbestos materials, especially
chrysotile. However, all species developed fibrosis with crocidolite

producing the greatest response and chrysotile the least (Reeves et al,
1974). In rats e;posed to fiber clouds produced with a Timbrell dust
generator, chrysotile produced a significa;tly greater amount of
fibrosis than either crocidolite or amosite (Davis et al, 1978). These
experimental results at first appear contradictory. However, the

-methods of generating the dust clouds offer an explanation.

All asbes:ﬁs materials can produce fibrosis, and chrysotile would
appear to be the most potent if the clouds were produced with a
Timbrell gemerator. Under these circumstances chrysotile has more
fibers in a given mass/volume and a greater number of longer fibers.
Chrysotile is less potent than the amphiboles when clouds are generated
by a milling process. This process deétroys the fibrous structure of
' chrysotile to 3 greater extent than the amphiboles. This would appear
to support the hypothesis that longer fibers have a greater fibrogenic

potency. However, a threshold length cannot be established.



Mesotheliomas have been found in animals exposed to amosite,
anthophyllite, crocidolite, and chrysotile (Wagner et al, 1974; Reeves
et al, 1974, Davis et al, 1978). In two experiments with rats
in which the clouds were produced wi;h a Timbrell generator, Canadian
chrysotile produced mesotheliomas ig 3/219 (2.3%); crocidolite in
5/225 (2.2%); amosite in 1/189 (0.5%) and anthophyllite {n 2/145

(1.4%). The mesothelioma produced by amosite occurred after only a 1

day (7 hours) exposure to 14.1 mg/m3. Both crocidolite and Canadisan

chrysotile produced peritoneal mesothelioﬁas.~

Amosite, anthophyllite, crocidolite and Canadian and Rhodesian
_chrysotile have all produced lung tumors. In the rat (Timbrell
generator experiments) chrysotile, both Canadian (27/219, 12.32) and
Rhodeslan (30/144, 20.8%), produced more malignant lung tumors than
anthophyllite (16/145, 11.0%) or crocidolite (16/224, 7.1%); amosite
(11/189, 5.8%) was the least potent. Adenoma {and adencmatosis)
incidence did pot vary with asbestos type although it was increaged

over the control animals.

Tumors, other than lung tumors, have not been found at
statistically significant levels at other sites in rats treated with
asbestos. However, increased incidences have been sean in ovaries,

male genito-urinary organs and peritoneal comnective tissye.




No carcinogenic response was found in rabbits, guinea pigs or
gerbils in the inhalation experiments with chrysotile, amosite and
crocidolite conducted by Reeves et al (Reeves et al, 1974). Two mice
exposed to crocidolite developed lung carcinomas as did six rats
exposed to chrysotile and crocidolite-. Chrysotile and amosite caused
mesotheliomas in rats only. These experiments could indicate a

species difference although the survival of rats was better than that

of rabbits and guinea pigs.

6. Injection and Inplantation Experiments

Mesotheliomas have‘been caused by amosite, Canadian chrysotile,
crocidolite, and extracted crocidolite following 1ntra-pleural
injection (Wagner and Berry, 1969) Using specific pathogen—free
(SPF) rats and standard rats, amosite (38/96-SPF; 26/84) produced
fewer mesotheliomas than chrysotile (61/96~SPF; 62/90), crocidoliite
(5579&-SPF; 62/91) or extracted crocidolite (56/95-SPF; '57/89).
(Repeated reflex extraction in cyclohexane to remove oils did not
affect the potency of crocidolite.) Chrysotile and crocidolite had a
higher percentage of fibers with iengthslgreater thaa, 10 microns than
amosite. 1In addition to asbestos minerals, silica was also iajected
intrapleurally; no mesotheliomas were observed, but about half the
animals developed intrathoracic tumors diagnosed as histocytic

reticulum cell sarcomas.



Mesothelionas have been found in hamsters foliswing the
intrapleural injection of amosite, crocidolite apd chrysotile (Smith
and Hubert, 1974). Dose-response relationships helg for 25 wg (9/50),
10 mg (4/50) and 1 ag (0/50) clioses of chrysotile and 1o g (4/50) and
1 mg (0/50) doses of amosite; no mesotheliomas were caused by 25 mg of

talc containing 50% fibrous tremolite. The mesothelioma response
decreased when the fiber diameter ang length of chrysorile were
reduced. Three preﬁara;ions with mean fiber lengths of 5.3m to 6.9%m
and diameters of 0.18um to 0.2um produced mesofheliomas in 8, 9 and 10
animals while three preparations with lengths.of 0.37um to 0.86ym and

diameters 0.03um to 0.07um did not produce any.

Stanton summarized the results from experiments in which test
materials were applied to glasé pledgets and applied to the pleural
surface of rats (Stanton, 1973). The dimensional distributions of the
experimental fibers wera measured. Fibrosis and mesothelioma
lacidence were measured and the responses generally paralleled each
other. Stanteon concluded that carcinogenic potantial increased as
the percentage of fibers less than 2.5m in diameter increased and
that tumor incidence is greater when the fiber lengths are 10 to 80um.
In later studies, Stanton et al concluded that carcinogenic potency
correlated with fibers of various materials ang those less than 0.25um
in diameter and greater than 8um in length had the greatest potency

(Stanton et al, 1977; Stanton and Layard, 1978; Stanton et al, 1981).



Bertrand and Fezerat, 1980, analyzed Stanton's data. They
concluded that the effects are well described by modeling carcinogenic
poteacy as a continuous, Increasing fumction of the aspect ratio

(length to diameter) of the fibers, with no threshold related to

diameter or length.

Pott has alsoc analyzed Stanton's work and plotted this
" information in three dimensions (Pott, 1978). This analysis
indicates that long, thin fibers have an increased carcinogenic

potency.

Injection and implantation studies have shown that mesotheliomas
and fibrosis can be caused by all asbestos types and by other
non-asbestos materials such as glass and aluminum oxide. Amosite
generally produced fewer mesotheliomas than other asbestos materials
but also had a lower percentage of fibers greater than 1Oum. These
results agree with Stanton's suggestions that a long, thin fiber

zorphology has greater carcinogenic potential.

Injection and implantation experiments have been used to study
the relation of potency to fiber dimensions. The major disad?antage of
these experiments is that the asbestos materials are not inhaled into
the respiratory tract. Thg inhalation process can affect the size
distribution of the asbestos fibers which reach the lungs and
therefore the potency of the same fiber distribution may differ

between implantation studies and inhalation exposure. Using these
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THROUGH: Mertin H. Katz, General Counse

THROUGH: Edgar Blbrgan‘f Executive Directo

FR(M: - Peter W. Preuss, Associate Executive Director /\Fﬁf( u) &
- for Health Sciences MLLQA

SUBCECT: Report to the Cammission by the Chronic Hazard Advisory
Panel on Asbestos (July, 1983)

I am pleased to forward to you the final report of the Chronic

Ve (wTawaY Sl (GEE) O AMESIOS, [N [RNDCTIGE 0 #ha Camamuy

Procduct Safety Act Amendment of August 1981 and pursuant to a naticnwide
solicitation, the Naticnal Academy of Sciences nominated twenty cne
candidates for the CHAP, The Camission selected seven Panel members
whointurnchosetheirmnChairmnandViceQ?aiman.

A Federa! Register notice with six questions frem the CPSC to the
Panel was published cn April 22, 1982, and is attached. The Panel
convened in January, 1983, to address the concern that the presence of
asbestos may, under certain conditicns, present. a risk of cancer and
respiratory disease to consumers. During the following six months the
Panel met five times in open meetings. In additicn, the Panel adver-
tised and distributed a draft of its report for rublic cament. A
public meeting was held on June 20, 1983 to hear and receive written
comments on the draft report., Following the meeting the Panel met to
revise its draft report in light of “he comments received.

In order to enhance the utility of the report to other federal
agencies the Panel considered a mmber of related ashestos matters of
concern to the Environmental Protecticn Agency, the Occupaticnal Safety
and Health Administration and the National Academy of Sciences’
Committee preparing a report on asbestiform fibers,

This final report reflects the Panel's response to comments
received from the public, industry and other Federal agencies which
share an interest in the state-of-the-science for +he health eifects of
asbestes.

I would like to express my personal appreciaticn to the merbers of
the Penel for their efforts in preparing this report, In particuler, I
thank the Chairman of the Panel, Professor Norton Nelscn for his wisdom
ard tact in guiding the work of the group. Finally, I would thank the
CPSC staff who worked with the Panel, Ann Hamann, Paul White, Dodie
Kessler and Colin Cmrch.

Attachment
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CCONSUYMER PRODUCT SAFETY
COMMISSION }
Chronic Hazard Advisory Panel on
Asdestas; Invitatien to Submit
Suggestions tor Sclentists To Serve as
Members

AGENCY: Consumer Product Safety
Commuission.

ACTION: [avitation to submit suggestions
for scientists to serve ag members of
advisory panel,

SuMMARY: This notice invites
suggestions {or scientists ta serve as
memoers on the Commission's Chrenic
Hazard Advisory Panej on the Use of

Asgestos in Congumer Py RGUCEY. The

seven member panel will provide
scientific advice to the Commission
concerning the potential chronic hazard
of cancer associated with this usa, This
notice also contains information on the
function and composition of the panel,
general criteria for selecon of panel
members, and procedures for suggesting
candidates for membership, This will be
the first Commission advisory panel
estabiished undar recently-enacted
legisiation.

The Commission emphasizes that the
selection of the panel is only the first
step toward a decision on whether to
take any action concerning asbestos in
censumer products. The Commission
has not decided whether to begin any
rulemaking. -

OATE Suggestions for membership
showd be submitted no later than Juze
7,1982

ADORESS: Membership suggestions
sdould be seat to Sisan Guenetts,
Chemical Hazards Program, Consumer
Procuct Safety Commissicn,
Washingten, D.C. 20207,

FOR ADDITIONAL INFORMATION CONTACT:
Susan Guene!te, Chemical Hazards -
Program, Consumer Prodyct'Safety
Commission. Washington, D.C. 20207
telepbone (301) 4926884,

SUPPLEMENTARY INFORMATION:
A. Background

Recent amendments to the Consumer
Product Safety Act (CPSA) require the
Commission to establish and receiva the
reports of Chronic Hazard Advisory
Panels before beginning tulemaking
relating to the risks of cancer, birth
defects, and gene mutations associated
with consumer products. Sectiog 1208 of
the Omnibus Sudget Raconciliation Act
of 1881 (Pub. L. 87-35); 15 U.5.C. 2077, as
amended.

In carrying out its advisory functions,
2 razel is to review scientific data and

T

celects or gene mutations fro 3
substance in cansumer prodycts, The
panel is to determine if the substance is
3 carcinogen. mutagen, ¢ra teratogen

ad. if feasibie, estimate the probable
karz to humaz health that wif] resylt
from exposure to that substance. The
report of the pane! must be considared
by the Commissien and incorporated
into any advance notice of proposed
nuemaking and final myje,

The Commission therafor emphasizes
that establiskment of 2 panel on
as0estos, as discussed in section 3
below. does not mean that the
Commission wil] necessarnily regulate
any asbestgs product. Because tha

EPSA Aty ﬂ:at & panel must meat

and advise the Commission before an
advance notice of proposed rulemaki
can be issued. the Commission is
establishing a panel now as g
preiiminary step, If the panei's advice
and other available information are later
found to justify regulatory action
concerning an asbestos product, the
Commission will then decide whather 1o
begin 2 rulemaking proceeding,

B. Purposes of Panel

The Commission has decided to
convene & panel on asbestos as used in
consumer products because of concern
that the presence of asbestogin
consumer products under certain
conditions may present a risk of cancer
and respiratory disease-tg consumers,
The heaith hazard may occur when
asbestos fibers are released intc the air
and peapla ichaie them. Inhaled

- asbestos fibers may become embedded

in lung tssue and. onca embedded, they
Day reciain there indefinitely. Asbestos
fibers that are released from consumer
products can remain in the househoid
air for long periods of ime and may
subject kousehoid membery to a
continuous risk of fiber inhalation,

The Commission's past activities on
consumer products containing asbestos
include:

1. The Commission banned asbestas-
containing patching compounds and
artificial emberizing materals in
January 1977,

2 In Qctober 1979 the Commission
Issued, jointly with the Environmenta)
Protection Agency (EPA), an Advance
Natice of Proposed Rulemaking {ANPR)
on Commercial and Industrial Use of
Asbestos Fibers and Consumer Products
Containing Asbestos (¢4 FR 60058,
October 17, 1979), The Joint ANPR
requested general Information
conceming the use of asbastos in
consumer products and described the
COoOMmMiseinn'a mrmmmend o o 1

3.1n 1979 the Commyssicn negotialed
witk manufaciirers voluntary correctiv .
actions and agreements 1o cease the use
of asbestos in hair dryers. |

4. 10 April 1930 Robert Frye netiticaes
the Commission and presented data
which indieated that consumers were
ex2osed to ashestos fibers when using
asbestos paper /CP 83-3). Tha
Commission granted the pelition and
directed the staff o develop a proposed
tule to ban ashestes paper,

5. In June 1980 the Commission voted
o issue a general arder 1o reeuire firms
to furnish information concerning the
use of asbestos in sejected cateﬁqﬂﬁ %

d8nsumer produc:s.

From the information obtained
through the generaj order and joint
ANPR, the staif has found that many of
the remaining uses of asbestos in
consumer products do not result in-
consumer exposure. However, the staff
has idectified severa] consumer
products (e.g.. asbestos paper and
millboard, bulk asbestas fbers. dry mix
furnace cement. wood and coal burning
siove door zaskets, certain laboratory
and artists materials and stove pads ang
lron rests) which may present a risk of
consumer exposure to asbestes. The
staff believes that tha resyits of
investigations of possible exposure and
risk from these procucts could lead therm
'o recommend that the Commission
begin one or more regulatory
proceedings. Therefore, tha Commission
has agreed to convene a pane] 10 review
e carcinogenicity of asbestos and the
risky attendant g exposurs to this
chemical substance,

The staff has prepared documents
which it will ask the Panel to review {ig
addition to other medicai and scientific
inforzmation that the panel may find
reievant} relating to the general areas of
carcinogenicity and epidemiology and
the assessment of the risk to Quman
oealth from exposure tg asbestos.
Specifically, the Cammission wiil ask
the panel to consider the following
questions: -

1. Are the available animal and
epidemiologic data sufficient ta draw a
conclusion as to the human
carcinogenicity of asbestos?

& Is there evidence linking low leve]
asbestos exposure, and intermittent or
short term exposure, with asbestos
related diseases?

3. Are thers chronic health effects
other than cancer related to low leve]
exposure to asbestos?

4. Can a distinction be draweme ho e
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‘ow ievel exposuce to assestos? \What iy
e evaication? Hew meaningful e o?

8. [s nere evicence which incicates a
1hr2sas.C axpasure level for astestas? I
\aere 2 Siologicai Sasis 13 deiisve a
Gresioid exists for ashesios?

C. Membershiz and Selection

Tbe Consumer Product Salety Act
speciiies that pacel members must be
stientsis wio "ave demonsirated the
2nulity to cntcally assess chropis
2azarcs and nsks 10 Guman heaild
Fresenied By e exposioe of bumans to
'aNe suzstances or as Jeconstrated by
k2 expesure of azimals to such
sulstances. 135 US.C 2207, as
amerded. Members mzy not be officers
or employees of the Uzited States or
receive comoensatica from or bave any
sudstantial finanzial intareat in any
mazufachurer dismibutcr. or retailer of 3
consimear product. The Act providas
that the President of the Naticnal
Academy of Sciences (NAS] saail
nominate 21 individuals from which the
Commission is to appeint a seven
member panel.

Ta previde for 'te broadest nossible
consideration of guajifiad scientsts, the
Commission. with the cancurrence of
NAS. is soliciting suggestions for
naDinees for the asbesios panel. The
Cammission will farward suggestions to
NAS without evaivation ln cases of
aprarent conflict of intarest, the
Commission will return the suggestion to
the submitting individual with an
expianziion. However, the NAS, in the
gresarzien of Lsia of aominees to be
suimitiad to the Commission, will nat
e iimited by 'he suggsstons submitted
iz resgonse o this punliz nosce.

The panel will =eet at least twics for
two-cay sessiens in Washizgton, D.C.
over a 120-day period. beginning
approximately in July 1982 Travel
&xpenses are reimbursabis in
gezordance with Tederal sequiations,
Mambers will receive compersation of
S10C for eaca day (including travel ime}
during meetings of the panel.

D. Format for Membership Suggestioas

Scientsls interested i servizg on the
aspestos panel may suggest themaelves
far mexmpership, and others may sSuzgest
the names of scientists who may be
willing to serve on the panel. I either
case, Ure suggestion should include the
foilawing information to the extent
sossible:

(1] Name of sciandst suggested ‘or
;anel membership. _

(2) Home address and teleshone
aumber including area code.

(3) Zzoicyment afijaton (if any):

2 Comentposition and dasergtion o
Zunes.

3. Emplover's nama. acdrass, and
le.eznone numSer (ingitdp zea scee’,
2 nyecerganizalien. e Seaitn
care, marulfacning efucstang,, lesung
‘adoratory, governmental. nubiz
inlerest retail, etc, includizg if seif-
emoloyed,

¢. Censulting work 'if 30, sgecity kind
of cansuiting wark, for whom, and o
paid or volunteer).

d. C?SC contract work ar oant i o,
specify contraet title, numper acd
2voivemant),

(1) Experience/Sxpertise: Sgecily and
desemde any education experience,
publications reiated 1a issessing chronic
Jazards. particuiarly from exposure i3
esbestos. Resutmes or curricuium vitae
may be submitted,

E Privacy Act Notice

Tze information requested i sacagn
D may beceme partof a Privacy Act
system of recorcs and will be used to
evaluate candidates for the Chronic
Hazard Advisory Panel. Thers are no
peralties for zat submitting the
information except for possibiv
precluding selection of-a cancidate. Tha
authonty for collecting the i~ armation
i section 29 of the Consurmer Product

* Salety Act 15 U.S.C. 2077, a3 azenced

by section 1208 of the Consumer Product
Safety Amendments of 1581 {Pus. L 97-
3s). ‘

Appiicatons shouid he submitted no
later thanm june 7, 1982, to Susan
Guezette, Ciemical Hazards Program,
Consumer Produgt Safety Commussion
Washington. D.C. 29207. She will also
respond 0 any quesdons and will
provide additional infarmation whars
possible.

Dated: Apr 14, 1902,

Sheidon D. Butts,

Aciing Secretary,

TR Doc. £2-10000 Plled 4~21—42; k41 ua)
BULLING CODE 6355014

%_____
DEPARTMENT OF DEFENSE
Cesariment of the Ajr Forca

USAF Sclentific Advisory Bcarg;
Meeting

April 13, 1982, -

The USAF Scientific Advisory Board
Aercnautical Systerms Division Advisory
Group will mest at Wright-Patterson Ajr
Forcs Base, Ohio in Room 222, Zuilding
14. Area Bon May 11 and 12 1982 The
surose of the meedng wiil be g review
seiecred programs and Projects relating
10 L1& missions oi the Aeronauncal
Systems Division and the Air Farce

vw-l—"b! L I L)
Qia C2m8 tmapiiian i sommn e -
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TorAmner niormaticn. somine e
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(e02) 5373543,

Wiamibei F. Holmes.
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Ceterminatiors of Active Military
Service and Qischarge; Clvitian or
Cantractual Personnal

naccardance with Public Law 9520
Secticn 01 The G.L Sill improvemen:
Act of 19777 and under e srevisicns =7
DODD 1000.20. Dezermirations af Aco-e
Military Semnce aod Disczarge: Civijiz=
or Caontractuzri Personnel. the Secratary
of the Air Force, acting in aczordanca
with authority deiegated ‘o 3im by tne
Secretary of Defense. determined on
Azl T, 1882, hat e service of ke
mempers of the group knows as L
Wake island Defenders Tom Cuam shz’
Se zonsidared acHve military sarvice o
the Armad Forces of the Unxited States
for all iaws administerad oy se
Veterazs' Administration,

Alsc. on Apmil 7, 1282, tha Secretary :}
ne Alr Torce determined that the
service of e =embers of ha rurs
known as the U.S, Coast Goasd
Temporary Reserve and 1ze Guzm Loca,
Security Fatrsi Faree shail <ot =e
consicered achve military sarvies ic tns
Armed Forces = the United States fo-
Furposes of 2l lawe adminigiaras Ty
Vaterans’ Admizistration.

For further ix'ormaticn conzace:
Techrica] Serzeant Stephen . Xee
USAF 1aiepncaz: 254-3250. Ciice »f o
Secratary of 22 Air Tarze Perssnnel
Counerl (SAF MNIPOY), The Pentagsn,
Wasningros. 20 20130,

flzninel F. Hoimes,
AdrForce Fecarci Register Joison CHizer
FR Do £-10083 Fleg 7t 1y am|
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Cepartment of the Army

Privacy Act of 1974; Amencdments ta
Systems Notices

AGENCY: Deparcnent of the Army, 3CT.
ACTICN: Pronosed deletions ¢f s=d
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Factory processes can change the fiber length and width

distribution and the fibrous structure of asbestos materials.
Chrysotile 1s more likely to have its fibrous structure destroyed
during factory processes which resemble hagmer or ball milling
techniques. Amphiboles, are more likely to be "split” to thinner
fibers of the same length during factory processes. As such, the

amphibole versus chrysotile fiber distribution could change following
industrial treatment .so that the amphiboles in factories are likely to
have a relative increase of long, thin crystals. Davis et al {1979) has
measured fiber distributions for amosite and chrysotile in both UICC

and factory samples and determined their fibrogenic and carcinogénic
potency in animals. The factory chrysotile produced the same

fibrogenic response and a lower carcinogenic response than the UICC
sample. He concluded.that .. while fibrogenicity and

carcinogenicity both depend on the presence of relatively long fibers

in dust clouds, different lengths are involved in each process and

tumour production requires the longest fibres.”

The greatest unknown as far as the importance of fiber dimensions
from these animal experiments is how fiber dimensions influence the
deposition of asbestiform minerals in human lungs. Timbrell kl973) has
discussed the importance of the aerodynamic properties of asbestos
minerals. Chrysotile, especially long fibers, is not expected to

penetrate efficiently to the deeper parts of the lungs because of 1its



flexibility and curvature. However, short fibers of the different
asbestos varietias are expected to have similar deposition
‘characteristics. The aerodynamic properties of the amphibole fibers
favor a greater fiber deposition in the deeper areas of the lung and

therefore may be more likely to produce disease. In contrast, the

animal inhalation experiments show chrysotile to be just as potent as

Wi¢ 9GNET aDEHL0S fOrms but cthe fidars awe a{wharne using a ;;mess

that produces a larger proportion of long, thin fibers for chrysotile
than that found in factory enviromments. In summary, animal |
experiments may not be directly comparable to the human experience
because of_differences which are caused by the methods 'of

-administering the asbestos.

7. Ingestion Experiments

Hamsters exposed via drinking water to UICC samples of amosite,
amosite tailings and milled ores related to amosite did not show a
significant increase in tumors although one peritoneal mesothelionma,
one pulmonary carcinoma and 2 squamous cell carcinomas of the
forestomach were found. The authors concluded that qheée tumers were

not associated with asbestos (Smith et al, l§80).

Rats injected with azoxymethane and orally dosed with chrysotile
and amosite had similar incidence rates of intestinal tumors than

those dosed with azoxymethane alonme. A slightly higher, but not



statistically significant, incidence of metastatic intestinal
carcinomas was seen in the two asbestos gToups. Rats exposed to
amosite alone had a 32% incidence rate of colon tumors. The authors
concluded that this suggested but did not prove that amosite may have
Increased the incidence of these tumors. It should be noted that a

control group was uot used in this experiment (Ward et al, 1980).

Rats given chrysotile in the diet 444 a9y oV a aﬁﬂﬁla[lcall]

significant increase in tumors. The authors concluded that there was
"evidence of increased probability of asbestos-fed animals to develop
colon lesions in general”; in addition, one mesothelioma was found
{Donham et al, 1980). Gibel et al {IARC 1977) found a significant
increase in malignant tumors in rats given asbestos filter material;
the sites of increase were other than gastro—intestinal and the

composition of the filter material was not completely defined.

Recent, well designed lifetime studies have not reported increaséd
tumor production following the ingestion of asbestos materials.
Chrysotile and amosite at levels of one percent in the diet of Syrian
golden hamsters did not produce a carcinogenic response (National

Toxicology Program, 198la and 1981b). Crocidolite, at a 1%



concentration in a pelleted diet was administered to Figcher 344/N
rats. The preliminary conclusions were that under these conditions,
crocidolite was neither overtly toxic nor carcinogenic (National
Toxicology Program, 19835. The nonfibrous form of tremolite was
administered to Fischer 344 rats at a 1% concentration in the diet;

preliminary results were negative (National Toxicology Program,

1:82a).

Amogite was administered to Fischer 344/N rats over their
lifetime at a concentration of 12 in the diet. The animals were dosed
glone and in combination with 1,2-dimethylhydrazine dichloride (DMH) ,
an intestinal carcinogen. Preliminary results indicate amosite is
neither toxic nor carcinogenic under the conditions of the study. The
cocarcinogenic studies were considered inadequaterbecause IMH induced
a high incidence of infestinal neoplasia in both the amosite and

nonamecsite exposed groups (National Toxicology Program, 1982b).

In summary, the data on the carcinogenic activity of asbestos in
animals dosed via an oral route are inconsistent. An association
between tumor production and asbestos exposure has been suggested in
some studies. However, recent tests conducted as part of the Natiomal
Toxicoloty Program have given consistently negative results. If

asbestos 1s primarily a late stage carcinogen (promoter), exposure to



an initiator would be required. Thus the possibility that asbestos is

a carclnogen. when ingested is not excluded by these animal studies.

Very little information on the potential for asbestos to cauge

reproductive or teratogenic effects was found in the literature.

Schneider and Mayres (1977) administered chrysotile in drinking water (o

progaat aice seleher g 3yifg] Qo [ (eveloment of the b

were affectad. Blastocysts from pregnant nﬁce were exposed to
chrysotile in virro and then transferred into pPseudopregnant females.
A decrease in post implantation survival was noted although some of
the embryos developed into viable fetuses. The authors speculated'
-that the survival of the embryos was affected by heavy metals leaching
from asbestos rather than by the physical pProperties of asbestos. In
another experiment pregnant rats were injected with chrysotile on the
10th to l4th days of pregnancy (Cunningham and Pontefract, 1974); the
lungs and livers of the fetuses were saved for analyses. The amounts
of asbestos found in these Organs were highly variable, but the
authors concluded that this experiment "... added evidence to the
theory that asbestos fibers cag cross the placenta.” Based on these
limited results, no firm conclusions can be reached as to thg

potential for asbestos to cause reproductive or teratogenic effects.



8. In Vitro Studies

Amosite, chrysotile and crocidolite have not been shown mutagenic
in E. coli or §. typhimurium (Chamberlain and Taray, 1977) or rat
liver cells (Raiss et al, 1982). However, chrysotile and crocidolite

have induced chromosomal changes in Chinese hamster cells (Sincock and
Seabright, 1975). Amosite, chrysotile and crocidolirte are reported to
be weakly mutagenic in tests using (iinese hamster lung cells (Hueng,

1979). Chrysotile has induced chromosomal aberrations in cultures of

Syrian hamster embryo cells (Lavappa et al, 1975) and human

lymphocytes (Valerio et al, 19793).

Barreet et al (in pregs) have studied the effgcts of asbestos on
Syrian hamster embryoc fibroblasts (SHE) in culture. They have shown
that asbestos did not Induce detectable gene mutatious under
conditions producing morphological transformatons of SHE cells. The

.fibers were taken up by SHE cells and were found in'the perinuclear
fegion of the cytoplasm. They have concluded that asbestos

+ causes transformation by binding to microtubules or other
cytoskeletal proteins that are important in the disjunction or
chromosomes during mitosis, thereby resulting in aneuploidy and

polyploidy."”



Asbestos has been reported to be cytotoxic in culture systems.
Using tumor cells with phagocytic ability, the cytotoxicity of
amosite, chr&sotile and crocidolite were found to increagse with
Increasing fiber lenmgth (Tilkes and Beck, 1979). Amosite and
crocidolite were generally less cytotoxic and hemolytic than chrysotile

to P388D cells and sheep erythrocytes, Heating chrysotile decreased

its cytotoxicity (Gormley et al, 1979). Crocidolite, amosite and
anthophyllite were cytotoxic to mouse peritoneal macrophages.
Ball-milling decreased the cytotoxicity of crocidolite and amosite to a
greater extent than anthophyllite (Davies, 1979). Brown and
Chamberlain studied the effectﬁ of chrysotile and crocidolite an the
plating efficiency of V79-4 cells and concluded that "some celluylar
effect dependent only on fibre size must be the ﬁajor contributor to

the pathogenesis of mineral fibres."” (Brown and Chamberlain, 1979).

Crocidolité, amogite and chrysotile have increased the sisgter
chromatid exchange (SCE) rate in mammalian cells in in vitro studies
(Livingston et al, 1980; Babu et al, 1980, and Babu et al, 1981). The
SCE rates in circulating peripheral lymphocytes of asbestos insulation
workers, both smokers and non~smokers, has been compared to a control
population (Rom et al, 1983). Smoking caused a greater increase in

SCE than asbestos exposure. The increased rate between asbestos



workers who did not smoke and their conmtrols was greater than that

found between asbestos workers who did smoke and their coatrols.

The amphiboles and chrysotile have been found to be cytotoxic and
mutagenic. Brown and Chamberlain (1979) concluded that "Chemical

and physicochemical properties of the fibre may affect the rate of

interaction between fibres and cells in vitro, but this does not alter
their overall effect. Failure to detect activity in vitro may result
from choosing conditions that inhibit or prevent the initial

fibre-cell interaction rather than from the absence of appropriate

fibres.”



H. CANCERS OF CONCERN

1. Lung Cancer and Mescthelioma

Lung cancer and mesothelioma are the principal cancers associated
with exposure to asbestos. Dozens of studies have demonstrated an

excess risk of death from these malignancies among groups exposed

occupationally to asbestos (See Table ﬁ-l). Lung cancer has been
udambiguously associated with human exposure to chrysotile, amosite,
crocidolite and anthophyllite. Mesothelioma has been associated with
exposure to all of the above except anthophyllite. Those studies
which provide dose-response information are described in detail in

Section J.

2. OQOther Cancers

Increased risks of malignancies, other than mesothelioma, at
extrapulmonary sites have been found in a number of asbestos mortality
studies. The Panel members were unable to agree on the intarpretation
of these excesses. Some members thought it possible that thése
excesses could conceivably be due to a combination of misdiagnosis of
peritoneal mesothelioma and the use of inappropriate expected numbers.

Other members thought that after allowance is made for these possible
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errors that gome of the observed excess must be attributable tg
asbestos. These cancers fall into four groups:

l. Upper respiratory tract, including the pharynx,
buccal cavity and larynx.

2. Gastrointestinal, including esophagus, stomach,
colon and rectum.

3. Kidney.

4. Ald other Calucers, EIClUﬂlHE the abova Fhyas
categories, lung cancer and mesotheliomg.

a. Larynx, Buccal Cavity and Pharynx

Cancers of these sites are relatively uncommon. A statistically
isignificant excess has only been shown in large cohort or case control
studies. The gtudy of Selikoff et al (1979) of 17,800 insulation
workers shows each of these sites to be elevated in comparison with the
general population using death information as recorded by death
certificates (Q/E = 1.91 for the larynx and 1.59 for the buccal
cavity and pharynx combined) at an 0.05 level of significance
(Table H-2). Laryngeal cancer has also been shown to be significantly
elevatedlin a study of shipyard workers in Genoa (Puntoni et al,
1979). Two case coatrol séudies have also shown an elevated risk for
laryngeal cancer. (Stell and McGill, 1975; Morgan and Shettigara,
1976). However, the study of Stell and McGill, showing a very high
relative risk, may be affected by some unknown bias. Tumors at these

sites are also related to cigarette smoking, and the possibility of a



TABLE H-2

Deaths Among 17,800 Asbestos Insulation Workers
In the United States and Canada, 1/1/67 ~ 12/31/768

Underlying Cause of Death

Total deaths, all causes

Total éancer, all sites

Cancer of lung

Pleural mesothelioma

Mesothelioma, n.o.s.

Cancer
Cancer
Cancer
Cancer
Cancer
Cancer

of
of
of
of
of
of

All other

Non-infectious pulmonary
diseases, total

Asbestosis

Expected Observed Ratio o/e
(BE) (DC) (BE) (DC)
1,658.9 2,271 2,271 1.37 1.37
319.7 995 922 3.1l 2.88
105.6 486 429 4.60 4,06
** 63 25 .8 a LI I ]
Peritoneal messthelioma ot 112 24 are -
** 0 55 -a 8 LA J
esophagus 7.1 18 18 2.53 2.53
stomach 14.2 22 18 1.54 1.26
colon-rectum 38.1 59 58 1.55 1.52
larynx 4.7 11 9 2.34 1.91
pharynx, buccal cavity 10.1 21 16 2.08 1.59
kidney 8.1 19 18 2.36 2.23
cancer 131.8 184 252 1.40 1.91
59.0 212 188 3.59 3.19
| kR 168 78 . .
Cor pulmonale due to asbestosis  ** 16 14 .os o
1,280.2 1,064 1,161 0.83 0.91

All other causes

* Expected deaths are based upon white male age-specific

U.S. death rates of the U.S. National Center for Health

Statistics, 1967-197s6,

** Rates are not available, but these have been rare causes of
death in the general population.

(BE) Best evidence.
~of best available information (autopsy, surgical, clinical).

Number of deaths categorized after review

(DC) Bumber of deaths as recorded from death certificate

information only.

4selikoff et al, 1979



synergistic interaction between asbestos and smoking may exist. Otner
studies did not report an excess of laryngeal cancer (e.g., Newhouse

et al, 1980).

b. Gastrointestinsl

Table H-1 lists data from 28 studies that reported the incidence

of GI cancer (esophagus, stomach, colon and rectum). Five of §

studies with satifactory power (BOZX or mofe) to detect a 50% increase
in relative risk found increases in deaths from digestive system
malignancies. Two of these increases were statistically significant.
-Among 20 studies with less power, 13 showed Increases, 6 of which were
staastistically significant. Thus, in total, 8 out of 28 studies showed
statistically siénificant increases. In general, studies that showed
high observed-to-expected ratios for regpiratory cancer were also
likely to show high O/E ratios for digestive system cancers. The

converse is also true.

The possibility exists that some gastrointestinal cancers in some
studies were misclassified peritoneal mesotheliomas. In the study of
Selikoff et al (1979, 1982y, ho;ever, a diligent search was made for
such misattribution and only four peritoneal mesotheliomas were so
misclassified (see Table H~3 "Other asbestos associated cancers”).
When clinical and pathological evidence was reviewed several (at least
5 of Table B-2) cancers that were classified as malignancies at

other sites were found to be primarily gasrrointestinal camrawe
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TABLE H-)}

Cause of Death {BE)

Cause of Death (BE) and Cause of Death (bc)a

Lung Pleural
Cancer Mesothelioma
415 7
2 23
0 0
1 26
1 0
1 0
0 0
28 2
8 3
486 63

Other Asbestos

Peritoneal Assoclated
Mesothelioma  Asbestosis Cancergb

1 3 3

0 0 o

24 0 0

28 0 o

1 76 o

4 0 132

0 6 0

52 0 11
_z B3 A
112 168 150

rectum, larynx, oropharynx or kidney.

Cor
Pulmonale Total

0 429
o 25
O 25
) 55
0 8
0 137
8 14
0 93

8 1a0

16 995



Thus, gastrointestinal cancer may be understated rather than
overstated onldeath certificates in groups exposed to asbestos. Some
regional and ethnic differences exist in the incidence of these
cancers which can account for some 'of the variation in
observed/expected ratios reported in different studies. In particular

the high incidence of gastrointestinal cancers among New York and New

Jersey 1n3u1ation workers (O/E = 2]99) mar be the :ggg‘i ii i largc[‘

proportion of individuals of Slavie origin in the group under
observation than in the United States general population. However,
this is unlikely to explain the even higher ratio among Belfast
insulators. Further, because of the consistency between elevated risk
of lung cancer and gastrointestinal cancer in a wide variety of
asbestos exposed groups in different countries, it would be difficult

to ascribe the excesses to a gemeral underestimate of expected rates.

an unusual aspect of gastrointestinal cancer is that the relative
risk in insulators was relatively independent of the time from first
exposure to asbestos (Figure H-1). Thig may be the result of removal
processes in the gastrointestinal tract reaching an equilibriwm with
deposipion fairly quickly, with the effect of asbestos being -to
increase the relative risk in proportion to the tissue burden. If so,

one would expect a diminution of risk with reduction in exposure. 4
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Darked secular decline occurred among Belfast {nsulators (Elmes and
Simpson, 1977), but some of this may be due to improved diagnosis for
peritoneal mesothelioma. This 18 coincident with declines in stomach

cancer seen in most industrialized countries.

While there is evidence of an association of asbestos exposure and

Gl cancer, the consistency of the tindings, the nugher of cases and

the velasive 710k 18 much lesg tham for Lung cauger Overall, when an

excess of gastro-intestinal cancers has been observed tﬁe ratio of
éxcess GI cancer to lung cancer is about 0.1. To date, there has been
no direct evidence of a dose respoﬁse relationship with asbestos
eXposure. Further, in earlier years, peritoneal mesotheliomas may
have been misclassified ag gastro-intestinal cancers. For these
reasons, some members of the Panel believe the causal relationship of
gastro—intestinal cancer with asbestos exposure has yet to be

resolved.
c. Kidney

Two studies have presented data on the risk of kidney cancer. In
that of Selikoff et al (1979), the excess mortality (18 observed vs.
8.1 expected p <.05) suggested an association with asbestos exposure.
Puntoni et al in 1979 alse found elevated kidney cancer ( 29 observed
14.65 expected). 4an etiological relationship with asbestos exposure
is plausible with the finding of excretion of fibers in the urine of

individuals known trea have <eeemoe 1 - 1 .



d. Other Sites

The observed and expected mortality for cancers of the other sites

has been found to be elevated in some studies where the risk of

respiratory cancer is high (Goldsmith, 1982). However, many studies

have reported no such éxcess. When present, the excess relative risks

at all other sites are usually small.

Some of the excesses listed in some studies for these other
cancers may be due to misdiagnogis of lung cancer or mesotheliom;.
This possibility {is compatible with the greater rigk for these other
cancers in the heavi;y exposed groups. In the large study by
Selikoff (1979), 252 deaths among insulation workers were certified as
"other cancer" (Table B=2) of_which 54 were reclassified on review as
mesothelioma and 28 as lung cancer {Table H-3). Approximately 80% of
these 28 lung cancers (about 22 deaths) were probably caused by
asbestos, so roughly 76 deaths (54 + 22) coded as other Cancers were
actually caused by asbestos and were sufficiently well investigated to
be reliably reclassified as lung cancer or mesothelioma. This
accounts for 63% (76/120) of the excess deaths '‘coded on death
certificates as other cancers. Some additional misclassification nay
have occurred, but several Panel members thought it unlikely that
misclassification could explain the entire excess mortality. Two

sites, particularly liable to be certified incorrectly are pancreas



and liver; 16 of the 49 deaths certified as pancreatic cancer were in
fact peritoneal mesothelioma (Selikoff and Seidman, 1981). While the
magnitude of any excess at these other sites 1s uncertain, it is no

more than the excess gastrointestinal cancer and much less than the

excess lung cancer.



1. HEALTH EFFECTS OTHER THAN CANCER

Extensive information is available for three categories of
nonmalignant respiratory effects: asbestos bodies and/or asbestos
fibers in lung tissue, pleural plaques or thickening, and diffuse

pulmonary interstitial fibrosis. The first two of these three effects

are generally considered to be markers of asbestos exposure rather
than diseases although pleural thickening can lead to disabling lung
restriction. Classical asbestosis 1s characterized by radiogréphic
changes, breathlessness, impaired lung fumction, and crepitations
heard on auscultation of the lung. Bowever asbestos bodies/fiberﬁ and
pleural plaques are epidemiologically important markers of
environmental exposure, even in the absegce of occupational exposure
to asbestos and, as such, their identification and measurement may be
useful in evaluating the risk of subsequent malignant or nonmalignant
asbestos related respiratory disease associated with low dose

exposures.

1. Asbestos Bodies

Asbestos bodies are coated asbestos fibers visible under light
microscopy; the coating is formed in lung tissue to different degrees

following inhalation of any type of asbestos fiber. They are

elongated, golden brown structures 20-100 ;m long and 3-5 ym wide,
usually having a beaded appearance and a rounded end. They can be
demonstrated in sputum, histological sections of lung tissue, fluid

extracted from cut lung tissue, dissolved lung tissue, or scrapings



http://www.hkllp.com/mesothelioma-and-asbestos/what-is-asbestos/

from the parenchymal surfaée of the lung. Not all coated fibers seen
in the lung have an asbegtos core, for the process of coating appears
to be a tissue response in the lung to a variety of fibers inﬁluding
.glass, cotton, talc, graphite and diatomaceous earth. Accurate
{dentification of an asbestos core in a presumed asbestos body is

possible, using electron beam, laser microprobes, mass spectroscopy
dnd OUNST isehmiques. The ues of electron microscopy has revealed the

presence of many more asbestos fibers and fibrils in the lungs of
asbestos exposed persons than was estimated when lung fiber’ counts
were evalu#ted by light microscopy alome. The reported prevalence of
coated asbestos fibers (asbestos bodies) tends to increase with the
vigor of search and the amount of lung tissue examined, and although
some asbestos bodies do not necessarily contain an asbestos core, it
is probable that most of those found in human lungs, particularly of
urban residents, do. Thus the prevalence of asbestos bodies in
nonoccupatioﬁally affected persons may reasonably be regarded as a
reflection of community exposure. Routine autopsy series show
prevalences varying from 20 to 60 percent, with.generally higher
counts in urban vs. rural populations, iq men than in women, in
persons living close to industrial sources and users of asbestos than
in other parts of the same city. Highest counts are found in asbestos
workers. With electron microscopy, asbestos fibers were identifiéd in
nearly all~lung tissue examined from a sample of New York City
residents (langer et al, 1971). The utility of quantifying low dose

asbestos exposure in epidemiologic studies by electron microscopic



examinations has not been assessed and is limited by the expense of

the procedure and access to lung tissue for representative samples of

study groups.

2. Pleural Plaques

Pleural plaques occur as discrete, fibrotic or calcified lesions
on the parietal pleura and on the diaphragm. The plaqﬁeé are often ’
multiple and bilateral and are visible om roentgenograms of the lungs.
The association between pleural plaques and asbestos exposure, both
.enyirouméntal and occupational, has been repeatedly demonstrated in
population studies. Pleural plaques are sometimes found in chest
films of persons envirommentally exposed to asbestos and are thus more
likely to be observed thamn are parenchymal changes in persouns exposed
to low levels of asbestos. Whereas parenchymal changes on chest films
are more related to asbestos dust concentrations, the prevalence of
pleural plaques appears to be more related to time since first
exposure. Of themselves, pleural plaques do not give rise to clinical
symptoms otr functional impairment.

In a study of househola contacts of asbestos factory workers
(Anderson et al, 197%), pleural abnormalities (including plaques and
thickening of pleura) were found ambng 26 percent of personms resident -

in the same household during the employment period of an occupationally



exposed ‘worker but in only 2 percent of controls. None of the household

contacts had known occupstional exposure to asbestos.

The disease significance of pleural plaques has not been fully

avaluated. Compared with controls, a group of construction workers

exposed to asbestos and having pleural plaques without parenchymal
involvement on chest films had significantly reduced lung function
(Hedenstierna et al, 1982). Om stratification by smoking habits, the
difference was found only amoug non-smokers. However, since this
study was cross sectional, it was not possible to determine whether
pleural plaques preceded the development of reduced lung function and
ﬁhether asbestos dose rather than the presence of a pleural plaque was
the true detétminan: of impaired lung fuction. McMillan and Rossiter
(1982) compared shipyard workers with and without pleural
abnormalities; both groups were free of parenchymal lesions at the
start of the study. Over a lo-fear period, the iﬁcidence of
parenchymal fibrosis in the group with pleural abnormalities was 4.5
percent vs. 0.6 percent in the other group. The type of pleural
lesioﬁ at start of study, time since first exposure, occupation; age
and smoking habit did nof predict which workers subsequently were aifected
with paremchywmal fibrosis. The authors suggest that pleural lesions
in asbestos exposed workers may not be mere markers of exposure but

may identify those at greatest risk of parenchymal fibrosis. However,



the intensity of asbestos exposure may have been the determinant of
parenchymal fibrosis in this study. The applicability of these

findings to low dose emnvironmental exposures is unkmown. In another
study of persons with asbestos-related pleural plaques and otherwise
normal chest films (Fredriksson et al, 1981}, lung function tests

revealed decreased lung volumes and decreased elastic recoil of the

lungs compared with standard predicted values. Significant
correlations of these changes were found with measures of. asbestos
exposure and extent of pleural changes. This study was lacking in

population controls for major determinants of lung function and also

suffered from the limitations of a cross sectional study.

The long term signﬁficance of pleural plaques is difficult to
assess. No studies have been reported that are capable of resolving
the question whether persons with pleural plaques are thereby at
increased risk of asbestos related disease independent of the
intensity and duration of asbestos exposure. Pleural plaques, if they
are associated with subsequent disease outcomes, are likely to
represent an independent reaction rather than an latermediate event in
the causal chain between asbestos exposure and disease. Tﬁe primary

gia.and clinical importance of pleural plaques is their

vq@gﬁ#iﬁ?ﬁ@iﬂﬁk‘t of asbestos exposure, apparently even for low doses,
and as a stimulus to look carefully for more lmpertant asbestos

related disease outcomes.



3. Asbestosis

The clinical diagnosis of asbestosis depends on a constellation of
findings, which may include radiographic signs of pulmonary fibrosis,
breathlessnesé, abunormal pulmonary function, and crepitations heard on

auscultation of the lung. The essential feature of the diagnosis is a

history of asbestos exposure but this is ofteg wot elicited uniess

asbestosis 1s specifically considered in the differeutial diagnosis.
Asbestosis can both appear and/or Progress many years after removal
from exposure. This latency and nonspecificity of diseage
manifescation makes it difficult to estimate dose~response

relationships for asbestosis.

Peto (1978) argues that it is reasonable to postulate a safe
threshold for mortality from ésbestosis. If this is true, asbestosis
mortality would not be expected from low dose asbestos exposure, and
risk of mesothelioma and/or lung cancer should be determinants of the
public health limits to low level asbestos exposure, since these
cutcomes appear to be linearly related to dose without a threshold.
Still, current occupation;l standards are based on the risk of
asbestosis, and efforts have been zade to estimate the risk of
certain signs of asbestosis. As for most similar chemical or physical
€xposures, accurate dose-response data ;t the low end of the curve

(below 1 fiber/ml for asbestos) are unlikely to be obtained by direct




observatign and must usually be derived by extrapolating from higher
doses. Thus the form of the curve at the low end cannot be determined

empirically.

Dose-response data on “"certified” asbestosis and cumulative
exposure to asbestos are available from two studies, one from an

asbestos textile factory in England (Berry and Lewinsoha, 1979) aand
the other from an asbestos cement factory in Ohtario, Canada
(Finkelstein, 1982). The study end—poi;t, "certified” asbestosis, is
generally comparable in the two studies in that the diagnosis of
asbestosis was reviewed and confirmed by a panel Qf medical advisors
to the respective official govermment compensation board, and the same
clinical findings were considered by both groups, although a formai

comparison of the criteria for certification has not been made.

In the study by Berry et al k1979), dose-response calculations
were restricted to 197 workers employed only after 1950 and followed
to 1975. The average interval from first exposure to end of follow-up
was 16 years. Fiber counts were not available for 1951-60 but wera
.estimated from thermal precipitatoer particle counts available for 1952
and 1960. All estimates were based on area samplers. Finkelstein's
dose respounse calculations were based on 157 production workers
exposed to asbestos dust for at least one year prior to 1961, employed
V for at least 15 years, and followed to 1980. Cumulative probabilities

of having developed asbestosis were calculated from first exposure



through the thirty-second year of follow-up, and the measure of
exposure was the cumulative exposure in the first 18 years from
initial exposure. Although dose estimates were baéed on personal
sampiing for asbestos {ibers by the membrane filter method, this
sampling procedure was not introduced until 1969, and prior doses were

estimated from impinger samples collected between 1949 and 1968 and

talstad b the L0R010T0 basalne porenal caplo o the varlone

jobs held by production workers. Both reports obtained dose response
estimates with life table methods and assumed that the logit of the

incidence of asbestosis was proportional to the log of the dose.

Table I~1l tabulates results from the two studies as given in the
discussion section of Finkelstein's paper. Differences in the two
studies may be ;ttributable to differences in the length of follow—up,
differences in measurements and estimates of fiber concentrations
{particularly for the years preceding use of the membrane filter
method), and differences (probably slight) in the criteria for |
certifying asbestosis. As shown in Table I-1l, mean fiber
concentrations were similar between 1951 and 1972 in both studies and
estimates of the average annual incidence rates at the same ranges of
asbestos exposure were also similar. Reportad ﬁifferences in
prevalence rates at the same asbestos exposure in the two studies nmay
be explained ﬁy differences in survival. In each study, the

probability of developing “certified” asbestosis falls to zero or near



TABLE I-1

Comparison of Dose-Response Estimatesd

Berry et al (1979) Finkelstein (1982)
Mumber of workers 197 157
Length of follow=up 16 years average 18 vears minimum
23 years maximum 32 years maximum
Years
Mean fiber 1951 ' 10.8 11.5
Concentration 1956 5.3 7.6
(f/ml) 1966 5.3 4.3
1972 2.4 2.1
f-y/ml
Average/annual 0-49 0.4% 0.7%
"Incidence 50-99 12 1.6%
Rate 100-149 2% 2.4%
f-y/ml
Prevalence of 30-99 2.5% 4%
Certified 100-149 8.5% ' 6%

Asbestosis

3Berry et al, 1979 and Finkelstein, 1982.
End point 1s "possible” rather than certified asbestosis under the
assumption that these cases would become certified if the study
population was followed-up beyond the average of 16 years.



zero for cumulative exposures of 10f-yr/ml or less. However, Berry
and Lewinsohn (1979) in plotting incidence of "possible asbestosis”
per person year of observation for cases (among workers in a textile
factory in England) occurring siace 1966 as related to the cumulative

exposures up to 1966,‘0bserved a linear relatioaship compatiﬁle with a
no-threshold interpretation. 4An Iincidence of 0.3% per person year

(vased on two cased) was fownd in avsoclation with & cwmubasdve degs

of approximately 35 fiber years/ml, the lowest dose at which cases

were identified. This dose estimate has since been revised upwards

{Peto, 1980).

Weill et al (1973) in a cross—sectiomal study of 908 American
asbestos-cement factory workers, found the prevalence of diffuse
radiographic opacities to be related to the magnitude of cumulative
dust exposure. However, the study end-point, diffuse radiographic
opacities, 1s not comparable to that of Berry et al and Finkelstein
and hence was not incorporated into this evaluation of asbestosis

risk.

Whether there is a threshold dose for the probability of
developiﬁg asbestosis cannot be decided from these or other empirical
data. Even if many more observations were available for workers
exposed to very low asbestos concentrations (0.1-1.0 fibers/ml) and
followed for 30-50 years, the dose-response relationship would vary as

a function of a number of arbitrary assumptions such as half-life for



asbestos fibers in the lung, thé appropriate lag period for the
development of asbestosis from a delivered dose, the appropriate
weighting for earlier versus more recent asbestos exposures, and the
contribution of modifying factors such as cigarette smoking and other
respiratory system insults. The Panel knows of no reports of

disabling asbestosis occurring among persons whose maximum exposure to
' agsbestos was of the order of 1 f/ml or less. Hence, it is likely
that, as Finkelstein (1982) concludes, “the major risk at lower

exposures will be due to cancer rather than to asbestosis”.



J. DOSE-RESPONSE RELATIONSHIPS

1, Age, Time and Dose-Dependence of Lung Cancer and Mesothelioma

a. Introduction

The risks that may be caused by the levels of asbestos exposura in
most modern factories, or the even lower levels in schools, other
buildings, or urban air, are possibly too low to produce an easily
detectable increase in mortality for any disease with the possible
exception of mesothelioma. To predict these risks, it is therefore
 necessary to extrapolate from observations of more heavily exposed
industrial cohorts. For this purpese, the effects of intensity and
duration of asbestos exposure, age, cigarette smoking and fiber type
must be known for each ashbestos-related diséase, since bronchial
carcinoﬁa, mesothelioma and asbestosis rates exhibit quite different

relationships with these factors.

b. Limearity of dose~response

Available data are consistent with the azssumption that excess
mortality from lung cancer and mesothelioma following a fixed duration
of exposure 1s proportiomal to the airborme concentration of asbestos
and increases with increasing duration of exposure, but severe
limitations on the quality of past exposure measurements limit the

quantification of this observation. The most direct evidence for



linearity of response comes from three studies that compared lung cancer
mortality to the total dose of asbestos inhaled (Hendersoun and
Enterline, 1979: Liddell et al, 1977: Dement etral, 1982}, Figure J=1
shows the dose-response data in these studies in which the ratio of
observed to expected lung cancer mortality is plotted agaimst the

estimasted cumulative exposure dust count. While different dose-response

relationships exist for the three circumstances, each suggests a linear

relationship over the entire range of observatiom.

While all three studies suggest a linear dose-response with
cumulative exposure, there are too few cases in these studies to specify
~accurately the shape of the exposure intensity-response curve after
adjustment for duration of exposure. Separate analyses by duration and
intensity show a less impressive relationship with intensity than with
cumulative dese (cf. Fig. J-1 and Table J-1A). 1In one study of
chrysotile miners employed for over 20 years, for example, an increase

in mean estimataed dust level from 19.2 to 46.8 mppcf produced a small

and non—significant increase in relative risk (Tabie J-1B).

The difference in the slopes found in the three studies may relate
to differences in the quantity of the other dust present, the fiber size
distribution, and the representativeness of the dust sample program.
These factors will be discussed later when the dose-response

relationships of all available studies are compared.



RELATIVE RISK OF DEATH.

Tigure J - |
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Table J - 1A

Lung Cancer Incidence in Quebec Miners
and Miliers by Duration and Level of Expcsurea

EXPOSURE LEVEL
GROSS
SERVICE LOW-MED. HICH-VERY HICH
<5 YEARS OBS. 49 C27
EXP. 50.7 2.7
O/E 0.97 - 0.83
>5 YEARS OBS. 75 79
EXP. 62.4 38,8
O/E 1.20 2,04
7 aMcDonald et al, 1980
TABLE J - 1B

Analysis of the Most Heavily Exposed Men

(Subdivision of lower right-hand cell of Table J-lA)a’b’

GROSS

SERVICE HIGH VERY BIGE
0BS. 7 16
EXP. 8.4 7.4

5-20 0/E 0.83 2.16

! YEARS LEVEL® 17.0 62.3

OVER 0BS. 24 32

20 EXP. 10.9 12.1

'YEARS 0/E 2.20 2.64
LEVEL® 19.2 46.8

; McDonald et al, 1980 ]
The lung cancer rates on other cells in Table J-1A are not signifi-
o cantly raised,.

s -



al, 1980b). Table J-2 lists mesothelioma mortality {in terms of cases
per 1,000 person-years of observation begimnning 10 years after first
exposure). While few deaths are available for analysis, the data for
exposure periods longer than 3 to 5 months are consistent with a2 linear

relationship. There were no deaths from mesothelioma observed in any of

the lowest exposure categories, whereas ! to 2 would have been expected

oh TS0 F9NEY Y IS VWAV 90 @ hNGOT dooc-response relacionsnip, It

thus appears that the assumption of a roughly linear relationship is

unlikely to greatly underestimate the risks from brief exposures.

c. Lung cancer

The most extensive information on time course of lung cancer is
frow the large study of insulation workers by Selikoff et al (1979).
Figure J-2 shows the relative risk (here taken to be the ratio.of
observed-to-expected deaths) of death from lung cancer according to age
for individuals first employed between ages 15 and 24 and for those
first employed between ages 25 and 34. As can be seen, the two curves
rise with the same slope and are separated by approximately ten years.
This suggests that the relative risk of developing asbestosérelated lung
cancer is independent of age and of the pre-existing risk at cthe time of
exposure. In contrast, both the slepe and the value of the added risk
(attributable risk) are two to four times greater for those exposed at
older ages compared to the younger exposure group. Figure J-3 combines

rthagse data arnd mnlarse them acrardine roa Fima Fram AR AT arm e n



Table J - 2

The Risk of Death from Mesothelioma According to
Time of Asbestos Exposure in Three Studies

Exposure
(range in months)

Number

Estimated
person vears
10+years from

of deaths first exposure

Deaths/1000
person years

<3
3~ 11
12+

6-11
12-23 1
26+ 5

5 -9
10 - 19
20 - 29

30+

10
16

-~ WO

wm e WO

. Hobbs et al (1980)

21,212
19,548
14,833

Seidman et al (1979)

6,640
2,000
2,290
2,480

Jones et al (198Ch)

# Exposed % of all deaths

314
116
145
101

51
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Figure J - 2

The Ratio of Observed to Expected Deaths (Relative Risk) from Lung Cancer Among

Insulation Workers According to Age of Observation and .ge at Onset of £y Lovment.
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Flgure J - 3

The Ratio of QObserver to Bxpected Deaths (Relative Risk) from Lnng Cancer Among
Insulation Workers (Aged 15-34 Years at Onset of Emplovment) According to Time
{rom Onset of Emplovment.
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linear increase with time from onset of exposure i{s gseen for 35 to 40

years (;o about the time when many insulators terminate employment).

After 40 years the relative risk fell, rather than remaining
constant after cessation of exposure as might be expected from the

observation of a linear inerease with continued exposure. The decrease

was, in part, the result of the‘earlier.dea;ng of gﬂghﬂ[ﬁ f[gm [H! group

under study from lung capcer and cardiovascular disease. However, the
decrease was not solely the result of the early deaths of smokers since
a similar rise and fall occurred among those individuals who were
smdkers at the start of the study compared to smokers in the general
population. (In calculating the relative risk of lung cancer in
smokers, smoking specific data from the American Cancer Societv study of
one million people were utilized.) Another pessible factor is the
confounding of the period of first exposure and the time since first
exposure as the period of observation in this study 1s relatively short.
Such a cohort effect would occur if ghose first employed prior to 1935,
who contributed to the long follow-up groups, had an average exposure
less than those first employed after 1935, who contributed to the
shorter follow-up groups, Ome possible period of high exposure would be
World War 1I. Part éf the decrease may relate to the eliminarion of
asbestos, particularly chrysotile, from the lung. Finally, differing
individual biological'susceptibilities may play a role. However, the
magnitude of these effects at lower doses can not be estimated from the
data on insulation workers. ' It would be expectad that the selection

afferts diccucaad ahouvs warnld he Teocm foe oae o e e




cohorts. The rise and fall in relative risk is also seen in mortality

studies of groups exposed to certain other carcinogens.

In view of these uncertainties, the model for lung cancer risk that

-

has been adopted does not include an eventual fall of relative risk, It

1s thus assumed that at lower exposure levels ﬁhe increage in relative
risk will be proportional to cumulative exposure, and will remsin
constant after exposure ceases. If the rise and fall in relative risk
observed in the insulators is a general phenomenon and also occurs at
1§wer levels of exposure, our exirapolation from observations on this or
other industrial cohorts could either over or underestimate the lifetime
 risk depending on the period of follow-up. However, if our assumed
model is not correct and the observed falil in relative risk is due
entirely to selection effects, our estimates of lifetime risk at low
levels will tend to be systematically too low, perhaps by a factor as
much as 2 to 3 fold when extrapolation i{s based on the mortality
experience of retired workers such as those studied by Henderson and

Eaterline (1979)

Figures J-2 and J-3 are also consistent with a linear relationship
between cumulative dose and increase in relative risk. The relativg
risk increases linearly with time since first exposure up to 35 vears, a
period when most insulators were continuocusly exposed. Over this
period, time since first exposure is therefore roughly proportional to
cumulative dose in this cohort. These data alsoc suggest a lag of the

order of 10 years, or perhaps even less, before any effect is manifest,



The data of Seidman et al (1979) also show that the effect of
external exposure to asbestes is to multiply the pre-existing risk of

lung cancer in the abgence of exposure and, that the multiplied risk
becomes manifest in a relatively short time. Figure J-4 depicts the
time course of the lung cancer moftality beginning five years after

onset of exposure for lung cancer of a group exposed for short periods

of time, DBecause 774 of the population vas employed for less than two

vears, Axposure LaJ 1argeiy ceased prior to the beginning of the '

follow=-up ﬁeriod. As can be seen, the relativé risk is significantly
elevated within ten years, and them remains comstant throughout the
cbeervation period of the study. furthermore,'the relative risk from a
‘specific exposure is independent of the age at which the exposure began,
whereas the attributable risk would increase considerably with the age
of exposure. Table J-3 shows the relative risk of death from lung
cancer for individuals exposed for less than and greater tham nine
months according to the age at the time of entrance into a ten year
observation period. Within a given age category, the relative risk is
similar at different decades from omnset of exposure, as was seen in
Figure J-4 with the overall data. However, the relative risk also is
independent of the age decade at entrvy into a ten-vear observation
period (see lines labeled "All" in each exposure catagory).‘ There is
some reduction in the oldest groups. This éan be attributed to the same
effects manifest at older ages in insulators and to relatively fewer

clgarette smokers who might be present in the older age grouns Lecauce
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Table J - 3

Relative Risk of Lung Cancer during
Ten Year Intervals at Differegt Times from
Onset of Exposure

Years from Age at start of period of observation
onset of
exposure 30-39 40-49 50-59

Shorter exposure (<9 months)

5 0.00 [0.35] 3.75 (2) 0.00 [3.04]
15 6.85 (1) 4.27 (3) 2.91 (&)

25 - 2.73 (2) 4,03 (6)
All 3.71 () 3.52 (N 2.58 (10)

Longer exposure (>9 months)

5 ' 0.00 [0.66] 11.94 (4) 9.93 (8)

15 19,07 (2) 11.45 (5) 5.62 (5)

25 - 13.13 (8) 7.41 (8)
All 11.12 (2) 12.32 (16) 7.48 (21)

4Seidman et al 1979,
( ) = Number of cases
[ ] = Bumber of cases "expected" on the basis of the
average relative risk in the overall exposure category.
~~ = No cases seen,



These results can be summarized by the formula;:

IL (a, s, d, £) = IU {(a, s) x (1 + KL xd x ), (Equation

J-1)

IL (a, s, d, f) denotes lung cancer incidence among asbestos workers
éged a who smoke s cigarettes per day and have been exposed for a total
duration df d years at an average level of f fiber/ml. IU (a, 89)
denotes lung cancer incidence at'the same age a In an unexposed
population with similar smoking habits, and KL is a cpnsfan:, probably
characteristic of the mineral type and distribution of fiber dimensions
of the asbestos. The relative risk, which equals 1 + KL xdx £, is
thus increased in proportion to d x f, the cumulative dose (fiber/ml
years). In applying Equation J=1, it is necessary to take into account
a lag time of about 10 'years for the effect of a given exposure to be

manifest.

d. Mesothelioma

For both pleural and peritoneal mesothelioma, there is a clear
increase in risk with increasing duration of exposure {(Newhouse and
Berry, 1979; Hobbs et al, 1980). Incidence rises as the third or fourth
power of time in some studies (Peto et al, 1982), and the risk is more
or less independent of smoking (Hammond et al, 1979) and age at first
exposure (Peto et al, 1982). This incidence pattern suggests that

agbestos acts as an initiator of mesothelioma., Such a patterm would be



expected 1f the effect of each day of exposure is an addition to overall
incidence proportional to the intensity of exposure on that day (Peto,
1979),. and either proportional to the cube of time since that day, or to
the square of time with a2 latency of 10 years. For either of these
models, the incidence 20 or more years after first exposure will be

roughly proportional to a power of time since first exposure of between

0ty o e

The model incorporating a delay of 10 years in the response
function provides a better fit to the observed data both in earlier and
later periods however, and predicts a less steep increase at times more
‘than 50 years from onset of exposure, where our knowledge of time
dependence is lacking. The correspouding formula, which we will use as
a model for mesothelioma incidence is the function:

- Equation J-2

L(t, £, &) = K,£ [(t - 10)% = (¢ - 10 - @) ] £ > 10+d
= Kuf (¢ - 10)3 10+d>t > 10
=0 10 >t

where t denotes yvears since first exposure, f is level of exposure in
fiber/ml, and d is duration of exposure in years. The constant K\l

depends on the type and fiber dimensions of the asbestos.



of time since the exposure occurred with a lag of 10 years, the
incidence at time T + 10 years will be proportional to the integral up
to time T of f(t), the exposure level at time t, multiplied by
(T - t)z. Such a complex model is of little value, however, as

variations in past exposure are never accurately known.

16 node] tepresented in equation Jo] accords with curvent theorles

of carcinogenesis, and provides a satisfactory explanation of the
epidemiological data on mesothelioma incidence up to 45 years after
first exposure. In the two studies (Selikoff et al, 1979; Nicholson et
al, 1983) where indiviﬁuals first exposed 45 or more years previously
were included, the risk rose as a power of time but ceased to rise or
fell in the longest time periods from onset categories. This flattening
or decre;se could, however, be due to the selection effects at high
exposure and perhaps cohort effects, discussed above in relation to lung
cancer. The incidence predicted by equation J-2 depends stromgly on
time from onset of exposure and is independent of age, éome "lag"
between first exposure to asbestos and first appearance of the disease
is supported by the epldemiological data, but it cannot be estimated
accurately, and the choice of i0 years in equation J-2 is somewhat

arbitrary.

The equation implies that asbestos acts early in the development of
mesothelioma rather than later, The predicted eventual incidence is not

strictly provortional to duration of evpocure. and ie¢ hardlv {mearaaced



lung cancer. It {s imposible to assess with any confidence the effect
this might have on the incidence formula. The suggested equation for
mesothelioma incidence {s obviously subject to uncertainty, and should

be refined as further data become available.

At first sight it seems paradoxical that the suggested incidence

for sednthalioms 4t 4 given time afver ovaagure 1o ndenendont of 200

vhile the 1ifetime risk is far greater when exposure cecurs at a young

age.  This 1s because the risk increases rapidly with time since
exposure, and lifetime risk is therefore greater in those whose iife

expectancy is greatest at the time of first exposuyre.



2. Dose-Response Slopes (K )} for Lung Cancer

19

a. Data Quélitv Considerations

Since the validity of a study's inferences depends on the accuracy

of the underlying data, this review of epidemiologic studies in which

dose-Tesponge reiationsnips have been reported includes: an aegeggmant

of the quality of the exposure data, the detail of the risk assegsment,
the apparent appropriateness oflthe comparison population, and evidence
of internal consistency as demonstrated bv the observation of a risk

gradient with increasing exposure.

1t should be noted that asbestos exposures have been expressed
differently over the vears. In early studies the measure of exposure
intensity involved counting collected particles of all types, most of
which were not asbestos. More recent measurements enumerate asbestos
fibers longer than 5 um. In this report, unit risks for lung cancer and
mesothelioma will be expressed in relation to cumulative fiber
exposures, Thus, conversions of particle counts, expressed as millions
of particles per cubic foot tmppcf), to fiber concentrations in f£/ml
must be made. No single comnversion factor applies to all asbkestos work
places. The conversion factors for a given process are uncertain
because of limitations in the number of side-by-side determinatiﬁns of
pérticle and fiber concentration and their considerable variability.

Nevertheless, the uncertainly of an average conversion factor for a



given process is very much less than the differences {g unit risks found

in different ;tudies.

Similarly considerable uncertainties exist in studies where past

asbestos exposure estimates are based on fiber concentrations measured
in what are believed to be work activities characteristic of those of

past years. Processes, materials and ventilation conditions may have
changed with time and estimating the effect of these changés introduces
uncertainties in past fiber eéxposure estimates. However, these
uncertainties are alse much less ghan the differences in unit risks

found in diffarent studies.

For both exposure data and risk detail, two levels of comﬁléteness
are considered. The exposure data available to studies consist either
"of job histories and industriasl hygiene measurements made at the rele-
vant exposure site (Level 1l exposure data), or of surrogate measures of
exposure time, with hygiene measurements adopted from other evposure

sites (Level 2 exposure data).

In analyzing risk in order to obtain a dose-response relationship,
two approaches were used in the studies reviewed: (1) risks are
calculated separately for several subgroups having different
(cumulative) exposures, which should increase with increasing exposure.
A dose-respouse relationship {3 obtained by fitting a regression
equation to these data points, and (2) overall risk and mean

(cumulative) exposure are estimated for the entire populations, with a




dose-response relationship based on this single data point, assuming the
dose-response line passes through the origin (no excess risk for zero

exposure) .

The first, more detailed, approach allows examination of the

consistency of a study's findings; inferences from studies demonstrating
such consistency should be given greater atteuntion than studies without
evidence of such consistency. For example, if risk 1s reported for
separate exposure groups but no semnsible pattern of risk with increasing
exposure levels is observed, then the validity of the dose estimation
and/or the risk estimation must be questioned? If risk at very low
exposure levels is found to be substantially elevated, then the
possibilities of systematic underdetermination of dose or overestimation
of risk, perhaps because of an inappropriate comparison population or
the inclusion of a highly susceptible-sub-population, nust be
considered. Conversely, demonstration of a gradient of risk with
exposure, with a reasonable level of risk for the lowest éxposure gToup,
provides important validation (on an ordinal scale) of the exposure
estimates and choice of comparison populatiomn, High risk at low levels
of exposure could also imply the existence of a highly sensitive

sub-population.

Studies reporting only a single data point {(overall risk for a
population with an estimated overall mean exposure) do not provide any
measure of internal validation for the exposure estimation procedure.

Moreover, accurate estimetion of the mean (cumulative) exposure is



in the cohort. Estimating this mean as the product of the mean
intensity and the mean exposure time is the most reasonable procedure in
the absence of individual exposure histories. However, this process

will not always provide an accurate estimate of the mean exposure.

Such a problem occurred in estimating mean cumulative levels in a

Bt{tish textile factory (Beto et al, 1971, Early estimates of GIPOEUIG
were too high; the error was discovered when subsequent examination of
individual job histories showed that employees had spent more time in
the less dusty areas than originally believed. This error was
'correctable because industrial hygiene data and job histories were
‘available to provide reliable estimates of the mean exposure intensity
and duration., Obtaining ap accurate estimate of mean cumulative
exposure in the absence of such information is, of course, more

difficult,

Clearly accurate information-is also important for estimates of the
cumulative exposures of individual workers. However, this is not
always available. Complete job histories are not always available for
each worker; sometimes only employment durations wmay be knowm.
Relatively few dﬁst counts were made prior to 1970 and exposure data may
not exist for many jobs in a plant. Worker mobility during a work day
may significantly alter his exposure from that determined at a specific

work station. To the extent that such circumstances exiast, there will



A final dafa quality consideration 1is the statistical precision of
a given study.' If few deaths are observed or the relative risk of lung
cancer as expressed the study {s low, the 957 confidence limits (from
statistical considerations alone) on the calculated estimates of KL

are very large; in some of the studies reviewed the 957 confidence range

exceeds an order of magnitude.

b. Review of Studies

This review first considers studies with Level l exposure data (job
histories available, industrial hygiene measurements made at the site of
‘exposure), followed by those without such information (Level 2). The
estimates of the increase in the standardized mortality ratio for lung

cancer per unit dose, from these studies, are summarized in Table J-4.

Level ] Exposure Data Studies

(1) Canadian chrysotile miners and millers (McDonald et al, 1980)

(n = 11,379, 245 lung cancers, earliest exposure data for

cohort - 1949)

Two analyses estimating a dose-response relationship were
performed, one based on 2 case-control approach with adjustment for

smoking, the other using the full cohort.



Table J - 4

Estimates of Inerease in Standardized Mortality Ratio for Lung Cancer
{SMR) per Unit Increase in Cumulative Asbestos Exposure

Increase in SMR per Unit

A Number of Increase in Dose*
Occupational Fiber  Lung Cancer Dose In Dose In
Exposures Type Deaths wppef-yr f/pl-vr

Level | Exposure Data

A, Studies with an observed gradient of risk with mean exposure level

Mining Chrysotile 245 L4
(McDonald, 1980)
Retirees - Mixed 63 137 (.6)
(s 54, W)
U.g. Cement Mlxe& 51 ‘ .AL |

(Weill et al, 1979)

U.S. Textile Chrysotile 26 6.8" (13.1)
(Dement, 1982)

¢

Studies without an observed gradient of risk with mean exposure
level :

Mining Chrysotile 11 .17
(Rubino et al, 1979)

Friction Materials Mixed 106 .06
(Berry and Newhouse, 1983)

British Textile M;xed 30 1.00
{Peto, 1980)

Canadian Cement Mixed 20 4.82
(Finkelstein et al, 1983a)

Level 2 Exposure Data

A. .Studies without sufficient data given an observed gradient of risk ,
with exposure level ' -

Mining Chrysotile 28 .30
(Nicholson et al, 1979)

Amosite Products Amosite 83-93. 6.8
{Seidman et al, 1979)

Users
Insulaction Workers Mixed 492-486 1.01



In the case~control analyeis, the dose-responge relacionship for

lung cancer was found to be:
SMR = 100 + 14 x,

where x is asbestos exposure in mppef-yrs (accumulatad to 9 vears before

death of the cases). A low gradient of risk with smoking in the high
dust exposed groups casts doubt on the accuracy of the information on

smoking and/or on the dust exposures or suggests some unkmown bias in

the estimate of excess lung cancer risk.

Results of the cohort analysis, using five exposure groups, were
presented by McDonald et al, 1980 in a figure. A regression based on
values estimated from this figure yields a slope similar to the

cage-control approach:
SMR = 100 + ,146 x.

An earlier report (McDonald et al, 1971) for thié cohort reported
that lung cancer rates in the mining region were two-thirds Quebec
rates, which were used in this study. If regional rates were used for
the calculation of expected lung cancer deaths, then the resulting slope

would be estimated to be approximately .22,



(2} Manufacturing retirees (Henderson and Enterlire, 1979) (n =
1075, 63 lung cancers, earliest exposure data for cohort -

approiimately 1962).

Regression of the date for five exposure subgroups provide the

relationship:

SMR = 101 + .66 x,
where x is is mppcf-yrs.

Because the earliest {industrial hygiene measurements were
apparently made in the early 1960's (Enterline and Henderson, 1973),
considerable extrapolation to earlier time periods was necessary {the
cohort, consisfing of all men retiring during 1941-1967, had an average
employment duration of 25 yvears). The observed linear gradient of risk
with cumulative exposure with an iﬁtercept of approximately 100 provides

support for the expected rates used and the exposure groupings.

However, since follow-up of this group began at age 65, it is
essentially a study of a survivor population and as such may have
underestimated the maximum relative risk actually experienced by the
entire manufacturing cohort. If this peak relative risk provides the
best basis for predicting the long-term experience of individuals
exposed at lower levels, then the fitted slope should be increased,

perhaps by a factor of 2.0. This would vield an estimated equation of:



SMR = 100 + 1.3 x.

(3) Asbestos cement manufacturing workers (Weill et al, 1979),

(n = 5,645, 51 lung cancer cases, earllest exposure data for

cohort - 1952)

SMR's reported om workers with over 20 years of follow-up from

initial exposure in five disjoint exposure categeries resulted in a

linear regression of:
SMR = 78 + .48 x (x in mppef-vrs).
.Forcing an intercept of 100 yields:
SMR = 100 + ,40 x.

The low value of 78 for the estimated intercept may represent
deficiencies in tracing this populaﬁion overall, a result of relying
solely on records of the Social Securitv Administration. If it ig
assumed that the SMR's for all exposure groups were 78% of the correct
value, then all values should be increased by 28%, which would result in

an estimated slope of ,61,

However, with trace over 90X in the two upper exposure categories
it is unlikely that substantial underestimation of the SMR's for these

groups has occured; the effect of the low trace rate in the low exposure



categories may be evaluated by calculating the line using onlv the two
upper categories and projecting through the origin. This yields the

equation:

SMR = 100 + .44 x,

TS rolen of i {n the ot o otopnt b

ltele effect on the elope of the regression line,

(4) Chrysotile textile workers (Dement et al, 1982). (n = 768, 26

lung cancer cases, earliest exposure data for cohort - 1930)

The data reported for three exposure groups (in mppcf-yrs)
exhibited an increasing trend in risk with increasing exposure and
yielded a regression equation (using the mid-point of the exposure

groups as the estimated mean exposure):
SMR = 120 + 13.1 x.

The data point for the highest exposure .group has a major effect on
the regression equation (both the slope and intercept), but because the
variance associated with it is high, less weight should be given to this

point than to the other two. Using a weighted least squares regression

U T r e - L o .



SMR = 160 + 11.0 x.

(Note: Similar weighted regressions for other studies with risk reported
for separate exposure categories did not produce substantially different

slopes,)

The estimated intercept of 160 calls into question the
appropriateness of the comparison pépulation. as does the authors’
report that lung cancer rates in the county of the plant are
substantiazlly higher than those of the U.S., the population used for
comparison. Age—adjusted rates presented in the paper show that county
‘rates are 1.75 those for the U.S., a ratio similar to the weighted
regression intercept of 1.60. The authors, however, made a strong
argument in support of the U.S, rates as the most appropriate comparison

population,

With no evidence of a possible differential bia§ in the estimated
SMR's among the various exposure categories (as contrasted with the
Weill et al, 1979 study), it may be postulated that all data points were
overestimated by a factor of 1.6. If this correction factor.is

employed, the equation becomes:
SMR = 100 + 6.8 x.

These calculations have attempted to adjust for sources of

variability and bias in the measurement of risk; if systematic error in




the estimation of dose has occurred, then the slope would require
further adjustments. Underestimation of exposure levels for this
population might have occurred in view of the fact fhat estimated levels
are far lower than those reported in a British text{le factory which was

in operation during the the same time period (Peto, 1980}, although, as

indicated earlier, early estimates from the British study were too high.

(5 British textile workers (Peto, 1980)

(n = 679 with at least 10 vears of follow-up, 30 lung cancers,

earliest exposure data for cohart -1951)

Although extensive fiber counting throughout the factory was
performed beginning in 1951, individual exposure profiles were developed
for only a portion of the population. Among men first exposed in 1951
or later and with at least 20 years of follow-up from initial exposure,
there was an overall excess of lung cancers: 8 observed, 1.62 expected,
for an SMR of 494,

A case-control analysis of these 8 cases and &Ormatched-con;rols, !
wnich included individual exposure reconstruction, Zound no gradient
with exposure. This casts doubt on the validity of the exposure

estimates.

Further questioms, concerning the dose estimates arise because,



samplers in this factory found levels 757 greater zhan those measured by

personal samplers,

If reservations concerning the exposure estimates are set aside and
1f the mean cumulative exposure of those in the case/control analysis

(300 f/ml-yr) is used as an estimate of the overal: mean, then this

(single-point) dose-response equation for the post-1950 cohort is:

SMR = 100 + 1,30 x,
vhere x is in f/ml-yr,

Men exposed before 1951 did not exhibit SMR's as high as the
post-1950 cohort, suggesting that exposure levels were not significantly
‘higher during the earlier period. The SMR after 20 vears from initial
exposure for the two cohorts combined was 194 (30/15.5). Assuming an
overall mean exposure of 300 f/ml-yrs and using a single~point

extrapolation yields:
SMR = 100 + .31 x.

The lack of agreement of these two slopes, together with the
observation of no dose-response relationship in the case/control
analysis, casts doubt on using the dose-response slope derived from this

study.



A previous analysis based on a single-point extrapelation (Peto,
1978) suggested a slope of 1.0. Since this value lies between those
calculated above, this will be taken as the best estimate currently

avallable,

(6} British friction materials workers (Berry and Newhouse, 1983).

(o = 91087) 196 lunﬁ CﬂHCEIS. Eﬂ!liéﬁ! A¥pasure Jata for

cohort - 1967)

Estimates of early exppsu?e levels were based on records of
production, ventilation, etc., as well 3s on fiber counts made during
‘simulation of past conditions. Individual exposure histories were
constructed for those in the case/control analysis (based on 106 lung

cancar cases occurring ten or more years after initial exposure,)

Relative risks for lung cancer exhibited no trend with exposure, a
result which raises questions concerning dose estimation or indicating
0o association between cancer and exposure in this populatiom. No
excess risk was observed overall, which 1s consistent with the latter
interpretation, or which raises questions about the appropriateness of

the population from which expected numbers were calculated,
The published matched analysis found the relationhip:

SMR = 100 + .058 x,



vhere x is in f/ml-yr,

(7) TItalian chrysotile miners and millers (Rubino et al, 1979) (n
= 952, 11 (127) lung cancers, earliest exposure data for

cohort - 1969)

Aot the orey qud Nowhowis (490) avudy) cotlnatey of iy

exposure levels were based on past related records and fiber counting
conducted during simulation of past conditions. Job histories were
available for the entire cohort and were used with the estimated
axXposure levels‘to obtain individual cumulative exposure estimates. An
 analysis of those with 20 or more years since initial employment found
an SMR of 115. Summarized measufes of cumulative exposure suggest an
overall mean of 323 f/ml-yr; the ome-point dose-response relationship

from these data is:
SMR = 100 + .05 x,
where x is in f/ml-yr.

A case-control study of 12 lung cancer cases (smokers) and 41
controls found a higher risk in the upper exposure categorv. Mean
exposures for the two exposure categories for the case-control study
were not provided; these values for the entire cohort are not clear but

values of 26 and 476 f/ml-yr may be inferred from one of the published



tables. Using these values for the case-control study yields a slope of

.29,

The paucity of data concerning exposure levels makes it gifficult
to have confidence in either dose-respense result, and without measured

levels in early years of operation of the mine, no other validation is

possible. The best available estimars w1l be taken 2¢ che mesn of the

two slopes, 0.17,

(8) Canadian asbestos cement workers (Finkelstein, 1983a) (n = 241

exposed, 20 lung cancers, earliest exposure data - 1949)

Estimates of exposure levels were based on fiber counting periormed
in 1369-1970. Particle counts, available at various times starting in
1949, were used to estimate changes in exposure levels over time; these
estimates of changes were applied to the 1969-1970 fiber counts to

obtain estimated fiber levels for earlier periods.

A high lung cancer SMR of 605 (20/3.3) was found for this
population, but subdivision of the cohort into three curulative exposure
categories foﬁnd no gradient of risk with increasing exposure. In fact,
the lowest age-adjusted lung cancer rate (11.9 per 1000 man-years)
occurred in the‘highest exposure category, while a scmewhat higher rate
(13.6) was reported for the lowest category, and a rate approximately

twice these (26.1) was found for the middle exposure group. No sensible



Possible explanations for these results are incorrect exposure estimates

and/or very high competing risks for the heavily exposed persons.

If reservations concerning exposure levels are ignored, a one-point

extrapolation using the overall SMR of 606 at the estimated overall mean

18-year cumulative exposure of 105 f/ml-yr results in the equation:

SMR = 100 + 4.82 x,

(9) Level 2 Studies

(No job histories or industrial hygiene measurements available for

the cohort, exposure estimates made from best available sources.)

(a) Long-term Canadian miners and millers (Nicholson et al, 1979)-

(n = 544, 28 lung cancers)

This cohort of workers, all of whom had worked at least 20 years by

1961, showed a overall lung cancer SMR of 252.

Job histories were not available, so individual exposure
reconstruction could not be performed. This study population is a
subset of that studied by McDonald et al, 1980. McDonald reported that
the 3105 men in the two mines combined who had accumulated 20 years of

employment by 1966 had an average cumulative exposure of 503 mppef-vrs,

hoacsad ~rm dmadderd Feew T om0 .



smaller study had accumulated 20 vears by 1961, it is possible that they
wefe exposed to higher concentration levgls, since some of their

exposure occurred earlier, Concentration levels in Thetford Mices, the
site of employment for the great majority of those in the smaller study,
are reported to have been "always higher" (McDonald et al, 1980) than in
the other mine. For these reasoms 503 mppef-yrs may be an underestimate

of the actual mean exposure of this cohort, although the amount of

.underestimation cannot be estimated. If this value (503 mppcf-yrs) is
used in a one-point extrapolation through the origin, then the

dose-response equation is
SMR = 100 + ,302 x,
where x is in mppcf-yrs.

(10) Amosite factory workers (Seidman et al, 1979) (n = 820, 83
lung cancers by death certificate, 93 by best evidence of

cause of death)

The majority of this cohort of workers in a Paterson, N.J. factory
was recruited between 1941 and 1945, and the plant closed in 1954,
Sixty-two percent of the men were emploved for less than one year; the

average duration of employment of all workers was 1.46 years.

No dust measurements were made in the plant., The best exposure

estimates avallable for thig nlant ave hacerd Am Mmoo om e oo e e 4 o



plants, (in Pennsylvania and Texas) during 1967-1971, using the same or

similar equipment and producing the same product as the Paterson plant,
These estimates were made at least 20 vears after the majoritv of the
cohort was employed, in different plants with possible different

ventilation conditions.

Comparigen Wgrﬁﬂlity Wes calcularad using New Jersay general

population white male rates.- Expected deaths were calculated on a
generation life table basis and not on a person years at risk basis,
The ratio of the overall observed percentage of deaths from lung cancer

to the expected percentage, adjusted to a person-years-at-risk basis, is

4,46,

If the risk data are interpreted as similar to SMR's and if the
estimated mean concentration of 35 f/ml is accepted, then the estimated
mean cumulative exposure is 51.1 f/ml-yrs. and a one point extrapolation
through the argin produces a slope of 6,8, However, the very shortest
employment groups ( ! month, 1-2 menths) have a more than two fold
elevated risk. This calls into questicn the appropriateness of the
analysis and/or the comparison rates, or implies the existence of a
highly susceptible population, all of which raise questions about the

validity of the lipear dose-response relationship.

(11) Insulation workers (Selikoff et al, 1979)

(n = 17800, 429 lung cancers by DC, 486 by BE)



This study of men who were members of the insulation workers' union

in 1967 followed these workers over the ten-year period 1967-1977. For

12051 men (68%), follow-up occurred at a time 20 or more vears after
{nitial enrollment; overall, 29% of the cohort enrolled in the union

prior to 1948, and an additional 39% enrolled between 1948 and 1956,

After 20 or more years f{rom onset of exposure using best evidence of
‘cause of death, 450 lung cancer deaths were observed, compared with 93.7

expected (SMR=480),

Estimating the exposure of this cohort is extremely difficulrt
because employment occurred in a wide range of industries and jobs, and
. no employment records other than union membership are available. Few
dust measurements were made in these industries during the relevant time

periods.

One of the few areas in which any measurements were made was
shipvard work. However, it is not known what proportion of the cohort
ware In shipyards, although a substantial number mav have been, at least
during World War II. Measurements by Fleischer et al, in four shipyards
in 1946 found véry high average levels orn board ships in three yards
{means of 49-142 mppcf), but substantially lower in the fourth {11
mppcf). Levels in the shops of these vards were lower (means of 14-32
mppef) but only 12% of workers in the four yards were employed in the
shop. A study of conditions in some of these yards showed the same

particle concentrations in 1965 - 1966 (Murphy et al, 1971).



Levels would be expected to have decreased considerably simce that
time. A study by Harries in 1971 reported this genmeral trend in a
survey of British ship repairing, although concentration levels (f/ml)
varied dramatically among the areas sempled and some mean concentrations

were very high,

These shipyard data relate to only one type of work performed by
members of this umion. The individual work activities in commercial and
industrial construction vafied considerably and took place in a wide
variety of structures with different ventilation conditions. In spite
of these difficulties an estimate of 15 f/ml as the average fiber
- exposure of insulators has been derived (Nicholson, 1976) using the
Fleischer (1946) study and measurements made in 1968 - 1970 by several

research groups,

Using 15 f£/ml as the estimated average concentration of expaosure
for this cchort and assuming an average of 25 years of exposure, a
one-point dose-response estimation yields:

SMR = 100 + 1,01 x,

where x is in f/ml-yr.



c. Conversion of Particle Counts to Fiber Counts

For all four studies reporting a gradient of risk with increasing
asbestos exposure level, the industrial hygiene data for the early

years of exposure were measured in the number of (millicns of)

particles per cubic foot of air (mppcf). Since moderz industrial

hygiene methods couat the number of fibers per allliliter (f/al), it

is necessary to establish a counversion factor which will estimate the

number of f/ml which is equivalent to one mppef.

There is general agreement that no single conversion factor can be
" relied upon as accurate for all segments of the asbestos industry nor

for all stages of processing within any one segment of the industry.

Nevertheless, in spite of extensive variability in the
observations, best estimates of these factors have been made (Ayer et
al, 1965; Hammad et al, 1979; McDonald et al; 1980; Dement et al,
1982). These estimates have confirmed the expected trend: the highest
factor occurs in textiles, where the greatest proportion of particles
are asbestos fibers, while the lowest factor occurs in asbestos cement
zanufacturing, where, because of mixing with other substances, the

lowest proportion of particles are asbestos fibers.

In the textile industry, Ayer (19653) derived an estimated factor

of 6.0. Dement (1982), as part of his epidemiologic study of



a textile factory derived a factor of 8.0 for the preparation area and
3.0 for all other areas. The factor of 3.0 is used to convert the
slope of the Dement study to f/ml-yr. For the asbestos éement study
(Weill et al, 1979), a factor of 1.4 derived by Hammad et al (1979)
for these factories wil. be used. McDomald et al (1980) reported that
the conversion factor in the Canadian chrysotile mines falls in the

range l=5; the value of 2.5 will be used here. For the study of
manufacturing retireés, a value of 2.0 will be used since much, though
not all, of these exposures are believed to have involved asbestos
cement. Using these conversion factors the slopes obtained from the
four studies reporting a gradient of increase in SMR with asbestos
exposure measured in mppcf were converted to increases in SMR per ugit

expogsure of asbestos measured in f/ml-yrs. as shown in Table J-5.

d. Estimates of Mesothelicma Carcinogenicity

Four of the above studies provide information oo the incidence of
mesothelioma (pleural and peritoneal combined) acqording to time from
the onset of exposure and data on the duration and intensity of
asbestos exposure. Thus, values for Ky, the proportionality
constant (exposure gradient) for mesothelioma risk {Equation J=-2) can be
estimated. Other studies have reported cases of mesothelioma, but
incidence data are lacking. The four studies, however, are not
repregsentative of all asbestos exposure circumstances. OQther studies, with
few identified cases of meéothelioma are not amenable to analysis, in part,

}

because data were aot provided and in part because those studies with



TABLE J-5

Estimates of Increase In Standardized Mortality Ratio
for Lung Cancer (SMR) per Unit Increase in Cumulative Asbestos
Exposure, Measured in f/ml-yr

Increase in SMR Increase in SMR
for Dose in -Conversion* per unit Dose in
mppcf-yrs .Factor f/mleyrs

Level 1 Exposure Data
A. Studies with an observed gradient of risk with mean exposure level

Mining 14 2.5 .06
(McDonald, 1980)

Retirees 1.3* (.66) 2.0 .50%(.33)
(Henderson et al, 1979)

U.S. Cement 44 1.4 3L
(Weill et al, 1979)

U.S. Textile 6.8% (13.1) 3.0 2.3%(4.4)
(Dementc, 1982)

B. Studies without an observed gradient of rigk with mean exposure level

Mining 1.7
(Rubino et al, 1979) '

Fricticn Materials ‘ .06
{Berry and Newhouse, 1983)

Bricish Textile 1.0
(Pero, 1980)

Canadian Cement 4.8
(Finkelstein et al, 1983a3)
Level 2 Studies
A. Studies without sufficient data to give an observed gradient of risk with
exposure level ‘

Mining .30 2.5 .12
(Nicholson et al, 1979)

Amosite Products ) 6.8
(Seidman et al, 1979)

Insulation Workers 1.0
(Selikoff et al, 1979)

*Number of f/ml for sach mppck



insufficient data tended to be those that reported a lower risk of

lung cancer. The estimate of Ky for each of the four studies was
nade by calculating a relative mesothelioma incidence using Equation
J=1 and data on duration and intensity of asbestos exposure. The
relative incidence curves were then superimposed on the observed

incidence data in each study. These fits are depicted on Flgures J=5

and J-6. The four studies are described below and sumnary data listed
in Table J-6

(1) Insulation workers (Selikoff et al, 1979; Peto et al 1982)
(n = 17,800, 236 mesothelicmas by BE)

A follow-up through 1979 of the cohort of insulators provides data on
the incidence of mesothelioma with time from onset of exposuré

'(Peto et al, 1982). It has been estipated that their time-weighted
average exposure was 15 f/ml (Nicholson et al, 1976) . Using these
data and 25 years for their average duration of exposure, a value of
Ky = 1.5 x 1078 i35 estimated.

(2) British textile workers (Peto, 1980; Peto et al, 1982)
(n = 679, 7 mesotheliomas)

A value of 30 f/ml is suggested by the data presented by Peto (1980).
However, some uncertainty exists concerning this value as
discrepancies in the relative exposures measured using persgnal
samplers and static samplers exist (see above). If rhe exposures
measured by personal samplers are less than static samplers, as
suggested by the data of Smither and Lewinsohn (1973), the average
exposure could be about 15 £/ml. BHowever, using 30 f/ml and an
employment period of 20 years a value of Ky = 0.7 x 1078 ig

estimated. Using 15 f/ml as the estimated exposure yields a Ky of

R = 1
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Figure J - 5

The Fit of Observed Mesothelioma Incidence to rhar Calculated
Tsing Equation J-I for Two Studies of Asbestos-fxposed Workers:
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Flgure J - 6

The Fit of Observed Mesothelioma Incidence to that Caleulated Using
Equation J-2 for Two Studies of Asbestos-Exposed Yorkers”
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TABLE J-6

Summary of the Data on Ky, the Measure of Mesothelioma Risk

Per Fiber Exposure,in Four Studies of Asbestos Workers

Average Average Number

udy - Employment Exposure Mesotheliomas Ky KM/ Ky *

. Duration (£/ml)
sulators (Selikoff et al,
1979; Peto et al, 1982) 25 15 175 1.5 x 10—8 1.5 10°6
xtile workers (Peto,
1960; Peto et al, 1982) 25 30 7 0.7 x 1078 0.7 x 1076
oslte factory workers
(Seidman et al, 1979) 1.5 K} 14 5.7 x 1078 0.8 x 1076
ment factory workers
(Finkelsteln et al, 1983b) 12 9 11 12.0 x 108 2.5 x 1076

ote: See Table J-7



(3) Amosite factory Workers (Seidman et al, 1979)
(n = 820, 14 mesotheliomas by BE)

The average employment time of all individuals in this factory was
1.46 years. This value and the previously used value of 35 f/ml for
yields of:

Ky = 5.7 x 1078

(4) Cement workers (Finkelstein et al, 1983b)
{n = 186, 1l mesotheliomas)

It was stated that the cumulative expoéure of the cohort over 18 years
was 105 f/yr. Only men with 9 or more years of emplayment were
included in the cohort. While data on the exact duration and
intensity of exposure are umavailable, using a value of 12 years

_for duration of exposure and 9 £/ml for the intensity of exposure.

This yields a value of ¥y = 1.2 x 1077,



3. Evidence for Fiber Type Effects

a. Lung Cancer

The evidence for differences in lung cancer potential for the

different fiber types i1s mixed and not conclusive. Although some

studles have suggested that a greater lung cancer risk oceurs from

cfocidolite exposure (Henderson and Enterline, 1979; Weill et al,
1979). The evidence is limited, particularly on a unit exposure
basis. Further, ne such evidence emerged in a recent study of three
asbestos factories (HcDon;ld and Fry, 1982). The evidence ou lung
“cancer risk per cumulative fiber exposure from eleven studles does not
point to any fiber types as being uniquely carcinogenic. A review of
the values of Kj in Table J-5 shows that the lowest value and one of
the highest was found {n studies in which the only exposure was to
chrysotile. Similarly, studies of groups with crocidolite exposure
(manufacturing retirees and cement workers) give both high and low
values of K, as did studies of groups with amosite exposure.
Methodological difficulties could explain some but not all of the

differences.

b. Mesothelioma

In order to compare the risk of pleural mesothelioma

cancer, 1t would be desirable to estimate the ratio of



Ky for lung cancer (Equation J-1) and Ky for pleural mesothelioma
(Equation J-2, igﬁoring peritoneal mesothelioﬁa)'for all studies, but
the necessary data are generally lacking. Duration of exposure is
often not reported, for many cohorts the incidence of mesothelioma has
not beex published in a suitable form, and in some reports, the total

number of mesotheliomas is given without distinguishing pleural and

peritoneal tumors. A further difficulty is the selection of
appropriate death-rates for lung cancer (Iy in Equation J=1) ou
which to base the expected number. If one compares the limited data
on Ky and Ky that are available, the ratio between the two are
reasonably close (0.8-2.5)(See Table J-6). 1If an ad justment is made
- for the percentage of mesotheliomas that are peritoneal (by
multiplying by the ratio of the numbers of pleural mesotheliomas to

total mesochelioma), the ratio of KM(Pl) /Ky, changes to:

Number
Group : Exposure Mesotheoliomas Ky(PL1) /Ky,
Pl Per
Insulators Amos. Chrys. 63 112 0.5 x 1076
Brit. textiles  Chrys. 7 0 0.7 x 1078
Amosite mfg. Amosite 7 -7 0.4 x 1076
Canadian cement Chrys. Croc. 6 5 1.4 x 1076

The agreement in the ratio is still good.



Differences between'cohorts appear to be greater for peritomeal than
for pleural mesotheliomas (see below). The overall ratio of excess
lung cancer to pleural mesotheliomas among male asbestos uorgers is
about 4 when the results of published studies are combined (Peto,
1983). Some individual studies show a significantly higher or lower

ratio than this average figure, but this variation may be due at least

pactially to uechododogicad dlfiowlsles, Grocdolite does not saen

Vo 3uae @@ Dagh @ telacive ncldence of mesochelloma 28 hag afean

béen suggested. For example, the ratio of excess lung cancer to
pleural mesotheliomas was 4.6 among Canadian chrysotile miners and 2.0
among non-migrant Australian crocidolite miners, and the extracrdinary
- excess of mesothelioma among migrant crocidolite miners (8
mesotheliomas, and an excess of 3 lung cancers) may therefore have
beer inflated artifactually, perhaps by selective inclusion and
incomplete follow=-up (Peto, 1983). Nonetheless, the highest relative
mesotheliomas rates did occur in crocidolite miners and in workers in

chrysotile factories in which crocidolite was also used.

c. Relative Incidence of Pleural and Peritoneal Mesothelioma

The most striking difference between the mortality experience of
different cohorts of asbestos workers is the variation in incidence of

peritoneal mesothelioma. In cohorts that were sufficiencly heavily




exposed to suffer substantially increased lung cancer risks and a high
incidence of pleural mesothelioma, peritoneal mesothelioma has

sometimes been completely absent and sometimes has been more common
than pleural mesothelioma. Peritoneal mesothelioma appears to be
most common in workers exposed to amosite, less often to crocidolite,

and rarely or never to chrysotile. However, data on a unit exposure

DaBLy are lacklng énd msclassilicacion of peritonesl mesothel{ns i¢

-extremely common (see Table B-2). Further, this simple classification
can hardly explain the observation that none of the 30 mesotheliomas
among Australian crocidolite miners was peritoneal (Hobbs et al,
1980), while 6 of the 9 cﬁses among Canadiaﬁ crocidolite gas—-mask

. workers were (McDonald and Fry., 1982). Other factors, particularly
fiber dimension, are therefore likely to be relevant. Pleural and
peritoneal cases can be combined {n estimating the overall risk, as
their incidence patterns are similar (Selikoff et al, 1979) and both
are quickly fatal; but these differences illustrate the uncertainty in
any extrapolation from the experience of a particular cohort to
predict the effects of different types or sizes of fiber, or other

conditions of exposure.

One othér feature suggested by several studies is a lower
dose-specific risk of malignancy, particularly zesothelioma, in
the mining work enviroument than in asbestos using industries, with
the possible exception of crocidolite for which no exposure data are

available. A low value of Ki was observed in chrysotile mining



chrysotile (McDonald et al, 1980; Rubino et al, 1979), amosite
(Webster, 1970), or anthophyllite (Meurman et al, 1974}, Many of the
studies of production and users of éabestos'proquccs show high
dose-specific risks of death from lung cancer ang ldesothelioma from
both chrysotile and amosite exposure (oo data are available oq
anthophyllite or crocidol{te)- This suggests that dimensionality

relating to use may be an important fact
ng ‘nay portant factor separate frog mg[ Lype‘

o Cancer Risks at Low EXnosure

All data that relate asbestos disease to exposure are derived from
.8tudies of workers éxposed in occupational eaviromments. In order to
es?imate cancer risks at low exposure a model for dosge extrapelation
must be utilized. Ag mentioned previously, the évailable data are
compatible with a lipear dose-response relationship, with no evidence
of a threshold. However, the limited data indicating the validity of
this relationship are for exposures two or three orders of magnitude
higher than those of concern from the ugse of consumer products or from

the ambient environment.

The extrapolation to the various lower exposure circumstances will
utiiize the previously discussed models for the time and dose

dependence of lung cancer and mesothelioma (Equati

Malt a T ™ 35, -



TABLE J-7

Values of Ki and Ky (Equations Jj-l and J-2)
Obtained in the Analysis of Eleven Studies

of Asbestos Workers@é

4 In f-yr/ml.

B Increase in SMR per f-yr/ml/100.

Mortality Study K ® Ky
McDonald et al, 1980 6 x 1074

Henderson and : 3.3-5.0 x 1073

Enterline, 1979

Weill et al, 1979 3.1 x 1073

Dement et al, 1982 2.3-4.4 x 1072

Rubino et al, 1979 1.7 x 1073

"Berry and Newhouse, 1983 6 x 104

Peto, 1980 1.0 x 10~2 0.7 x 1078
Finkelstein et al, 1983a,b 4.8 x 1072 12.0 x 10-8
Nicholson et al, 1979 1.2 x 1073

Seidman et al, 1979 6.8 x 1072 5.7 x 1078
Selikoff et al, 1979 1.0 x 1072 1.5 x 1078



and those of Ky a 17-fold Tange. However, as mentioned previously
Ky could not be determined for several studies, notably those with

lower values of Ky .

Tables J-8A and J-8B list a range of calculated sex and smoking
specific lifetime rigks {per 100,000) of mesotheliona and lung cancer

for a continuous exposure to 0.0] f/ml for various time periods.
Values of Ky = 0.3 x 1072 ¢g 3 x 10-2 and values of Ky = 3

21079 to 3 ¢ 10'8, were used in these calculations. 1977

United States mortality rates were utilized except that female lung
cancer rates were increased by a factor of 2 to reflect the current
rapid rise in these rates. Nonsmoking male and famale lung cancer rates
were taken from data published by Garfinkel (1981). Data from Hammond
(1966) on the ratio of totél mortality among smokers to that among
nonsmokers were used to adjust current male an& female total mortality
rates. The adjustments are approximate and their effect is to cause
slight differences in smoking specific mesothelioma risks due to the
different lifespans of smokers and nonsmokers. Since non-smokers

live longer than smokers, they have a greater probability of

eventually developing (and dying from) mesothelicma.

The choice of lung eancer rates is inevitably arbitrary. Lung cancer
rates in the United States are still rising in men aged 50 or over, and
are increasing even more rapidly in women, due more to past patterns of
cigarette consumption than to recent changes, and these trends are

likely to coatinue for some time even if current smoking rates
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TABLE J-8A

The Range of Lifetime Risks of Death per 100,000 Males
from Mesothelioma and Lung Cancer from a Continuous Asbestos
Exposure of 0.01 f/ml According to Age, Duration of Exposure and
‘ Smoking for Various Time Periods

7ears of exposura

Age at onset

0f tosure | ) lg | 20

Mesothelioma in male smokers

0 3.2 31.9 14,5 - 144.9 25.7 - 254.58 .&1.2 - 412,
10 2.0 19.7 8.8 - 88.2 15.5 - 134.6 23.4 - 2233,
20 1.1 - 10.9 4.9 = 49.1 8.4 - B84.0 12,3 - 123.
30 0.5 - 5.9 2.4 - 24.3 6.0.- 40.3 5.5 - 55,
50 0. - 0.8 0.3 - 3.4 0.5 - 5.6 ,0.5 - 3.

Lung cancer in male smokers

0 0.8 - 8.4 4.2 - 41.6 8.4 - 83.6 16.7 = 166.
10 3.8 - 8.4 4.2 - 42.0 8.4 - 84.0 16.8 = 187.
20 3.8 - 8.4 4.2 - 42.4 8.4 = 84.4 16.7 = 166.
30 0.8 - 8.4 4.2 - 42,4 8.4 - B84.0 15.3 - 158,
S0 0.7 - 7.1 3.2 - 32.3 5.7 - 56.7 8.1 - 80.

Mesothelioma in male nonsmokers

0 3.7 = 37.4 17.1 - 170.9 30.7 = 307.0 49.4 = 493,
10 2.4 = 23.5 10.6 - 105.8 18.8 - 187.7 29.2 - 291,
20 1.3 - 13.4% 6.1 61.3 10.5 = 105.4 15.7 = 157.
30 0.7 - 7.1 3.2 - 31.5 5.3 - 52.5 7.4 = 713,
50 0.1 - 1.3 0.5 - 4.6 0.7 - 6.7 0.8 - 8.

Lung cancer in male nonsmokers

0 3.1 - 0.8 g.3 - 4.8 0.9 - 8.3 1.8 - 17,
10 0.1 - 0.8 0.5 - 4,4 0.9 - 8.8 1.8 - 17.
207 0.1 - 0.8 3.3 - 4.6 0.9 = 3.8 1.8 - 17,
30 0.1 - 0.9 0.5 - - 4.6 0.9 - 8.8 1.8 - 17.
30 0.1 - 0.8 0.4 - 3.8 0.7 - 6.7 | 1.2 - 11.
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TABLE J-8B

The Range of Lifetime Risks of Death per 100,000 Females
from Mesothelioma and Lung Cancer from a Continuous Asbestos
Exposure of 0.01 f/ml According to Age, Duratiocn of Exposure and
Smoking for Various Time Periods

Years of exposure

Age at onset
of exposure 1 J 10 20

Mesothelioma in female smokers

0 4,2 - 41.6 19,2 - 191.9 34.5 - 343.2 55.9 - 338.6
10 2.7 26.9 12,1 - 121.0 21.4 - 214.2 33.6 - 336.0
20 1.6 16.0 7.1 - 70.6 12,2 - 122.2 18.4 - 184.0
30 0.8 - 8.4 3.7 - 37.0 6.2 - 61.7 8.8 - 88.2
30 0.2 - 1.7 0.5 - 5.9 0.9 - 8.8 1.1 - 10.5

Lung cancer in female smokers

0 0.5 - 5.5 2.7 -~ 26.9 5.3 - 33.3 10.7 - 106.7
10 0.5 - 3.5 2.7 - 26.9 5.3 - 53.3 10.7 - 106.,7
20 0.5 - 5.5 2.7 - 26.9 5.3 - 33.3 10.3 - 105.9
2 0.5 - 5.5 2.6 - 26.5 5.2 - 31.7 9.5 95.8
50 0.4 - 3.8 1.8 - 17.6 3.1 - 31.: 4.5 - 43.4

Mesochelioma in female nomnsmokers

0 4.5 = 44.5 20.5 - 204.5 36.8 - 168.3 59.8 - 5938.1
10 2.9 - 28.%6 13.1 - 130.2 24,4 - 243,86 36.4 - 363.7
20 1.7 = 17.2 7.7 - 76.9 13.3 - 133.1 20.2 - 201.8
30 0.9 - 9.2 4.1 40.7 6.9 - 58.9 9.9 - 98.7
50 0.2 - 1.7 0.7 - 6.7 1.0 - 10.0 1.2 - 12.2

Lung cancer in female nonsmokers

0 0.1 - 0.8 0.4 = 3.8 0.8 - 3.0 1.6 - 15.3
10 0.1 - 0.8 0.4 - 3.8 0.8 - 3.0 1.6 - 16.0
20 0.1 - 0.8 0.4 - 3.8 0.8 - 8.0 1.6 - 15.3
30 0.1 - 0.8 0.4 - 3.8 0.8 - 8.0 1.5 - 15.1
50 2.1 - 0.8 0.3 - 3.3 3.6 - 6.3 1.1 - 10.5



calculating Tables J-54 and J-8B may, therefore, substantially
underestimate future lung cancer rates for both sexes. If smoking

falls substantially, of course, they may prove too high.

The ten-fold range on Ky encompasses most of the work situations

in Table J-7. The three chrysotile mining studies fall outside the

selected range, but this work situation wmight not be characteristic of

. environmental exposure to consumer products. S$o too dees the study of
Berry and Newhouse (Bfitish friction wmaterial workers), but their KL
value i3 very uncertain. The 90Z upper bound is 8 x 103 which is
well within the range selected for Ky« On the upper side, the
-studies of Finkelstein (Canadian cement workers) and Seidman et al
(amosite manufacturing workers) fall outside the ranges selected. A
tenfnld range for Ky was also selected. Its midpoiant, 1 x 10~8

was the average of the risks éxpressed by the studies of Selikoff et
al (1979) and Peto (1980). The values for these two studies were used

because their values for Ky were at the midpoint of the K;, range.

It must be emphasized, however, that the estimates of risk are
very uncertain because of the variability in estimates of KLland
kM and because of uncertainties in extrapolating results obtained
from high exposures in the workplace to environmental exposures two or
three orders of magnitude lower. Thus, the actual risk in a given
situation can lie outside estimates made from these ranges.
Nevertheless the range depicted is believed to be representative of

most exposure circumstances.



The data of Tables J-84 and J-8B show the importance of the

difference between the time courses of mesothelioma and lung cancer.
The time course of lung cancer is determined by its time course in the

absence of asbestos exposure, i.e., on the time course of cigarette

smoking risk. On the other hand, mesothelioma risk depends solely on

the time from onset of exposure to asbestos and, thus, children

exposed in early years of life are especlally susceptible because of

their long future lifespan.

The data of Tables J-8A and J-8B are estimated risks from a
continuous exposure to 0.0l f/ml. Estimates for higher or lower
~concentrations can be directly scaled by multiplying by the ratio of
the intensity. Typical urban asbestos c;ncentrations are about 100
times lower than 0.0l £/ml (Nicholson et al, 1980). Effects for
shorter durations of exposure cam be estimated by scaling the data in
the one year column by the fraction of a year desired. Llonger
exposures can be approximated by adding risks in appropriate time
categories. For example, a forty year risk, beginning at birth, is
approximately the sum éf the risks at 0 and 20 years from onset of
ekposure in the 20 year of exposure column. This procedure leads to
70 year risks for smoking males of (55.6 - 557.3) /100,000 fdr

mesothelioma and (49.0 - 489.9)/100,000 for lung cancer.

5. Conversion of Fiber Measureﬁents

Current measurements of low=level environmmental pollution utilize



of asbestos present in a given volume of air. To extrapolate
dose-response data obtained in studies of working groups to
environmental exposures, 1t is necessary to establish a relatiomship

between optical fiber counts and mass of asbestos as determined by

electron microscopy. Some data exist that relate optical fiber counts

(longer than 5 um) to the total mass of asbestos. These are listed in

Table J=9 and provide limited estimafes of a conversion factor
relating fiber concentrations (£f/ml) to airborne aséestos mass
(ug/m3). The proposed standards for asbestos in Great Britainm
adopted by the British Occupational Hyglene Society (BOHS) stated that
‘a "respirable” mass of 0.12 mg asbestos/m? was equivalent to 2 f/ml
(BOHS, 1968). Details Qere not given on how this relationship was
determined. 'If it was estimated from magnesium determinatioms in an
aerosol, the weight determination would be an overestimate because of
the presence of other nonfibrous, magnesium=containing compounds in
the aerosol. Such was the case in the work of Lynca et al (1970).
Thus, the data of containing compounds in the aeroscl appear to
provide an averestimate of the conversion factor. The data of Rohl
et al (1976) are likely to be underestimates becausz of pessible
losses in the determination of mass by electron ﬁicroscopy.‘-No
information was given on the procedures used to detzrmine the mass of

chrysotile in the data presented by Davis et al (1978).



TABLE J-9

Measured Relationships Between Optical Fiber Counts and Mass of Alrborne Chrysotile

Fiber2 Mass Conversion Factors

Counts . Concentrations )
Sampling Situations (£/ml) (pg/m®) : /u or n 10% £ /mg

f/mL 16§f
xtile factor
BOHS (1968)
(welght vs. fiber count) 2 120 60 16
r chamber monitoring
Davis et al (1978) 1,950 10, 000 5 200
nitoring brake repair work
Rohl et al (1976) .
(E.M. mass vs. fiber count) 0.1 to 4.7 0.1 to 6.6 0.7 to 24 170
{7 samples) mean = 6

xtile mill 150¢<¢ 6.7
iction products ufg. 70¢< 13.9
pe mfg. 45¢ 22.5

Lynch et al (1970)

11 fiber counts useJuphase—contrast wicroscopy and enumerated fibers longer than 5 pmn.
oversion factor may be low due Lo.losses in E.M. processing.
onverslon factor may be high because of overestlmate of asbestos mass on the basis of total

magnes fum .



The range of 5 to 150 ng/w3/f/ml for the conversion factor
relating mass concentraion to optical fiber ;oncentration ig great,
and any average value derived from it has a larpe uncertaiaty.
However, for the purpose of extrapolating to low mass concentrations
from fiber count, the approximate geometric mean, 30 ug/m3/ f/mi, of

the above range of conversion factors would appear to be appropriate.

The geometric standard deviation of this value 1s about 4 and this
uncértainty implies that any extrapolation in which it is used nmust
have wide limits. Thqs, the values of Table J-6 (for exposures to
0.01 £/ml) correspend to a mass concentration of 300 mg/m3. In the
case of amosite, the data of Davis et al (1978) suggest'that a
 conversion factor of 18 pg/m3/f/ml is appropriate. However, since
these data ylelded lower chrysotile values than all other chrysotile

estimates, it may alsc be low for amosite.

Clearly better data on the relationship between fiber counts and
mass déterminations ag well as improved fiber counting techniques at
lower concentrations are necessary. This latter possibility may be
feasible. Recent work (Spurny et al, 1980) on the use of scanning
electron microscopic techniques for the determination of the
concentrations of asbestos fibers longer than 5um in ambient air
samples gives promise of improved counting accuracy at low

concentrations.
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