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PREFACE

This Asbestos Health Assessment Update document has been prepared by the
Environmental Criteria and Assessment Office of the U.S. Environmental Protection
Agency (EPA), Office of Health and Environmental Assessment (OHEA). The document
was developed to serve as the scientific basis for EPA review and revision, as
appropriate, of the National Emission Standards for Asbestos as a hazardous
air pollutant.

The document was reviewed and critiqued in July, 1984, by the Environmental
Health Committee (FHC) of the U.S. EPA Science Advisory Board (SAB) and subse-
quently revised to take into account the peer-review comments of that SAB ‘
committee. The Science Advisory Board provides advice on scientific matters
to the Administrator of the U.S. Environmental Protection Agency.

In the development of this assessment document, pertinent scientific
1iterature has been critically evaluated and conclusions are presented in such
a manner that the toxicity of asbestos and related characteristics are identi-
fied. Estimates of the fractional increased risk of lung cancer and mesothe-
Tioma per unit exposure of asbestos are also discussed, in an attempt to
quantify adverse health effects associated with exposure to asbestos via
inhalation.



AUTHORS, CONTRIBUTORS, AND REVIEWERS

This health assessment update document for asbestos was prepared by
Or. William J. Nicholson, Ph.D. (Mt. Sinai School of Medicine, New York, N.Y.)
under contract with the U.S. EPA Environmental Criteria and Assessment Office
in Research Triangle Park, NC (Dr. Dennis J. Kotchmar, M.D., Project Manager).

The following individuals reviewed earlier drafts of this document during
its preparation and their valuable comments are appreciated.

Dr. Steven Bayard, Office of Health and Environmental Assessment (RD-689),
U.S. Environmental Protection Agency, 401 M Street, SW, Washington, DC 20460

Mr. Michael Beard, Environmental Monitoring Systems Laboratory (MD-77), U.S.
Environmental Protection Agency, Research Triangle Park, NC 27711

Dr. David L. Coffin, Health Effects Research Laboratory (MD-70), U.S5.
Environmental Protection Agency, Research Triangle Park, NC 27711

Dr. Devra Davis, Environmental Law Institute, 1346 Connecticut Avenue, NW,
Suite 600, Washington, DC 20036

Professor Sir Richard Doll, ICRF Cancer Epidemiology and Clinical, Trials
Unit, Gibson Laboratory, Radcliffe Infirmary, Oxford, 0X2 6HE, England

Dr. Philip Enterline, Graduate School of Public Health, Department of -
Biostatistics, University of Pittsburgh, 130 Desoto Street, Pittsburgh, PA
15261

Dr. Lester D. Grant, Director, Environmental Criteria and Assessment Office
(MDP-52), U.S. Environmental Protection Agency, Research Triangle Park, NC
27711

Dr. Robert E. McGaughy, Office of Heaith and Environmental Assessment {RD-689),
U.S. Environmental Protection Agency, 401 M Street, SW, Washington, OC 20460.

Dr. Paul Kotin, Mansville Corporation, Ken-Caryl Ranch, Denver, CO 80271

Dr. James R. Millette, Health Effects Research Laboratory, U.S. Environmental
Protection Agency, 26 West St. Clair, Cincinnati, OH 45268

Dr. Charles H. Nauman, U.S. Environmental Protection Agency (RD-689), 401 M
Street, SW, Washington, DC 20460

Dr. William Nelson, Health Effects Research Laboratory (MD-55), U.S5. Environmental
Protection Agency, Research Triangle Park, NC 27711

xiii



SCIENCE ADVISORY BOARD
ENVIRONMENTAL HEALTH COMMITTEE

This document was independently peer-reviewed in public session by the
Environmental Health Committee (EHC), Environmental Protection Agency Science
Advisory Board. Members and consultants of the EHC participating in the
review included:

Chairman, Environmental Health Committee (EHC)

Dr. Richard A. Griesemer, Director, Biclogy Division, Oakridge National Labora-
tory, Martin Marietta Energy Systems, Inc. P.0. Box Y, Oakridge, Tennessee
37831

Past Chairman, EHC

Dr. Herschel E. Griffin, Professor of Epidemiology, Graduate School of Public
Health, 6505 Alvarado Road, San Diego State University, San Diego, Caiifornia
92182-0405

Executive Secretary, EHC

Dr. Daniel Byrd III, Executive Secretary, Science Advisory Board, A-101 F,
U.S. Environmental Protection Agency, Washington, D.C. 20460

Members

Dr. Herman E. Collier, Jr., President, Moravian College, Bethlehem, Pennsylvania
18018

Dr. Morton Corn, Professor and Director, Division of Environmental Health
Engineering, School of Hygiene and Public Health, The Johns Hopkins University,
615 N. Wolife Street, Baltimore, Maryland 21205

“ Dr. Johh Doull, Professor of Pharmacology and Toxicology, University of Kansas
Medical Center, Kansas City, Kansas 66103

Dr. Jack D. Hackney, Chief, Environmental Health Laboratories, Professor of
Medicine, Rancho Los Amigos Hospital Campus of the University of Southern
California, 7601 Imperjal Highway, Downey, California 90242

Dr. Marvin Kuschner, Dean, School of Medicine, Health Science Center, Level 4,
State University of New York, Stony Brook, New York 11794

Dr. Daniel Menzel, Directof and Professor, Pharmacology and Medicine, Director,
Cancer Toxicology & Chemical Carcinogenesis Program, Duke University Medical
Center, Durham, North Carolina 27710

Dr. D. Warner North, Principal, Decision Focus Inc., Los Altos Office Center,
Suite 200, 4984 E1 Camino Real, Los Altos, California 94022

xv



1. SUMMARY

Data developed since the early 1970s, from large population studies with
tong follow-up, have added to our knowledge of asbestos disease. These data
strengthen and quantitatively define the association of asbestos exposure with
disease. Lung cancer and mesothelioma are the most important asbestos-related
causes of death among exposed individuals. Gastrointestinal cancers are also
increased in most studies of occupationally exposed workers. Cancer at other
sites (larynx, kidney, ovary) has also been shown to be associated with asbes-
tos exposure in some studies, but the degree of excess risk and the strength
of the association are less for these and the gastrointestinal cancers than
for lung cancer or mesothelioma. The International Agency for Research on
Cancer (1982) lists asbestos as a group 1 carcinogen, meaning that exposure to
asbestos is carcinogenic to humans. EPA's proposed guidelines would categorize
asbestos as Group A, human carcinogen (Federal Register, 1984b).

Data from a study of U.S. insulation workers allow models to be developed
for the time and age dependence of lung cancer and mesothelioma risk. Thirteen
other studies provide exposure-response information. The accumulated data
suggest that the excess risk of death from lung cancer from asbestos exposure
is proportional to the cumulative exposure (the duration times the intensity)
and the underlying risk in the absence of exposure. The time course of lung
" cancer is determined primarily by the time course of the underlying risk.
Hoﬁever, the risk of death from mesothelioma increases very rapidiy after the
onset of exposure and is independent of age and cigarette smoking. As with
lung cancer, the risk appears to be proportional to the cumuiative exposure to
asbestos in a given period. The dose and time relationships for other asbestos
cancers are uncertain.

Fourteen studies provide data for a best estimate fractional increased
risk of lung cancer per unit exposure. The values characterizing the lung
cancer risk obtained from different studies vary widely. Some of the varia-
bility can be attributed to specific processes. Chrysotile mining and milling,
and perhaps friction product manufacture, appear to have lower unit exposure
risks than chrysctiie textile production and other uses of asbestos. Other
variability can be associated with the uncertainties of small numbers in
epidemiological studies and misestimates of the exposures of earlier years.
Finally, some differences between studies may be related to differences in

1



1.9 mesothelioma deaths and 1.7 excess lung cancer deaths .per 100,000 individ-
uals. Excess GI- cancer mortality is approximately 10-30 percent that of
excess lung cancer mortality. These risks are subjective, to some extent, and
are also subject to the following limitations in data: 1) variability in the
exposure-response relationship at high exposures; 2) uncertainty in extrapo-
lating to exposures 1/100 as much; and 3) uncertainties in conversion of
optical fiber counts to electron micrescopic fiber counts or mass determina-
tions.

Recently several government agencies in differeﬁt countries reviewed
asbestos health effects. Areas of agreement and disagreement between these
other reviews and those of this document are presented. A comparison of the
different risk estimates is provided.



1. Are there models that illustrate the age, time, and exposure
dependence of asbestos diseases that can be used satisfactorily
in a quantitative risk assessment?

2. Is there consistency among studies and sufficiently good esti- = -
mates of exposure in occupational circumstances so that useful
exposure-response relationships can be established?

3. Do these studies indicate any significant differences in the
carcinogenic potency of different asbestos minerals or of
fibers of different dimensionality?

4. What additional or confirmatory information relating to human
carcinogenicity is provided by animal studies?

5. What are the non-occupational concentrations of asbestos to
which populations are exposed?

6. Is there a basis for making numerical estimates of risks of '
asbestos disease that might result from non-occupational expo-

sures?

Two documents provide good reviews of the status of knowledge of the
health effects of ashestos in-the early 1970s. One is the criteria document
for occupational exposure to asbestos produced by the National Institute of
Occupational Safety and Health as part of the Occupational Safety and Health
Administration's consideration of an asbestos standard in early 1972 (National
Institute for Occupational Safety and Health, 1972). The second is the proceed-
ings of a conference sponsored by the International Agency feor Research on
Cancer {IARC), which was convened in October 1972 with the stated purpose of
reviewing the knowledge of the biological effects of asbestos (Bogovski et
al., 1973), and included a report by an Advisory Committee on Asbestos Cancers
appointed by the IARC to review evidence relating exposures to asbestos dust

to cancers.



occupational exposures have almost certainly been much greater than that to
the public from general air pollution.” Limited data existed on the assoc-
jation of GI cancer with asbestos exposure, hut the "excess is relatively
small compared with that for bronchial cancer."

The prevalence of asbestosis, particularly as manifested by X-ray abnor-
malities of the pleura or parenchymal tissue, had been documented more exten-
sively than the risk of the asbestos-related maltignancies. 1In part, this
documentation resulted from knowledge of this disease extending back to the
turn of the century, whereas the malignant potential of asbestos was not
suggested until 1935 (Lynch and Smith, 1935; Gloyne, 1936) and not widely
appreciated until the 1940s (Merewether, 1949}, Asbestosis had been docu-
mented in a wide variety of work circumstances and associated with all commer-
cial types of asbestos fibers. Among some heavily exposed groups, 50 to
80 percent of individuals employed for 20 or more years were found to have
abnormal X-rays characteristic of asbestos exposure (Selikoff et al., 1965;
Lewinsohn, 1972). A lower percentage of abnormal X-rays was present in
lesser exposed groups. Company data supplied to the British Occupational
Hygiene Society (British Occupational Hygiene Society, 1968) on X-ray and
clinical abnormalities among 290 employees of a large textile production
facility in Great Britain were analyzed by Berry (1973) in terms of a fiber
exposure-response relationship. The results were utilized in establishing the
1969 British regulation on asbestos. These data, shown in Figure 2-1, sug-
gested that the risk of developing the earliest signs of asbestosis (rales)
was less than 1 percent for accumulated fiber exposure of 100 fiber-years/ml
(f-y/m1), e.g., 2 fibers/milliliter (f/m1) for 50 years. However, shortly
after the establishment of the British Standard, additional data from the same
factory population suggested a much greater prevalance of X-ray abnormalities
than was believed to exist at the time the British Standard was set (Lewinsohn,
1972). These data resulted from use of the new International Labour Office
(IL0) U/C standard classification of X-rays (Internaiioha1 Labour Office,
1971) and the longer time from onset of employment. 0f the 290 employees
whose clinical data were reviewed by the BOHS, only 13 had been employed for
30 or more years; 172 had less than 20 years of employment. The progression
of asbestosis depends on both cumulative exposure and time from eXxposure;
therefore, analysis in terms of only one variable (as in Figure 2-1) can be
misleading.



2.1.2 Environmental and Indirect Occupational Exposure Circumstances

Several research groups had shown that asbestos disease risk could develop
from other than direct occupational exposures. Wagner, Sleggs, and Marchand
(1960) showed that a mesothelioma risk in environmental circumstances existed
in the mining areas of the Northwest Cape Province of South Africa. Of 33
mesotheliomas reported over a 5-year period, roughly half were from occupa-
tional exposure. However, all but one of the remainder resulted from exposure
occasioned by 1iving or working in the area of the mining activity. A second
study that showed an extra-occupational risk was that of Newhouse and Thompson
(1965) who investigated the occupational and residential background of 76
individuals deceased of mesothelioma in the London hospital. Forty-five of
tﬁe decedents had been employed in an asbestos industry; of the remaining 31,
9 lived with someone employed in asbestos work and 11 were individuals who
resided within half a mile of an asbestos factory. Bohlig and Hain (1973)
identified environmenta)l asbestos exposure in 38 mesothelioma cases without
occupational exposure whe resided near an asbestos factory, further defining
residential risk. A final study, which is particularly important because of
the size of the population impiied to be at risk, was that of Harries (1968),
who pointed to a risk of asbestos disease from indirect occupational exposure
in the shipbuilding industry. He described the presence of asbestosis in 13
individuals and mesothelioma in 5 others who were émp1oyed in a shipyard, but
‘were not members of trades that regularly used asbestos. Rather, they were
exposed to the dust created by other employees placing or removing insulation.

Evidence of ubiquitous general population exposure and environmental
contamination from the spraying of asbestos on the steel-work of high rise
buildings was established by 1972. Data by Nicholson and Pundsack (1973)
showed that asbestos was commonly found at concentrations of nanograms per
cubic meter (ng/m ) in virtually all United States cities, and at concentra-
tions of micrograms per 1liter (rg/1) in river systems of the United States.
Concentrations of hundreds of nanograms per cubic meter were documented at
distances up to one-quarter of a mile from fireproofing sites. Mesothelioma
was acknowledged by the Advisory Committee to be associated with environmental
exposures, but they suggested that "the evidence relates to conditions many
years ago .... There is no evidence of a risk to the general public at present.”
Further, their report stated that, "There is at present no evidence of lung
damage by asbestos to the general public,” and "Such evidence as there is does
not indicate any risk" from asbestos fibers in water, beverages, food, or

9



worker in 1953 (Weiss, 1953), was produced in animal experimentation in 1965
(Smith et al., 1965). Other animal experimentation showed that combinations
of asbestos and other carcinogenic materials produced an enhanced risk of
asbestos cancer. Asbestos exposure combined with exposure to benz(a)pyrene
was demonstrably more carcinogenic than exposure to either agent alone.
Additionally, organic and metal compounds associated with asbestos fibers were
ruled out as important factors in the carcinogenicity of fibers. Lastly,
animal experimentation involving the application of fibers onto the pleura of
animals indicated that the important factor in the carcinogenicity was the
length and width of the fibers rather than their chemical properties (Stanton,

1973). The greatest carcincgenicity was related to fibers that were less than
2.5 pm in diameter and longer than 10 pm.

2.2 CURRENT ASBESTOS STANDARDS

The current Occupational Safety &nd Health Administration (OSHA) stand-
ards for an 8-hour time-weighted average (TWA) occupational exposure to asbestos
is 2 fibers longer than 5 um in length per milliliter of air (2 f/ml or
2,000,000 f/m3). Peak exposures of up to 10 f/ml are permitted for no more
than 10 min (Code of Federal Regulations, 1984a). This standard has been in
effect since July 1, 1976, when it replaced an earlier one of 5 f/m1 (TWA).

In Great Britain, a value of 0.5 f/ml is now the accepted level for chrysotile.
This standard has evolved from recommendations made in 1979 by the Advisory
Committee on Asbestos (1979a), which also recommended a TWA of 0.5 f/ml for
amosite and 0.2 f/ml for crocidolite. From 1969 to 1983, 2 f/m1 (TWA) was the
standard for chrysotile (British Occupational Hygiene Society, 1968). This
garlier British standard served as a guide for the OSHA standard (National
Institute for Occupational Safety and Health, 1972).

The 1969 British standard was developed specifically to prevent asbestosis
among working populations; data that would allow a determination of a standard
for cancer (British Occupational Hygienme Society, 1968) were felt to be lacking.
Unfortunately, among occupational groups, cancer is the primary cause of
excess death among workers (see Chapter 3). Three-fourths or more of asbestos-
related deaths are from malignancy. This fact led OSHA to propose a lowered
TWA standard to 0.5 f/ml (500,000 f/m3) in October, 1975 (Federal Register,
1975). The National Institute for Occupational Safety and Health anticipated

11



3. HUMAN HEALTH EFFECTS ASSOCIATED WITH OCCUPATIONAL EXPOSURE TO ASBESTOS

3.1 INTRODUCTICN
The evidence that asbestos is a human carcinogen 1s overwhelming. Studies

an more'than 30 cohorts of workers exposed to ashestos have demonstrated ap
elevated risk of cancer at the 5% level of significance. All four major
commercial varieties have been Tinked to excess cancer and asbestosis. The

question is not so much what disease, but how much disease. Our concerns are
now more quantitative than qualitative. What ara the dose, time, and age
relationships for the different asbestos cancers? Are there differences in
the carcinogenic potencies of the different asbestos minerals? What are the
cancer risks at low exposures? What are the estimates of uncertainty?

This chapter is largely concerned with those studies that provide quanti-
tative exposure-response relationships for asbestos diseases. While lung
cancer and mesotheiioma are the most dominant asbestos-related malignancies,
the strength of the evidence and the relative excess of cancers at other sites
are discussed. Models for assessment of the risk of lung cancer and mesothelioma
are reviewed. Unit exposure risks are estimated from 14 studies that provide
information on exposure-response relatfonships. These estimates flTustrate
considerable variation in the calculated unit exposure risks for mesotheifoma
and lung cancer in the different studies. The magnitude and possible sources
of these different unit risks are discussed. The extent to which the varia-
tion is the result of methodological or statistical uncertainties (i.e., on
the estimates of expasure or of the magnitude of disease) or of differences in
the character of the exposure in terms of fiber size and mineralogical species
is considered in detafl.

- 3.2 MORTALITY ASSOCIATED WITH ASBESTOS EXPOSURE

The study of U.S. and Canadian insulation workers by Selikoff et al.
(1979) contains the largest number of asbestos-related deaths among any group
of asbestos workers studied. Thus, it best demonstrates the full spectrum of
disease from asbestos exposure. The mortality experience of 17,800 asbestos
insulation workers was studied prospectively from January 1, 1967 through

13
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TABLE 3-1. DEATHS AMONG 17,800 ASBESTOS INSULATION WORKERS IN THE UNITED
STATES AND CANADA, JANUARY 1, 1967 - DECEMBER 31, 1976,
NUMBER OF MEN 17,800,
MAN-YEARS OF OBSERVATION 166,853

Number of Deaths

Ratio of
observed
Dbserved to_expected
Underlying cause of death Expecteda 3t DC BE DC
Total deaths, all causes 1658.9 2271 2271 1.37 1.37
Total cahcer, all sites 319.7 995 922 3.11 2.88
Cancer of lung 105.6 486 428 4,60 4.06
Pleural mesothelioma -b 63 25 -b -b
Peritoneal mesothelioma b 112 24 -b -b
Mesothelioma, n.o.s. -b ¢ 55 _b b’
Cancer of esophagus 7.1 18 18 2.53 2.53
Cancer of stomach 14.2 22 18 1.54 1.26
Cancer of colon-rectum . 38.1 59 58 1.55 1.52Z
Cancer of larynx 4.7 11 9 2.34 1.91
Cancer of pharynx, buccal cavity  10.1 21 16 2.08 1.59
Cancer of kidney 8.1 19 18 2.36 2.23
Cancer of pancreas 17.5 23 49 1.32 2.81
Cancer of liver and biliary
passages ‘ ' 7.2 5 19 0.70 2.65
Cancer of brain 10.4 14 17 1.35 1.83
Cancer of lymphatic and
hematopoietic system 33.2 34 31 1.02 0.93
A11 other cancer - B63.5 108 136 1.6 2.16
Noninfectious pulmonary
diseases, total 59.0 212 188 3.59 3.19
Asbestosis b 168 78 b b
A1l other causes 1280.2 1064 116l 0.83 6.91

BE = Best evidence. Number of deaths categorized after review of best
available information (autopsy, surgical, clinical).

DC = Number of deaths as recorded from death certificate information only.

aExpected deaths are based upon white male age-specific U.S. death rates of
the U.S. National Center for Health Statistics, 1967-1976. (National Center
for Health Statistics, 1877).

bRates and thus ratios are not available, but these have been rare causes of
death in the general popuiation.
Source: Selikoff et al. (1979).
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m. Two cohorts at the same facility with different definitions and follow-up
periods.

n. Estimated as a proportion of deaths.

0. May have had exposure to asbestos in the construction industry.
p. Pleural mesothelioma or lung cancer.

qg. Number of deaths based upon a review of all medical evidence.

r. No cases observed through the period of follow-up. Three cases have
occurred subsequently.

s. No cases occurred in the cohort as defined during the period of observa-
tion. Two occurred in individuals prior to 20 years from onset of employ-

ment and nine cases (8 pleural and 1 peritoneal) have developed subsequent
to termination of follow-up (Weill, 1984).

*p <0.05.
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same or adjacent cells (Muller, 1851; Fisher and Holloman, 1951; Nordling,
1953) to models %that involve preferential clonal development of altered cell
lines (Fisher, 1958; Armitage and Doll, 1957, 1961). Depending on the model,
some or all of the states are capable of being affected by an external carci-
nogen. For those susceptibie states, it is expected that the probability of
progression to the next stage would be proportional to the time that a car-
cinogenic agent,'or {ts active metabolite, 1s at a reaction site. A constant
exposure to environmental carcinogens would then introduce a power of time for
each state that is affected by a particular external carcinogen. Powers of
time also arise from exposure-independent processes. It is important to note,
‘however, that a power of dose is introduced for each exposure-dependent step
(for short-term exposures). Motivated by the experimental demonstration of
initiation and promotion in skin cancer {Berenblum and Shubik, 1949), Armitage
and Doll (1957) discuss a two-state model with an intermediate time-dependent
growth phase that fs compatible with the observed age dependence of cancer
incidence.

In its generalized form, the model suggests that the time dependence of
site-specific cancer incidence.in the general population is

I(t) = CAqA, ... A_k(t-w)k-l (3-1)
where the A; are the transitfon probabilities of each state, k is the number
of stages and w 1s the growth time for a fully transformed cell to become
clinically detectable. One, or several, of the Ai can be influenced by the
application of an external carcinogen. There would be a power of dose (or
intensity of exposure) for each stage so affected. To account for this, the
most general form of the multistage model can be written

I(t) = Ca, * Zja,d )t (3-2)

Within this model, one can consider carcinogenic action on specific stages at
different times in the carcinogenic process.

Whittemore (1977a, 1977b) and Day and Brown (1980) have explored some of
the time courses of cancer risk that are predicted by the model. The important
aspects of these analyses are:
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Human data supporting a multistage model are Timited because of lack of
information on the age, time, and dose dependence of cancer risk from exposure
to external agents. Recent data from the study of smoking effects among
British doctors (Doll and Peto, 1978) suggest that the dose-response relation-
ship is quadratic and that cigarette smoke may act at two stages, one early
and one late, in the carcinogenic process. This concept is supported by the
partial reduction fn lung cancer risk after smoking cessation (relative to
continued smoking). On the other hand, U.S5. smoking data suggest a linear
dose-response relationship (Hammond, 1966; Kahn, 1366). 1In the case of radia-
tion, the long lasting increased risk of solid tumors among residents of
Hiroshima and Nagasaki (Beebe et al., 1978) suggests an early stage action for
radiation. However, the age dependence of risk demonstrates a risk that is

"proportional to the risk in the absence of radiation exposure, suggesting a
late-stage action. The dose-response relationship, however, does not suggest

a supra-linear relationship, which would be the case if two stages were affected.
In contrast to a somewhat equivocal application to human data, the model de-
scribes very well the time and dose dependence of skin tumors in benzo(a)pyrene '
painted mice (Lee and 0'Neill, 1971; Peto et al., 1975).

In summary, the multistage model provides a useful conceptual framework
for considering the age, time and dose dependence of site specific cancer '
incidence. However, it 15 so general that it can be made to fit virtually any
animal or human carcinogenesis dose-response data. The requirements are more
stringent for fitting time-to-tumor data. Here, however, few human data are
avallable for validation. At this time, the model cannot predict a priori
either the dose or time dependence of human cancer. Neveftheless, the concepts
of the model are plausible and warrant consideration when the data on the age,
time, and dose dependence of asbestos cancers are reviewed.

3.5 LINEARITY OF EXPOSURE-RESPONSE RELATIONSHIPS

Direct evidence for linearity of response with asbestos exposure fs
available from seven studies (two of the same plant) that compared lung cancer
mortality to the cumulative total dust exposure 1n asbestos workplaces (Dement
et al.,.1982; Henderson and Enterline, 1879; McDonald et al., 1980, 1983a,
1983b; Finkelstein, 1983; Seidman, 1984). Figure 3-1 plots the exposure-
response data in these studies as the ratio of observed to expected 1lung
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cancer mortality against the measured cumulative dust exposure in millions of
particles per cubic foot-years (mppcf-y) or cumulative ashestos exposure in
fiber-years per milliliter (f-y/m1). (Henceforth, the term "dose" will be
used to designate cumulative exposure.) While different exposure-response
relationships appear to exist for the five studies of Figure 3-la, each demon-
strates a very good 1inear relationship over the entire range of observation.
The differences in the slopes of the relationships may relate to differences
in the quantity of the other dust present, the fiber size distribution, the
fiber type, the age of the population under observation, the representative-
ness of the dust sampling programs and possibly other factors. .These factors
are discussed later, when the exposure-response relationships:of all availabie
studies are compared (see Section 3.9). In the case of the two studies in
Figure 3-1b, the form of the dose-response relationship 1s less clear, particu-
tarly for the group studied by Finkelstein (1983). The data from three other
studies that provide dose-response information are not shown. In one (Weill
et al., 1979), the dose-response relationship was affected by the large number
of untraced individuals in the study; in two others of friction products manu-
facturing (Berry and Newhouse, 1983; McDonald et al., 1984), the relationship
was too weak to provide any guidance as to its form. (These three studies are
considered later, in Section 3.9.) In one case, when exposure-response rela-
tionships were analyzed according to both duration and intensity of exposure
(McDonald et al., 1980), the results were less dramatic than shown in Figure
3-1la. However, this may be the result of small numbers; only 46 excess lung
cancer deaths are reported in all exposure categories.

In the discussion of the time relationship of lung cancer risk and asbestos
exposure, the data can be interpreted in terms of a multistage model of cancer
in which asbestos appears to act at a single late stage. The continued high
risk following cessation of exposure results from the continued presence of
asbestos in the lungs. This model {is compatfible with a Tinear dose-response
relationship and with the synergistic interaction between asbestos and cigar-
ette smoking.

Fewer data are available on the exposure-response relationship for meso-
thelioma. Table 3-3 1ists the mesothelioma mortality from four studies (Seidman,
1984; Hobbs et al., 1980; Jones et al., 1980; Finkelstein, 1983) in terms of
cases per 1000 person-years of observation or percentage of mesothelioma
‘deaths. The data of Seidman are presented both in terms of duration of employ-
ment and estimated cumulative fiber exposure. The exposure circumstances of
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the groups studied by Jones et al. (1980) and Seidman (1984) offer the {deal
circumstances for studying the effects of cumulative exposure on risk. The
average exposure duration of each group was short (less then two years) and
all individuals began exposure at approximately the same time during World War
11. Thus, the confounding effect of time on the observed risk 20 or more
years from onset of exposure is largely removed. To the extent that the
distributions in duration and time from onset of employment are similar in the
different exposure categorfes of Finkelstein (1983) and Hobbs et al. (1880),
the data would reflect an exposure-response relationship. This is 11kely to
be approximately correct, but direct information 1s not available.

Figure 3-2 displays the data of Table 3-3. To the extent that duration
of employment is related to dose, the studies of Jones et al. (1980) and Hobbs
et al. (1980) are compatible with a linear dose-response relationship, as is
that of Finkelstein {1983). The study of Seidman (1984) is highly non-1inear,
especially when mesothelioma risk is plotted against estimated dose in f-y/ml.
The relationship, however, is supraltnear (f.e., one involving fractional
powers of dose). This is likely to be the result of statistical uncertainties
associated with small numbers rather than exposure misclassification; 1n the
case of lung cancer a highly linear dose-response relationship was observed,
albeit one that suggested a zero dose intercept at an SMR (standard mortality
ratio) greater than 100.

Polynomfals of degree one and two were fitted to the data of Jones et al.
(1980), Hobbs et al. (1980), and F1nke]ste1n (1983). The effect of including a
quadratic term is shown {n Table 3-4. In no case is a quadratic term re-
quired; in one case its coefficient is negative, indicating a supralinear
relationship, and in the case where the effect 1s greatest (Finkelstein,
1983), the effect on the slope at zero dose is only a factor of 1.76. A
quadratic term for the data of Seidman (1984} is clearly unwarranted.

A final study which provides some dose-response information is that of
Newhouse and Berry (1979), which shows an increasing risk of mesothelioma with
increasing duration and intensity of exposure (Table 3-5). However, a quanti-
tative relationship cannot be determined.

Because of the 1imited dose-response data, the model for mesothelioma is
not as well established as that for lung cancer. As will be seen, the time
course of mesothelioma appears to be related only to the asbestos exposure.
At this time, no interactive effects have been observed between asbestos and
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TABLE 3-4. ANALYSIS OF RESIDUALS IN POLYNOMIAL FIT TO OBSERVED
MESOTHELIOMA DOSE-RESPONSE DATA

Sum of Squares
Accounted for by

Linear Quadratic Prob- Ratio of
Study term term Residual ab1tha slopes
Hobbs et al., 1980 0.8133 0.0015 0.0067 0.72 0.85°
Jones et al., 1980 77.64 0.51 2.92 0.39 1.38
Finkelstein, 1983 78.50 1.19 0.27 0.28 1.76

4The probability that the observed deviation frem linearity is by chance alone.

bThe ratio of the slope of the dose-response function at zero dose without and
with inclusion of a quadratic term.

CThe sign of the guadratic term is negative indicating a supralinear relation-
ship (i.e., one containing fractional powers of dose).

TABLE 3-5. RISK OF MESOTHELIOMA/100,000 PERSON-YEARS WITH INCREASING
DURATION AND INTENSITY OF EXPOSURE (Newhouse and Berry, 1979)

Deaths/100,000 Person-Years

Duration of Intensity of Exposure

exposure Low-moderate? Severe

Males <2 yrs 33 ‘ 104

>2 yrs 93 243

Females <2 yrs {48} 136

>2 yrs combined 360
95-10 f/ml.
P20 £/m1.

other agents in the etiology of the disease. The steep power law dependence
of risk on time from asbestos exposure suggests that mesothelioma can be
described within the framework of the multistage model (see Peto et al., 1982)
and that asbestos may act early in the carcinogenic process. However, because
asbestos has been shown to act late in the carcinogenic process in the case of
lung cancer, it could do so also in the case of mesothelfoma, If so, the
dose-response relationship would involve higher than linear powers of dose.
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TABLE 3-6. COMPARISON OF LINEAR WEIGHTED REGRESSION EQUATIONS FOR LUNG CANCER
AND GI CANCER IN SIX COHORTS OF ASBESTOS-EXPOSED WORKERS

Regression gguationa

Study Lung cancer G1 cancer
Textiles
Dement et al., 1983b SMR = 151 + 4.19(20.84)f-y/m® SMR = 34 + 1.18(0.62)f-y/m]
McDonald et al., 1983a SMR = 110 + 2.07(10.25)f-y/m1c SMR = 113 + 0.59(10.37)f-y/m)
XRR = 61 + 2.27(10.63)f-y/ml XRR = 82 + 1.19(20.42)f-y/ml
McDonald et al., 1983b SMR = 53 + 0.86(0.15)f-y/ml SMR = 82 + 0.42(10.19)f-y/ml
w %RR = 70 + 1.20(10.33)f-y/m - XRR = 84 + 0.38(20.32)f-y/m
Mining
McDonald et al., 1980 SMR = 92 + 0.043(10.008)f-y/ml SMR = 88 + 0.011(10.010)T-y/m]
Manufacturing
Seidman, 1984 SMR = 325 + 2.72(£0.54)f-y/ml SMR = 110 + 0.084(10.43)f-y/ml
Finkelstein, 1983 XRR = 100 + 4.79(22.70)f-y/m} XRR = 100 + 3.11(40.16)f-y/ml

3Equations are calculated for the increased risk per f-y/ml of exposure. Data of McDonald et al., glven in mppcf-y,
were converted to f-y/ml using the relationship: 1 mppcf =3 f/ml.

b, standard error of the coefficient of f-y/ml.
CYRR 1s relative risk x 100.



RELATIVE RISK, observed deaths/ expected deaths
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Figure 3-3. The relative risk of death from lung cancer
among insulation workers according to age. Data supplied
by 1.J. Selikoff and H. Seidman.

Source: Nicholson {1982).
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(to about the time when many insulation workers would have terminated employ-
ment), after which the relative risk falls substartially. The decrease 1s, in
part, the result of the earlier deaths of smokers from the group under study
due to their higher mortality from lung cancer and cardiovascular disease.
However, the decrease is not solely the result of the deaths of smokers since
a similar rise and fall occurs among those individuals who were smokers at the
start of the study compared to smokers in the general population. Part of
the decrease may relate to the elimination of asbestos, particularly chrysotile,
from the lung; selection processes, such as differing exposure patterns (e.qg.,
the survivors may have avoided intense exposures); or differing individual
biological susceptibilities. While the exact reason for the effect is not
understood, it is a general phenomenon seen in other mortality studies of
asbestos workers (Nicholson, et al., 1979; 1985).

The early portions of the curves of Figures 3-3 and 3-4 have three impor-
tant features. After a short delay, they show a linear increase in the relative
risk of asbestos lung cancer according to time from onset of exposure. Figure
3-4 shows that this increased relative 'risk is proportional to the time worked,
and, thus, to the cumulative asbestos exposure. However, the 1inear rise can
occur only if the increased relative risk that is created by a given cumulative
exposure of asbestos continues to multiply the underlying risk for several de-
cades thereafter. Finally, an extrapolated Tinear line through the observed
data points crosses the Tine of relat{ve risk equal to one (that expected in
an unexposed population) at between five and ten years from onset of exposure.
This means that the {ncreased relative risk appropriate to a given exposure is
achieved soon after the exposure takes place. However, {f there is a low
underlying risk at the time of the asbestos exposure (as for individuals aged
20-30), most of the cancers that wiil arise from any increased risk attribu-
table to asbestos will not cccur for many years or even decades until the
underlying risk becomes substantially greater.

The data of Sefdman (1984) also show that exposure to asbestos multiplies
the pre-existing risk of lung cancer and that the multiptied risk becomes
manifest in a relatively short time. Figure 3-5 depicts the time course of
jung cancer mortality beginning five years after onset of exposure of a group
exposed for short periods of time. The average duration of exposure was 1.46
years; 77 percent of the population was employed for less than 2 years. Thus,
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exposure had largely ceased prior to the beginning of the follow-up periéd. A
rise to a significantly elevated relative risk occurred within ten years and
remained constant throughout the observation period of the study. Furthéfmore,
the relative risk from a specific exposure 1s independent of the age at which
exposure began, whereas the excess risk would have increased considerably with
the age of exposure. Table 3-7 shows the relative risk of death from lung
cancer for individuals exposed for less than and greater than 25 f-y/ml accord-
ing to age at time of entrance into a ten-year observation period. Within a
given age category, relative risk was similar during different decades from
onset of exposure, as previously shown in Figure 3-5 with the overall data.
However, relative risk also was independent of the age decade at entry dnto a
ten-year observation period (see rows labeled "Al1" {n each exposure category
of Table 3-7). There is some reduction in the oldest, most heavily exposed
group. This may be attributed to the same selection effects manifest at older
ages in insulatfon workers. -

In terms of carcinogenic mechanisms, it appears that asbestos acts largely
Jike a lung cancer-promoting agent. However, because of the continued resi-
dence of the fibers in the lung, the promotional effect does not diminish with
time after cessation of exposure as it may with chemical or tobacco promoters.
Further, inhalation of the fibers can precede initiating events because many '
fibers remain continuously available in the lung to act after other necessary
carcinogenic processes occur.

A feature of Figure 3-4 important in the assessment of asbestos carcino-
genic risk is the decrease in relative risk after 40 years from onset of
exposure, or 60 years of age. As mentioned previously, we do not have a full
understanding of this decrease,.but it generally applies. A virtually identical
time course of lung cancer risk occurs in asbestos factory employees (Nicholson
et al., 1985) and in Canadian chrysotiie miners and millers (Nicholson et al.,
1979). Because of the significant decrease at long times from onset of expo-
sure and older ages, observations on retiree populations can seriously under-
state the actual risk of asbestos-related death during earlier years. To the
extent that time periods between 25 and 40 years from onset of exposure are
omitted from observation, a study will underestimate the full impact of asbestos
exposure on death. |
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TABLE 3-8, ESTIMATES OF THE PERCENTAGE OF THE MAXIMUM EXPRESSED EXCESS
RISK OF DEATH FROM LUNG CANCER FOR A 25'Y§AR EXPOSURE
T0 ASBESTOS BEGINNING AT AGE 20

Age at start of Years from
observation, Period of follow-up, years onset of
years 10 20 Lifetime exposure
20 2 32 55 0
30 34 65 55 10
40 69 91 - 56 20
50 97 81 55 30
60 73 55 46 40
65 55 41 38 45
70 7 29 29 50

8The maximum expressed risk is that manifest 7.5 years after the conclusion
of the 25-year exposure.

to the number alive in each quinquennium in a lifetime follow-up, an observation
for any period of time would reflect the same mortalfty ratio as an observation
from onset of exposure to the death of the total cohort. | i

The data in Table 3-8 came from observations on long-term exposures to
high concentrations of asbestos (>10 f/m1) where preferential death of suscep-
tible individuals occurred. Thus, appropriate comparisons between heavily
“exposed groups could be made on the basis of lifetime risk (i.e. 55 percent of
the maximum), as well as on the maximum risk. However, in groups exposed to
low levels (<0.1 f/ml), even for many years, selection effects may be much
less important. A minimal excess risk would barely affect the pool of suscep-
tible individuals. A lesser effect would also be expected from short-term
exposures (to less than extreme concentrations). If selection effects are
largely the cause of the disease, the maximum expresséd relative risk would be
most appropriate for estimating risks associated with low-level exposures.
However, if the decrease is largely the result of elimination of asbestos from
the lung or the biological neutralization of deposited fibers, a decrease in
relative risk beginning at about 35 years from onset of exposure should be
considered. This is discussed in Chapter 6.

The above discussion supports a general model for lung cancer in which
the asbestos-related. risk, t years from onset of exposure, is proportional to
the cumulative exposure to asbestos at time t-10 years multiplied by the age
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cigarettes, and the rest provided no information. By January 1, 1977, 299
deaths had occurred among the cigarette smokers and B among those not reported
as smokers.

This experience was compared to an age- and calendar year-specific basis
with that of 1ike men with the same smoking habits in the American Cancer
Society's prospective Cancer Preventfon Study (Hammond, 1966). For the control
group, 73,763 white males who were exposed to dusts, fumes, gases, or chemicals
at non-farming work were selected. The age standardized rates per 100,000
person-years for each group are shown in Table 3-9.  The results show that
both the smoking and non-smoking lung cancer risks are mu1t1911éd five times
by the worker's asbestos exposure. However, since the risk is low for non-
smokers, multiplying it five times does not result in many cases, although any
excess i1s clearly undesirable. On the other hand, smoking by itself causes a
major increase and when that high risk 1s then multiplied five times, an
immense increase is found. Corroborative data on the multiplicative smoking-
asbestos interaction are seen in studies by Berry et al. (1972), McDonald et
al. (1980), and Selikoff et al. (1980). However, these do not show as exact a
multiplicative effect as that of Hammond et al. (1979a).

TABLE 3-9. AGE-STANDARDIZED LUNG CANCER DEATH RATES FOR CIGARETTE SMOKING
AND/OR OCCUPATIONAL EXPQOSURE TO ASBESTOS DUST COMPARED WITH NO
' SMOKING AND NO OCCUPATIONAL EXPOSURE TO ASBESTOS DUST

Exposure History
_ to cigarette Deatg Mortality Mortality
Group asbestos? smoking? rate difference ratio
Control No No 11.3 0.0 1.00
Asbestos Workers Yes No 58.4 +47.1 5.17
Control No Yes 122.6 +111.3 10.85
Asbestos Workers Yes Yes 601.6 +590.3 53.24

®Rate per 100,000 person-years standardized for age on the distribution of
the person-years of all the asbestos workers, HNumber of lung cancer deaths
based on death certificate information.

Source: Hammond et al. {1979a).
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al., 1965; Holmes, 1965). They have been standardized in the United States
only since 1972 (National Institute for Occupational Safety and Health, 1972:
Leidel et al., 1979), and even later in Great Britain.

Modern counting techniques may be utilized to evaluate work practices and
ventilation conditions believed to be typical of =arlier activities. However,
it is always difficult to duplicate materials and conditions of earlier decades
so that such retrospective estimates are necessarily uncertain. Alternatively,
fiber counting techniques using the particle ccunting instrumentation of
earlier years can be used now to evaluate a variety of asbestos-containing
aerosols. The comparative readings would then serve as a "calibration” of the
historic instrument in terms of fiber concentrations. Unfortunately, the
calibration depends on the type and size distribution of the asbestos used in
the process under evaluation and on the quantity of other dust present in the
aerosol. Thus, no universal conversion has been found between earlier dust
measurements and current fiber counts!

In the United States and Canada, those few data that were obtained on
asbestos workers' exposures prior to 1965 are based largely upon total dust
concentrations measured using a midget impinger. Fibers were inefficiently
counted with this instrument because of the use of bright field microscopy.
Attempts to compare fiber concentrations with midget impinger particle counts
generally showed poor correlations (Ayer et al., 1965; Gibbs and LaChance,
1974) (e.g., see Figure 3-6). In the United Kingdom, the thermal precipitator
was used from 1951 through 1964 in one plant for which -environmental data have
been published. This instrument, too, does not allow accurate evaluation of
fiber concentrations. The variability in the correlation between fiber measure-
ments and thermal precipitator data is reported to be large (Steel, 1979), but
no specific data are given. Finally, both the midget impinger and the konimeter
were often used as area rather than personal samplers. Sources of dust were
often sampled for control purposes, even though no personnel were directly
exposed.

Even with the advances in fiber counting techniques, significant errors
may be introduced into attempts to formulate general fiber exposure-response
relationships. The convention now in use, that only fibers longer than 5 um
be counted, was chosen solely for the convenience of optical microscopic
evaluation (since surveillance agencies are generally limited to such instru-
mentation). It does not necessarily correspond to any sharp demarcation of
effect for asbestosis, lung cancer, or mesothelioma. While it is readily
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understood that counting only fibers longer than $ pm enumerates just a fraction
of the total number of fibers present, there {s incomplete awareness that the
fraction counted is highly variable, depending upon the fiber type, the pro-
cess or products used, and even the past history of the asbestos material
(e.g., old versus new insulation material), among other factors. For example,
the fraction of chrysotile fibers longer than 5 um in an aerosol can vary by a
factor of 10 (from as 1{ttle as 0.5 percent of the total number to more than
5 percent). When amosite aerosols are counted, the fractien longer than 5 pm
may be 30 percent, extending the variability of the fraction counted to two
orders of magnitude (Nicholson et al., 1972; Nicholson, 1976a; Winer and
Cossette, 1979).

Even if consideration 1is restricted to fibers longer than 5 pm, many
fibers are missed by optical microscopy. Using electron microscopy, Rendall
and Skikne (1980) measured the percentage of fibers with a diameter less than
0.4 ym (the approximate 1imit of resolution of an optical microscope) in
varfous asbestos dust samples. In general, they found that more than 50 percent
of the 5 pm or longer fibers are less than 0.4 pm in diameter and, thus, are
not visible us%ng a standard phase contrast optical microscope. Moreover, as
~ with length distribution, diameter distribution varfes with activity and fiber
type. As a result, the fraction of fibers longer than 5 pym visible by 11ght'
microscopy varies from about 22 percent in chrysotile and crocidolite mining
and amosite/chrysotile insulation manufacturing to 53 percent in amosite
mining. Intermediate values of 40 percent are measured in chrysotile brake
1ining manufacturing and 33 percent in amosite mill operations. Thus, even
perfect measurement of workplace air, with accurate enumeration of fibers ac-
cording to currently accepted methods, would be expected to lead to different
exposure-response relatfonships for any specific asbestos disease when dif-
ferent work environments are studied. Conversely, risks estimated for a given
exposure circumstance must have a large range of uncertainty to allow for the
variabiiity resulting from fiber size effects.

Those uncertainties in the physical determinations of past fiber concen-
trations and the difficulty in evaluating the exposure parameter of importance
in current measurements are exacerbated by sampling 1imitations in determining
individual or even average exposures of working populations; only few workmen
at .a worksite are monitored, and then only occasionally., Variabilfty in work
practices, ventilation controls, use of protective equipment, personal habits,
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Ideally, exposures to confounding factors, such as from cigarettes, should be
the same in the study and comparison populations. The second method generates
a relative risk (RR) factor at each exposure by a case-centrol anaylsis, where
the number of cause-specific deaths 1s compared with the number of internal
controls in each dose category. Such analysis is less subject to confounding
factors in the comparison population, but has greater statistical variability.

In calcutating a dose-response relationship, a weighted, rather than
unweighted, least square analysis is most appropriate because there are large
differences in the statistical validity of the individual SMRs or RRs in a
given study. Values of KL‘ the fractional increase in risk per unit exposure,
can be calculated directly from the slopes of the regression 1ines of SMR or
RR on dose (with a conversion, if necessary, from mﬁpcf-y to f-y/mi).

Ideally, regression l1ines should pass through zero dose at an SMR of 100
or an RR of 1. The chances of this occurring are minimal. Statistical vari-
abi11ty, even in the most ideal circumstances, will lead to intercepts differ-
ent from that expected; in the case of SMRs, the comparison population may nct
be completely appropriate; incomplete tracing of a cohort can distort both
SMRs and RRs; the comparison group in a relative risk apalysis usually has
some exposure; and finally, dose-response relationships can be affected by
improper estimates of dose. It is important to identify the factor which may
have led to an abnormal intercept, because it would indicate what adjustments
might be made to the observed slope. For example, if improper comparison
rates were used for the calculation of SMRs, and they were the sole cause of a
higher or lower than expected intercept, it would be appropriate to divide
both the slope and the intercept by the intercept/100 because the same percen-
tage misestimate would be expected to exist in each exposure category. However,
if the deviation from 100 were simply random, such division would compound
what {s already a statistical misestimate of the true slope. For example, if
statistical variability led to an SMR intercept higher than 100, the observed
slope would be less than the true slope. To divide by the intercept/100 would
reduce it even further.

It may be difficult to identify misestimates of dose, especially within a
single study. However, comparisons between estimates in similar exposure
circumstances by different groups are useful in establishing the reasonable-
ness of stated exposure estimates. In analyses of the available data on lung
cancer risk for several studies, the uncertainties associated with response are
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of the fibers longer than % um are too thin to be visible by 1ight microscopy.
These thin and long fibers are the most carcinogenic in experimental studies
{see Chapter 4) and are believed to be so in humans. The fraction of these
uncounted fibers will vary with the particular process and a study or studies
selected on the basis of the "best exposure measurements' may not be typical
of most exposure circumstances in terms of its fiber-size distribution, even
for one asbestos mineral. Thus, the gqualfty of "good" exposure data for
carcinogenic risk assessment may be il1lusionary.

The advantages of considering all studies for which exposure-response
data can be developed are

1. any bias in the choice of studies selected for apalysis is largely
removad,

2. information can be obtained on the uncertainty of the estimate of an
average value of KL,

3. estimates of the effect of fiber type differences or process differ-
ences can be estimated better. Such information 1s of crucial
importance and efforts to obtain it are warranted.

Primary among the disadvantages of the use of all exposure-response data
{s the fact that the gquality of some of the data can only be estimated subjec-
tively. The statistical variability in measures of response can be established
guantitatively. However, biases 1n epidemiological studies may not be perceived
and, of most importance, evaluations of the quality of exposure estimates are
highly subjective, as are the estimates themselves.

Because of the above advantages, in the analysis that follows, all studies
that provide exposure-response ‘information are utilized. This procedure was '
also followed in the asbestos health effects reviews of the Consumer Products
Safety Commission (1983) and the National Academy of Sciences (1983). In
contrast, the recently published review by Doll and Peto (1985) for the British
Health and Safety Commission selected two studies for analysis, based upon the
quality of exposure measurements. These were the study by McDonald et al.
(1983) of South Carolina textile workers and Peto et al.'s (1985) update of
the mortality of Rochdale textile workers. As will be seen, their results are
virtually identical to those obtained using ali available studies.

In this document estimates of KL are made from all sources of data within
each study. If the data indicate that the results of a study are substantially
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excess risk is 7.65 cases, using Equation 3-3c, and KL = (11 - 3.35)/3.35/200
= 0.0114 (f-y/m])-l. Assuming the number of deaths 1s an expression of a
Poisson variate, the 95 percent confidence 1imit (from statistical considera-
tions) will be from KL = [0.0114 (5.4 - 3.35))/7.75 to KL = [0,0114 (19.7 -
3.35)1/7.75; i.e., from 0.0030 to 0.024.

The method for estimating KL and the 95 percent confidence 1imit for each
study s described 1n the text that follows. These data are 1isted in Table 3-10
and displayed in Figure 3-7. In addition to the statistical uncertainty
tisted in Table 3-10, the effect of a * two-fold range of uncertainty in
cumulative exposure is indicated 1n Figure 3-7 for most studies. This twofold
range i1s a subjective choice, but is felt to be a realistic representation of
the uncertainty in the cumulative exposure estimates from all the sampling
probiems mentioned previousiy. In some cases, for specific reasons listed, a
greater exposure uncertainty is indicated. Even though response uncertainties
and exposure uncertainties are unlikely to be correlated, the overall 95 percent

confidence 1imit on a study is considered to be the sum of the Tisted exposure
and response uncertainties.

3.9.1 Textile Products Manufacturing, United States (Chrysotile); Deﬁent at al.
(1982, 1983a, 1983b)

Mortality data from a chrysotile textile plant studied by Dement et al.
(1982, 1983a, 1983b) allow a direct estimate of lung cancer risk per fiber
exposure. Here, data from impinger measurements of total dust in terms of
mppcf were available, characterizing dust concentrations since 1930. Further,
1106 paired and concurrent impinger-membrane filter measurements ailow conver-
sfon of earlier dust measurements to fiber concentrations, suggesting that 3
f/ml is equivalent to 1 mppcf for all operations except fiber preparation.
(The 95 percent confidence interval is 2-3.5 f/mi/mppcf.) A value of 8 f/ml/
mppcf characterizes fiber preparation work (confidence interval, 5-9). Subse-
quent to 1940, average fiber concentrations in most operations are estimated
to range from 5 to 10 f/ml, with the exception of fiber preparation and waste
recovery where mean concentrations are 10-80 f/ml.

The study cohort consisted of all 1261 white males employed cne or more
months between January 1, 1940 and December 31, 1965. Vital status was deter-
mined for all but 26 individuals who were considered alive for purposes of
analysis. SMRs for lung cancer were presented for five exposure categories in
terms of cumulative fiber exposure (Table 3-11). A weighted regression line
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those of the United States; those of the State of South Carolina are virtually
identical to the United States rates.

It is unlikely that the origin of the high local rates will ever be
resolved. As seen above, the SMR at zero exposure is calculated to be 150
from the weighted regressibn analysis. We will use this value as a measure of
possible overestimates of the SMRs at all exposures, and we will divide the
value of KL above by 1.5. This brings the SMR at zero exposure to 100 and
allows virtually full consideration that higher local rates are the appropriate
comparison. {The remainder would be accounted for by shipyard employment.)
The adjusted KL is 0.028.

3.9.2 Textile Products Manufacturing, United States (Chrysotile); McDonald
et al. (1983a)

Exposure-related mortality data at this same plant have recentiy been
published by McDonald et al. {(1983a). Their cohort consisted of all individuals
employed for one or more months prior to January 1, 1959 and for whom a Social
Security Administration (SSA) record existed. This eliminated from considera-
tion individuals who began and ended their employment prior to mid-1937, when
SSA numbers were first assigned. The same data used by Dement on past exposures
were utiltized to assign cumulative dust exposures, in mppcf-y, to each study
participant. Male deaths, by cause, 20 years after first employment, are
reiated to dust exposure accumulated to 10 years prior to death. Data for
lung cancer are shown in Table 3-12. A weighted regression analysis yields
~the relation SMR = 110 + 6.22 mppcf-y. No data are given by McDonald et al.
(1983a) on cumulative fiber exposures. If we use the average relationship
found by Dement et al., 1 mppcf = 3 f/ml, we obtain a KL of 0.021. Adjusting
by the value 1.5, as above, to account for the higher local rates, yields a KL
of 0.014. (McDonald et al. (1983a) used South Carolina rates rather than local
rates).

McDonald et al. (1983a) also made estimates of risk using a Mantel and
Haenszel (1959) case-control analysis, as in Table 3-12. A weighted regression
1ine yields a slope of 0.068. Because the RR regression was obtained using
internal controls, no adjustment for local rates is necessary. However, .since
the controls were exposed, the zero dose intercept should be used as the
measure of risk in an unexposed group. This requires dividing the slope by
the intercept to obtain an adjusted regression line. Dividing by the zero

exposure intercept, 0.61, and by 3 to convert to fiber exposures, gives a
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TABLE 3-13. MORTALITY EXPERIENCE OF 679 MALE ASBESTOS TEXTILE WORKERS
(Peto, 1980) .

Year Period since
first first exposure
exposed {yrs) Man-years Lung cancer Mesothelioma
rate per
0 E 0 102 p-vy
1933-1950 10-14 1633 2 1.80 0 0.0
15-19 1860 4 2.98 0 0.0
N =424 20-24 1760 3 3.97 1 0.6
25-29 1496 10 4.54 . 2 1.3
30-34 837 8 3.14 2 2.4
35-39 - 507 1 2.20 2 3.9
Total 8093 28 18.63 7 -
1951 or later 10-14 1123 1 1.30 0 0.0
15-19 1022 3 1.74 0 0.0
N = 255 20-24 556 7 1.31 0 0.0
25-29 96 1 0.31 0 0.0
0 -

Total 2797 - 12 4.65

those concentrations. No measurements of dust concentrations were made prior
to 1951. Between 1951 and 1964, thermal precipitators were used to evaluate
total dust levels; thereafter, filter techniques similar, but not identical,
to those in the United States were used. Average fiber concentrations are
published for earlier years based on a comparison of fiber counting with ther-
mal precipitator techniques (Berry, 1973). Later these estimates were stated
to be inaccurate; Berry et al. (1979) reported that a re-evaluation of the
work histories indicated that some men had spent more time in less dusty jobs
than previously believed and that previous average cumulative doses to 1966
had been overestimated by 50 percent.

Recently, as part of the British Government's review of its asbestos
standard, the hygiene officers of the plant re-evaluated previously reported
exposure data. It is now suggested that earlfer static sampling methods
underestimated personal exposures by a factor of about 2, and that whole
field, rather than graticule field, microscopic counting understated fiber
concentrations by another factor of 2 to 2.5 (Steel, 1979). 1In 1983, the
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TABLE 3-14. PREVIOUS AND REVISED ESTIMATES OF MEAN DUST LEVELS IN f/ml
(WEIGHTED BY THE NUMBER OF WORKERS AT EACH LEVEL IN SELECTED YEARS)

1936 1941 1946 1951 195 1961 1966 1977 1974

Previous estimates

corresponding to 13.3 14.5 13.2 10.8 5.3 52 54 3.4 -
early fiber counts

Revised estimates

corresponding to No measurements 32.4 23,9 12.2 12.7 4.7 1.1
modern counting prior to 1951

of static samples

3These estimates are based on preliminary data on 126 workers first employed
between 1951 and 1955, and should be regarded as provisional.

Source: Peto (1980).

TABLE 3-15. DUST LEVELS: ROCHDALE ASBESTOS TEXTILE FACTORY, 1971

Department Process Static Personal

Fiberizing Bag slitting
Mechanical bagging

-

Carding Fine cards
Medium cards
Coarse cards
Electrical sliver cards

0 b
o n o [S, N8, ]

Spinning Fine spinning
* Roving frames
Intermediate frames

o

Weaving Beaming
Pirn weaving
Cloth weaving
Listing weaving

(o] OO w o W HU'\!.AJN | ol

ko (=2 e

Piaiting Medium plaiting

Source: Smither and Lewinschn (1973).
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Robinson et al. (1979), Mancuso and Coulter (1963), and Mancuso and El-attar
(1967) provide no information on the exposure of the cohort members to asbestos;
50 they cannot be used in establishing exposure-response relationships. In
the study of McDonald et al. (1983b), dust concentrations, measured in mppcf,
available from the 1930s through 1970 were used. However, no attempt was made
to relate particle exposures to fiber exposures. The study cohort of McDonald
et al. {1983b) comprised all individuals employed for one or more months prior
to January 1, 1959 with their Social Security file identifiable in the Social
Security Administration offices. These individuals were traced through December
31, 1977, and cause-specific mortality ratios, based on state rates, were
related to cumulative dust exposure.

The results for lung cancer are shown in Table 3-16. The regression of
SMR on dose has an unusually low intercept of 53. The overall SMR for lung
cancer is also Tow. The low local rates (30.1 versus 37.7 for the state)
(Mason and McKay, 1974) do not fully account for these deficits. Smoking
histories are reported for only 36 individuals and indicate no unusual pattern.
Because the full deficit cannct be explained, we have adjusted the slope by
the ratioc of the local to state lung cancer rates (0.81) rather than by 0.53,
resulting in a slope of 0.032, The adjusted slope of the RR regression is
0.051. If these two values are averaged and a factor of 3 is used to convert
from mppcf to f/ml, the exposure-response relationships give average KL =
0.014. The factor of 3 was previously measured in textile manufacturing, the
predominant activity in this pilant. Calculating KL using the overall SMR of
the study suggests that the Tower confidence Timit of KL is 0, but the SMR and
RR regression lines strongly contradict this. Thus, for the lower confidence
Timit we 3ﬁ11 use a value calculated from the highest exposure relationship,
where the uncertainty in comparison rates has less of an effect.

3.9.5 Friction Products Manufacturing, Great Britain (Chrysotile and
Crocidolite): Berry and Newhouse (1983)

Berry and Newhouse ana]yzéd the mortality of a targe workforce manufac-
turing friction products. All individuals employed in 1941 or Tater were
included in the study, and the mortality experience through 1979 was determined.

Exposure estimates were made by reconstructing the work and ventilation con-

ditions of earlier years. Fiber measurements from these reconstructed condi-
tions suggested that exposures prior to 1931 exceeded 20 f/m1 but those after-
wards seldom exceeded 5 f/ml. From 1970, exposures were less than 1 f/ml.
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has a negative slope. The ratio of excess lung cancer to average group expo-
sure yields -a value of KL = 0.00068 = [(143/139.5)-11/37.1. We will use the

value published by Berry and Newhouse, 0.00058, and their confidence limits

for KL.

TABLE 3-17. LUNG CANCER RISKS, BY DOSE, AMONG BRITISH ASBESTOS
FRICTION PRODUCTS WORKERS
(Berry and Newhouse, 1983)

Exposure in mppcf-y rRR3
5 (0-9) 1.00 (50)°
30 (10-49) 0.79 (37)
75 (50-99) 0.86 (13)
200 (100-356) 0.88 (5)

Estimated average cumulative exposure: 31.7 f-y/mi.

3Relative risk from an internal case-control analysis.
b( ) = number of deaths.

Regression equations

RR
RR

0.91 - 0.00076(+0.0016) x f-y/ml weighted
0.50

g9
S0 - 0.00019(%0.00070) x f-y/ml unweighted

3.9.6 Friction Products Manufacturing, United States (Chrysotile);
McDonald et al. (1984)

McDonald et al. (1984) analyzed the mortality of the workforce emplioyed
in friction products production in the United States and attempted to relate
it to cumulative dust exposure. However, a highly unusual mortality experience
is observed. The overail mortality shows an elevated risk of death in the
complete cohort for virtually all causes, largely confined to individuals
employed for less than one year. The correlatfon of respiratory cancer SMR
with cumuiative dust exposure of those employed for more than one year shows
11ttle, if any, trend with increasing dust exposure, even though the overall
SMR for lung cancer (see Table 3-18) is 137 for these individuals. The slopes
of the regression equations of SMR on dose are slightly negative and those of
relative risk are slightly positive. As with the McDonald et al. (1983b)
Pennsylvania textile study, we will use the dose-response regression relation-
ship for the measure of risk and set I(L = 0.0001 for this group. 1In Figure
3-7, this represents 'zero" for the purpose of calculating geometric means.
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3.9.7 Mining and Miiling, Quebec, Canada (Chrysotile); Liddell et al.
(1577); McDonald et al. (1980)

The results reported by Liddell et al. (1877) and McDonald et al. (1980)
on mortality (Table 3-19) according to total cust exposure in Canadian mines
and mills can be converted to relationships expressed in terms of fiber expo-
sures. SMR values are provided by McDonald et al. (1980) for various exposure
categories in four different duration-of-employment categories. A weighted
regression analysis of these data ylelds a relationship, SMR = 92 + 0.13 x
mppct-y. Using a vatue of 3 f/ml/mppcf for the pafticTe fiber conversion
factor ylelds a KL of 0.00043. The factor of 3 f/ml/mppcf is the midpoint of
the range of 1-5 f/m1/mppcf suggested by McDonald et al. as being applicable
to most jobs in mining and milling. However, since McDonald et al. used the
rates of the Province of Quebec_for their comparison data, KL 1s likely to be
underestimated. In an earlier paper, McDonald et al. (1971) suggested that
the lung cancer rates in the counties adjacent to the asbestos mining counties
were about two-thirds those of the Province. This is substantiated by lung
cancer incidence rates, in the Province of Quebec, published by Graham et al.
(1977). These data for the years 1969-1973 are shown in Table 3-20 and confirm
the earlier statement of McDonmald et al. (1971). Thus, the above KL will be
multiplied by a factor of 1.5. Liddell et al. (1977) performed a case control
analysis of the relative risk of Tung cancer in this same period. Their
regression equation suggests a KL of 0.00057. We will use the average of
these two estimates, 0.00060, for KL'

The overall SMR of 125 based upon Quebec rates, for lung cancer mortality
among all miners is surprising. In studies of the mortality of male residents
of Thetford, in the midst of the Canadian asbestos mining area (Toft et al.,
1981; Wigle, 1977), an SMR of 184 was seen for lung cancer and 230 for cancer
of the stomach. Because no corresponding increases were seen in female cancer
rates, Toft et al. (1981) and Wigle (1977) attributed the excesses to occupa-
tional exposure in the mines. Siemiatycki (1982) presented data on the mor-
tality of male residents of Asbestos and Thetford Mines, Quebec, that jndicated
an SMR for lung cancer of 148 compared to Quebec rates. The arigin of a
lower SMR for those employed in mining and mil11ing compared to ali male resi-
dents could result from the departure of most short-term workers from the
area, but data on this possibility are lacking. While the risk appears low
compared to town mortality, the agreement between the SMR and RR analyses is
very good.

65



TABLE 3-20. LUNG CANCER INCIDENCE RATES IN URBAN AND
RURAL AREAS OF QUEBEC PROVINCE,

1969-1973
MALES FEMALES

Region Rate Population Rate Population
Asbestos counties 33.59 57,585 4.39 57,630
Peripheral counties 23.71 209,320 4.64 210,180
Other rural 27.29 1,295,895 3.87 1,264,795
Montreal 48.67 1,222,245 8.70 1,281,865
Quebec City 50.53 204,435 6.96 218,745
Province 37.47 2,989,580 6.20 3,033,215
Ratio: Rural/Province .728 .624
Ratio: Peripheral/Province .633 .748

From: Graham et al. (1977).

3.9.8 Mining and Milling, Thetford Mines, Canada (Chrysotile); Nicholson
(1976b); Nicholison et al. (1979)
Somewhat higher risks in the mining industry were obtained by Nicholson
(1976b) and Nicholson et al. (1979) from the mortality experience of a smaller
group of miners and millers employed 20 or more years at Thetford Mines,

Quebec. In this study, 178 deaths occurred among 544 men who were employed
during 1961 in 1 of 4 mining companies. In the ensuing 16 years of follow-up,
26 deaths occurred from asbestosis, 28 (25 on DC) from lung cancer (11.1
expected), and 1 from mesothelioma,

Fiber measurements were made during 1974 in five mines and mills, and
data on particle counts from 1948 were supplied by the Capadian Government.
From these data, exposure estimates were made for each of the 544 individuals
according to their job histories. Ffiber exposures for earlier years were
estimated by adjusting current measurements by changes in particle counts
observed since 1950. The 20-year cumulative exposure for the entire group was
estimated to be 1080 f-y/ml.

The mortality experience of the whole group from an earlier follow-up was
reported by two exposure categories (Nicholson, 1976b) (see Table 3—21). The
difference in lung cancer SMRs in these two exposure groups suggests that
KL = 0.0023 [(333-55)/(1760-560)/100]. However, Canada rates were used to esti-
mate expected deaths and these overestimated mortality. As with the McDonald
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larynx found to be significantly in excess in the whale group. While the
overall data were relatively unremarkable, the age standardized rates of lung
cancer according to cumulative dust exposure showed a retative risk of 2.29
(2.54 based upon cancer of the lung and pleura) for a high exposure group (376
f-y/m1) compared to a low exposure group (75 f-y/ml) [KL = 1.29/(376-75) =
0.0043)]. A case-control analysis of Tung cancer according to cumulative dust
exposure showed a relative risk of 2.61. Adjusting to a relative risk of 1 at
zero exposure gives a KL of 0.089. However, the characterization of the
exposures in the study may have created an artificially steeper dose-response
retationship than actually exists. Rubino et al. (1979) calculated the person-
years at risk in two exposure categories (100 f-y/ml). A person contributed
to the lower category until his exposure exceeded 100 f-y/mi. However, in
Section 3.6 it is shown that there is a 5-10 year lag before the risk is
manifest from a given exposure. Thus, the transition should be delayed by
5-10 years after achievement of 100 f-y/ml. Deaths and person-years at risk
occurring in this delay period should be attributed to the lower exposure
category. If lung cancer deaths occurred in the delay period, the dose-
response relationship is probably aftificial}y steeper than it should be; if
no lung cancer deaths occurred, it is artificially shallower. The overall SMR -
of those 20 years from onset yields a K of 0.00013 [(103.4 ~ 100)/100/273 f-y/
m1]. The uncertainty in the estimate of KL is enormous. We will use the
geometric mean of 0.0043 and 0.00013, 0.00075, to represent KL.
3.9.10 Insulation Manufacturing, Paterson, NJ {Amosite); Seidman et al.
(1979)

The study by Seidman et al. (1979) also can be used for quantitative risk
estimates! The study was recently updated and the new mortality results were
submitted for the OSHA hearings record on a revised standard for asbestos
(Seidman, 1984). In this update, dose-response data, based upon estimates of
individual exposures for each cohort number, are available. Data for lung
cancer are listed in Table 3-22.

Because no data exist on air concentrations for the Paterson factory, the
data in terms of fiber counts were estimated from air concentrations in two
other plants manufacturing the same products with the same fiber and machinery.
One of these plants, in Tyler, Texas, opened in 1954 and operated until 1971;
the other, in Port Allegany, Pennsylvania, opened in 1964 and closed in 1972.
As in the Paterson factory, efforts to control dust in these newer plants were
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appropriate for the Paterson area (the age standardized county rates are 46.8
versus 46.3 for the state). The high intercept is largely the result ofgz
disproporticnately high risk observed in individuals employed for less then 6
months, whose SMR is 295 (32 observed, 10.86 exposed). Certainly, new employees
usually get the dustiest jobs and if there are effects of intensity of exposure
separate from those of dose, very dusty envircnments may have contributed a
disproportionately greater risk. However, longer term employees also would
have had such jobs at one time and intensity effects are not seen in other
asbestos-exposed groups. Another possibility is that the short-term group
includes many men exposed to carcinogens at work elsewhere or they are unusu-
ally heavy smokers. Abnormally high risks were also seen in the short-term
employees of a friction products plant studied by McDonald et al. (1984). A
third possibility is that there could have been misestimates of exposure for
the short-term employees who would have the extremely dusty jobs. However,
the dose-response relationship for death from asbestos is a reasonable one and
there is no unusual mesothelioma risk among those employed less than 6 months.
Finally, part of the excess may simply be the result of statistical fluctua-
tions. A

The values of KL estimated by different treatments of the data range from
0.0084, obtained by adjusting the slope of the weighted regression 1ine by the
intercept (2.72/325), to 0.059, obtained by dividing the excess overall iung
cancer SMR by the average group exposure [(495-100)/67.1/100]). 1f inappro-
priate underlying rates (because of other exposures) apply only to the short-
term group, an adjustment can be made by forcing the dose-response 1ine through
the origin. This yields a value of KL = 0.043. Because this is most likely
to be the case, this value will be used for KL.

The uncertainty in the value extends from 0.0084 to 0.074 to account for
the statistical variability on the number of deaths and different values of KL
obtained from different analysis procedures.

3.9.11 1Insulation Application, United States (Chrysotile and Amosite)

The previously discussed mortality study of Selikoff et al. (1979) can be
combined with published information on asbestos exposures measured for members
of this cohort to obtain an exposure-risk estimate. The data on insulation

workers' exposure were reviewed by Nicholson {1976a) and are summarized in
Table 3-23. Using the standard membrane filter technique of the U.S5. Public
Health Service for counting asbestos fibers (Leidel et al., 1979), three
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Direct information on asbestos fiber concentration, measured by the
currently prescribed analysis procedures, has been available only since 1966.
Although insulation materials have changed from earlier years (fiber glass has
found extensive use, and work with cork 1s seldom done today) and changes in
the asbestos composition of insulating products have taken place (pipe cover-
ings and insulation blocks may have had twice the asbestos content in earlier
years), work practices are virtually identical and few controls of consequence
were 1in use. Therefore, dust concentrations measured under these conditions
have relevance for estimating the levels of past years. Considering the
possible doubling of the asbestos content of older insulation materfals, the
data from the studies listed in Table 3-23 suggest that the average exposures
- of insulation workers in the United States during past years could have ranged
from 10-15 f/m? for commercial and industrial construction. In marine construc-
tion, it may have been between 15 and 20 f/ml. We will use a value of 15 f/ml
as an overall average. Because of the great variability in work activities of
this group, the range of uncertainty in the exposure is estimated to be from -
7.5 to 45 f/ml1, and this range s indicated in Figure 3-7.

This information and the data in Figure 3-4 allow one to calculate a lung
cancer risk per unit of asbestos exposure (in f-y/m1) from the linearly rising
portion of the curve, the slope of which is 0.16 per year or 0.07 per'f-yr/m1
(for an exposure intensity of 15 f/ml1).. However, the data of Figure 3-4
ut{lized BE (best estimates) in establishing -lurg cancer mortality. Adjusting
to DC (death certificate) diagnosis reduces the value of KL from 0.011 to
0.0094 (0.011 x 3.06/3.60). The statistical uncertainty on the estimate of
risk is very low. However, there {s no independent indication that the use of
U.S. mortality rates 1is appropriate. Hammond et al. (1979a) reported that
53.5 percent of insulation workers were current cigarette smokers, 27.3 percent
were past smokers,'and 17.2 percent never smoked cigarettes. The corresponding
data for the 1967 U.S. population were 49.1 percent current smokers, 23.6 per-
cent past smokers, and 27.3 percent non-cigarette smokers (Harris, 1979).
This difference would only affect the underlying rates by about 10 percent.
However, because insulation workers may have smoked more cigarettes, we will
reduce the value of KL by 20 percent to 0.0075.
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As described previously, observing a cohort beginning at age 65 may
seriously understate the full impact of asbestos exposure. Most of the workers
in this cohort began employment prior to age 25. To partially account for
selection effects among retirees, we will multiply the above value by 1.45.
[This adjustment is the ratio of the 1{fetime mcrtality from age 25 to 1ifetime
mortality at age 65 (see Table 3-8)]. Thus, KL is adjusted to a value of
0.0049.

3.9.13 Asbestos Cement Products, United States %Chrysotile and Crocidolite);
e et al. (1979); Hughes and We .

A study of an asbestos cement production facility also provides exposure-
response information (Weill et al., 1979; Hughes and Weill, 1980), as shown in
Table 3-25. Although the experience of 5645 individuals was reported, 1791 of
whom had been employed for longer than two years, the dose-response {nformation
1s uncertain because of Timitations in the mortality data. Of even greater
significance, tracing was accomplished: through information supplied on vital
status by the Social Security Administration, and this information only allowed
the vital status of 75 percent of the group to be determined. Those individuals
untraced were considered alive in the analyses, which assumption may have led
to serious misestimates of mortality because prior to 1970, many deaths,
particularly of blacks, were not reported to the Social Security Administra-
tion. The percentage of unreported deaths of both sexes ranged from nearly
80 percent in 1950 to 15 percent in 1967 (Aziz and Buckler, 1980). Thus, many
cohort members could be deceased, a fact unknown to the researchers. This
could 1ikely be the source of the extraordinarily low overall reported mortality
of the cohort, which allowed deficits of about 40 percent in several exposure
categories. (The overall SMR {s 68.)

Two methods of adjustment for incomplete irace can be made. In one, the
overall SMR for lung cancer is divided by the SMR for causes other than lung
and gastrointestinal cancer (66). This yields a value of KL = 0.0064, using a
value of 64 mppcf for the group exposure and a fiber-particle conversion
factor of 1.4 (Hammad et al., 1979) [((104/66)-1)/64/1.4]. Alternatively, a
regression of SMR on dose yields SMR = 70 + 0.43 x mppcf-y. The low value of
SMR is probably the result of missing deaths. If the percent missing is
similar in each category then KL = 0.0042 (0.43/100/1.4/0.70). We will use
the average of these values, 0.0053, for the point estimate of KL‘ The assump-
tion that there is an equal percentage of missing deaths in each category 1is
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employment beginning prior to 1960. Their mortality experience was followed
through October 1980. Impinger particlie ccunts of varying degrees of compre-
hensiveness were available from various sources (government, insurance com-
pany, employer) from 1949 until the 1970s. After 1973, membrane fiber counts
were taken. Individual exposure estimates were constructed based on recent
fiber concentrations at a particular job. They were modified for earlier
years due to changes in dustiness of the job, as determined by the 1mp1nger‘
particie counts. These counts were thought to be accurate to within a factor
of 3-5. Examples of exposure estimates for the years 1948-1954 for willow
operators, forming machine operators, and lathe operators were 40 f/ml, 16
f/ml, and 8 f/ml, respectively.

The lung cancer mortality data are shown in Table 3-26. The dose-response
relationship is anomalous. The first two exposure categories show the risk
Tncreasing steeply with exposure, but in the last category it falls signifi-
cantly. Both GI cancer and mesothelfoma show a strong positive trend with
exposure, suggesting that the.exposure rankings are correct. The only regres-
sion line that makes sense is one forced through an RR of 1 at zero exposure.
This yields a KL of 0.048, which is close to that calculated from the overall
mortality excess and average group exposure. The average cumulative 18-year
exposure for the production group in the asbestos cement work was 112.5 f-y/ml.
Lung cancer deaths observed in this group were 17 versus 2.0 expected from
Ontarfo rates for an SMR of 850. This yields a value of K_ = 0.067 [(850-100)/
112.5/100] which will be used as the estimate from this study.

We do not know the reasons for the very significant difference in risk
seen in two plants (of the same company) producing the same product. The
point esgimate of risk from Finkelstein (1983) (KL = 0.067) s 13 times that
of Weill et al. (1979) (KL = 0.0053) even after attempting to correct for the
incomplete trace of the latter study. Data on the duration of exposure are
not given by Finkelstein (1983), but it would appear that the estimated average
fiber exposure of his cohort was between 7 f/ml and 12 f/ml. (The average
cumulative exposure over 18 years was 112 f-y/ml; all cohort members were
employed for at least 9 years, one of which must have been {n an asbestos work
area.) This average concentration {s about half of that estimated by Weill
et al. (1979), using the particle-to-fiber conversion of Hammad et al. (1979).
1t is not possibie to evaluate the accuracy of aeither set of exposure estimates.
The exposure estimates of Finkelstein (1983) were submitted to company offi-
cials who thought they were reasonable; but worker descriptions of plant
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TABLE 3-27. COMPARISON OF ESTIMATED LUNG CANCER RISKS BY VARIOUS GROUPS
OR INDIVIDUALS IN STUDIES OF ASBESTOS-EXPOSED WORKERS

Percent increase in lung cancer per f-y/ml of exposure (100 x X, )

Ontario Liddel1 Dell and
This ‘ ' b Royal c and Hanley (1985) Peto (1985)

Study Document cpsc? NAS Commission mppcf-y fry/ml f-y/ml
Dement et al. (1983b) 2.8 2.3 5.3 4.2 6.9 2.4
McDonald et al. (1983a) 2.5 5.9 2.0 1.25
Peto (1980) after 1950 1.1 1.0 0.8 1.6 1.5 d

before 1951 0.07 0.54
McDonald et al. (1983b) 1.4 5.1 1.7
Berry and Newhouse (1983) 0.058 0.06 0.058 0.00 0.00
McDonald et al. (1984) 0.01c 0.00 0.00
McDonald et al. (1980) 0.06 0.06 0.06 0.020-0. 046 0.16 0.05
Nicholson et al. (1979) 0.17 G.12 0.15
Rubino et al. (1979) 0.075 O.IZ o e
Seidman (1984) 4.3 6.8 9.17 3.3 1.1
Selikoff et al. (1979) 0.75 1.0 1.7 1.0 3.7 1.2
Henderson and Enterline (1979) 0.49 0.50 0.3 0.069 0.35 0.23
Weill et al. (1979) 0.53 g.31 £ 0.66 0.47
Finkelstein (1983) 6.7 4.8 4.2
Newhouse and Berry (1979) Males 1.3
Females 8.4

Values used for risk extrapolation 0.3-3.0 2.0 0.02-4.2 1.0
Geometric mean of all studies 0.65
Geometric mean excluding 1.0

mining and milling

3.5, Consumer Product Safety Commission (1983).
bNationa] Academy of Sciences (1984).

“Ontario Royal Commission (1984}.

9811 men employed after 1932.

®Data from Seidman et al. (1979).

fUnpub]ished data supplied to the Commission.



TABLE 3-28. WEIGHTED GEOMETRIC MEAN VALUES AND ESTIMATED 95 PERCENT
CONFIDENCE LIMITS ON KE FOR THE VARIOUS ASBESTOS EXPOSURE CIRCUMSTANCES

DEPICTED IN TABLE 3-10 AND FIGURE 3-7.
Geometric
Asbestos process ' mean 95% confidence
or use Fiber exposure value of KL interval
Textile production Predominantly 0.020 (0.0096 - 0.042)
Chrysotile
Friction products Chrysotile 0.00023 (0.00010 - 0.0051)
manufacturing
Mining and miil1ing Chrysotile 0.00098 (0.00028 ~ 0.0034)
Amosite 1nsulation Amosite 0.043 (0.0084 - 0.074)
production
Mixed product Amosite 0.0068 (0.0035 - 0.013)
manufacturing Chrysotile
or use Crocidolite
A1l processes Amosite 0.0065 (0.0025 - 0.017)
Chrysotile
Crocidolite
A1l processes Amosite 0.010 {0.0040 - 0.027)
except mining Chrysotile
and milling Crocidolite
Textile production Amosite 0.013 ' (0.0074 - 0.024)
and mixed product Chrysotile
manufacturing or Crocidolite
use

difference in the unit exposure risk seen in the group exposed only to amosite
asbestos compared to those exposed predominantly to chrysotile in textile
production or to mixed fibers in manufacturing.

The origin of the differences in unit exposure risks between minfng and
milling and other chrysotile exposure circumstances is not compietely clear.
It was suggested by many individuals, including McDonald et al. (1984), that
the differences between mining and milling and varfous production processes
may be related to differences in the fiber size distributions. As in the review
of experimental studies (Chapter 4), fiber length and diameter strongly affect
the potential for fibers to produce mesothelioma. Corresponding data are not
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describing human carcinogenesis was discussed by several authors (e.g., Armi-
tage and Dol1, 1961; Pike, 1966; Cook et al., 1969). Such a model was util{ized
by Newhouse and Berry (1976) in predicting mesothelioma mortality among a
cohort of factory workers in England. Specifically, they matched the incidence
of mesothelioma to the relationship

I, = c(t - (3-4)

. where IM 1s the mesothelioma incidence at time t from onset of exposure, w is
a delay In the expression of the risk, and ¢ and k are empirically derived
constants. The incidence of asbestos-induced mesotheiioma in rats (Berry and
Wagner, 1969) followed this time course. In the case of the analysis of
Newhouse and Berry (1976), the data suggested that the value of k was between
1.4 and 2 and w between 9 and 11 years. However, the relatively small number
of cases available for analysis led to a large uncertainty in the values
estimated for efther k or w. Peto et al. (1982) recently analyzed mesothelioma
tncidence in five groups of asbestos-exposed workers. In one study analyzed,
that of Selikoff et al. (1979), the number of cases of mesothelioma were
suffictently large that the age dependence of the mesothelioma risk could be
fnvestigated. Peto et al. (1982) showed that the absolute incidence of meso-

thelioma was independent of the age at first exposure and that a function,

1
M
ctd-2

(see Equation 3-4), fit the data well between 20 and 45 years from
onset of exposure. However, observed incidence rates for earlier times were
less than those projected, and the authors suggested that an expression propor-
tional to (t - 10)2 better fit the data up to 45 years from onset of exposure.
The analysis of Peto et al. (1982) excluded individuals first empioyed before
1922 and after 1946 and over the age of 80; the fit to the mortality of the
entire group suggested a value of k of about 5.

Figure 3-8 shows the risk of death of mesothelioma, according to age, for
individuals first exposed between ages 15 and 24 and between ages 25 and 34.
As can be seen, these data, although somewhat uncertain because of small
numbers, are roughly parallel and separated by 10 years, as was the relative
risk for lung cancer. Thus, the absolute risk of death from mesothelioma
appears to be directly related to onset of exposure and is independent of the
age at which the exposure occurs. The risk of death from mesothelioma among
the insulation workers is plotted, according to time from onset of exposure,
on the right side of Figure 3-8. It increases to 40 years from onset of
exposure. Thereafter, the increase is less. There is even a decrease in the
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risk at 50+ years from onset. This can be the result of misdiagnosis of the
disease in individuals age 75 and older, statistical fluctuations associated
with small numbers, or selection factors also seen in the risk of lung cancer
(e.g., those who Tived to age B0 may have had jobs with much Tower exposure).

The graph of Figure 3-8 is also represented by an equation of the form

Iy = c-fetmwy KL (3-5)

The data of Figure 3-8, however, are not sufficient to separately specify w
and k. If w is 0, k lies between 4 and 5. If w is 10, k lies between ? and
3. To estimate the risk from long-term exposures, consider an exposure of
duration d that began T years ago. The incidence of mesothelioma at time t
from the entire exposure is

.
Iy = cofefl_y (t-10)¥at (3-6a)

assuming a delay of 10 years. The choice of a delay of 10 years is indicated
by the data on Tung cancer risk, where a delay of from 5 to 10 years was
wiserved bet... ._.2s5tos exposure and the manifestation of risk. f is the
intensity of the asbestos exposure, and as used in Equation 3-6, assumes a
linear relationship between intensity of exposure and risk (see Figures 3-4
and 3-5). Equation 3-6 is also linear in dose for short duration exposures.
Equation 3-6 yields

k+1

cf - [(£-10) ]l_d

—4
=
"
=
|o

=

+

‘ (3-6b)
cf - [T (7-4-10) K

o

k+

[

Using a value of k = 2 (which best fits the workers' data) and letting c/k+l
KM leads to the following relations for varying times of exposure:

1,(t,d,6) = K, - £1(7-10)% - (T-20-d)3] for: T > 10+¢d  (3-6c)
= K, - £(T-10)° for: 10+d > T > 10 (3-6d)
=0 for: 10>T : (3-6e)
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TABLE 3-29. MESOTHELIOMA INCIDENCE BY YEARS FROM ONSET OF EXPOSURE,
IN FOUR STUDIES

Incidence (cases/10,000 person-years)

Textile workers
Peto (1S80)

Insulation workers
Peto et al. (1982)

Years from onset
of exposure

15 - 18 1.2 (2,3)2 0.0
20 - 24 3.2 (7,8) 5.7 (1,0)
25 - 29 15.4 (18,29) 13.4 (2,0)
0 - 34 28.9 (16,34) 23.9 (2,0)
35 - 39 52.6 (20,26) 39.4 (2,0)
40 - 44 56.9 (6,19)
45 - 49 108.1 (14,18)
50+ 66.4 (4,14)
Amosite factory Asbestos cement
workers workers
Seidman (1984) Finkelstein (1983)

15 - 19 0.0 8.5 (1)
20 - 24 7.4 (1,1) 37.7 (&)
25 - 29 26.2 (3,2) 90.9 (5)
0 - 34 50.8 (4,4) 96.2 (1)
35 - 39 18.4 (0,2)
40 - 44
45 - 49
50+

y )
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Figure 3-10. The match of curves calculated using Equation 3-6 to
data on the incidence of mesothelioma in two studies. The fit is
achieved for Kpy = 1.0 x 1078 for the textile workers data and Ky =
1.2 x 10°7 for the cement workers data.

Source: Peto {1980); Finkelstein {1983).
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3.11.4 Asbestos Cement Products, Ontario, Canada; Finkelstein (1983)

The cumulative exposure of the cohort over 18 years was 112 f/yr. Only
men with nine or more years of employment were included in the cohort. Although
data on the exact duration and intensity of exposure are unavailable, we will
use a value of 12 years for duration of exposure and 9 f/ml for the intensity

of exposure. This yields a value of KM =1.2 x 10-7.

3.11.5 Qther Studfes _

A note on the friction product studies 1s appropriate. In the study of
Berry and Newhouse (1983) T1ittle excess lung cancer risk was observed (see
Section 3.9.5). Eleven deaths from mesctheiioma occurred. A comparison of
the work histories of the cases and 40 controls matched for sex, age, and date
of hire showed an increased probabiifity of crocidolite exposure among the
cases (eight had such exposure) and an increased probability of heavy chrysotile
exposure. In the study of McDonald et al. (1984), an elevated risk of Tung
cancer was observed but no trend with increasing exposures (see Section 3.9.6).
McDonald et al. (1984) did not find any mesothelioma deaths among the cohort
members. However, three mesothelioma deaths among former plant employees were
reported to the Connecticut Tumor Registry (Teta et al., 1983). Two were in
women and one in a male who terminated employment prior to recefving a Social
Security number and, thus, all were excluded from the cohort of McDonald et
al. {1984). Mention of the mesotheliomas is {mportant because 1t 1llustrates
that cases can occur from chrysotile exposures in friction products manufacture.
Because of the low observed lung cancer dose-response relationship in both the
studies of McDonald et al. (1984) and Berry and Newhouse (1983), no meaningfui
data on mesothelioma risk relative to lung cancer can be obtained.

3.11.6 Summary of Mesothelioma Dose-Response Relationships

A review of the four studies for which values of KM were obtalned indicate
that three are very similar while KM from the study of Finkelstein (1983) is
much higher. This was also found in the value of KL estimated 1n that study.
Much closer agreement exists in the ratio of KM/KL. While it 1s not possible
to make an accurate estimate of the value of KM in the 10 other studies used
to estimate KL‘ a rough measure of mesothelioma risk can be obtained by calcu-
lating the ratio of the number of mesothelioma deaths to total deaths and
dividing by the cumulative exposures of the groups. This is done in Table 3-31.

91



Column 5 of Table 3-31 indicates this rough mesothelioma risk in all 14 studies,
and Column 6 shows the ratio of this risk to 100 x KL‘ Note that the two
measures of risk are not commensurate. To make this explicit the ratio will
be designated as the "relative mesothelioma hazard." The geometric mean of
the relative mesothelioma hazard in all studies except friction products
manufacturing is 0.87. The ratios in the two friction products studies are
very uncertain because of the great uncertainties in the lung cancer risks,
and they are not included in the average. Table 3-32 1lists the geometric
means, by process, of the relative mesothelioma hazards in all studies except
Dement et al. {1983b) and Nicholson et al. (1979} (whose mesothelioma cases
are included in the larger studies of McDonmald et al., 1980, 1983a,b).

The geometric means of the relative mesothelioma hazards, by process,
differ very little (excluding comsideration of friction products because of
the large uncertainties in lung cancer risk.) Textile production, including
studies of plants that used some crocidolite and amosite have the lowest
average hazard. Product manufacture and use has the highest relative mesothe-
lioma hazard. This is largely the result of thz high hazard found among
insulation workmen who were exposed only to amosite and chrysotile, but where
a review was made of all available pathological material to identify cases.
The geometric average of the manufacturing plant studies is 0.99, coincidentally
the same as found in amosite insulation manufacture. Chrysotile mining also
demonstrated a high relative mesothelioma hazard (although in absolute terms
the unit exposure risks for both mesothelioma and lung cancer are lower than
other asbestos exposure circumstances). The high relative hazard was, in
part, the result of a high relative hazard found in the study of Rubino.
NevertheMess, the hazard found in the large study of McDonald et al. (1980),
0.83, is higher than that of textile production {predominantly chrysotile but
with some crocidolite and amosite) and little different from all product
manufacturing, 0.99, using all types of asbestos. Thus the geometric mean of
all studies, 1.07, fairly represents all exposure circumstances, except perhaps,
insulation work.

There is no evidence in those studies listed in Table 3-31 and 3-32 that
would suggest a substantially different relative mesothelioma hazard for the
different types of asbestos varieties. However, this conclusion is limited by
the fact that crocidolite was nat the dominant fiber exposure in any of the
study groups. In an analysis of the risk of pleural and peritcneal mesothe-
lioma relative to excess lung cancer in all published cohorts, including those
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products manufacturing by 50 percent. This yields a geometric mean of 0.85
rather than 1.07. This 26 percent difference for an assumed effect of croci-
dotite in five studies is far less than the tenfold uncertainty in the estimated
values of KL or KM for an unstudied exposure circumstance. Because of the
absence of any evident effect of crocidolite in the values of relative mesothe-
liomé risk in the Table 3-32 and small estimated crocidolite correction to the
relative mesothelioma hazard, no adjustment will be made to the final estimated
value of KM (which have associated with it a twentyfold uncertainty in estimating
an unknown exposure risk).

The' relative mesothelioma hazard in the four studies for which the geometric
mean of KM was calculated is 1.58. The geometric mean of the relative mesothe~
Jioma hazard in all studies (excluding friction products) is 1.07.. This
suggests that the value of KM/KL in the four studies is 49 percent higher than
the average for all studies. As the geometric mean of the calculated values
of KM/KL in the four studies is 1.25 x 10-6, the above data suggest a value of
K,/K_ for all studies of 0.84 x 10°°. However, this is certainly a Tower
limit on the value of the ratio. Firstly, inclusion of the friction products
studies would raise it by some (unknown) amount. Sdcondly, 3 of the 4 studies
for which KM/KL was calculated used data from all available pathological’
materials and medical records to identify mesothelioma cases, while those not
analyzed generally did not.- Had all studies done so, the relative mesothe-
Tioma hazard would be higher (in the Seidman, 1984 and Selikoff et al., 1973
studies such review increased the number of mesothelioma cases by 75 percent).
To partially account for these factors we will use a value of 1.0 x 10_6 for
the ratio of KM/KL. The average value of KM is thus 1.0 x 10-8.

The 95 percent confidence 1limits on the estimated value of KL was a
factor of 2.5 and a factor of 10 on its application to any unknown exposure
circumstance. Larger uncertainty factors would apply to KM because the data
from which it was estimated are more uncertain than those from which KL was
estimated. While it is not possibie to estimate the 95 percent confidence
1imit directly, a factor of 5 would appear to be reasonable for the average
vatlue of KM and a factor of 20 on its application to any unknown exposure
circumstance.

The range of uncertainty may in fact be greater than that suggested.
While this 20-fold factor provides a range of 400 (i.e., estimates are divided
by 20 and multiplied by 20 to determine the range), the range could be greater
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TABLE 3-33. (CBSERVED AND ENPECTED DEATHS FROM VARIOUS CAUSES IN SELECTED MORTALITY STUDIES

Respiratory cancer Digestive cancer Other cancers

1D 362-164 10 150-159 _ 1CD_except 150-59_,_152-4,%{:

0 € 0-£ ] £ 0-E 3:5 T 0 3 (3 %%’
1. Henderson and Enterline (1979) [X] 23.2 9.7 55 39.9 15.1 0. 380 35 45.4 3.4 0.237
Z. McDonald et al. (1980) 230 184.0 4.0 276 272.4 16  0.0% 237 2174 196  ©.426
3. Newhouse and Berry (1979} (male) 103 43.2 59.8 40 33.c 6.0 g.100 38 27. 4 10.6 0.177
4. MNewhouse and Berry (1979) (female) 27T 12 218 20 1.2 9.8 o041z 33 04 126 0529
5. Selikoff et al. (18979} (NY-NJ) 92? 131 799 43 168 282 0153 3 2.5 3.5  p.0as
b. Selikoff et al. (1979) (U.5.) 190 93.7 296.3 a9 53.2 5.8 9.121 184 131.8 52.2 0.176
7. Nicrolson et al. (1979) 25 111 119 10 95 0.5  0.036 14 16,1 (2.1)  def.
8. Peto (1977) 51 238 17.2 B 157 0.3 ©6.01% 18 248 (6.8)  def.
9. Mancusa and El-attar (1967) 30 9.8 20.2 15 11 T8 D.527 20 £.8 13.2 0.653
10.  Punteni et al. {1979) 123 54.9  68.1 9 76.6  17.4  D0.255 88 81.3 6.7 ©.098
11. Seidman et al. (1875) 81 219 6i.l 28 227 5.3 0.087 39 3593 31 0037
12. Dement et at. {1983b) 3 9.6 23.2 10 8.1 1.9 0.082 11 1.1 (3.1} def.
13. Jones et al. {1980} 12 6.3 5.7 10 20,3 (10.3)  def. 33 39.5  (4.5)  gef.
148. McDonald et al. {1983a) 59 296 29.4 26 17,1 8.9  0.302 /217 7.4 Q252
15. McDonad et al. (1984)F 73 491 23.9 59 51§ 7.4 0.309 70 60.4 9.6  0.402
16. Rabinson et al. (1979) a8 36.1 12.9 50 41.4 8.6 0.667 6% 51.2 17.8 . 380
17. Acheson et al. {1984) 57 29.1  z7.9 19 - 17.1 1.9 0.068 13 82 4B 0172
18. Wigna)l & Fox (1982) 10 1.7 6.3 T 1.7 (3.7)  def. 3 216 134 z.i27
19. Meurman et al. {1974) 21 12.6 8.4 7 14.% {7.9) def. no data
20. Albin et al. (1984) 12 6.6 5.4 19 1.8 8.2 1519 21 0.4 0.6 0111
21. Elmes & Simpson (1977) 24 5 19 13 - 12 0.632 10 no data
22. Nichalson (1976a) 277 a4 186 13 50 8.0 .40 17* 144 26 0140
23. Clemmesen & Hjalgrim-lensen (1981} a4 21.3 16.7 31 2%.9 1.1 0,066 :L] 93.9 (4.9) def.

= observed deaths.
= expected deaths.

= respiratory cancer

0

E

d = digestive cancer.
r

o = ather cancer
I

CD = International Classification of Giseases.
def. = no ratic when deficient in 9=E.

%Best estimate oata on cavses of death.
bEx:ess risk may not be asbestos-related; see Section 3,9.6.
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of the excess at GI sites is much less than for the lung. In recent studies,
the GI excess is about 10-30 percent of the lung excess.

The number of studies demonstrating a statistically significant excess
risk of gastrointestinal cancer in asbestos-exposed groups and the correlation
of the relative risk of gastrointestinal with the relative risk of lung cancer
are highly suggestive of a causal relationship between asbestos exposure and
gastrointestinal cancer. However, alternative interpretations of the above
data are possible. Doli and Peto (1985) have suggested that many of the
excess cancers attributed to gastrointestinal sites may be misdiagnosed lung
cancers or mesotheliomas. They also cite the absence of confirmatory animal
data showing a risk of cancer at extrapulmonary sites as weighing against a
causal relationship. However, it 1is difficult to accept that all excess
gastrointestinal cancers are the result of misdiagnosis. While cancers of
some of the gastrointestinal sites, particularly the pancreas and the stomach
to some extent, are often misdiagnosed mesotheliomas, cancers of the colon and
rectum are usually correctly certified and the excesses at these sites across
studies are unlikely to be the result of misdiagnosis. _

The U.S.. Environmental Protection Agency Cancer Assessment Group has
réviewed studies with GI cancer excess. They have concluded that the associa-
tion between GI cancer excess and ashestos exposure is strong.

Table 3-33 also lists the observed and expected mortality for cancers
other than mesothelioma, the GI, or respiratory tract. The elevation is not
as consistent as for GI cancer. Only six studies have elevated risks that are
significant at a 0.05 level, and deficits are cbserved in five. The analysis
is further complicated by the possibility that misattribution of lung cancer
or mesothelioma may have occurred for some cases. For example, brain or liver
cancers could be metastatic lung cancers in which the primary site was not
properly identified. In the study of insulation workers, Selikoff et al.
(1979) found that 26 of 49 pancreatic cancers were misclassified; most of
those misclassified were peritoneal mesotheliomas. The excess at other sites
is much less than lung cancer and roughly similar to that of GI cancer.

3.13 ASBESTOSIS

Asbestosis, a Tong-term disease entity resulting from the inhalation of
asbestos fibers, is a chronic, progressive pneumoconiosis. It is character-
ized by fibrosis of the lung parenchyma, usually radiclogically evident only
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the exposure and the observation. The significarce of pleural X-ray abnormal-
ities is uncertain. They may or may not be asscciated with deficits in pul-
monary function, and no information exists on whether the presence of pleural
plagues or pteural thickening implies a greater risk of cancer separate from
that associated with cumulative asbestos exposure.

Liddel] and McDonald (1980) have corretated cause-specific mortality,
1951-1975, with the readings of the last available employment X-ray of a group
of Canadian miners and millers. They found that significantly increased risks
of death from pneumoccniosis, pulmonary TB, lung cancer, "other" respiratory
disease, and diseases of the heart were associated with a previous abnormal
X-ray. However, increased lung cancer risks were also found among individuals
with no detected parenchymal fibrosis, but who may have had pieural abnormal-
ities. Again, unknown progression of fibrosis could have occurred between the
last reading and death.

In addition to disease and disablement during life, asbeétosis has ac-
counted for a Jlarge proportion of deaths among workers in some occupational
groups. The first reports of the disease (Auribault, 1906; Murray, 1907)
described complete eradication of workers in textile carding rooms. Much
improvement in dust control has taken place in the industry since the turn of
the century, but even recently those exposed to extremely dusty environments,
such as textile mills, may have as much as 40 percent of their deaths attribu-
table to this cause (Nicholson, 1976a). Groups with lesser exposures for 20
or meore years, such as in mining and milling (Nicholson, 1976b) or insulation
work (Selikoff et al., 1979) may have 5 to 20 percent of their deaths attributed
to pneumoconiosis. A1l varieties of ashestos appear equally capable of produc-
ing asbegtosis (Irwig et al., 1979). In groups exposed at Tower concentrations,
such as the families of workers, death from asbestosis has not been reported.

It is not clear what the dose-response relationship is for the most
minimal manifestations of asbestos exposure, such as a pleural or diaphragmatic
plague or uniiateral pleural thickening. The possibility exists that such
abnormalities may develop in some individuals Tong after exposure to very low
doses of asbestos (1-10 f-y/ml, for example.) This is suggested by the finding
of significant percentages of such abnormalities among family contacts of
asbestos workers. However, these x-ray abnormalities are unlikely to be
associated with any discernible pulmonary function deficit in individuals
exposed to less than 10 f-y/ml. At such exposures, the primary risk considera-
tion is cancer rather than non-malignant disease.
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Britain) are usually less than 106 fibers/gram dry weight (Jones et al.,
1980). Similar concentrations of chrysotile are seen in exposed workers
(Wagner et al., 1982) and unexposed controls (Jones et al., 1980).

Very few data are available that provide a basis for establishing a model
for the deposition and clearance of fibers in humans. It is expected that‘
both short- and long-term clearance mechanisms exist in humans, as in animals
(see Chapter 4). If only long-term processes are considered (characterized by
months or years) the simplest model is one in which the change in lung burden
(N) is proportional to the rate of deposition of fibers (A) (assuming continuous

exposure) diminished by a clearance that is proportional (by factor B) to the
numter of fibers present.

aN o _ o, | )
& = A- BN | (3-7a)

This yields for the number of fibers present after a constant exposure of
duration, tl’

N = %(l-e'ﬁtl) (3-7b)
and at a time, t2 after cessation of a constant exposure of duration tl
N = A1-e7Btyye Yy (3-7¢)

B

Such a model is applicable at times tl and t2 which are long compared to
any short-term clearance mechanisms. It is clearly a very simplistic model in
that it considers only one characteristic time for long-term removal pro-
cesses. Nevertheless, it illustrates the difficulty of applying even the
simplest model. In order to systematize lung burdens, information is needed
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 given
fiber type. Such information is not yet available for the individuals whose
tungs have been analyzed.

Data have been presented by Bignon et al. (1978) on the number of amphi-
bole fibers detected in lung washings of sever asbestos insulation workers.
A1l were exposed between 10 and 16 years. While individual exposures are
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Source: Brain and Valberg (1974).
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Britain, Canada, and Sweden have imposed far more rigid standards for crocido-
lite than other varieties of asbestos. In contrast, the United States has no
Specia1 standard for any specific asbestos mineral.

Prior to the late 1960s the guestion was moot, because most epidemio-
1dgiCa1 studies did not accurately characterize the asbestos fiber types used
and measurements were not made of fiber concentration by mineral species.
Most measurements only characterized the total quantity of dust in the aerosol
{(in terms of millions of particles per cubic foot) rather than in terms of
fiber concentration. This lack of information on fiber exposure by mineral
type was recognized at the time of the 1964 New York Academy of Sciences
Conference on Asbestos (Whipple and van Reyen, 1965), and a recommendation was
made that the importance of fiber type on the risk of developing ashestosis,
carcinoma of the lung, and mesothelial tumors be investigated. In the ensuing
years, considerable information was developed on the mortality experience of
different groups exposed to different varieties of asbestos in different work
processes. Unfortunately, the differential unit exposure risk associated with
different fiber types is still not completely understood.

3,17.1 Lung Cancer

3.17.1.1 Occupational Studies. Figure 3-7, Table 3-28 and Table 3-10 summar-
ize the information available on the unit exposure risk for lung cancer in 14
different epidemiological studies. The range of the fractional increase in
Tung cancer per unit asbestos exposure, expressed in terms of f-y/m}, varies
by more than two orders of magnitude. What is unique about this variation is
that exposures to a single fiber type yield results that differ by nearly
100-fold. One of the highest unit exposure risks was found in a textile plant
that used only chrysotile asbestos (Dement et al., 1983b; McDonald et al.,
1983a) and the Towest values were found in a large study of chrysotile mine
and mill employees (McDonald et al., 1980) and in groups exposed only to
chrysotile asbestos in friction products manufacturing (Berry and Newhouse,
1983; McDonald et al., 1984). Similarly, large (10-fold) differences are
found in studies ostensibly of the same process, using the same mix and quality
of asbestos fibers in different plants of the same company. A study of asbestos
cement manufacturing shows one of the highest unit exposure risks (Finkelstein,
1983). Another study (Weill et al., 1979) suggests a risk more than 1/10 as
much, while a 10-fold difference in risk appears to exist in two groups working
at different periods in a single British Textile facility (Peto, 1980).
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great preponderance of chrysotile mining in Canada. The female population in
these towns has experienced substantial exposure compared to that of individuals
in non-mining areas. Data from Gibbs et al. (1980) indicate that recent town
air concentrations range from 170 to 3500 ng/mz. Additionally, home exposures
to‘the wives of workers in the plant also occurred. Table 3-34 1ists the mor-
tality experience for selected causes among the femalte population of Asbestos
and Thetford Mines during the years 1966-1977. The observed mortality was
compared to the mortality experience of the entire Province of Quebec. There
is no statistically significant excess of lung cancer among the mining popula-
tion females compared to that expected. However, the use of the entire Province
of Quebec as the reference population appears to be inappropriate, although
the degree of inappropriateness is difficult to asﬁertain. Lung cancer rates
in rural areas are considerably lower than those of urban centers. McDonald
et al. (1971) stated that the lung cancer rate for males in the counties
surrounding the mining area is two-thirds that of the Province as a whole.
Table 3-20 gives the regional lung cancer incidence rates in Quebec Province
for males and females for the years 1969-1973. The rate for males in rural
counties is 73 percent of the rate in the Province, in agreement with McDonald
et al. (1971); however, the relative rates for rural females is even lower, 62
percent of the Provincial rate. Thus, a female lung cancer relative risk of
1.06 compared to Quebec Province translates into a 70 percent increase compared
to all of Quebec except Montreal and Guebec City.

TABLE 3-34. MORTALITY FROM SELECTED CAUSES IN ASBESTOS AND THETFORD MINES
COMPARED TO QUEBEC PROVINCE, FEMALES, 1966-77.

Cayse 0 £ 0-E L.c.L.® 0/E u.c.L.?
A1l causes ' 1130 1274.6 -144.6 0.84 0.89 0.94
A1l cancers 289 318.1 -29.1 0.81 0.91 1.02
Digestive cancer 117 110.7 6.3 0.88 1.06 1.28
Respiratory cancer 23 21.5 1.5 0.68 1.07 | 1.61
Other respiratory 30 51.8 -21.8 0.39 0.58 0.83
diseases

a95-percent confidence limits,

Source: Siemiatycki (1882).
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TABLE 3-35. RISK OF DEATM FROM MESOTHELIOMA AS A PERCENTAGE OF EXCESS LUNG CANCER, ACEORDING TO FIBER EXPOSURE

Mesothelioma as a X of

Obs, Exp. iung Cancer Mesothelioma excess of lung cancer

Study and fiber type 0 E O-E Ad]. Pl1. Per. Tot. P1./0-E  Per./0-F Tol./0-E
Chrysotfle
Acheson et al, (1982) 6 4.5 1.5 5.5 1 0 1 18.2 0.0 18.2
Dement et al, (1983a,b)* 13 9.8 23.2 18.5 0 1 1 0.0 54 5.4
McDonald et al, {19B3a) 59 29.6 29.4 15.4 . 0 a 1 1 0.0 6.5 6.5
McDonatd et al. {1980) 230 164.0 46.0 126.2 (166) 10{20+) 0 10(20+) 7.9(12.0+) 0.0 7.9(12.0+)
Nicholson et al, (1979)* 25 11.1 11.9 17.2 b 1 b 0 1 5.8 0.0 5.8
McDonald et al. (1984) 73 49,1 23.9 24.8 (0.0) 0(3) 0 0(3) 0.0(very 0.0 0. 0{very

high) high)

Rubino et al. (1979) 9 8.7 0.3 0.3 1 a 1 331.3 0.0 333.23
Weiss {1977) 4 4.3 -0.3 -0.3 o 0 0 0.0 0.0 0.0
Totals (excluding * studies) ‘ 147.1 12 1 1 8.2 0.7 8.8
Totals (adj. for additional cases) 187 25 1 26 13.4+ 0.5 14.0+
Predominantly chrysctile {(>98X)
McDonald et al. (1983b) 53 50.5 2.5 18.0 10 4 14 55.6 22.2 77.8
flobinson et al. (1979) 49 3.1 12.9 28.4 c 4 5 13 141 17.6 45.8
Robinson et al. (1979) 14 1.7 12.3 123.¢ (20) 1 1 4 5.0 5.0 26G.0
Mancuso & El-attar (1967) 33 14.8 18.2 28.3 1 8 9 5.3 28.3 il.e
Peto (1980) 30 15.5 14.5 12.0 7 0 7 58.3 0.0 58.3
Thomas et al. {1982) 22 25.8 ~38 -3.8 2 0 2 -- -- --
Totals {some unknown 102.9 25 18 49 24.3 17.5 47.6
duptications of deaths)
Amos tte
Acheson et al. (1984) 57 29.1 27.9 25.4 ] 1 5 15.7 1.9 19.7
Setcman et al. (1979) 83 21.9 61.1 61.1 7 7 14 11.5 11.5 22.9
Totals 86.5 11 a 19 12.7 9.2 22.0
Predominantly crocidolite
Acheson et al. (1982) 13 6.6 6.4 24.0 3 2 5 12.5 8.3 20.8
Hobbs et al. (1980) 60 38.2 21.8 21.8 17 0 17 78.0 0.0 78.0
Jones et al. {(1980) 12 6.3 57 21.0 13 4 1 61.9 19.0 8l.0
Wignall & Fox (1982) 10 3.7 6.3 23.2 9 k| 12 38.8 12.9 57.7
McDonald & McOonald (1978) 7 2.4 4.6 16.8 3 6 9 17.9 3%.7 53.6
Totals 1 106.8 45 13 68 42.1 12.2 61,7



times higher than among men because of the greater background risk of lung
cancer among men. z=ble 3-35 lists the various studies from Table 3-2. In
each study, an attempt was made to estimate an excess lung cancer risk that
would have occurred if the U.S. male rates in 1970 had prevailed for the study
population. For example, the standardized number of deaths in women was calcu-
lated by multiplying the number of observed deaths minus the expected number
of deaths by the ratio of the age standardized male to female lung cancer
rate. Similar adjustments were made to the excess number of lung cancers of
cohorts followed for long periods of time, that would have had an average time
of death earlier than 1870. Adjustments were also made where the lung cancer
rates of other nations differed from those in the United States. The last two
adjustments led to only minor changes in most cohorts, while the adjustment
for gender was substantial and uncertain because of absence of information
about the smoking habits of the study group. Finally, adjustments to local
rates were made similar to those in Section 3.9. After all the adjustments
were made, the ratio of mesothelioma was calculated by type of fiber exposure
as a percentage of adjusted excess lung cancer. The results were summed and
the combined data for specific mineral exposures were obtained.

There are several limitations to consider when reviewing these data.
Because of possible bias caused by underdiagnosis of peritoneal mesothelioma
in many cohorts, the principal focus should be on the ratios of pleural meso-
thelioma to adjusted excess lung cancer. Tissue specimens of all abdominal
tumors were reviewed in only a few studies (Selikoff et al., 1979; Seidman,
1934;'Newhouse and Berry, 1979; Finkelstein, 1983) to determine if peritoneal
mesothelioma had been misdiagnosed. Because of the ongoing review of mesothe-
liomas in Canada by the McDonalds (McDonald ard McDonaid, 1978; McDonald et
al., 1970, 1971), the study of Canadian miners and gas mask workers can also
be considered to have benefited from review. These studies account for 194 of
236 identified peritoneal mesotheliomas. Substantial bias may also exist
because of studies in which the tracing of the cochort is limited; in some
studies as many as 39 percent of the exposed individuals were untraced. The
inadequacy of tracing was particularly high in studies of workers exposed to
crocidolite. The danger is that mesotheliomas were identified in registries
because of their uniqueness, but that Tung cancers in'untraced individuals
were not. Thus, it is 1ikely that there is a substantial overestimate of the

number of mesotheliomas relative to lung cancer associated with crocidolite
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There was no evidence in Table 3-10 of a substantial difference in fung
cancer unit exposure risk attributable to fiber type. While a pure amosite
exposure had a unit expesure risk about twice that of chrysotile exposures,
the combination of amosite or crocidolite with chrysotile in other exposure
circumstances demonstrated lower unit exposure risks. The data from Tables
3-31 and 3-35 indicate the crocidolite mesothelioma to lung cancer risk ratio
is no more than four times that of other fibers, and when crocidolite is used
with other fibers, the combined ratio differs 11tt1e‘from ngn-crocidoiite
exposures. These findings suggest that crocidolite or amphibole exposures
cannot be the explanation of most mesotheliomas found in some predominantly
chrysotile exposure circumstances (e.g., Canadian mining and milling and
Rochdale, England textile production). This conclusion is further supported
by the observation that all the mesotheliomas in the above circumstances were
~of the pleura, whereas amphibole exposure generally produces comparable numbers
of pleural and peritoneal mesotheliomas (the study of Hobbs et al. (1980) is a
remarkable exception). Finally, in the case of the Rochdale factory, the risk
of mesothelioma in a factory Using only 2.6lpercent crocidolite from 1932-1968
(Dol11 -and Peto, 1985) was as high as the risk in the London factory studied by
Newhouse and Berry (1979) in which large amounts of crocidolite and amosite
wére used, _

A careful consideration of the role of amphiboles in the production of
mesothelioma is -important for control of asbestos disease. On the one hand,
it would be a mistake to minimize or ignore the mesothelioma risk of chrysotile.
Millions of tons of this fiber presently are in building materials and other
products. The potential for release in future years is substantial unless
proper work practices and care are utilized during repair and .maintenance
work. On the other hand, it should be recognized that crocidolite, particu-
larly, is a very dangerous asbestos material. This comes from two aspects of
the fiber. One is the above-mentionesd 2-4 fo’ld greater risk of mesothelioma
relative to lung cancer found in crocidolite exposure circumstances. This
certainly indicates a greater unit exposure risk for mesothelioma relative to
other asbestos fibers. Secondly, the large percentage of thin fibers in a
crocidolite aerosol (which may contribute to increased risk mentioned above)
also may contribute to a greater fiber exposure when crocidolite-containing
products are manufactured or used because these very thin fibers remain aloft

for longer periods of time. Considering all factors, the proscription on the
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occurs in the work environment of miners and millers. Asbestos used in manu-
facturing processes is broken apart while it is incorporated inte the finished
product. During application or removal of insulation products it is further
maniputated and the fibers become further reduzed in length and diameter with
many falling within the range of significant carcinogenic potency (see Section
4-6). Because these shorter and thinner fibers can readily be carried to the
periphery of the lung where they penetrate the visceral pleura and lodge in
the visceral or parietal pleura, they may be of importance in the eticlogy of
mesothelioma. Bignon, Sebastien, and their colleagues (1978) reported data
from a study of tungs and pleura of shipyard workers. Larger fibers, often
amphibole, were found in tung tissue. In the pleura, the fibers were generally
chrysotile, but shorter and thinner. The early association of mesothelioma
with crocidolite occurred because, even in mining, crocidolite is readily
broken apart, yielding many fibers in a respirable and carcinogenic size
range, and has been extensively used in Great Britain in extremely dusty
environments (e.g., spray insulation), creating high exposures for many indi-
viduals, with a concomitant high risk of death from mesothelioma. Thus the
disease came *tn attention (Wagner et ai., 1960). The mining and mi1li;g of
chrysotile, on .ne other hand, involves exposures to long and curly fibers
which are easily counted but not easily inspirad.

Recent exposures in Turkey to the fibrous zeolite mineral, ericonite, have
been associated with mesothelioma. Results reported by Baris et al. (1979)
demonstrate an extraordinary risk; annual incidence rates of nearly 1 percent
exist for mesothelioma. In 1974, 11 of 18 deaths in Karain, Turkey were from
this cause. The fiber lengths are highly variable; most erionite fibers are
shorter than 5 um and 75 percent are less than 0.25 pm.

3.18 SUMMARY

Data are available that allow unit risks to be determined for lung cancer
and mesothelioma. The values for KL’ the fractional risk per f-y/ml, vary
widely among the studies, largely because of the statistical variability
associated with small numbers but also because of uncertainties associated
with methodology and exposure estimates. Based on an analysis of the unit
exposure risk for lung cancer and mesothelioma in 11 studies (all studies for
which unit exposure risks can be estimated except chrysotile mining and miiling),

117



4. EXPERIMENTAL STUDIES

4.1 INTRODUCTION

Most animal studies of asbestos health effects have been used to confirm
and extend previously established human data rather than to predict human
disease. This situation exists because asbestos usage predates the use of
animal studfes for ascertainment of risk; because some animal models are rela-
tively resistant to the human diseases of concern; and because lung cancer, ,
the principal carcinogenic risk from asbestos, 1s the result of a multifactorial
interaction between causal agents, principally cigarette smoking and asbestos
exposure, and is difficult to elicit in a single exposure circumstance.
Although all of the asbestos-related malignancies were first identified in
humans, experimental animal studies confirmed the identification of the diseases
and provided important information, not available from human studies, on the
deposition, clearance, and retention of fibers, as well as cellular changes at
short times after exposure. Unfortunately, one of the most 1mpofiant questions
raised by human studies, that of the role of fiber type and size, is only
partfally answered by animal research. Injection and imp]antat1on studies in
animals have shown longer and thinner fibers to be more carcinogenic once in
place at a potential site of cancer. However, the size dependence of the
movement of fibers to mesothelial and other tissues is not fully elucidated,
and the guestions raised by human studies concerning the relative carcino-~
genicity of different asbestos varieties still remain.

4.2 FIBER DEPOSITION AND CLEARANCE

Deposition and clearance of fibers from the respiratory tract of rats
were studied directly by Morgan and his colleagues (Morgan et al., 1975; Evans
et al., 1973)‘using radioactive asbestos samples. Following 30-minute inhala-
tion exposures in a nose breathing apparatus, deposition and clearance from
the respiratory tract were followed. The distribution of fibers in various
organ systems was determined at the conclusion of fnhalation, showing that
31-68 percent of inspired fibrous material is deposited in the respiratory
tract. The distribution of that deposited material {s shown in Table 4-1.
Rapid clearance, primarily from the upper respiratory tract (airways above the
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Figure 4-1. Measurements of animal radioactivity
{corrected for decay) at various times after inhalation
exposure to synthetic fluoramphibole. Mean result for
three animals expressed as a percentage of the counting
rate measured immediately after exposure.

Source: Morgan et al. (1977).
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Source: Morgan (1979).
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the kidney, could result from the migration of such fibers to and across the
gastrointestinal mucosa. Additionally, fibers may reach organs in the peri-
torneal cavity by transdiaphragmatic migration or lymphatic-hematogenous trans~
port.

4.3 CELLULAR ALTERATIONS

Several studies describe cellular changes in animals following exposure
to asbestos. Holt et al. (1964) describe early (14-day) iocail irfiammatory
Tesions found in the terminal bronchiolas of rats following inha‘ation of
asbestos fibers. These lesions consist of multi-nucleated giant cells, lymbho-
tytes, and fibroblasts. Progressive fibrosis follows within a few weeks of
the first exposure to dust. Davis et al. (1978) describe similar early lesions
found in rats, consisting of a proliferation of macrophages and cell debris in
the terminal bronchicles and alveoli.

Jacobs et al. (1978) fed rats 0.5 mg or 50 mg of chrysotile daily for 1
week or 14 months and subsequently examined GI tract tissue by 1ight and elec-
tron microscopy. No effects were noted in the esophagus, stomach, or cecal
tissue, but structural changes in the ileum were seen, particularly ef the
villi. Considerable celiular debris was detected in the ileum, colon, and
rectal tissue by 1ight microscopy. Electron microscopy data confirm the
light microscopy data and indicate that the observed changes are consistent
with a2 mineral-induced cytotoxicity.

A single oral administration of 5-100 mg/kg of chrysotile to rats produces
a subsequent increase in thymidine in the stcmach, duodenum, and jejunum
(Amacher et al., 1975), suggesting that an immediate response of cellular
proliferation and DNA synthesis may be stimulated by chrysotile ingestior.

4.4 MUTAGENICITY

Many studies showed asbestos not to be mutagenic, e.g., in Escherichia
coli and Salmonelia typhimurium tester strains (Chamberlain and Tarmy, 1977).
Newman et al. (1980) reported that asbestos has no mutagenic ability in Syrian
hamster embryo cells, but may increase cell permeability and allow other
mutagens into the cell. Mossman et al. (1983) showed that UICC (Union Intrana-
tionale Contra le Cancer) crocidolite and chrysotile do not produce DNA strand
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sites which could have metastasized and none were found. These and other data
are summarized in Table 4-2.

Reeves et al. (1971) found two squamous cell carcinomas in 31 rats sacri-
ficed after 2 years following exposure to about 48 mg/m3 of crocidolite. No
malignant tumors were reported in rabbits, guinea pigs, or hamsters, or in
animals exposed to similar concentrations of chrysotile or amosite. No details
of the pathological examinations were given. )

In a later study (Reeves et al., 1974), malignant tumors developed in 5
to 14 percent of the rats that survived 18 months after exposure. Lung cancer
and mesothelfioma were produced by exposures to amosite and chrysotile, and
lung cancer was produced by crocidolite inhalation. Again, significant experi-
mental details were not provided; information on survival times and times of
sacrifice would have been useful. Available details of the exposures and
resutts are given in Table 4-3. While the relative carcinogenicity of the
fiber types was similar, the fibrogenic potential of chrysotile, which had
. been substantially reduced in length and possibly altered by milling (Langer
et al., 1978), was much less than that of the amphiboles. These results are
also discussed 1n a later paper by Reeves (1976).

The most important series of animal inhalation studies is that of Wagner
et al. (1974, 1977). Wagner exposed B49 Wistar SPF rats to the five UICC
asbestos samples at concentrations from 10.1 to 14.7 mg/m3 for times ranging
from 1 day to 24 months. These concentrations are typlcally 10 times those
measured in dusty asbestos workplaces during earlier decades. For all the
exposure times, 50 adenocarcinomas, 40 squamous-cell carcinomas, and 11 mesothe-
liomas were produced. All varieties of asbestos produced mesothelioma and
Tung malignancies, in some cases from exposures as short as 1 day. Data from
these experiments are presented in Tables 4-4 and 4-5. These tumors follow a
reasonably good linear relationship for exposure times of 3 months or greater.
However, the incidence in the 1-day exposure group is considerably greater
than expected. Exposure had a limited effect on length of life. Average
survival times varied from 669 to 857 days for exposed animals versus 754 to
803 days for controls. The development of asbestosis is also documented.
There are 17 lung tumors, 6 in rats with no evidence of asbestosis and 11 in
rats with minimal or slight asbestosis. Cancers at extrapulmonary sites are
1isted.” Seven malignancies of ovaries and eight maiignancies of male genito-
urinary organs were observed in the exposed groups of approximately 350 male
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TABLE 4-3. EXPERIMENTAL INHALATION CARCINOGENESIS IN RATS AND MICE

Rats

Malignant tumors

Mice

Animals
examined

Malignant tumors

Chrysotile

621

Crocidolite

Exposurea
Mass Fiber
mg/m3 f/ml
47.9 54
48.6 864
50.2 1,105

ol

- G

lung papillary carcinoma
lung squamous-cell carcinoma

pleural mesothelioma

pleural mesotheliomas

squamous-cell carcinomas

adenocarc inoma

papillary carcinoma - all of

the lung

None

19

17
18

=3}

-

None

None

paptllary carcinomas
of bronchus

Reeves et al. (1974).

3The asbestos was comminuted by vigorous milling, after which 0.08 to 1.82% of the
morphology (3:1 aspect ratio) by light microscopy.

airborne mass was of fibrous



and female rats. No malignancies were observed fn control groups of 60 males
and females. The fncidence of malignancy at other sites varied little from
that of the controls. The authors note that if controls from other experiments
in which ovarian and genitourinary tumors were present are included, the
comparative incidence in the exposed groups in the first study lacks statistical
significance. No data are provided on the variation of tumor incidence at
extrapulmonary sites with asbestos dosage.

Wagner et al. (1977) also compared the effects of inhalation of a super-
fine chrysotile to the effects of inhalation of a pure nonfibrous talc. One
adenocarcinoma was found in 24 rats exposed to 10.8 mg/m3 of chrysotile for
37.5 hours a week for 12 months.

In a study similar to Wagner's, Davis et al. (1978) exposed rats to 2.0
or 10.0 mg/m3 of chrysotile, crocidolite, and amosite (equivalent to 430 to
1950 f/m1). Adenocarcinomas and squamous-cell carcinomas were observed in
chrysotile exposures, but not in crocidolite or amosite exposures (Table 4-6).
One pleural mesothelioma was observed with crocidolite exposure, and extrapulmo-
nary neoplasms included a peritoneal mesothelioma. A relatively large number
of peritoneal connective tissue maignancies also were observed, these including
a.-leimyofibroma.on the wall of the small intestine. The meaning of these
tumors is unclear.

TABLE 4-6. [EXPERIMENTAL INHALATION CARCINOGENESIS IN RATS

Exposure
Number of
Mass Fiber animals
mg/m3 £>5um/mi examined Malignant tumors
Chrysotile 10 1,950 40 & adenocarcinomas
2 squamous-cell carcinomas
Chrysotile 2 390 42 1 squamous-cell carcinoma
1 peritoneal mesothelioma
Amosite 10 550 43 None
Crocidolite 10 860 40 None
Crocidolite 5 430 43 1 pleural mesothelioma
Control 20 None

Source: Davis et al. (1978).
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Since 1972, Stanton and his co-workers (Stanton et al., 1977, 1981) have
continued these investigations of the carcinogenic action of durable fibers.
Table 4-7 summarizes the results of 72 different experiments. In their analy-
ses, Stanton et al. (1981) suggest that the best measure of'carcinogenic
potential 1s the number of fibers that measure <0.25 um in diameter and >8 pm
in length, although a good correlation of carcinogenicity is also obtained for
fibers <1.5 um in diameter and >4 pm in length. The logit distribution of
tumor incidence against the log of the number of particles having a diameter
<0.25 pm and length >8 pm is shown in Figure 4-4. The reagression equation for
the dotted 1ine is

n[p/(1-p)] = ~2.62 + 0.93 log x (4-1)

where p is the tumor probability and x is the number of particles per pg that
are <0.25 pm diameter and >8 um long. A reascnable relationship exists
between the equation and available data, but substantial discrepancies suggest
the possibility that other relationships may better fit the data. Bertrand
and Pezerat (1980) suggested that carcinogenicity may correlate as well with
the ratio of length to width (aspect ratioc).

Another comprehensive set of experiments was conducted by Wagner et al.
(1973, 1977). Mesothelioma was produced from intrapleural administration of
asbestos to CD Wistar rats, demonstrating that there is a strong dose-response
relationship. Tables 4-8 and 4~9 1ist the resuits of these experiments.

Pylev and Shabad (1973) and Shabad et al. (1974) reported mesotheliomas
in 18 of 48 rats and in 31 of 67 rats injected with 3 doses of 20 mg of Russian
chrysotile. Other experiments by Smith and Hubert (1974) produced mesotheliomas
in hamstérs injected with 10-25 mg of chrysotile, 10 mg of amosite or anthophyl-
1ite, and 1-10 mg of crocidolite.

Various suggestions have been made that the natural oils and waxes contam-
inating asbestos fibers might be related to the carcinogenicity of asbestos
fibers (Harington, 1962; Harington and Roe, 1965; Commins and Gibbs, 1969).
However, this theory was not substantiated in the experiments performed by
Wagner et al. {1973) or Stanton and Wrench (1972}. '
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4.7 INTRATRACHEAL INJECTION .

Intratracheal injection has been used to study the combined effect of the
administration of chrysotile with benzo(a)pyrene in rats and hamsters. No
lung tumors were observed in rats given 3 doses of 2 mg of chrysotile (Shabad
et al., 1974) and in hamsters given 12 mg of chrysctile (Smith et al., 1970).
However, co-administration of benzo(a)pyrene resuited in lung tumors, which
suggests a co-carcinogenic or synergistic effect.

4.8 INTRAPERITONEAL ADMINISTRATION

Intraperitoneal injections of 20 mg of crocidolite or chrysotile produced
3 peritoneal mesothel{omas in 13 Charles River CD rats, but 20 mg of amosite
produced no tumors in a group of 11 rats (Maltoni and Annoscia, 1974). Maltoni
and Annoscia also injected 25 mg of crocidolite into 50 male and 50 female
17-week-o01d Sprague-Dawley rats and observed 31 mesotheiial tumors in males
and 34 in females.

In an extensive series of experiments, Fott and Friedrichs (1972) and
Pott et al. (1976) produced peritoneal mesotheliomas in mice and rats that
were injected with various commercial varieties of asbestos and other fibrous
material. These results are shown in Table 4-10. Using experiments with
intrapleural administratfon, the malignant response was altered by bal1-milling
the fibers for 4 hours. The rate of tumor production was reduced from 55 to
32 percent and the time from onset of exposura to the first tumor was length-
ened from 323 to 400 days following administration of 4 doses of 25 mg of UICC
Rhodesian chrysotile. In the case of the ball-milled fibers, 99 percent of
the fibers were reported to be smaller than 3 pm, 93 percent were smaller than
1 pm, and 60 percent were smaller than 0.3 pm.

Pott (1980) proposed a model for the relative carcinogenicity of mineral
fibers, according to their dimensionality, using the resuits of injection and
implantation data. Figure 4-5 shows the schematic features of this model.
The greatest carcinogenicity {s attributed to fiber lengths between 5 and 40
pm with diameters between 0.05 and 1 pm.

A strong conclusfon that can be drawn from the above experimental data is
that long (>4 um) and fine diameter (<1 um) fibers are more carcinogenic than
short, thick fibers when they are implanted on the pleura or injected into the
peritoneum of animals. The origin of a reduction in carcinogenicity for
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TABLE 4-10. (continued)

Average
Effective survival time Rats
Intraperitoneal nunber of Number of of rats with with
dose - dissected -~ days before tumors, days tumors, Tumor/type
Dust forw L] rats first tumor after injection percent 1 !
Glass fibers f 2 u 692 692 2.9 1 - -
S+ 5 106
Glass flbers f 10 36 350 530 11.1 2 - -
S + 5108
Glass fibers f 4 x25 R 197 325 71.9 20 - -
S+ 5106
Gypsum f 4 x 25 15 579 583 5.7 - 1 1
Henalite f 4 x 25 n 249 315 73.5 17 - -
Actinolite ['] 4x25 39 - - - - - -
Blotite g 4n2s K} - . - - - -
Haematite 9 422 u - - - - - -
(precipitation)
Haematite ] 4225 k. - - - - - -
{(wineral)
Pectolite g 4225 40 569 569 2.5 - - 1
Santdine '] 4x25 3 579 579 2.6 - - -
Tale g 4 x25 36 587 587 2.8 1 - -
NaCl1 (control) - 4x2mnml 12 - - - - - -

8 = fibrous; g = granular.
bh-or Types are:

§ Benign -- not evaluated In tumor rates.

Sources: Pott and Friedrichs (1972); Pott et al. (1976).

1 Mesothelloma; 2 Spindle cell sarcoma; 3 Polym-cell sarcoma; 4 Carcinoma; S Reticulum cell sarcoma,



shorter, bail-milled fibers is less clear because the relative contributions
of shorter {iber length and the significant atteration of the crystal structure
by input of physiceal energy have not yet been defined. Extrapolation of data
on size-dependent effects obtained from intrapleural or intraperitoneal admin-
istration, to inhalation, where movement of the fibers in airways and subse-
quentiy through body tissues is strongly size-dependent, presents significant
difficulties. The number of shorter (<5 um) fibers in an exposure circumstance
may be 100 times greater than the number of longer fibers; therefore, their
carcinogeniciiy must be 1/100 times as much before their contribution can be
neglected.

4.9 TERATOGENICITY

There is no evidence that asbestos is teratogenic. Schneider and Maurer
(1977} fed pregnant CD-1 mice doses of 4-400 mg/kg body weight (1.43 to 143)
for gestatfon days 1 to 15. They also administered 1, 10, or 100 pg of asbes-
tos to 4-day b]astocysts, which were transferred to pseudopregnant mice. No
positive effaects were noted in either experiment.

4.10 SUMMARY

Animal data on the carcinogenicity of asbestos fibers confirm and extend
epidemioiogical human data. Mesothelioma and lung cancer are produced by atl
the principal commercial asbestos varleties, chrysotile, amosite, crocidolite,
and anthophyllite, even by exposures as short as one day. The deposition and
clearance of fibers from the lung suggest that most fnhaled fibers (~99 percent)
are eventually cleared from the lung by ciliary or phagocytic action. Chrysotile
appears to be more readily removed, and dissoiution of the fibers occurs in
addition to other clearance processes. Implantation and injection studies
suggest that the carcinogenicity of durable mineral fibers is related to their
dimensionality and not to their chemical compcsition. Long (>4 ym) and thin
(<1 pm) fiters are most carcinogenic when they are in place at a potential
tumor site. However, deposition, clearance, and migration of fibers are also
size dependent, and the importance of all size-dependent effects in the carcino-
genicity of inhaled fibers is not fully established.
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fibers/mB, etc.) are calculated based on sample volume and filter area counted.
In some cases, mass concentrations are reported using fiber volume and density
relationships. However, mass concentrations may not be reliable if the sample
contains fibrous forms, such as clusters, bundles, and matricés, where fiber
volume is difficult to determine. These materials may constitute most of the
asbestos mass in some samples, particularly those reflecting emission sources.
Current fiber counting methods do not include those clumps. However, many of
them are respirable and to the extent that they are broken apart in the lungs
inte individual fibers, they may add to the carcinogenic risk. On the other
hand, methods which break up fibers generally disperse the clumps as well. In
such analyses, the clumps would contribute to the mass.

In much of the earlier analyses of chrysotile concentrations in the
United States the ashed material was either physically dispersed or disrupted
by ultrasonification. Thus, no information was obtained on the size distri-
bution of the fibers in the original aerosol. Air concentrations were given
only in terms of total mass of asbestos present in a given air volume, usually
in nanograms per cubic meter (ng/m3). (See Section 5-9 for data on the inter-
convertability of optical fiber counts and electron microscopic mass determi-
nations.) With the use of Nuclepore® filters and appropriate care in the
collection of samples and their processing, information on the fiber size
distribution can be obtained and concentrations of fibers of selected di-
® filters can be
8 filters.
However, some breakage of fibers during the process is likely. Direct pro-

mensions can be calculated. Samples collected on Millipore
ashed and the residue resuspended and filtered through Nuclepore

cessing of Mil]ipore® fitters for electron micrescopic analysis has been
reported by Burdett and Rood (1983) and is being tested by several labora-
tories. However, the utility and reliability of this technique is unknown at
present.

Ideally, one would like a measure of exposure that would be proportional
to the carcinogenic risk. Unfortunately, this is not possible because of our
limited information on the carcinogenicity of fibers according to length and
width and the lack of information on the deposition, clearance, and movement
through the body of fibers of different sizes. Secondly, our epidemiclogical
evidence. of disease relates to fibers longer than 5 pm measured by optical
microscopy. It should be recognized that electron microscopic fiber counts of
fibers longer than 5 ym of length will differ considerably from optical micreo-

scopy counts of the same sample because of the presence of a large number of
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FIBER CONCENTRATION, fibers/liter
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ASBESTOS MASS CONCENTRATION, ng/m?

Figure 5-1. Fiber concentrations by optical microscopy versus asbestos mass concentrations by
electron microscopy.

Source: National Institute for Occupational Safety and Health (1972).
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TABLE 5-1. CUMULATIVE DISTRIBUTION OF 24-HOUR CHRYSOTILE ASBESTOS
CONCENTRATIONS IN THE AMBIENT AIR OF U.S. CITIES AND PARIS, FRANCE

Etectron Microscopy Analysis
Mount Sinai Battelle

School of Medicine® Memorial Instituteb Paris, France®
Concentration Number Percentage  Number  Percentage Percentage
(ng/m3) of of of of of
less than samples samples samples samples samples
1.0 61 32.6 27 21.3 70
2.0 119 63.6 60  47.2 85
5.0 164 87.7 102 80.1 98
10.0 176 94.2 124 97.6 100
20.0 184 98.5 125 98.5
50.0 185 99.0 127 100.0
100.0 187 100.0 127 100.0
Turces: - (1971); Pu.S. EPA (1974); CSebastien et al. (1980).

materials was permitted. The practice was especially common in New York City.
While no sampling station was known to be located adjacent to an active con-
struction site, unusually high levels could nevertheless have resulted from

this procedure. Other sources that may have contributed to these air concem |
trations include automobile braking, other construction activities, consumer

use of ashestos products, and maintenance or repair of asbestos-containing
materials (e.g., thermal insulation).

5.3 CHRYSOTILE ASBESTOS CONCENTRATIONS NEAR CONSTRUCTION SITES

To determine if construction activities could be a significant source of
chrysotile fiber in the ambient ajr, 6- to 8-hour daytime sampling was conducted
in lower Manhattan in 1969 near sites where extensive spraying of asbestos-
containing fireproofing material was taking place. Eight sampling sites were
established near the World Trade Center construction site during the period
when asbestos material was sprayed on the steelwork of the first tower.
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TABLE 5-3. DISTRIBUTION OF 6- TO B~HOUR CHRYSOTILE ASBESTOS
CONCENTRATIONS WITHIN ONE-HALF MILE OF THE SPRAYING OF ASBESTOS MATERIALS
ON BUILDING STEELWORK, 1969-1970

Asbestos concentration Cumulative number Cumulative percentage
{ng/m?) less than of samples of samples

5 0 0.0

10 3 17.6

20 8 47.1

50 ' 14 B2.3

100 16 94.1

200 16 94.1

500 17 i00.0

Distribution of chrysotile air levels according to distance from
spray fireproofing sites

Asbestos air level, ng/m3

Sampling Tocations Number of samples Range Average
1/8-1/4 mile 11 9-375 . 60
1/4-1/2 mile ‘ 6 8-54 25 -
1/2-1 mile : 5 3.5-36 18

Source: Nicholson et al. (1971).

2) a loosely bondedlfibrous mat that had been appiied by blowing a dry mixture
of fibers and binders through a water spray onto the desired surface. The
friability of the two types of materials differed considerably; the cemen-
titious spray surfaces were relatively impervious to damage while the fibrous
sprays were highly friable. The results of air sampling in these buildings

" (Table 5:4) provide evidence that the air of buildings with fibrous asbestos-
containing materials may often be contaminated.

Similar data were obtained by Sebastien et al. (1980) in a survey of
asbestos concentration in buildings in Paris, France. Sebastien surveyed 21
asbestos-insulated buildings; 12 had at least one measurement higher than 7
ng/ma, the upper limit of the outdoor asbestos concentrations measured by
these investigators. The distributfion of 5-day asbestos concentrations in
these buildings, along with 19 outdoor samples taken at the same time, is
shown in Table 5-5. One particularly disturbing set of data by Sebastien et
al. is the concentrations of asbestos measured after surfacing matertal was
removed or repaired. The average of 22 such samples was 22.3 ng/m3. However,
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TABLE 5-5. CUMULATIVE DISTRIBUTION OF 5-DAY ASBESTOS CONCENTRATIONS
IN PARIS BUILDINGS WITH ASBESTOS-CONTAINING SURFACING MATERIALS

Asbestos concentration

Building samples

Qutdoor control samples

(ng/m3) less than Number Percentage Number Percentage
Chrysotile
1 57 42.2 14 73.7
2 70 51.9 16 84 2
5 92 68.1 17 89.5
10 104 77.0 19 100.0
20 117 86.7
50 128 94.8
100 129 95.6
200 130 96.3
500 132 97.8
1000 135 100.0
Arithmetic average
concentration 25 ng/m3 1 ng/m®
Amghibo'lesa
1 112 83.0 19 100.0
2 115 85.2
5 122 90.4
10 125 82.6
20 129 95.6
50 131 87.0
100 132 97.8
200 133 98.5
500 135 100.0
Arithmetic average
concentration 10 ng/m* 0.1 ng/m3

3No value reported for 104 building samples.
tained no amphibole asbestos.

Source: Sebastien et al. (1980).
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TABLE 5-6. DISTRIBUTION OF CHRYSOTILE ASBESTCS CONCENTRATIONS IN
4- to 8-HOUR SAMPLES TAKEN IN PUBLIC SCHOOLS WITH DAMAGED ASBESTOS SURFACES

Asbestos concentration

(ng/m®)} less than Number of samples Percentage of sampies

5 0 0.0

10 1 3.7

20 1 3.7

50 6 . 22.2

100 12 44 .4

200 19 70.4

500 25 92.6

1000 26 96.3

2000 27 100.0

Source: Nicholson et al. (1978).

schools that had asbestos surfacing materials. The schools were in a single
district and were selected by a random procedure, not because of the presence
or absence of damaged material. A population-weighted arithmetic mean concen-
tration of 179 ng/m3 was measured in 54 samples coliected in rooms or areas
that had asbestos surfacing material. In contrast, a concentration of & ng/m
was measured in 31 samples of outdoor air taken at the same time. Of special

3

concern are 31 sampies collected in the schools that used asbestos, but taken
in areas'where ashestos was not used. These data showed an average concentra-
tion of 53 ng/ma, indicating dispersal of asbestos from the source. The data
are sUmmarized in Table 5-7. As published fiber counts were fibers of all
sizes, only the fiber mass data are listed in the table. Additionally, fiber
clumps were noted in many samples, but were not inciuded in the tabulated
masses.

A study commissioned by the Ontario Royal Commission (1984) of asbestos
concentrations in buildings with asbestos insulation indicates levels comparable
to that of urban air. It is not clear whether "insulation" is thermal insula-
tion or sprayed surfacing material. Average concentrations {3-5 samples per
building) ranged from less than 1 to 11 ng/ms. However, during very careful
maintenance and inspection work, concentrations substantially in excess of
background were observed.

Sawyer (1977, 1979) reviewed a variety of data on air concentrations,
measured by optical microscopy, for circumstances where asbestos materials in
schools and other buildings are disturbed by routine or abnormal activity.
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These results, shown in Table 5-8, demonstrate that a wide variety of activi-
ties can lead to high asbestos concentrations during disturbance of asbestos
surfacing material. Maintenance and renovation work, particularly if performed
improperly, can lead to substantially elevated asbestos 1eve1s;

TABLE 5-8. AIRBORNE ASBESTOS IN BUILDINGS HAVING
FRIABLE ASBESTOS MATERIALS

Mean
count of
Main mode of Activity fibers per Range
Classification contamination description cmd n or SD
Qutet, non- Faltlout None 0.0 32 0.0
specific, reentrainment Dormitory 0.1 NA  0.0-0.8
routine University, schools 0.1 47 0.1
Offices 0.2 14 0.1-0.6
Maintenance Contact Relamping 1.4 2 0.1
Plumbing 1.2 6 0.1-2.4
Cable movement 0.9 4 0.2-3.2
Custodial Mixed: contact
reentrainment Cleaning 15.5 3 6.7
Dry sweeping 1.6 5 0.7
Dry dusting 4.0 6 1.3
Bystander 0.3 3 0.3
Heavy dusting 2.8 8 1.6
Renovation Mixed: contact Ceiling repair 17.7 3 8.2
reentrainment Track light 7.7 6 2.8
Hanging light 1.1 5 0.8
Partition 3.1 4 1.1
Pipe lagging 4.1 8 1.8-5.8
Vandalism Contact Ceiling damage 12.8 5 8.0

Source: Sawyer (1979).

5.6 CHRYSOTILE CONCENTRATIONS IN THE HOMES OF WORKERS

The finding of asbestos disease in family contacts of individuals occupa-
tionally exposed to chrysotile fibers directs attention to air concentrations
in the homes of such workers. Thirteen samples were collected in the homes of
asbestos mine and mill employees and analyzed for chrysotile (Nicholson et
al., 1980). The workers were employed at mine operations in California and

Newfoundland. At the time of sampling (1973 and 1976) they did not have
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TABLE 5-10. SUMMARY OF ENVIRONMENTAL ASBESTOS SAMPLING

Sample set

Collection

period

Number
of samples

Mean
Concentration,
ng/m3

Quarterly composites of 5 to 7
24-hour U.S. samples (Nicholson,
1971, Nicholson and Pundsack, 1973)

Quarterly composite of 5 to 7
24-hour U.S5. samples
(U.5. EPA, 1974)

5-day samples of Paris, France
(Sebastien et al., 1980)

b~ to 8~hour samples of New York
City (Nicholson et al., 1971)

5-day, 7-hour control samples
for U.S. school study (Constant
et al., 1983)

16-hour samples of 5 U.S.
cites (U.S. EPA, 1974)

New Jersey schools with damaged
asbestos surfacing materials in
pupil use areas (Nicholson et al.,
1978)

U.S. school rooms/areas with
asbestos surfacing mater1a1
{Constant, 1983)

U.S. school rooms/areas in
building  with asbestos
surfacing material
{Constant, 1983)

Buildings with asbestos
materials in Paris, France
(Sebastien et al., 1980)

U.S. buildings with friable
asbestos in plenums or as
surfacing materials (Nicholson
et al., 1975; Nicholson et al.,
1976)

U.S. buildings with cementi-
tious asbestos material in
plenums or as surfacing materials
(Nicholson et al., 1975, 1976)

Ontaric buildings with asbestos
insulation (Ontario Royal
Commission, 1984)

1869-70
18369-70

1874-75
1969

1980-81

1974

1977

1980-81

1980-81
1976-77
1974
1974

1982

187

127

161

22

31

34

27

54

31

135

54

28

63

3.3 ¢
3.4C

0.96 C
16 C

6.5 (6C, 0.54P)

13 ¢C

217 C

183 (179C, 4A}

61 (53C, BA)

35 (25C, 10A)

48 C

15 C

2.1

a = chrysotile. b

A = amphibole.
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5.8 OTHER EMISSION SOURCES

Weathering of asbestos cement wall and roofing materials was shown to be
a source of asbestos air pollution by analyzing air samples taken in buildings
constructed of such material (Nicholson, 1978). Seven sampies taken in a
schoo) after a heavy rainfall showed asbestos concentrations from 20-4500
ng/m3 (arithmetic mean = 780 ng/m3); all but two samples exceeded 100 ng/m3.
The source was attributed to asbestos washed from asbestos cement walkways and
asbestos cement roof panels. No significantly elevated concentrations were
observed in a cencurrent study of houses constructed of asbestos cement mate-
rials. Roof water runoff from the homes landed on the ground and was not
reentrained, while that of the schools fell to a smooth walkway, which aliowed
easy reentrainment when dry. Contamination from asbestos cement siding has
also been documented by Spurny et al. (1980).
One of the more significant remaining contributions to environmental
asbestos concentrations may be emissions from braking of automobiles and other
vehicles. Measurements of brake and clutch emissions reveal that, annually,

2.5 tons of unaltered asbestos are released to the atmosphere and an addi- °
tional 68 tons fall to roadways, where some of the asbestos is dispersed by
passing traffic (Jacko et al., 1973).

5.9 INTERCONVERTIBILITY OF FIBER AND MASS CONCENTRATIONS

The limited data that relate asbestos dizease to exposure are derived
from studies of workers exposed in occupational environments. In these studies,
concentrations of fibers longer than 5 pm were determined using optical micros-
copy or they were estimated from optical microscopy measurements of total
particulate matter. A1l current measurements of low-level environmental poi-
lution utilize electron microscopy techniques, which determine the total mass
of asbestos present in a given volume of air. 1In order to extrapolate dose-
response data obtained in studies of working groups to environmental exposures,
it is necessary to estabtish a relationship between optical fiber counts and
the mass of asbestos determined by electron microscopy.

Data are available relating optical fiber counts (longer than 5 um) to the
total mass of asbestos, as determined by electron microscopy techniques or
other weight determinations. These relationships (Table 5-11) provide crude
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estimates of a conversion factor relating fiber concentration in fibers per
mi11iliter (f/m1) to |airborne asbestos|mass in micrograms per cubic meter
(pg/ma). The proposed standards for asbestos in Great Britain, set by the
British Occupational Hygiene Society (BOHS), states that a "respirable" asbestos
mass of 0.12 mg/m3 is equivalent to 2 f/ml1 (British Occupational Hygiene
Society, 1968). The standard does not state how this relationship was deter-
mined. If the relationship was obtained from magnesium determinations in an
aerosol, the weight determination would 1ikely be ﬁigh because of the presence
of other nonfibrous magnesium-containing compounds in the aerosol. Such was
the case in the work of Lynch et al. {1970), and their values for the conversion
factor are undoubtedly overestimates. The data of Rohl et al. (1976) are
11kely to be underestimates because of possible losses in the determination of
mass by electron microscopy. No information exists on the procedures used to
determine the mass of chrysotile in the data presented by Davis et al. (1978).

The range of 5 to 150 for the conversion factor relating mass concen-
tration to optical fiber concentration s large and any average value derived
from it has a large uncertainty. However, for the purpose of extrapolating to
low mass concentrations from ffber count the geometric mean of the above
range of conversion factors, 30 pg/m /f/m] will be used. The geometric
standard deviation of this va1ue is 4, and this uncertainty severely 1imits
any extrapolation in which it 15 used. In the case of amosite, the data of
Davis et al. (1978) suggest that a conversion factor of 18 is appropriate.
However, these data yield lower chrysotile values than all other chrysotile
estimates; therefore, they may also be low for amosite.

5.10 SUMMARY

Measurements using electron microscopy techniques established the presence
of asbestos in the urban ambient air, usually at concentrations less than 10
ng/m3. Concentrations of 100 ng/m3 to 1000 ng/m3 were measured near specific
asbestos emission sources, in schools where asbestos-centaining materials are
used for sound control, and in office buildings where similar materials are
used for fire control. Excess concentrations in buildings have usually been
associated with visible damage or erosion of the asbestos materials. Many
buiidings with intact material have no intreased concentrations of asbestos.
Most ambient measurements were taken over ten years ago and it is very important
to obtain more current data.

161


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

TABLE 6-1. LIFETIME RISKS PER 100,000 FEMALES OF DEATH FROM
MESOTHELIOMA AND LUNG CANCER FROM CONTINUQUS ASBESTOS EXPOSURES OF 0.0001 AND Q.Ol f/m
ACCORDING TO AGE AT FIRST EXPOSURE, DURATION OF EXPOSURE, AND SMOKING

Concentration = 0.0001 f/m) Concentration = 0.01 f/ml
years of ‘exposure years of exposure
Age at onset tife- life-
of exposure 1 5 10 20 time 1 5 10 20 time

Mesothelioma in Female Smokers

0.1 0.6 1.2 1.9 2.5 13:9 64.0 115.1 186.2 252.0

10 0.1 0.4 a.7 1.1 1.4 9.0 40.3 71.4 112.0 142.8
20 0.1 0.2 0.4 0.6 0.7 5.3 231.5 40.7 61.3 72.8
30 0.0 0.1 0.2 0.3 0.3 2.8 12.3 20.6 29.4 32.8
50 0.0 0.0 0.0 0.0 G.0 0.6 2.0 2.9 3.5 3.5

Lung Cancer in Female Smokers

0 0.0 0.1 0.3 0.5 1.5 2.8 13.4 26.7 53.3 149.9

10 6.0 0.1 0.3 0.5 1.2 2.8 13.4 26.7 . 53.3 123.5
20 0.0 0.1 0.3 0.5 1,0 2.8 13.4 26.7 52.5 96.9
30 6.0 0.1 0.3 0.5 0.7 2.8 13.13 25.9 47.9 71.0
50 0.0 0.1 0.2 0.2 0.2 2.0 8.8 15.5 22.7 24.4

Mesothelioma in Female Nonsmokers

0 0.1 0.7 1.2 2.0 2.7 14.8 68.2 122.8 199.4 272.2

10 0.1 0.4 0.8 1.2 1.6 9.5 43.4 gl.2 121.2 155.8
20 0.1 0.3 0.4 0.7 0.8 5.7 25.6 44.4 67.2 80.6
30 0.0 0.1 0.2 0.3 0.4 3.1 13.6 23.0 32.9 36.8
50 0.0 0.0 0.0 0.0 0.0 0.6 2.2 3.4 4.1 4.1

Lung Cancer in Female Nonsmokers

0 0.0 0.0 0.0 0.1 0.2 0.3 1.3 2.7 5.2 16.4

10 c.0 0.0 a.0 0.1 0.1 0.1 1.3 2.7 5.3 13.9
20 0.0 0.8 c.0 0.1 0.1 0.3 1.3 2.7 5.2 11.3
0 0.0 0.0 0.0 0.1 0.1 0.3 1.3 2.7 5.0 8.7
50 0.0 0.0 0.0 0.0 0.0 0.3 1.1 2.1 1.5 3.9

3The 95% confidence limit on the risk values for lung cancer for an unstudied exposure cir-

cumstance is a factor of 10. The 95% confidence limit on the risk values for lung cancer on
the average determined from 11 unit exposure risk studies is a factor of 2.5. The 95% con-

fidence 1imit on the risk values for mesothelioma for an unstudied exposure circumstance is

a factor of 20. The 95% confidence limit on the risk values for mesothelioma for a studied

circumstance can be reasonably averaged as a factor of 5. The values for continuous expo-

sure were derived by multiplying 40 hr/wk risks, obtained from occupational exposures, by

4.2 (the ratio of hours in a week to 40 hours.)
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TABLE 6-3. LIFETIME RISKS PER 100,000 PERSONS OF DEATH FROM
MESOTHELIOMA AND LUNG CANCER FROM CONTINUOUS ASBESTOS EXPOSURES OF 0.0001 AND 0.01 f/ml
ACCORDING TO AGE AND DURATION OF EXPOSURE. U.S5. GENERAL POPULAZIGN
DEATH RATES WERE USED AND SMOKING HABITS WERE NOT CONSIDERED

Concentration = 0.0001 f/m} Concentration = 0.01 f/ml
years of exposure years of exposure
Age at onset life- life-
of exposure 1 5 10 20 time 1 5 10 20 time

Mesothelioma in Females

0 0.1 0.7 1.2 2.0 2.8 14.6 67.1 120.8 196.0 275.2
10 0.1 0.4 0.8 1.2 1.5 9.4 42.6 75.58 118.7 152.5
20 0.1 0.3 0.4 0.7 0.8 5.6 25.1 43.5 65.7 78.8
30 0.0 0.1 0.2 0.3 0.4 3.1 13.3 22.4 31.9 5.7
50 0.0 . 0.0 0.0 6.0 0.0 0.6 = 2.1 .2 3.8 3.9

tung Cancer in Females

4 0.0 0.0 0.1 0.2 0.5 1.0 4.6 9.2 18.5 52.5%
10 0.0 0.0 0.1 0.2 0.4 1.0 4.6 9.2 18.6 43.4
20 0.0 0.0 0.1 0.2 0.3 1.0 4.6 g.2 i8.2 34.3
30 0.0 0.0 0.1 6.2 0.3 1.0 4.6 9.0 16.7 25.1
50 0.0 0.0 0.1 0.1 0.1 0.7 31 5.5 8.1 8.8

Mesothelioma in Males

0 0.1 0.5 .0.9 1.5 1.9 11.2 51.G 91.1 145.7 192.8
10 0.1, 0.3 9.6 0.8 1.1 7.0 31.2 5g.2 84.7 106.8
20 -0:0 0.2 0.3 0.4 0.5 4.1 17.5 30.1 44.5 51.7
30 0.0 0.1 0.1 0.2 0.2 2.1 8.8 14.6 20.4 22.3
50 0.0 0.0 0.0 0.0 0.0 0.3 1.1 1.8 2.0 2.1

Lung Cancer in Males

] 0.0 0.1 0.3 0.6 1.7 2.9 14.8 29.7 59.2 170.5
10 0.0 0.1 0.3 0.6 1.4 2.9 14.9 29.8. 59.5 142.0
20 0.0 0.2 0.3 0.6 1.1 £ 15.0 30.0 59.4 113.0
30 0.0 0.1 0.3 0.6 0.8 w1 14.9 29.8 56.6 gd.8
50 0.0 0.1 g.2 0.3 0.3 2.5 11.5 20.3 29.1 30.2

31he 95% eonfidence 1imit on the risk values for lung cancer for an unstudied exposure cir-

cumstance is a factor of 10. The 95% confidence limit on the risk values for lung cancer on
the average determined from 11 unit exposure risk studies is & factor of 2.5. The 95% con-

fidence 1imit on the risk values for mesothelioma for an unstudied exposure circumstance is

a facter of 20. The 95% confidence limit on the risk values for mesothelioma for a studied

circumstance can be reasonably averaged as a factor of 5. The values for continuous expao~

sure were derived by multiplying 40 hr/wk risks, oblained from occupational exposures, by

4.2 {the ratio of hours in a week to 40 hours.)
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6.1.1 Alternative Analyses

As discussed previously, the data strongly support a relative risk model
for lung cancer and a Tinear dose-response relationship. No data indicate the
existence of a threshold, although one cannot be ruled out. \

If a threshold does exist, there would be a corresponding reduction in
the calculated lung cancer risk. There is no evidence of a quadratic term in
the dose-response relationship nor is it indicated by existing models for
asbestos lung cancer. If, however, a small quadratic term is present, there
would be some reduction in the calculated risk.

Alternative models do exist for mesothelioma. There are uncertainties in
the power of time at which mesothelioma risk increases. The uncertainty,
however, has re]atively‘litt1e effect on calculated lifetime risk values,
because a fit must be made to existing occupational risk over a time span of
four or five decades, leaving only two or three decades of tife for manifesta-
tion of different power function effects. A lower power requires a much
greater multiplying coefficient. Table 6-4 shows the effect on the calculated
1ifetime risk of three different time functions that are matched to best fit
the time course of risk among insulation werkers. Table 6-4 shows that .the
extremes of effect differ by less than a factor of two. As was shown in '
Table 3-4, there is very little empirical evidence for quadratic or higher
terms in the mesothelioma dose-response relationship, although they are compat-
ible with existing cancer models. If higher than linear terms were present,
they would reduce the calculated risks by less than a factor of two.

TABLE 6-4. COMPARISON OF THE EFFECT OF DIFFERENT MODELS FOR THE
TIME COURSE OF MESOTHELIOMA RISK FOR A FIVE-YEAR EXPOSURE TQ 0.01 F/ML

Age at onset Calculatecd deaths/100,000 maies
of exposure Eg. 3-6 to i<
0 51.0 76.0 46.0
10 il1.2 38.0 27.2
20 17.5 17.5 15.0
30 8.8 7.0 7.0
50 1.1 1.0 1.0
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TABLE 6-5. PREVALENCE OF RADIOGRAPHIC ABNORMALITIES ASSOCIATED WITH ASBESTOS
EXPOSURE AMONG HOUSEHOLD MEMBERS OF AMOSITE ASBESTOS WORKERS

Total One or more radiographic

Exposure group examined abnormalities present*
New Jersey urban residents** 326 15 ( 5%)
Entered household after active 40 6 (15%) %2 =7.1p <.01
worker employment ceasedt
Household resident during active 685 240 (35%) x2 = 114 p <.001
worker employmentt
Household resident and personal 51 23 (45%)

occupational asbestos exposure

*IL0 U/C Pneumoconiosis Classification categories; jrregular opacities 1/0
or greater; pleural thickening; pleural calcification; pleural plaques.

**No known direct occupatfonal or household exposure to asbestos.
tNo known direct occupational exposure to asbestos.

Source: Anderson and Selikoff (1979).

TABLE 6-56. CHEST X-RAY ABNORMALITIES AMONG 685 HOUSEHOLD CONTACTS OF
AMOSITE ASBESTOS WORKERS AND 326 INDIVIDUAL RESIDENTS IN
URBAN NEW JERSEY, A MATCHED COMPARISON GROUP

Pleural Pleural Pleural Irregular*
Total thickening calcification plaques opacities
Group examined present present present present
Household contacts
of asbestos
workers 685 146 (18.8%) 66 {8.5%) 61 (7.9%) 114 (16.6%)
Urban New Jersey '
residents 326 4 (1.2%) 0 (0.0%) 2 (0.6%) 11 ( 3.4%)

*ILO U/C Pneumoconiosis Classification 1rregular opacities 1/0 or greater.

Source: Anderson and Selikoff (1979).
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6.4 COMPARISON OF ESTIMATED MESOTHELIOMAS WITH SEER DATA
The risk estimates of Table 6+1 through 6-3 can also be used to compare

estimated mesothelioma risk with that observed in the National Cancer Institute's
Surveillance, Epidemiology and End Results (SEER) Cancer Registry Program.
Between 1973 and 1978, 170 cases of mesothelioma were identified among females
in the SEER program which is based on 10%¥ of the U.S. population (Connelly,
1980). Thus, about 280 cases occur annually in the U.S. among females. Using
Equations 3-6d and the current female population of the U.S5., it is estimated
that 32 cases would occur annually from a continuous lifetime exposure to
0.0001 f/ml (about 3 ng/ms). However, such a concentration, which was measured
in urban areas during 1970-71 would be infiuenced by the substantial use of

asbestos building products. The "background" concentrations during 1910-1540
" would likely be less. Nicholson (1983) has estimated that about 20 mesothelio-
mas would occur among men and women if an average concentration of 2 ng/m3
existed from 1930.

6.5 LIMITATIONS TO EXTRAPOLATIONS AND ESTIMATIONS

The above calculations of unit risk values for asbestos must be viewed
with caution because they are uncertain and are necessarily based on estimates
that are subjective, to some extent, because of the following limitations in
data: (1) extrapolation from high occupational levels to much Tower ambient
levels, (2) mass-to-fiber conversion is uncertain, (3) various confounding
aspects of the medical data and, very importantly (4) the nonrepresentative
nature of the exposure estimates. The ranges of uncertainty estimated may in
fact be greater than those stated here, but insufficient information exists by
which to make more precise or definite estimates of uncertainty.
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though, in some circumstances, the amphibole usage may have been very small
relative to chrysotile. The CPSC report viewed chrysotile as being important
in the production of pleural mesothelioma but not for peritoneal tumors. This
view is based on similar ratios of pleural mesothelioma to excess lung cancer
found among chrysotile-exposed workers compared to mixed or amphibole-exposed
workers. The NAS believed that information was insufficient to establish a
differential risk based on chemistry. It stated, "many of the apparent differ-
ences (in carcinogenic potency) may be explained by the differences in physical
properties and concentrations used by the various industries."

A1l reports noted that the strength of the evidence associating asbestos
exposure with cancers other than mesothelioma or of. the lung is less. .Gastro-
intestinal and laryngeal cancers were attributed to asbestos exposure by the
Ontario Royal Commission.(1984) and by the Advisory Committee on Asbestos
(197%a,b), although Acheson and Gardner felt in 1983 that the evidence linking
ashestos and Gl cancer was "less convincing than in 1979." Doll and Peto
(1985), in their review, conclude that there are no grounds for believing that
gastrointestinal cancers in general are peculiarly likely to be caused by
asbestos exposure. They further state that: (1) for laryngeal cancer, on the
.oner hand, ... -..te is quite strong; (2) they reserve judgment about the
possibility that asbestos causes cancer of the esophagus; and (3) they also
note what evidence would be needed to weaken their view regarding possibie
gastrointestinal tract cancer linkage to asbestos exposure. Both the U.S.
Consumer Product Safety Commission Panel (1983) and National Academy of
Sciences (1984) noted the increased risk of Gl cancers in several cohorts, but
each declined to take a firm position on causality. The CPSC Report specifi-
cally noted a disagreement on the issue among panelists.

7.3 MODELS FOR LUNG CANCER AND MESOTHELIOMA

All reports adopted models for lung cancer and mesothelioma similar to
those of this report, a relative risk model for lung cancer and an absolute
risk model for mesothelioma, in which the risk increased as a power function
of time from exposure. All noted the limitations on the data establishing a
dose-response relationship, but all felt a linear model was most appropriate,
particularly for regulatory purposes. None suggested there was any evidence
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TABLE 7-1. THE RISKS OF DEATH/100,000 INDIVIDUALS FROM MESOTHELIOMA AND
LUNG CANCER FROM A LIFETIME ASBESTOS EXPOSURE TO 0.01 f/ml

Population Lung cancer Mesothelioma

This Dacument

Female smokers 150.0 (15 - 1500) 252.0 {12.6 - 5040)
Female nonsmokers 16.4 (1.64 - 164) 272.0 (13.6 - 5440)
Male smokers 238.0 (23.8 - 2380) 181.0 (8.1 - 3620)
Male nonsmokers 18.5 (1.85 - 185) 220.0 (11.0 - 4400)
Males expased 40 88.5 (8.9 - 885) 46.5 (2.3 - 920)
years from age 20
from Table 6-3
National Academy of Science (1984)

Female smokers 57.5 (0 - 275) 22.5 (0 - 875)
Female nonsmokers 7.5 (0 - 32.5) 22.5 (0 - 875)
Male smokers 160.0 (0 - 725) 22.5 (0 - 875)
Male nonsmokers 15.0 (0 - 55) 22.5 (0 - 875)

U.S. Consumer Product Safety Commission (1983)

Female smokers 95.2 (30.1 - 301.2) 246.0 (78.0 - 779.9)
Female nonsmokers 15.7 (5.0 - 496) 266.6 (84.3 - 842.9)
Male smokers 155.0 (49.0 - 490.1) 174.2 (55.1 - 551.0)
Male nonsmokers 17.5 (5.5%4 - 55.4) 215.3 (68.1 - 680.8)

Ontario Royal Commission® (1984)
A hypothetical workforce
of 385 male smokers,
385 male nonsmokers, _
115 female smokers, and 0.4 - 76 1.4 - 1B7.5
115 female nonsmokers
Advisory Committee on Asbestosb (1979a,b)
Males and females 8.6 - 286
Doll and Peto (1985)°

Males 25.2 5.6

aExposure of 25 years from age twenty-two.
b50 years exposure.
CExposure of 35 years from age 20.
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cause disease does not present a clear picture, The observed variation in
risk may be due to different effects caused by different fiber types or dimen-
sions used in processes in which other contaminants are present. They state
that the magnitude of the difference in reported risks is not likely to be
explained by fiber or process differences alone. '

7.6 NON-MALIGNANT EFFECTS

All reviews of asbestos did not consider & non-malignant disease to be of
importance at the exposures found in environmental circumstances. For example,
the Ontario Royal Commission (1984) conciuded that "at low levels of occupational
exposure to asbestos the fibrotic process in the lungs, if indeed it can be
initiated, will not likely progress to the point of clinical manifestation or
even the mildest discomfort. On the basis of the available data our best
judgement as to the lifetime occupational exposure to asbestos at which the
fibrotic process cannot advance toc the point of clinical manifestation of
asbestosis is in the range of 25 f-y/me and below."
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