EPIDEMIOLOGY RESOURCES, INC.

DRepared Fol S-/N / Capprem (/ DEC/sron/

PROJECTIONS OF
ASBESTOS-RELATED DISEASE
1980-2009

FINAL REPORT
August 2, 1982

By

ALEXANDER M. WALKER, M.D., Dr.P.H.

P.O. Box 57, Chestnut Hill, Massachusetts 02167 (617) 734-9100

uCC 007726
b T




TABLE OF CONTENTS

Page

List of Tables and Figures . ............ ... ... . ... .............. ii

OVEIVIEW . . |

Task 1: Determine the effective number of past asbestos workers . .. .. . 3

Task 2: Project mesothelioma incidence .. ... ... ... . ... .. .. . ... 16

Task 3: Project lung cancer incidence ... ...... ... ... .. ... ... ..., 17

Task 4: Estimate asbestosis prevalence now and in the future . ... .. ... .. 21
Task 5: Estimate the amount of asbestos-related disease likely to occur in

WOIMEBI . . . o e 27

References. ... ... .. . 28

| Ni777)

UuCC 007727
L e




LIST OF TABLES & FIGURES

Table Page
1 Annual Age-Specific Mesothelioma Incidence for Males .. ... . .. 3
2 Proportion of Mesothelioma Cases with Asbestos Exposure History 5§
3 Distribution (%) of 185 Canadian and 159 U.S. Male Case-Control

Pairs According to the Probability of Occupational Asbestos Ex-
posure as Classified in Four Centers. .. ... ... ... .. .. . .. .. .. 7

4 Relative Frequencies of Peritoneal and Pleural Mesothelioma In
Heavily Asbestos-Exposed Groups .................. ... ..., 8

5 Relative Frequencies of Peritoneal and Pleural Mesothelioma In
Less Heavily Asbestos-Exposed Groups . ....... ............ 9

6 Relative Frequencies of Peritoneal and Pleural Mesothelioma In

General Populations and In Cases With No [dentifiable Asbestos
Exposure .. ... ... H
7  Numbers of Pleural and Peritoneal Mesotheliomas . .......... .. 12
8 Year of Entry into the Asbestos-Exposed Workforce . ... ... . .. 14

9 The Dissemination of Asbestos Exposure In Insulation Worker
Equivalents Entering the U.S. Labor Force. ... ... ... . ... ... 15

10  Projected Numbers of New Mescthelioma Cases 1980-2009 in Men

With Plausible Asbestos Exposure Using Two Models of In-
cidence ...... ... .. ... ... 17

11 Incidence of Lung Cancer—Underlying Risk ............. .. ... 18

12 Selikoff Asbestos-Multiplier. .. ........... .. .. .. ... ... ... ... 18

13 Risk Multipliers for Lung Cancer From Cohort Studies . .. ... . .. 19

14 Projected Numbers of New Lung Cancer Cases 1980-2009 in U.S.
Men Plausibly Exposed to Asbestos (According to Exposure In-
tensity: Heavy Exposure and Light Exposure, Under Three As-
sumptions Regarding the Distribution of Light Exposures) .... 20
15 Lung Cancer: Percent Distribution of Year of First Exposure to
Asbestos Products Alleged in Lawsuits (1975-1981) and
Predicted by Model (1975-1979) .......... ... ........... 21
16 Projections of the Number of Prevalent Cases of Asbestosis in U.S.
Males 1980-2009, based on the Incidence of Mesothelioma in
Asbestotics .. ... .. ... .. ... ... 23
17 X-Ray Changes in Asbestos Insulation Workers . ... .. ... .. .. .. 23
18  Projections of the Number of Prevalent Cases of Asbestosis in U.S.
Males 1980-2009, Based on the Equivalence of Asbestosis and

Mesothelioma Rates . ............ ... ... ... ... ... ... ..., 25
19 Projections of Asbestosis Lawsuits Assuming 9% of Prevalent Cases
(Non-litigants) Bring Suit Each Year ...................... 26
Figure Page
1 Annual Incidence of Mesothelioma per 100,000 Workers by Years
Elapsed Since First Exposure to Asbestos . ... ... ... ... .. .. 24
2 Mesothelioma Mortality—Asbestosis Mortality ... ...... ... ... 24

i ANi7772

uCcC 007728
[ S CIIII————______——_- AR



PROJECTIONS OF ASBESTOS-RELATED DISEASE
1980-2009

Overview

It is possible to estimate the amount of asbestos-related disease that will occur in the foreseeable
future. One method of projection, together with its assumptions and limitations, will form the subject
of this report. The method presented here is distinguished from other possible techniques in that it is
tied to events currently being observed.

Projections of future cases of mesothelioma and lung cancer depend on a number of steps, all of
them starting with the number of cases of mesothelioma occurring in the United States. We begin with
the cases of asbestos-related mesothelioma occurring in the late 1970’s and infer the size of the
asbestos-exposed populations which would be required to produce that number of cases. Using
actuarial techniques and Johns-Manville (J-M) case data to provide some details of exposure timing,
we then back-calculate to estimate the size of the original exposed work force from the 1930’s on,
whose remnants are now alive. Again using actuarial methods and drawing on known exposure-disease
incidence curves, we then project the number of cases of mesothelioma and lung cancer which are
likely to occur in the future in the exposed worker population.

Since the clinical manifestations of mesothelioma vary according to the intensity of asbestos
exposure, we can make a limited refinement of the procedure above by classifying the projected cases
as deriving from relatively heavy or relatively light exposures. This is achieved by comparing the
distribution of sites of mesothelioma in known relatively heavily exposed cohorts, such as insulation
workers, in whom disease is peritoneal at least half the time, with that observed in the U.S. as a whole,
in which peritoneal disease occurs only 10% of the time.

Projection of the burden of asbestosis in the United States depends both on the rate of occurrence
of new disease and on the prevalence of old discase, which may or may not yet have been medically
diagnosed in any given individual. Accounting for prevalent, but, as yet, undiagnosed cases of old
disease is necessary for asbestosis, but not for mesothelioma or lung cancer because the latter cancers
are either detected or lead to death (usually both) within a period less than two years after clinical
onset of disease. Asbestosis sufferers, on the other hand, may live for many years with diagnosable (but
undiagnosed) disease, and represent a large pool of potential litigants who can “‘behave like” new cases
at any time, simply by being made aware of the nature and probable origin of their disease.

We have inferred the number of prevalent asbestosis cases in the late 1970’s by two principal
methods. In the first, we estimate what proportion of mesothelioma cases have diagnosable asbestosis,
and we compare this figure to the rate at which people with asbestosis develop mesothelioma. Knowing
the approximate number of mesothelioma cases with asbestosis and the rate at which mesothelioma
occurs in asbestotics, we can calculate about how many asbestosis sufferers there must be in order to
account for the observed number of mesothelioma cases occurring among them. In the second method,
we have drawn on another, independent aspect of the asbestosis-mesothelioma relationship. In studies
of groups occupationally exposed to asbestos, the death rates from mesothelioma and asbestosis have
been found to be nearly identical. Thus, projections of mesothelioma deaths in persons exposed to
asbestos can be expected to give a good estimate of the number of asbestosis deaths. Several studies
have provided data on the mortality rate in asbestotics, and on what proportion of the mortality is due
to asbestos. The number of asbestotics is then inferred from the number of ashestosis deaths and the
mortality rates in persons with asbestosis.

At this point the asbestosis projections depend on a scientific judgment which has to be made on
the basis of almost no directly relevant data. The question is: do new cases of asbestosis continue to
appear many years after the cessation of exposure or, after a certain lag peried, does the occurrence of
new cases stop? Put another way: does cleaning up the workplace diminsh the risk of those workers
who have already been heavily exposed to asbestos but, as yet, have no disease? Preliminary J-M data
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suggest that cleaning up the work environment does reduce the risk of those already exposed, although
not immediately to zero. Asbestosis prevalence projections have been made on the assumption that
new cases actually occur through 1984, and that from 1985 on, any apparent new cases represent new
diagnoses of existing discase.

Several other “quick and dirty” asbestosis projections methods are also available. These depend
on drawing analogies between the United Kingdom and the United States, on use of relative mortality
figures, and on the extrapolation of data from x-ray surveys of exposed workers.

J-M data on women are too scanty to allow any direct estimation of the number of cases of
asbestos-related disease on them. (Less than 5% of suits derive from women.) Estimating female
disease has to be based on deriving approximate proportionality constants: based on the probable
historical timing of female workers exposed to asbestos, the current 5% figure can be expected to
decline to nearly zero over the next two decades.

The tasks and subtasks which are involved in disease projection are as follows:

1. Determine the effective number of past asbestos workers.

a. Determine the number of cases of mesothelioma in the U.S., 1975-1979.

b. Calculate the fraction of mesothelioma cases with a documentable history of asbestos
exposure and what fraction of the exposed are likely to have been heavily exposed.

c. Estimate the timing of the exposure history for U.S. cases.

d. Calculate the number of workers now alive and exposed at different times in the past
which would be required to account for the current observed mesothelioma incidence.

e. Using actuarial techniques, calculate the size of the originally exposed worker population
which would yield the estimated numbers of currently living, previously exposed workers.

f. For exposure in the more recent past (which would give rise to no current disease),
estimate exposure which could give rise to future disease.

i. Use survey data to estimate exposure histories,

ii. Use information on changing workplace environments to adjust crude exposure
estimates.

iii. Adjust all original estimates of the number of exposed workers so that the total
number of cases of mesothelioma being observed is consistent with total estimates of
the exposed workforce (distant past plus recent past).

2. Project mesothelioma incidence.

a. Actuarially adjust the size of the exposed population to account for future mortality and
calculate the incidence of new cases in the reduced exposed populations.
b. Examine sensitivity of projections to component assumptions.
3. Project lung cancer incidence.

a. As above, adjust the size of the at-risk populations to account for future mortality. Calcu-
late the future incidence of lung cancer as a function of future age, future elapsed time
from first exposure, and the future size of the population at risk.

b. Compare projected and observed lung cancer figures.
4. Estimate asbestosis prevalence now and in the future.

a. i. 1980-1984 prevalence using mesothelioma mortality in asbestotics.
—How many cases of mesothelioma with asbestosis are occurring?
—Mesothelioma incidence as in (1a).

—Proportion of mesothelioma with asbestosis.

—Estimate frequency of occurrence of mesothelioma in asbestotics.
ii. Prevalence after 1984,

—Age the 1980-1984 prevalence group using actuarial techniques.
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b. 1980-1984 prevalence based on the equivalence of mesothelioma and asbestosis mortality,
i. Derive expected number of asbestosis deaths from projected mesothelioma deaths.

ii. Compare asbestosis deaths to death rates in asbestotics to derive an estimate of the
number of asbestotics,

¢. “*Quick and dirty” projections.
i. U.K./U.S. equivalence.
il. Relative mortality data.
iti. Extrapolation from x-ray surveys.

d. Derive a general methodology for predicting lawsuits given propensity to sue and disease
prevalence.

5. Estimate the amount of asbestos-related disease likely to occur in women.

Task 1a: Determine the number of cases of mesothelioma in the United States, 1975-1979.

The National Cancer Institute (NCI) has sponsored two major cancer incidence surveillance
programs since 1969, The first, covering the period 1969-71, coordinated existing regional tumor
registries and supported the establishment of new registries, permitting a direct assessment of cancer
incidence for about 7% of the U.S. population; this was the Third National Cancer Survey (TNCS). In
1973, the NCI reconstituted the administrative structure of the TNCS to provide for an ongoing
system of monitoring cancer incidence. This new program, named the Surveillance, Epidemiology and
End Results program (SEER) has been in operation continuously since then. SEER reporting regions
are Hawaii, Seattle, San Francisco-Oakland, New Mexico, New Orleans, Utah, Connecticut, Atlanta,
Detroit, and Iowa. Collectively these represent about 10% of the population of the United States. In
1980, the NCI (Connelly 1980) released a detailed report of trends in mesothelioma incidence based on
TNCS (1969-1971) and the first six years of SEER (1973-1978). The annual age-specific mesothe-
lioma incidence for males in SEER is given in Table 1 below, which also provides an estimate of the
total number of men developing mesothelioma in the United States in 1977. The age-specific estimated
counts were obtained by multiplying the SEER incidence rates times the Census Bureau’s 1977 esti-
mates of the U.S. maile population in the various age categories.

TABLE 1

Annual Age-Specific Mesothelioma Incidence for Males

Incident Cases Per Implied U.S.
Age Group 100,000 Men Per Year Total 1977
0-19 0 0
- 20-24 0.02 2.0
25-29 0.07 6.1
30-34 0.20 15.2
35-39 0.17 10.2
40-44 0.37 20.2
45-49 1.05 58.9
50-54 1.59 90.8
55-59 2.09 110.1
3
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Incident Cases Per Implied U.S.

Age Group 100,000 Men Per Year Total 1977
60-64 3.37 147.6
65-69 384 143.6
70-74 5.72 148.5
75-79 6.34 100.7

8539

The implied total of about 854 new cases of mesothelioma in U.S. men in 1977 is probably
inaccurate for a number of reasons and should be adjusted accordingly:

1. Comparison of the TNCS (1969-1971) and SEER (1973-1978) age-standardized male
incidence figures shows an overall rise from 0.51 to 0.88 cases per 100,000 men per year, approximately
a 10% annual increase from the midpoint of the TNCS to the midpoint of the reported SEER years
(1975 2). To obtain a 1977 incidence figure, a further 15% inflation over the SEER incidence would
be appropriate. (The 10% annual increase is virtually identical to the rate of increase in mesothelioma
incidence predicted by the incidence model constructed for Task 2. That model predicts annual
increases of 11.2% in 1970, declining steadily to 8.4% in 1975.)

2. Since the SEER regions contain proportionately more shipbuilding areas than the U.S. as a
whole, the incidence rates are overstated to the extent that mesothelioma occurs more commonly in
shipbuilding areas. SEER data suggest that this is indeed the case. The age-standardized white male
rates for Seattle and San Francisco are 1.42 and 1.36 cases per 100,000 men annually, while those for
Utah and Iowa are 0.82 and 0.54 cases per 100,000 per year. A reasonable estimate as to the
overstatement of mesothelioma due to non-representative sampling of the U.S. in SEER overall would
be 10-15%, with a best guess of about 12%.

3. Finally, the diagnosis of mesothelioma is by no means easy or clear cut. Selikoff (1980)
maintains that a review of ail medical evidence in the deaths of U.S. insulation workers from 1967
through 1976 indicates that of 175 mesothelioma deaths, only 104 (59%) had mesothelioma recorded
on the death certificate. SEER diagnostic coding is generally felt to be of much higher quality than
death certificate information, but since the SEER data are regional, they necessarily derive in part
from smaller hospitals with less sophistication in diagnosis than is available in cancer referral centers.
A reasonable estimate for the net underreporting in SEER is about 10%.

Combining adjustments for time trends, non-representativeness, and underdiagnosis in the SEER
data one arrives at a best guess for the number of mesothelioma cases occurring in U.S. men in 1977,
not of 854, but of (853.9) (1.15)/{1.12)/(0.90) = 974 cases. The approximate number occurring in
the 1975-1979 quinquennium would be 4870.

Task 1b. Calculate the fraction of mesothelioma cases which have a documented history of asbestos
exposure, and estimate what fraction of the exposed are likely to have been heavily exposed.

Not all mesothelioma occurs in men with a documentable asbestos exposure history. Assuming
essentially no asbestos exposure in low incidence SEER regions, and that the entire difference in
mesothelioma incidence is attributable to asbestos, the differences between the highest and lowest
mesothelioma incidence would suggest that 38% of mesothelioma in the high risk areas might be
*“background” incidence. (The annual incidence per 100,000 white males ranges from 0.54 in Iowa to
1.42 in Seattle; 0.54/1.42 = 38%.) In low incidence areas, the fraction of disease attributable to
background would be even higher. Inquiries undertaken among mesothelioma patients have yielded
estimates of the percent with an asbestos exposure history running from 16% to 76%, depending
principally on whether cases come from areas with heavy asbestos-using industries. Table 2 sum-
marizes the data from a number of sources.
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TABLE 2
Proportion of Mesothelioma Cases with Asbestos Exposure History

Proportion of

Cases with
Reference Region; Subjects Source of Data Asbestos Exposure (%}

Peto, er al,, 1981 . ... .. Los Angeles Case or close 69/101 (68%)
1974-1978; males relative interview 69/91*  (76%)

Vianna, et al., 1981 . ... New York State Death certificate 67/193  (35%)
excluding NY City; Occupational
males, 1973-1978 record

Vianna, et al, 1981 .. . New York State high Patient or first 24/31 (77%)
incidence counties degree relative 17/31*  (55%)
1968-1978 interview

Tagnon, er al., 1980 .. .. Coastal Virgina Patient or next of 43/56 (77%)
1972-1978; white kin interview
males

McDonald, et al., 1973 .. All Canada Relatives and 11/69°  (16%)
(emphasis on Quebec)  friends interview 31/69¢  (45%)
1968-1970

Newhouse and Thompson

1965 ... ... ... .. ... Patients dying at Surviving relatives, 40/76  (53%)

The London Hospital ~ medical records 31/76°  (41%)

1964 and earlier

a Excludes those for whom interviewee was unsure of work history

b Excludes indirect exposure (e.g. family member of an exposed person)
¢ “Definite” or “probable” exposures

d Includes “possible” exposure as well
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While much of the variation in Table 2 must result from real differences in the asbestos exposure
histories of mesothelioma patients from different regions, there may also be a substantial variation
depending on the group interpreting the exposure history. Table 3 (from McDonald and McDonald,
1980) illustrates this phenomenon. Three hundred and forty-four male cases of mesothelioma were
paired with cases matched for age, sex, hospital, and year of death. The comparison cases had died
with lung metastases from a nonpulmonary malignant tumor. Job histories were obtained from
interview of relatives, coded and submitted to four asbestos research centers for interpretation. While
there was general agreement on the proportion with “definite” and “unlikely” exposure to asbestos,
there was much less concordance in the interpretation of ambiguous exposure histories. One center,
the Environmental Sciences Laboratory of the Mount Sinai School of Medicine, was very much more
likely than the others to interpret ambiguous histories as “probable” asbestos exposure.

The consensus United States figures (from centers 2, 3 and 4) in Table 3, when averaged, yield an
overall figure for the proportion of male mesothelioma cases with a definite or probable history of
asbestos exposure of 54%. This number is in the middle of the range of Table 2, and will be used as a
best estimate. The proportion with definite exposure appears to be about 20%, averaging the figures
from all four centers in Table 3.

A separate line of observation and inference indicates that the proportion of mesothelioma cases
attributable to relatively heavy occupational exposure to asbestos is considerably less than the 54%
with a definite or probable asbestos exposure history. This is based on the observation of the relative
frequencies of involvement of the two major sites of appearance of mesothelioma, the pleura and the
peritoneum. As indicated in Table 4, in heavily exposed industrial cohorts, the peritoneum probably
accounts for about half of all cases. The most important exception to this pattern arose in a group with
what (for an industrial cohort) is an atypical exposure pattern: 75% of the observation time in the
group of Australian crocidolite miners reported on by Hobbs ef af (1980) was in men with a total
duration of exposure of less than 12 months. There were no peritoneal tumors documented among
these men. In groups less heavily exposed, the peritoneum is less frequently involved, as indicated in
Table 5. The least exposed groups are the general population series of incident mesothelioma cases,
and those cases determined by direct inquiry to have had no identifiable asbestos exposure. In these
groups, the proportion with peritoneal disease is on the order of 10%. See Table 6.

From Tables 4-6, it appears that substantial occupational exposure results in mesotheliomas which
are at least 50% peritoneal, and that moderate exposure may result in about 20% peritoneal mesothe-
liomas. If this is true, then only a small fraction of the total contemporary U.S. mesothelioma
incidence (9-13% peritoneal) can be attributable to heavy occupational exposure; at most, about 26%
of U.S. cases (the 13% peritoneal and an equal number of pleurals) can be attributable to heavy
exposure. In fact, the true proportion of heavily exposed mesothelioma cases must be less than 26%,
since peritoneal tumors do arise in persons with little or no known asbestos exposure (see Table 6). The
20% with “definite” exposure in Table 3 may provide a more realistic upper limit to the heavily exposed
proportion of persons who develop mesothelioma.
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TABLE 3
Distribution (%) of 185 Canadian and 159 U.S. Male Case-Control Pairs
According to the Probability of Occupational Asbestos Exposure as
Classified in Four Centers*

Case-conirol
difference
Asbestos Exposure for d::“’“
Definite Probable Possible Unlikely probable
Center* Cases Controls Cases Contrels Cases  Controls  Cases  Controls exposures
Canada (1960-72)
1 1.9 1.1 43.8 314 4.3 2.7 40.0 64.9 23.2
2 11.9 L1 205 14.6 21.1 15.7 46.5 68.6 16.7
3 13.5 2.7 29.7 21.1 18.9 20.5 378 55.7 19.4
4 11.9 1.1 22.7 13.0 22.7 27.6 427 58.4 20.5
US.A. (1972)
1 18.2 38 51.6 352 38 1.9 26.4 59.1 30.8
2 18.9 38 314 18.7 20.8 18.6 239 58.9 27.8
3 24.3 6.3 340 19.5 16.4 19.5 25.1 54.1 327
4 18.9 38 333 15.1 226 27.0 25.2 54.1 333

*Centers: (1) Environmental Sciences Laboratory, Mount Sinai School of Medicine, New York
(2) Gesondsheitsorganisatic TNO, den Haag, the Netherlands
{3) Department of Epidemiology & Heaith, McGill University, Montreal, Canada

(4) TUC Centenary Institute of Occupational Health, London School of Hygiene and Tropical Medicine, Londen,
England
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TABLE 4

Relative Frequencies of Peritoneal and Pleural Mesothelioma
in Heavily Asbestos-Exposed Groups

% Peritoneal
Reference Source Popylation Peritoneal Pleural Mixed P-P Other or Mixed P-P
Selikoff 1980 ... .. North American 112 63 0 0 64%
Insulation Workers
1/67-12/76
Newhouse 1981 ... English Factory Workers 16 10 0 0 62%
2 Years Exposure
Newhouse 1981 ... English Female Textile 8 12 0 0 40%
Workers
Finkelstein 1981 ... Canadian Workers 4 5 0 0 44%

Receiving Asbestos
Disability Benefits

McDonald & 23 29 0 0 44%
McDonald 1980 . Insulation Workers,
Asbestos Production
and Manufacture
US & Canada
1960-1972
Hobbs et al. 1980 . Miners & Millers of 0 25 0 0 0%
Crocidolite
W. Australia
1943-1966
Elmes & 20 64 6 0 29%
Simpson 1976... Mesothelioma in UK
1/60-12/69
Classified from Medical
Records as “Heavily
Exposed to Asbestos”
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TABLE 5

Relative Frequencies of Peritoneal and Pleural Mesothelioma
in Less Heavily Asbestos-Exposed Groups

% Peritoneal

Reference Source Population Peritoneal Pleural Mixed P-P  Other or Mixed P-P
Elmes
Simpson 1976 . .. Exposed, but not heavily 10 151 13 0 13%
Chovil, er al. 1981 . “Compensable” 9 23 0 0 28%

mesothelioma in Ontario,
including exposure which
was “‘relatively light, of short
duration, in the distant past,
or all of these”

McDonald & s 19 117 0 0 16%
McDonald 1980 . Heating trades, shipyards,

construction {excluding

insulation workers),

US and Canada

1960-1975

TABLE 6

Relative Frequencies of Peritoneal and Pleural Mesothelioma
in General Populations and in Cases with No Identifiable
Asbestos Exposure

% Peritoneal

Reference Source Population Peritoneal/Pleural/Mixed P-P/Other or Mixed P-P
Connelly SEER 1973-1978 43 369 0 55 9%
1980 males
Breslow TNCS 1969-1971 9 83 0 0 10%
1982 males
v U.S. Patients entering 36 234 0 0
comprehensive cancer
centers 1978-1980 13%
Elmes & No known exposure 7 32 4 0 11%
Simpson
1970
Baris, et al. Turkish villagers 1 20 0 0 5%
1979 in a hyperendemic
area N
McDonald & No occupational 37 119 0 0 24%
McDonaid 1980 exposure, US and
Canadian cases 1962-
1975
9
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Task lc: Estimate the timing of exposure in U.S. cases.

Allegations in J-M mesothelioma case data provide information on the timing of asbestos exposure
in those persons who develop mesothelioma. There are 278 J-M mesothelioma cases which give an
analyzable asbestos exposure history: a plausible age at first exposure (between 15 and 54 years of
age), and a year of first exposure between 1930 and 1954. (See Task If for an explanation of the 1954
cutoff.) By five-year age groups we have identified the alleged year of first exposure to asbestos.
Applying the percent alleging first exposure at various years in J-M data to the age-specific estimates
of asbestos-exposed mesothelioma incidence obtained (after adjustments) from SEER, one can esti-
mate how many cases of mesothelioma occurred among U.S. workers who were first exposed to
asbestos at any given age and any given year in the past. This procedure is carried out separately for
the 20% of U.S. cases of mesothelioma with presumed heavy exposure, and for the 34% with presumed
identifiable light exposure, on the assumption that the relative frequencies of heavy and light exposures
did not change greatly until! the introduction of dust controls in the work place in the 1960’s and the
1970's. Qualitative review of the J-M case data indicates that most current J-M cases are derived from
the smaller, more heavily exposed portion of the work force (insulation workers, asbestos factory
workers, etc.).

Task Id: Calculate the number of workers now alive and exposed at different times in the past which
would be required to account for the current observed mesothelioma incidence.

How many exposed workers are there? This question can be answered by combining the esti-
mated counts of mesothelioma cases having exposure history with data on the incidence of mesothe-
lioma in exposed workers.

Peto (Peto et al, 1982) analyzed Selikoff er al’s (1980) data on the incidence of mesothelioma in
insulation workers and found that incidence could be very closely described by the equation:

[ =437x 108 x t32 x P,

where 1 is the number of cases of mesothelioma occurring per year, t is the elapsed time in years since
first exposure to asbestos, and P, is the size of the population of workers with first exposure t years
previously. This incidence curve is graphed as a solid line on Figure 1 for a hypothetical population of
100,000 people.

Having derived the above equation on the basis of Selikoff’s data, Peto er af (1982) examined its
generalizability by fitting similar equations, with the same exponent (3.2), to data obtained in a variety
of settings. Table 7 provides, for five studies, the Peto estimate of the leading constant term in the
above equation, the number of mesotheliomas observed and predicted at five-year intervals from first
exposure, and the total number of cases observed. Observed incidence rates from the five studies are
plotted on Figure 1, along with Peto’s curve (with the constant term calculated from Selikoff’s data).
All show a sharp increase beginning 15 years from first exposure and continuing—so far as the data
tell—indefinitely thereafter.

10
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FIGURE 1

Annual Incidence of Mesothelioma per 100,000 Workers
By Years Elapsed Since First Exposure to Asbestos
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Legend:
Peto incidence curve (Peto et al, 1982)
Breslow incidence curve (Breslow, 1982)
Incidence rates reported by Peto er al (1982) for five studies (see Table 7):

O Selikoff et al (1979)

A Newhouse and Berry (1976)

3 Peto (1980)

@ Hobbs et al (1980)

B Scidman er al (1980)
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Although Peto’s equation has the theoretically attractive property that its mathematical form is
derivable from current theories of carcinogenesis, it is not the only possible mathematical description of
the U.S. insulation worker mesothelioma incidence. Breslow (1982) has used the same data to esti-
mate the components of a second formula which incorporates an estimated latent period as well as the
exponential and constant terms used in Peto’s formula. The form of this equation was proposed
originally by Newhouse and Berry (1976}, and in a statistical sense it fits the observations more closely
than does the Peto equation. Using the symbols as above, that incidence equation is:

I =137x 1073 x (t-15)'3%x P,

The better fit of this equation to Selikoff’s data derives principally from the fact that it predicts no
cases to occur in the first 15 years following first exposure; Peto’s equation predicts a small number of
cases. In fact, in Selikoff’s data none were observed to occur. Breslow’s function is plotted as a dashed
curve on Figure 1. The two equations give very similar estimates. Throughout the ensuing analysis,
Peto’s equation has been used because it appears to provide estimates more consistent with the full
range of reported values (as opposed to Selikoff’s data alone). Nonetheless, projections carried out
using the Peto equation have all been verified using the Breslow equation.

Sources reporting to J-M’s legal staff indicate that there may be some overstatement in Selikoff’s
data of the numbers of mesothelioma cases actually occurring. The overstatement certainly appears to
be the case for asbestosis, and probably is negligible for lung cancer. For mesothelioma, we have
provisionaily adopted a correction factor of 0.8 in Peto’s and Breslow’s equations relating mesothe-
lioma incidence to asbestos exposure. This has the effect of expanding the size of the exposed popula-
tion required to account for currently observed mesothelioma cases.

Given the number of cases which have occurred and knowing their alleged elapsed interval since
first exposure, one can solve the equations above for P. We carried out this procedure for all five-year
categories of age at diagnosis of mesothelioma in 1975-1979, and for all elapsed times since first
exposure, giving a matrix of P;’s which corresponds to the distribution of asbestos workers alive in
1975-1979, which gave rise to mesothelioma, cross-tabulated by age and year of first exposure to
asbestos.

The size of the exposed population calculated in this step is an artificial figure corresponding to
“insulation worker equivalents”, that is, the number of asbestos workers as heavily exposed as the
insulation workers studied by Selikoff who would be required to explain the current mesothelioma
experience. As outlined in Task b, it is likely that only some 37% of exposed mesothelioma cases
(20% out of the 54%) actually arise in persons with heavy exposure. The remaining cases derive from
larger populations with less intense exposure. For the purposes of mesothelioma incidence projections,
there is no need to distinguish between the two situations. A population of 100,000 workers at one
exposure level can be expected to give rise to the same number of cases as a population of 200,000 at
half the exposure. Therefore the “worker-equivalent™ has an interpretation which is independent of the
actual distribution of intensities of exposure. For lung cancer, the distinction does make a difference;
the larger population will have a larger “background” number of lung cancers to which the asbestos-
attributable cancers must be added. In either case, the impression of J-M’s legal staff at present is that
most lawsuits are coming from heavily exposed plaintiffs, indicating that the distinction may be rele-
vant for a person’s propensity to sue. The cancer projections which follow (Tasks 2 and 3) therefore
will be divided according to intensity of exposure.

Task le: Using actuarial techniques, calculate the size of the originally exposed worker population
which would yield the estimated numbers of currently living, previously exposed workers,
Every group of workers now alive with first exposure at some time in the past corresponds to an
originally exposed population, some members of which have died with the passage of time. We have
used white male actuarial survival tables covering the years 1930-1979 to calculate the originaily
exposed population as follows: call the population alive in year y, of age a, with time t since first
exposure, P, , .. Call the same population t years previously (when they were a-t years °1d), Py, . If
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the actuarial probability for survival from age a-t to age a, starting in year y-t, is S, ;.. then:
Py—t.a—t.O = Py,a.t/sy—t.a—t.a

where P,_; ;o is the number of workers entering the asbestos-exposed work force in year y-t at age a-t
who would be required to produce in year y a surviving exposed population of size P,,,. If that
surviving exposed population has already been derived (Task 1d) as one large encugh to produce the
estimated number of new exposed cases of mesothelioma of age a who report having been first exposed
to asbestos t years previously, then P,_,_, o is the size of the new workforce t years earlier which would
be required to account for the current mesothelioma experience.

A modification of the actuarial survival figures was necessary before carrying out the above
calculations. As noted in Task 1b, some 20/54 {37%) of the insulation worker equivalents estimated
here derived from heavily exposed individuals. Selikoff has noted that insulation workers have a 37%
higher overall mortality rate than the general population. As a result, a group consisting of 37%
heavily exposed workers has approximately a (37%) x (37%) = 14% higher mortality rate than the
general population. This correction factor has been introduced into all calculations of the survival of
non-diseased, asbestos-exposed groups of insulation-worker equivalents.

Task 1f: For exposure in the more recent past which would give rise to no current disease, estimate
the quantity of exposure, since this could still give rise to future disease.

The procedures of Task 1d and le begin breaking down when first exposures less than 20 years
prior to the 1975-1979 period are considered. Few cases of mesothelioma would have as yet arisen
from this period, because of the delayed rise in the mesothelioma incidence curve; thus it is impossible
to work backwards to the exposed population with any reliability. Instead, we have used the reported
distribution of age at first entry into an asbestos-related industry from a survey of men aged 40 and
above, conducted by Elrick and Lavidge. Although that survey does not allow us to calculate the
absolute number of heavily exposed asbestos workers entering the workforce each year, it does allow us
to calculate the relative number entering. Altogether, the Elrick and Lavidge survey identified 214
individuals who had worked in an asbestos-using industry, of whom 79 were aware of actual exposure
to ashestos dust. The results of the survey were as shown in Table 8, from which it is apparent that the
distribution of years of entry into asbestos-using industries is essentially identical for men who did
recall and those who did not recall direct asbestos exposure. We have based our adjustments on the
larger, statistically more stable numbers of all entrants into asbestos-using industries.

TABLE 8
Year of Entry into the Asbestos-Exposed Workforce
Workers Who Recalled Ashestos Exposure All Workers In Ashestos-Using Industries
Year Number % Cumulative % Number x Cumulative %
Before 1930 5 6.3 6.3 16 7.5 7.5
1930-1934 1 1.3 7.6 9 4.2 11,7
1935-1939 < 6 7.6 15.2 19 8.9 20.6
1940-1944 17 21.5 36.7 45 21.0 41.6
1945-1949 14 17.7 544 29 13.6 55.1
1950-1954 5 6.3 60.8 19 8.9 64.0
1955-1959 10 12.7 73.4 29 13.6 77.6
1960-1964 9 11.4 84.8 21 9.8 87.4
1965-1969 7 8.9 93.7 14 6.5 93.9
1970-1974 | 1.3 94.9 5 2.3 96.3
1975-1979 4 5.1 100.0 8 3.7 100.0

The work force was calculated directly from the mesothelioma incidence data through 1954.
From 1955 on, we assigned numbers proportional to the annual and special sample number for men
in the survey reporting first entry into the asbestos workforce in each quingennium, Adding the
post-1955 workers generally resulted in a small increase in the predicted numbers of mesotheliomas for
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1975-1979. Both pre- and post-1955 figures were then iteratively adjusted until: 1) the pre-1955
figures maintained the year of first exposure distribution implied by the J-M cases, 2) the post-1955
figures stood in the proportion to the pre-1955 that was dictated by the survey, and 3) the 1975-1979
mesothelioma predictions derived from the resulting distribution of exposed workers equalled the
numbers actually thought to have occurred.

From 1965 on, it is probable that exposed workers faced diminishing amounts of ambient asbestos
fiber. We have accounted for this by recalculating the overall workforce size (as above) but with
smaller fractions of the exposed workforce assigned to the post-1955 period. (In effect, this amounts to
modeling the health effects of an unchanged number of workers exposed to less and less asbestos by
assuming smaller and smaller numbers of workers exposed to essentially the same amount of asbestos.)
Workforce discounts used to compensate for recent improvements in the workplace were: 1960-1964,
10%; 1965-1969, 50%:; 1970-1974, 75%; and 1975-1979, 100%.

Table 9 gives the number of insulation worker equivalents entering the workforce for each quin-
quennium 1930-1979, as estimated from J-M data directly, and with adjustment of the post-1955
figures to match the survey data in their calendar year distribution. Of particular interest is the
general conformity of the worker distribution for earlier years (as inferred from J-M data, Table 9) to
that actually observed in the Elrick and Lavidge survey.

Table 9 also gives the number of insulation worker equivalents entering the workforce in each
quinquennium from 1930 to 1979, according to intensity of exposure. For the heavily exposed group,
one equivalent can be taken to equal (more or less) one worker. For the less heavily exposed group,
there may be as many as five or ten actual workers making up each insulation worker equivalent.

TABLE 9

The Dissemination of Asbestos Exposure In
Insulation Worker Equivalents Entering the U.S. Labor Force

Hearily Exposed(l) Lightly Exposed(2) Totak3)
1930-1934 2,700 3,700 6,400
1935-1939 13,800 18,100 31,900
1940-1944 55,900 74,500 130,800
1945-1949 35,400 49,500 85,300
1950-1954 38,100 59,400 97,500
1955-1959 34,900 49,300 84,200
1960-1964 22,700 32,100 54,800
1965-1969 8,600 12,200 20,800
1970-1974 1,400 2,100 3,500

(1) In the heavily exposed, each insulation worker equivalent corresponds roughly to a single
worker.

(2) Many lightly exposed individuals are required to make up a single insulation worker
equivalent (listed in the Table).

(3) The total number of insulation worker equivalents, not the total of exposed workers.
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Task 2a: Adjust exposed population and calculate future incidence of mesothelioma,

For every five year period in the future, we calculated the number of mesothelioma cases that
would be expected to arise out of each group of workers we estimated to have entered the workforce at
each age-of-entry in each calendar-quinquennium in the past. Using the notation of previous sections,
call a the age in 1975-1979, and t the number of years elapsed since first exposure in year y. Call p the
number of years into the future for which a projection is being made. Then the age at first exposure is
(a—t), age in the projected future year is (a+p), and elapsed time from first exposure in the future is
(t+p). The components of the projection equation (Peto et al, 1982) are:

La+p, (+p—The number of new cases of mesothelioma p years from 1975-1979 among persons
then aged (a+p), with time elapsed since first exposure (t+p).
P,_.0y—The number of persons entering the asbestos workforce t years prior to 1975-1979,

at age (a—p), in the year y.

S,y a+p, y—Actuarial survival from age (a—t) in year y to age (a+p), taking into account
recorded actuarial survival for calender years prior to 1979, and assuming age-specific mortalities
after 1979 to be unchanged from their late 1970’s values.

K—A constant term derived from Selikoff’s observation of insulation workers (Peto et al,
1981), 4.37x10* for one-year incidence, 2.19 x 10-7 for five-year incidence, multiplied by a
correction factor (0.8), for possible excess diagnosis in Selikoff’s follow-up.

The projection equation is:
Ia+p. t+p = Pa-—t. 0,y X Sa «t, t+p, ¥ xKx (H'P)3‘2

The estimated populations of exposed workers presented at the end of Task 1 in Table 9 yield
projections of mesothelioma incidence shown in the first column of Table 10 for the years 1980-2009,

Use of Breslow’s projection equation to derive the exposed population and the resultant mesothe-
lioma incidence leads to very similar projected counts, as seen in the second column of Table 10.

Redefining K to equal 1.37 x 10-* (multiplied again by 0.8), the Breslow projecting equation is:
Litp t4p = Pactoy X Sy 1ap,y X K x (t+p—15) 1846,
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TABLE 10

Projected Numbers of New Mesothelioma Cases 1980-2009 in Men
With Plausible Asbestos Exposure Histories
Using Two Models of Incidence

No Latency Period Latency Period

(Peto) {Breslow)
1980-1984 3,200 3,400
1985-1989 3,500 3,900
1990-1594 3,600 4,200
1995-1999 3,400 4,000
2000-2004 2,900 3,500
2005-2009 2,100 2,500
Total 1980-2009 18,700 21,500

Task 2b: Estimate the sensitivity of mesothelioma projections to the assumptions involved.

Assumptions underlying the mesothelioma analysis fall into two categories, depending on whether
they are reflected in the final mesothelioma projections in a linear or non-linear fashion. The linear
factors affect the height of the projected curve, whereas the non-linear factors affect its shape.

The linear factors are those of Task 1a (corrections of trend in incidence, non-representativeness
of the SEER populations, general underdiagnosis of mesothelioma), and Task 1b (fraction of mesothe-
lioma cases exposed to asbestos). While the net effect of uncertainties in these elements may be as
much as 30% either way, it is crucial to bear in mind that the ultimate projections of mesothelioma
lawsuits must be tied to the number of suits currently occurring in relation to the number of cases of
disease occurring (‘‘propensity to sue’’), so that these variations in absolute incidence have no final
effect on projections for numbers of lawsuits.

Non-linear effects, because they affect the shape of the future mesothelioma curve, are highly
relevant to projections of suits. The shape of the curve is relatively robust to large variations in the
non-linear parameters. Assuming that the reported years of first exposure to asbestos in the J-M files
were off by five years in either direction gives very distorted year of entry distributions (with peak
employment coming before or after the war), and only shifts the incidence peak forward or backward
five years, but does not change its broad, relatively flat character. Changing the age distribution of
current mesothelioma cases (in the SEER data) by assigning 30% more cases to the 70 and over, or to
the under-50 year old age groups shows similar five year shifts in the incidence peak. Assuming that
the workplace was entirely cleaned up by 1965 slightly increases the short term projections for
mesothelioma and decreased the long term ones, since the effect of recent exposures (or non-exposure)
can be expected to be felt only many years in the future. Assigning all worker-equivalents the higher
mortality of insulation workers leads to slightly faster decline in the pool of exposed workers, and a 5-
10% drop in late (post year 2000) estimated mesothelioma incidence. Assuming that mortality of
exposed workers is that of the general population leads to a 5% increase in late mesothelioma incidence.

Task 3a: Adjust the size of the exposed population and calculate future incidence of lung cancer.

The incidence of lung cancer among insulation workers has been reasonably well documented by
Selikoff et af (1980} and others (Berry 1980, McDonald et al 1980, Henderson and Enterline 1979) to
be the product of two terms: the “underlying risk™ for lung cancer that would hold in the absence
of ashestos exposure, and a multiplication factor resulting from exposure. The underlying
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lung cancer risk is a sharply rising function of age. From the 1973-1978 National Cancer Institute
report of the Surveillance, Epidemiology, and End Results program the underlying risk for white males
is:

TABLE 11

Incidence of Lung Cancer—Underlying Risk

New Cases of
Lung Cancer Per
100,000 White Men

Agjm Per Year
20-24 0.2
25.29 0.6
30-34 2.6
35-39 7.4
40-44 22.8
45-49 58.3
50-54 106.8
55-59 181.7
60-64 284.2
65-69 400.9
70-74 481.5
75-79 519.0

The asbestos-multiplier calculated by Selikoff er al varies not with age, but with elapsed time since first
exposure. Values for the multiplier are:

TABLE 12
Selikoff Asbestos-Multiplier
Time Since First Multiplication
Exposure (years) _ Factor
10-14 2.55
15-19 340
20-24 3.48
25-29 5.00
30-34 6.08
35-39 5.68
40-44 4.93
45-49 3.89

Although the data which Selikoff has assembled on insulation workers represent the largest,
statistically most reliable source of follow-up information, there have been a number of other studies of
exposed cohorts. These are summarized on the following page (Table 13). Among all occupational
groups, insulators are matched only by factory workers for their levels of lung cancer risks. Miners
and, even more so, shipyard workers, have much lower risk multipliers, the former possibly because
ambient fiber concentrations are lower in mining than in processing jobs, the latter almost certainly
because the category “shipyard worker” includes many people with minimal exposure.

18

UCC 007746



TABLE 13
Risk Multipliers for Lung Cancer from Cohort Studies*

Minimum (years following Maximum (years following
Source exposure)} exposure)

Insulators

Selikoff er al (1980) 0 (<<10) 6.08 (30-34)
Factory workers

Henderson & Enterline (1979) 1.8 W 7.78 M

Newhouse & Berry (1979) 2.42 (<2)® 5.38 (=2)*®

Peto et al (1977) 1.25 (10-14) 1.71 (=20)
Cement workers

Weill e al (1979) 0.77 (10-15) 3.33 (30-35)
Shipyard workers (except insulators)

Kolonel et al (1980) 1.1 (<10) 1.3 (=10)
Miners

McDonald et al (1980) (.80 (<1)@ 2.65 (=20)@

Nicholson et al (1979) — — 419 {40-49)

Hobbs e af (1980) 2.10 (0-9) 2.46 (=15)

(" Time data not given separately from accummulated dust exposure
@ Time figures are for years of employment
* 1n each study, if several exposure levels were given, the highest is reproduced here.

The multipliers observed by Selikoff are unlikely to be purely the result of asbestos exposure. To
the extent that the asbestos-exposed workers studied by Selikoff differed in their smoking habits from
the general population, the multipliers include this effect as well. If part of the purpose of the
projections was to estimate what fraction of cases in exposed workers were actually attributable to
asbestos exposure, lack of smoking data from Selikoff’s workers would represent a serious lack. In fact,
the purpose of the projection is to decide how many cases of lung cancer occur in toto among exposed
workers. For this purpose, it is sufficient to assume that the workers observed by Selikoff have approxi-
mately the same fraction of smokers as do asbestos workers in general. This appears to be a reasonabie
assumption, even for future projections. Although there has been a decrease in adult male smoking in
the United States, the trend appears to include blue collar workers to a smaller extent than others
(Surgeon General 1978).

Selikoff’s multipliers above describe the experience of a cohort of workers with lifetime exposure
to asbestos, and may not correctly predict the future experience of workers, after occupational exposure
to asbestos has been curtailed. Observations in chrysotile miners (Berry 1980; McDonald er al/ 1980)
and asbestos factory workers (Henderson and Enterline 1979) have lent strong support to the idea that
relative risk for lung cancer (i.e., the multiplier) may be nearly linearly related to accumulated asbestos
exposure over a fairly wide range. Selikoff’s multipliers can be interpreted as reflecting a reasonably
steady rise through working life, with a decline beginning around the time of retirement, that is, about
the time of cessation of asbestos exposure. We have incorporated this phenomenon into the projection
equations by constraining the lung cancer multipliers for each exposure cohort to decline from their
1975-1979 value at a rate of 10% per quinquennium. It should be noted that while this discounting of
later multipliers fits the Selikoff data most closely, there is no @ priori reason to expect a decline, and
mathematical modeling of other, smaller bodies of data does not suggest a decline. While the values
used represent our “best estimate” for projections, experts who disagreed would probably choose
somewhat higher multipliers and consequently would project somewhat larger numbers of cases.
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The projection equation has the following components:

[ +p1+p— 1 he number of new cases of lung cancer p years from 1975-1979 among persons
then aged (a+p) years, with time elapsed since first exposure (t+p).

P._.0y—The number of persons entering the asbestos workforce t years prior to 1975-1979, in
year y at age (a—t).

S.-ta+py—Actuarial survival from age (a—t) to age (a+p), beginning in year y.

L,+,—The underlying risk of lung cancer as determined from NCI tables for white males of
age (a+p).

M,—Lung cancer risk multiplier for elapsed time since first exposure through 1975-1979,
reduced by 10% for each subsequent quinquennium.
The projecting equation is:

Ia-i-p.t+p = Pa—t.o.y X Sa—t,a+p.y X La+px Mt-
The projected incidence is calculated for each worker group entering the workforce at every age in
every past year, and the projected number of cases occurring in every five-year period are summed.

The projection procedure described above is, by itseif, correct only for a heavily exposed worker
cohort (such as insulation workers or factory workers). For a less heavily exposed cohort, such as
shipyard workers, the projection predicts only the asbestos-attributable disease, plus the background
lung cancers which would be found in a population whose size corresponds to the number of insulation
worker equivalents. When the insulation worker equivalent exposures are spread out over a larger
number of persons, more background disease needs to be recognized in order to project the total burden
of lung cancer (both spontaneous and asbestos-attributable) in asbestos exposed persons. Table 14
presents projections of lung cancer for a worker population, which, on the average, is about one-half as
intensely exposed to asbestos as insulation workers. Since our best estimate is that 37% of the “insula-
tion worker equivalents” are indeed heavily exposed, this implies that the remaining 63% of equivalents
arir~ in workers whose exposure intensity is 2.6 times less than that of an insulation worker.

TABLE 14

Projected Numbers of New Lung Cancer Cases 1980-2009
In U.S. Men Plausibly Exposed to Asbestos

Numbers of

Year New Cases
1980-1984 17,800
1985-1989 13,600
1990-1994 10,200
1995-1999 7,000
2000-2004 4,300
2005-2009 2,220

Task 3b: Compare projected and observed lung cancer figures.

Since no part of the model used to predict lung cancer incidence is based on data from lawsuits
coming in to J-M, it is possible to test partially the validity of the projections by comparing details of
the J-M litigation file against the model’s projections. Table 15 displays the distribution of alleged
year of first exposure to asbestos among the 349 J-M cases aged 40-79 who filed suit claiming lung
cancer in the years 1975-1981, and who further gave a sufficiently detailed exposure history to allow
them to be classified. The percent distributions are further cross-classified by the age at which suit was
filed. In parallel are the age-specific distributions of years of first exposure to asbestos for the 22,248
maie lung cancer cases for the period 1975-1979 predicted by the model developed in Tasks 1 through
3. Lung cancer is less well connected with asbestos exposure than is mesothelioma, both in the medical
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and in the legal communities, and so there may be an increased element of serendipity in bringing cases
of disease to litigation. Nonetheless, there appears to be a fair correlation between the observed and
predicted distribution of years of first exposure, particularly in the overall figures. Although the
lawsuits tabulated do not represent the total number coming in to J-M (most do not have detailed
asbestos exposure data), their distribution over age categories reflects a plausible pattern of litigious-
ness when compared to the projected distribution of lung cancers. The highest propensity to sue
appears to be in the 40-49 year age group, with a gradual tailing off to age 69, and a precipitous drop
thereafter.

TABLE 15

Lung Cancer: Percent Distribution of Year of First Exposure to Asbestos Products
Alleged in Lawsuits (1975-1981) and Predicted by Model (1975-1979)

Age at

Diagnosis Total

/Lawsait 1930-34 1935-39  1940-44 194549  1950-54 1955-59 1960-64 1965-6% 1970-74 % Count

40-49 L(1) 2.7 2.3 135 8.1 350t 18.9 8.1 8.1 2.7 100.0 37
M{(2) O 0 0 19.7 30.2 29.2 5.5 4.6 0.7 100.0 698

50-59 L 1.6 9.0 303 230 18.0 9.0 5.7 2.5 0.8 100.0 122
M 0 27 20.3 19.5 207 230 11.5 2.1 0.1 100.0 3770

60-69 L 4.2 15.5 331 223 10.1 6.8 4.7 1.4 1.4 100.0 148
M 39 11.0 35.1 16.3 14.5 15.4 36 0 0 100.0 8313

70-79 L 7.1 16.7 333 14.3 7.1 7.1 7.1 7.1 0 100.0 42
M 0.8 10.4 56.0 203 12.4 0 0 0 0 100.90 9443

Total L 3.7 12.0 30.1 20.1 15.2 8.9 5.7 3.2 1.1 100.0 349
M 1.8 9.0 40.3 18.7 15.1 10.6 39 0.5 0.0 100.0 22,248

(1)L Lawsuits with analyzable exposure data registered at JM

(2)M Model projections of total number of lung cancer cases arising in asbestos-exposed men in the United States.

Task 4: Predict future ashestosis prevalence.

Unlike persons with mesothelioma or lung cancer, persons with asbestosis are likely to live many
years after the onset of their disease. Much or all of that time they may be unaware that their
symptoms are due to asbestosis. From the point of view of medical and legal awareness of the disease,
then, the key event in the progression of a case of asbestosis is not the date of onset, but rather the date
of diagnosis. For predicting the rates of diagnosis (and hence suit) the key underlying figure to
examine is the prevalence of potentially diagnosable cases in the general population.

There are no direct measures of the prevalence of diagnosable asbestosis in the United States.
There are, however, methods of arriving at educated guesses. One depends on the occurrence of
mesothelioma in persons with asbestosis; another depends on an equivalence between asbestosis mortal-
ity rates and mesothelioma mortality rates.

Task 4a: Predict asbestosis using mesothelioma mortality rates in ashestotics.

Elmes and Simpson (1976) have reviewed the clinical, pathologic and radiographic records of 327
cases of mesothelioma occurring in the United Kingdom between 1960 and 1969. They found that
70/247 cases with chest radiographs (28%) had clear radiographic evidence of concurrent asbestosis.
This figure is not a biological constant; rather it probably reflects the particluar distribution of intensi-
ties and durations of exposure to asbestos which U, K. mesothelioma cases had undergone in the 1960’s.
If the general historical pattern of asbestos exposure in the United States is similar to that in the UK.,
then one may estimate that about 28% of the cases of mesothelioma in the U.S. in the late 1970’s, or
about 273 cases annually, had concurrent diagnosable asbestosis. Put another way, of all the people
with diagnosable asbestosis in the United States, about 273 developed mesothelioma each year.

Three studies give rates of occurrence of mesothelioma in persons with asbestosis which are of the
same order of magnitude. Berry (1981) provides the most extensive data: 25 cases of mesothelioma
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occurred in 665 Englishmen with asbestosis certified for the purpose of disability insurance, followed
for 4165 man-years of follow-up between 1952 and 1976. Thus, he found a rate of one case per 166
man-years. A total experience about three-fifths as large was reported by Edge (1979) who observed 7
cases of mesothelioma in 2637 man-years of observation in 429 men who had been identified by chest
radiographs showing pleural plaques taken between 1964 and 1971 in an English shipyard community.
His observed rate is one case per 377 man-years of observation. Least informative because of its small
amount of observation is the report of Finkelstein es al (1981) who studied mortality among 172
workers receiving workman’s compensation for asbestosis in Ontario between 1942 and 1979 followed
for 733 man-years. There were three death certificate records of mesothelioma {one per 244 man-
years) and six further cases identified by review of other records (total of one case per 81 man-years of
observation). Totalling the experience recorded in the three studies, one obtains reports of 41 cases in
7535 man-years of observation, or one case in 184 man-years of observation. Exclusion of the six
Finkelstein cases discovered only after record review would give an overall rate of one case of mesothe-
lioma per 215 man-years. We have chosen a figure of 1 per 200 man-years as a summary figure.
As with the 28% figure for the fraction of mesothelioma cases with asbestosis, the one per 200
man-years estimate for mesothelioma in asbestosis should not be taken to be a biological constant. It
too probably reflects the distribution of intensities and durations of exposure to asbestos holding rough-
ly over the three decades ending in 1975.
If, however, we accept the rate of one case of mesothelioma per 200 asbestotics per year, and
combine this with the expected number of mesothelioma-asbestosis cases derived before, i.e., 273, we
arrive at an overall estimate of about 55,000 persons with diagnosable asbestosis in the United States in
the late 1970’s.
Expressed algebraically, the line of reasoning above is as follows. Let I be the annual incidence of
mesothelioma in asbestotics; let A be the number of asbestotics in the U.S.; let M be the annual
number of new mesothelioma cases in the U.S.; and let P be the proportion of those with concurrent
asbestosis, then
Ax[=M=xP and
A=MxP/L

Substituting known or estimated values:
A = (974)(0.28)/(1/200)
A = 54,544 men with asbestosis.

We have gone through the above calculation separately for each age group in order to derive
projected prevalent numbers of asbestosis cases at every age in the period 1975-1979.

At present it is not known for how long new cases of asbestosis will continue to develop among
currently healthy workers previously exposed to asbestos, assuming that workplace contamination has
been essentially eliminated since 1975, and greatly reduced prior to that. J-M’s worker experience
indicates that there has been a precipitous decline in new cases of asbestosis over the last decade
(Chase 1981). This would argue in favor of not projecting the occurrence of new cases beyond 1985.
As a best estitnate then, we have based asbestosis prevalence projections on an assumption of continued
new occurrence through the first half of this decade. Starting from the projected mesothelioma
incidence in 1980-1984, we have projected asbestosis prevalence in each age group for 1980-1984 using
the projection equation described above.

For projections beyond 1984, we have aged the populations using modified 1977 white male
actuarial survival figures. The modification is based on strong evidence of very much higher mortality
rates in men with asbestosis than in the general population. Berry (1981) reports on 283 deaths in
asbestotics with only 108.6 expected; Finkelstein et al/ (1981) report 66 deaths in asbestotics with only
16.6 expected. Together these give an overall mortality for asbestotics 2.79 times that which would
otherwise be expected. Table 16 provides our projections of annual diagnosable asbestosis prevalence
for each quinquennium through the year 2009.

Of particular importance in interpreting Table 16 (and Table 18 in the following task) is that the
prevalence figures are for clinically diagnosable (not necessarily diagnosed) asbestosis which would
qualify for worker’s compensation in the U.K. or Canada. This is inescapable, because the only
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detailed survival figures available on men with asbestosis derive from these registered and monitored
groups. Depending on the criteria used, very much more “‘asbestosis” can be diagnosed on the basis of
minimal radiologic changes. Table 17 (Selikoff 1976) illustrates the problem. Chest x-rays of 1117
men were graded according to the degree of asbestosis, classified on a four point scale ranging from 0
{no disease) to 3 (severe asbestosis). The readings were cross-classified by time since first exposure to
ashestosis. It is very unlikely that workers with Selikoff’'s minimal (grade 1) asbestosis would qualify
for worker’s compensation. If such workers were to be included in prevalence estimates, however, the
projections of Tables 16 or 18 (Task 4b) would have to be roughly tripled.
TABLE 16
Projections of the Number of Prevalent Cases
of Asbestosis In U.S. Maies 1980-2009

Based on the Incidence of Mesothelioma in Asbestotics
Number of Men

Years Alive With Asbestosis
1980-1984 65,800
1985-1989 35,400
1990-1994 19,000
1995-1999 9,600
2000-2004 4,400
2005-2009 1,700

TABLE 17

X-ray Changes in Ashestos Insulation Workers

Years Since Percent Distribution by Asbestosls Grade
of Exposure Ne. ¢ 1 2 3
40 + 121 5.8 28.9 42,1 23.1
30-39 194 12,9 52.6 25.3 9.3
20-29 77 27.2 43.5 2.1 5.2
10-19 379 55.9 41.7 2.4 0.0
0-9 346 89.6 11. 0. 0.
Task 4b: Estimate asbestosis prevalence using the equivalence between asbestosis and mesothelioma
mortality.

A second line of reasoning about asbestosis prevalence can lead to an independent estimate by
which to gauge the results of the previous task. This is based on the near perfect identity of the time
course and magnitude of asbestosis mortality and mesothelioma mortality in Selikoff’s (1980) insula-
tion worker data, combined with independent estimates of mortality in men with asbestosis.

Selikoff’s (1980) observations of mortality from asbestosis and mesothelioma are summarized in
Figure 2. It is of particular importance that the asbestosis mortality recorded by Selikoff is not simply
an estimate of mortality in men with asbestosis, but rather specifically of mortality due to asbestosis.
Berry (1981) found that 56 of 263 deaths (21.3%) in British men with asbestosis were actually
attributed to asbestosis. Finkelstein et al (1981) found for the more inclusive category “non-malignant
respiratory disease” 23 out of 61 deaths (37.7%) in Canadian men receiving workmen’s compensation
for asbestosis. This figure is consistent with Berry’s, which is based on larger numbers and more
specific reporting.

Independent estimates of mortality rates among asbestosis sufferers place them at about 2.8 times
the corresponding age-specific rates in the general population (see Task 4a). For any given age group,
write the mesothelioma deaths among men exposed to ashestos as M,, and the corresponding count of
all deaths in men with asbestosis as Da.. Then the Selikoff finding of an equality in the numbers of
mesothelioma deaths and asbestosis deaths in insulation workers, combined with Berry’s finding that
21.3% of all death is due to asbestosis, is

M, =0213x D,
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FIGURE 2

Mesothelioma Mortality
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Deaths per thousand person-years of experience of pleural, peritoneal, and total mesothe-
lioma among 17,800 asbestos insulation workers from 1967-1976, analyzed by duration
from onset of employment in five-year periods. Ratios between observed and expected
deaths cannot be computed since expected rates are not available for the general population.
At least as of 45 years from onset, a decline in rates was not noted. This is consistent with
the finding that cigarette smoking did not play a role in the risk of developing mesothelioma,
in contrast to lung cancer.

Asbestosis Mortality
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Death rates of asbestosis among 17,800 asbestos insulation workers 1967-1976, analyzed in
five-year periods of duration from onset of employment. Some decline is seen after 45 years
from onset, possibly related to the added burden of smoking-induced lung disease superim-
posed upon asbestosis (at least in some cases) with selective survival of nonsmokers.
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If the general death rate for men is G, and the number of asbestotics is A, then the total number of
deaths in asbestotics is

D,=28xGxA.
A is the number of interest. - Combining the above equations,
A =M,/(0.213x 2.8 x G).

M, in available for every age and future year from the mesothelioma projections (Task 2) and G is
estimable for each age group from current vital statistics data.

Selikoff"s data apply to insulation workers exposed to asbestos essentially all their working lives,
and cannot, therefore, not be expected to give a reasonable estimate of asbestosis mortality far into the
future, after the workplace has been largely cleared of significant asbestos exposure. (Mesothelioma
mortality, by contrast, is affected almost entirely by age at first heavy exposure, and is not changed
greatly by workplace clean-up, at least as far as concerns already exposed workers.) The problem is
that discussed at the end of Task 4a: new asbestosis probably stops occurring (with some lag, perhaps
10 years) after the cessation of asbestos exposure. Thereafter mesothelioma/asbestosis relations
observed previously (under conditions of extended exposure) became inapplicable to future projection.
As in Task 4a, we have handled this problem by estimating prevalence based on continued new
incidence through the 1980-1984 quinquennium, and have estimated subsequent prevalence by aging
the 1980-1984 population as described in Task 4a. Table 18 gives the projected asbestosis prevalence
figures for U.S. males 1980-2009, using this second projection procedure.

TABLE 18

Projections of the Number of Prevalent Cases of Asbestosis in U.S. Males 1980-2009
Based on the Equivalence of Ashestosis and Mesothelioma
Mortality Rates

Number of l

Yeﬂ Men Alive With Asbestosis |
1980-1984 64,000
1985-1989 45,300
1990-1994 31,000
1995-1999 19,700
2000-2004 11,400
2005-2009 5,700

Task 4c: Other methods of projecting ashestosis prevalence.

There are several “quick and dirty” estimates of asbestosis prevalence which give estimates of the
same order of magnitude as one another.

1. Berry (1981) reports that 133 workers were certified annually by U.K. pneumoconiosis panels
in 1973-1976 and that the median survival of the least disabled certified workers was 15 years. This
gives a maximum steady-state prevalence of 15 x 133 = 2000 workers in the U.K. with certified
pneumoconiosis {essentially all asbestosis). The U.S. istabout four times the size of the U.K. Histori-
cal exposure patterns being equal, this implies the existence of about 8,000 asbestotic workers or
former workers in the U.S. Apart from the looseness of the analogy between the UK. and the U.S.,
this projection suffers from its dependence on the number of workers actually certified in the U.K.
This is a lower limit to the number actually ill.

2. Burnham (1982) cites an unpublished estimate of the National Center for Health Statistics
(NCHS) that there were 427,000 {range 248,000 to 606,000) pneumoconiosis sufferers in the U.S. in
1980. He also points out that the Mortality Statistics Branch of the NCHS noted 1422 deaths ascribed
to pneumoconiosis in the U.S., of which 72 were ascribed specifically to asbestos. Applying the death
proportionality to the pneumoconiosis prevalence gives an estimate of (72/1422)(427,000) = 21,000
asbestotics (range 12,000 to 30,000). The pneumoconiosis prevalence figure, however, was based on a
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questionnaire only and is therefore likely to be an underestimate, and the reporting of asbestosis on
death certificates is notoriously low.

3. The prevalence of x-ray changes in workers listed in Table 17 can be multiplied by our
estimates of the size of the heavily exposed work force (Table 9), to obtain estimates of asbestosis
prevalence ranging from about 18,000 to 150,000 depending on whether radiologic grade 1, 2, or 3 is
used as the minimal criterion for a diagnosis of asbestosis. Although the correlation between x-ray
changes and symptomatology is imperfect, the low end of this projection (18,000 grade 3 cases) would
certainly represent symptomatic individuals in every case. The upper end of the projection (150,000)
would include many people with few or no symptoms, whose asbestosis would be detectable by physical
or radiologic examination only.

Task 4d: Derive a general methodology for predicting lawsuits as a function of ashestosis prevalence.

Although it is not the purpose of the present work to derive estimates of a person’s propensity to
bring suit given that he has disease, the difference between asbestosis and the cancers insofar as
diagnosability and survival times are concerned calls for some comment.

Mesothelioma and lung cancer come to diagnosis fairly rapidly and reliably, and as a result the
propensity to sue can be related directly to disease incidence in order to derive an expected number of
lawsuits. Asbestosis is not diagnosed nearly as reliably or as quickly, so that the pathway leading from
prevalent disease to a lawsuit involves two probabilistic steps: diagnosis and decision to sue. Men with
asbestosis live for decades, and so may be diagnosed for the first time and sue years after the onset of
diagnosabie disease.

Perhaps the best way to interpret overall propensity to sue for an asbestotic man is to calculate an
annual probability of suing. The pool of prevalent, asbestotic men who are potential litigants can then
be thought of as being diminished with the passage of time through two effects; first, through their own
mortality, and second, through their bringing suit, thus removing themselves from the pool of potential
litigants by becoming active litigants. Over years, then, a constant propensity to sue acts on a dimin-
ishing pool of potential litigants to produce a declining annual number of lawsuits. By way of illustra-
tion, Table 19 gives the expected number of lawsuits by quinquennium, assuming asbestosis prevalence
pools as listed in Tables 16 and 18, with cases appearing (and being removed from the pools of
potential litigants) at a rate corresponding to suits from 9% of all potential litigants appearing each
year.

TABLE 19

Projections of Asbestosis Lawsuits
Assuming 9% of Prevalent Cases (Non-Litigants)
Bring Suit Each Year

Method Of Projecting Asbestosis
Meso Incidence Meso-Asbestosis
Years in_Asbestotics Mortality Equivalence
1980-1984 24,800 24,100
1985-1989 8,300 10,600
1990-1994 2,800 4,500
1995-1999 900 1,800
2000-2004 200 700
2005-2009 100 200

The 9% figure was chosen for Table 19 so as to yield current lawsuit rates for the present quin-
quennium. Bear in mind that the rapid decline of lawsuits in Table 19 is the product of two factors,
which hold true only for workers with symptomatic asbestosis. The first is the high mortality rate in
these men, discussed in Task 4a; the second is the finite (though large) size of the pool of potential
litigants. From Table 17 it should be apparent that the number of workers with minimal disease
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(Grade I) is very much larger than the number of seriously affected workers. If in fact a large number
of lawsuits derive from the relatively well, exposed population, neither of the conditions on which Table
19 is predicated would hold: mortality in the minimally diseased is not much elevated, and the number
of minimally diseased persons is so large that current litigation rates will not result in any meaningful
depletion of the pool of potential litigants. Limited J-M data suggest that, in fact, lawsuits from
asbestotics do not decline as rapidly after last exposure as one would anticipate from Table 19. In
effect, Table 19 represents minimal projection. If only a fraction of current cases are coming from
symptomatic cases, then the symptomatic pool is being depleted more slowly than projected in Table
19. Symptomatic cases will come in over a longer period, and the remaining, minimally diseased cases
will continue to flow in at a rate {determined by socio-legal factors) which is unlikely to be bounded by
purely medical or epidemiological factors such as population mortality rates or depletion of a pool of
injured workers. Taking all of these factors into consideration, a reasonable central projection of the
number of lawsuits seen from 1982 on is likely to be about 45,000, with a reasonably firm lower bound
of 30,000 and a very indefinite upper bound on the order of 120,000

Task 5: Estimate the amount of asbestos-related disease occurring in women.

Approximately 5% of the lawsuits being filed with J-M derive from women. This number is
consistent with an estimate from a variety of sources of about 10% of the asbestos-exposed World War
I workforce being female, with a diminished fraction after the war. Exposed female workers still alive
can be expected to have an age-at-first-exposure distribution which is even more concentrated in the
war years than that of men. The consequence of this is that asbestos-related disease will have reached
its peak in women earlier than in men, and is probably past that point already. The number of female
cases in J-M is too small to make a direct test of this hypothesis. Probably the most reasonable
projection of female cases would involve accepting the current 5% figure and projecting the proportion
of female cases to taper off gradually to a negligible number by the year 2000.
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esgoiratory disease
Peter C Elmes

That part of the human lung where oxygen passes through
into the blood stream in exchange for carbon dioxide i~ made
up ot tiny chambers called alveoli. These are iined by a laver
of calls so thin that it took the elcctron microscope to prove
that they actualy existed. To preserse thes2 cells from drving
and breaking, a laver of moisture lics between them and the
aitin the lung, monsture whose surfuce tension is reduced by a
surfactant to prevent the alveeli from emptving completely
when you breathe out.

This delicate arrongement is protected from damoge from
dust by the extremely efficient filtration. moistening and
wirming system provided by the nose. the trachea and
bronchial tubzs. Coarse particles of dust are remosed by
the hairs at the entraiice to the nose. From there on doan the
airwavs are lined by cells coated with a Tuver of watery jelly
knewn as mucus. This mueus layer i~ bept moving by cilia.
tiny hairs which wave in a ceordinated manner so as to
yroval the mucus boih from the lune and the nose into the
nack of the threat where it is swalfowed. As i is driswn into
the fungs it passes down tubes which brunch repeatedly into
smallzr and amaller wbes. At each brandhing the airfiow is
thrown into a vortex which spins out the keavier dust particles
untt! they toueh the mucus lining in the tuhas und hacome
caught. The dust particles caught by th2 mucss are cleured
f'*ﬂ'n the tubes of the normal lunz rithin 20 minatgs of
:nhaiation and end up i the stomach, A ; 7 9 7 2

Size and shape of dust particles
The »»stem of filiration is so officient that onby a small range
of r;_'riic!es reach that part of the fung where gas exchange
occtrs. [T deposited there particles can do Garm. The vortex
de.xr ce of the particles from the wir stream is proportional
to the sedimentation rate of the purticles in moist air. For
approximately round particles v:uth-'m* larger than 3:m
fiftered off. Partickes between 3 and O-3am tend to be

ccupational disease in roac
and bui ding indust
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ressipad in the aiveolar part of the lung bocause they land
buve the mucus escal :mr Partici=s baiow O-3um wod o
Proizssor Eimes of Queen's Umversity, Beifast dalivered
th's paper at a meeting of the Road & Buiiding

Matanals Group of the SCIin London on 23 November
1872

- ' " UCC 007759

* Burrows, D. & Cuinan. €. D., Traws. §r. Joan's Howpo D Sue.,
1963, 51, 27

? Meneghini. C. L., Ranices
11, 131

9 Migscher, G., Amrein, H. P. & Leder, M., Dermatologica, 1935, 11n,
256

' Nabhlherg, J.. Berafiderm.,, 1969, 17,154

P Samitz, M. H.. Gross, S. & Kawz 5. J. imevr.

¥ Cronin. personal vommunication

"+ Fregurt, S.. personal communicsinen

'3 Fregert, S.. Gravberser, B. & Heer, A, Berufidernr,,

10, F. & Riboldi, A., Borufsaers | 1383,

Derm, 1972, 38, 3

14470, 18, 234

ET\]

2

remain suspended in air und be breathzd out zgain without
dotg any harm. Elongated particles such as vegstadie and
mineral (usbestos) fibres sediment in air at a rate proportional
to their transverse diameter. This means that tibres at 100.m
or more long could get down into the lung providzd they
were thin enough. Furthermore. a long puarticle may get
caught at one ot the places where the tubes divide 2nd be
driven through the w.il into the underfaving tissuz when
the person breathes out. Fortunately moest vegainhl: fbres
{eotton and s on) and woo! or hair are too course o get
very far down the airway, Almost all commercial 2izi fibre
is also tco course. The muoleculur cructure of ss=2.05 i
such that it readily splits lengthwuys into very fine tbres.
Chrysotile. the most widely used commercial asbestos raudily
breuks up into bundles of fibres onlv 200-300A in Ciometer,

amosite and crocidelits casily forn Libres in the 6001 2004
range. Bundles of this thickness, and from 1 to »ay 150um

in length. would be retainad in the lung provided thay were
straight. In practice dust particles of amesitz and oracidolite
are straight and a large proportion of inhaled parnilas of
this size ranae are reiained in the lung. Because theyv are
curved the fire fibres of chrysotile are more rendil: caught
bv the hlter system ard are loss likely to be forced through
the hronchial walls into the tissue, Tt iy prohakly far this
reason that chrysotile dust is less likely to cause tan 7 2o
than similar dust derised from amosite or crocidutit..

[Sfad
Rt

In general. the size of the dust particle generatad . uny

process depends on the <peed of impact. Hand-driven tools
produce very little respirable dust but igh-speel dnils,
crushers, saws. and so on producg a high proportion of
fine dust which, unl:ss it is accompanied by lurger moriicles,
is Invisiole to the naked eve. In time dust pariicizs

to agaregate with euch other and especially with pa
motsture to form lerger parncies which are remosel
respiratory filter. Therefore dust is most dangerous 2ot
the point at which it is formed.

Chemizal nature of dust

A dust particle, irrespective ol ity chemicul
crect2 4 disturbagce wizn it lands on thy lining of <22 2irway
zad therefore mest people cough und wheezz vonen they

matire, will



nhf;.’:‘.g even inart dust. Tire particles witich Zet through
¢ retzined in the aiveolar or zas a\change part

i the lung cause no mmmediate disturbance. If thsy are
nEL ling the ronm puricles retained by an arc weider, thay
A1 pe pached away in spectal cells in the tung and remain
nere Tor the rest of the individual’s life. Silica dust is not
mertand 2s long os il remains in the lung it dissolves 1o give
27 2o which destroys cells while the lung trics 1o imprison
t72 pariicles in a scar. The process of cell death and scar
Jromation makes the lung stiff so that it becomes mare and
o1 Jirfoull to use because of the work reguired getting
Lz airia and out.

Although all asbestos minerals are silicates they Jdo not
cwaase liae pure sibica particles. They cause Jdamags ta the
-7g apparently because of their needle-ithe shape rather
nan because of the retaase of a toxic chemical. Aspesios
“ores become coated with brown material und may be
.izntified in the lung 30 or more years afler they were
“aaed. From the occupational health point of view.
~:bestos differs from silica in two important wavs. Firstly,
_.‘zrz:'cl*s of respirabie size may be released from prepured
sshestos by simple handling, high-speed linpacis are not
nzcessary, Secondly. although chemically inert, a heavy load

7 dust particles continues to damage the lung for many
+2ars after axvposure has ceased.

History of ashestos usage

“sbestos was used by prehistoric man in Finland io reintorce
2.2y cooking pots. and by the Greeks und Ronwns 1o make
-axs for altar lamps and shrouds for emperors. [ts special
Troperties were not fully appreciated unul the middle of the
- ~2tzenth century wien fireproofl insulation bavame owsential
L the manuiuctur; ol ships and locomotives, unvwhere where
"r-n pressure sigam wus generated from 2 furnace and Yotler,

&4 mines in Northern ltaly and Finland wzre enlarzed and
en large deposits in eastern Canada, South Africa and
simzria were discovered. Very large guantitics of cheup tibre
czoame available by the end of the first world wur. Until
time asbestos cloth guilts and boilder compound (a
ure of magnesta and fibrous asbestos) were the: main end
act. both being used for insulation.
3etwgen the wurs and following the second war, the

<ranzth. durability and cheapness of the muaterisi was
soorauiated incroasingly. Asbestos is now muauniy us2d to
than cemiont products such as corrvzatsd rooting and
siazing mowrds. pipes and heat-resistant cludding ol the
szl framenork of Huildings. This consumes onver 90 per cont
T othe worid production of asbestos. Rerrfrecement of
Saane tifes and so on oand purednsulation comeas et and
r» ~mall quantities in certain speeiad titers and other
he matn technical problem ut the present time is
2ther osdestos s rzally essentiul in the asbesios czment
-roducts or whether 4 cheap safe substitute can be found.
Dccupational hazards of asbestos ) | 79 73
~30ostosis

Zroause of its chemicaily inert nature, manufucturers and
SRR '.'::mlled asbzstos like wool without four of the

en
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. zacas until 1930, Cuases of lunz damuge
had bc-:n reported by dogtors from (500 onwards,
~onoware Wsually attributed o4 modified ferrr of tuber-

cwoosis TU wus not wntil uosurvey of ashestos factory o orlccrs

cariizd out by the fuctory inspectoraie that 1 was

rz2hised thot muny workers \\ere dving of lurg fibrosis
o

~thin 13 veurs of first exposure.! Doaih was du 4 nTo-
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gressive replacement of the lung by scar tissue resuiting rom
its destruction by very large numbers of asbestos fibres -
perhaps a million fibres in every millilitre of iung.

Regulations were introduced in the asbestos textile uod
parts of the asbestos cement factories to control the duss
levels. As 2 result asbestosis among factory workers entering
the industry since 1933 has almost disappeared. Studies with
chrysotile dust indicate that if the dust level is kepi baiow
2 fibres per millilitre of air, less thun 1 par cent of worhers
develop asbestosis before they retire uiter 30 years’ work.
This is a curmulative limit ot 100 fibre vears, mi, dnd appeass to
hold good irrespective of the age at which the worker is Orst
exposed.? Similar standards have been apptied to the vsz of
amosite and crocidolite but are probably not satisfuctony -
reasons which will appeuar later. This standard of less than 2
fibres per millilitre in the breathing zone of workers inasbesios
factories has been achieved in most tactories in Britain. it
was not applied to the huandling of asbestos in the user tndus-
tries such as shipbuilding, civil engineering and the manaize-
ture of cars and so on.

The incidence of new cases of asbestosis among asbestos
factory workers began to [all soon afier the iatroduction
of the new regulations in 1933, By the early 195305 11 was
already apparent that the only serious n2w cases wers
darived from the diminisihing population of workers who
had been emploved before 1933, However, new cases of
asbestosis were being reported from insulatton workars
factories and shipyurds and by the middle 1960s these vuses
exceeded the cases arising from the asbestos fuctories and
the total number of cases vertitied 2ach ysur comtinued to;m
The new regulations. if applted to all tng user industrirs
should sew a change for the better in the number of cases of
asbestosis cortified in tae next fow yeuars.

Lung cancer

Lung cancer. especially in men who smabe. has beconi:
increusingly common Juring the iast 3-40 vears so thoo the
first few reports of cancer in ashestos workers were ragarded
as chanee occurrences. Howerver, the Medicol Inspoctor
of Factories in his report for 1947 noted that 17 per cont 7
men dving after certification for aszbestonis had lueyg conoens
s well.? This was bevond the reaims of chanee aad pro‘ onad
an investieation in one particular tactory population® whilh
confirmed un invreased risk of fung cancer in workers w:th
asbestosts. However, this. and a flow-un study pud’
1968 nggested that the risk was onby sarivus ia fooion
workers who had hean connsed betore the introduction of
the 1933 regqulations. There remained ihe probiem of men
being exposed to asbestos in the user industries. By 1907
Buchanan had shown® that over 30 per cent of maon cariifiad
as sutfering from asbestosis in Britain died with lung cancer
and this proportion may now be about 70 per cent. Beports
from America indicate that this lung cancer risk may -~y
affect cigarette smokers and that asbastos do2s not eause &
serious increase in lung cancer in non-simohers.” 1T it proves
possible to apply the current dust reguiations to the con-
struction industry then the risk of lung cancer mav be averdad.
but men who have already bean exposed o large amounis f

~dust are fihaly to develon their lung cancer 2t about the 1ze of

35 or 60 f they cantinue to smoke irsospeoiive of thos
futire Just exponure. The withdrawal of men from
necdaise 0N X-ray or other medival testing they show evidance
of heuvy dust exposure doss not reduce the risk of canwzr o
far as w2 Kaow.
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esvihziioma
In the latz 19305 a number of cases of o rare cancer of the
lining of the chest wall occurred in South Africa. i number
for in excess of any previously reported. Those patients had
asbesios dust in their luags and had at some ime or other
lived near (but not necessarily worked in) the blue asbestes
(crocidelite) mines in the North Wast Cupe province.®
Fifteen such cases of mesotheiioma had already been reported
from Beifust and subscquent studies there, In London. in
other stupyard cities and in New York have conlirmed the
relutonsiip between this tumour and asoestos ospasure,
The worrving aspects of this work have been thw slight dewrce
of exposure to the dust (3-6 montiys hundiing asbastos tier
ads for gas masks with local exhaust ventilation) and the
very toug latent period between exposure and the develop-
meant of the tumours. The average zge of death from this
tumiour in Belfast s about 60 years aad the mean interval
between first exposure to asbestos and the developmient of the
wumour is 43 years.?

Much work has been done on this tumceur during the fast
13 vears. It now seems likely thut crocidulite is responsible
tor the majority of cases but that amosite may be responsible
far some. It is pussible that chrysotile does nout produce this
tumour at levels of exposure which have existed p to the
present ume, although it can causc the tumour v experi-
mental animals, 1t seems wise not o dlow any exposure to
cronidolite dast in any indusiry and to restrict amosite to
¢ssentiul uses, But restrictions applicd at the present time are
not tiely 1o affect the rising metdence of this tumour for
many yeurs o come. There must Mo muony thouwsunds of
individuals who have already recetved their dose of dust and
who will develop this tumour when tirey rouch the age of 60
fgive or take 13 vears either wav) Siopping lurliier exposure
to Just and stopping smoking are both ushikeiy to influence
the outcome.

The tumour may be present for weels or months betore
the patient is aware of it. [t usually starts in the chest but
can start in the abdomen, The patieat i~ usual's suil in gond

ganeral health v hen he first consults his docter because of a

Al ache or heusiness in one ~side of hits chest. Unproductive
**'Oh and breathlessness soon follow. At this ~tage the
patient i3 sent to hospital and investigations reveal the presence
of fluid (which may contain blood) vr ~carrinz around one
lung. it can be diffieult to-establish the diavnosis for certzin
without 2 operation und even then the dic2iosis may r2man
doupiful. There is no satusfaciory traaiment and patients
usually die wbout a vear to eightzen menths after the onset of
ssmptoms. Increasing breathlessness ~ the wlin ditiiculty
:md this can sometimes be reliced i‘:. the peoradic withe-

drawal of flurd from the chest, Towards the ond the paitents
mas davelop dirficulty in swaliowing and lose weizht mp:dl_v.

ain often becomes severe and is dufivult to control with
drugs. This may persuade docters to iry various torms of
treatment iancleding operations which are of Inttle salue. In
some cases thasa patients may suivive fur 1ao o ir2e voars
arter the anset of pain wnd one can but 2dmics the fortitude
with waich many cope with this situgtion.

From boing a rare disease this .L.ind oFCaneer s onmow
ocourrine at a rute of 100 to 130 dew ooz 2ach wqur gn

d
incidence is likely to continiue tu rhe. A 79 74

Spacific industrial risks

1Y - - » i . - - Ty et —— .
The zenaral description o) the hazards “o Dol woach ma

»
B

FOSUIT FPam SNPOSURE O dabesto~ts a'umml o i s dide

inirprai in velation 1o specific occupations or mdusinas, Tie
studies wiich f2d to the regulation of tha dust canseiinations
in asbestos factories were valy Jone on texiile wotkars. For
the next 20 years atteniion was focused on these »orxers and
men doing similar work in asbestos cement {actorizs. Even
in these situations dust analysis was not done regulasiy and it
is difficu!t to estimate the cumulative dust exposare ol vlder
men who have been in the industry since boyhived. In most
user industries, especially those fike vonstruetion wors which
muves from site to site. infarmuiion on dust levels does
exist. Changing materials. changing teehnigues o3 Ly s of
high-spead 1ouis ail alter dust conditions so that the vradiction
of the heaith hazard o o working pepulalion fronr iz
of past exposure is impossible. The only way to Jeter
hazardisto study the haalth of the workers. No el Lo
las yet been made in the construction mdustry, 3.l ~tudies
are urgently needed and a study done an nsulaiion wyrhers
in Beifast illustrates the way in which studies can &2 carried
out.

The conventional wav of investigating an indusiziai health
hazard is to examine a representative sample of working men
and see whether they show any signs of disease when com-
pared with a sample of the general population. This Mind of
survey s effective in revealing disease which drelops
refatively early in o man’s working career provilad he s
able to remain at work after the diseuase has beeome urpurent.
It was efeciive in demonstrating the presence of asesiosis
in tatile workers in 1330 only pecause conditrons were
very bad. In Belfust 30 insulation workers were ~olected s
compured with 30 mena from the municipiis rosport
depurtment who were matwhing them for age. hagzit and
smoking hahits. There was no dduilerence betwesn
groups of men. cither from the point of view of thir 2
health. or us a result of Neravs and Jdetailed 2515 o thair
lung<. Bota groups contained soine older men o0d Meavy
smokers who had shortness of breath. o cough and ke other
features associated with chronie brorchius'”

This rreliminery  stady was followed by o therough
examination of all the insulation workers N sihemn
Iraland who were willing to apend hualf a0 don wthous,
93 Per cant of the men came and they appezersd ne-nud for
thair aze. Asdn the test sample the older men 120 ‘-J 1o have
the symptoms of bronchits and the NXeravs showod oo hizh
praportion of abnormalities in these older mon In o overy

£l
e

faw it was possible to say for certan that they wera ot
From asbesiosis. but even in these it was hard 1o -0
titelr ashostosis was catsing them as much roudis as their
chronic sronchutis, Thers wers no oses of Ping L or
mesothaticna picked up in this survey of mar atw vk
The third part of the investigation consisted o 20 over
the records of the tradas unmion branch to which these
insulation workers helong and e records of
tractars wio employ them to find out who sos
tion werk in 19307 One sintster pieve of
which cume from ihe union wus that thers weare
workers drawing their old age pension from thair zon
paision scheme. 1t was possible to wdenufy 193 m2a utwork
;n 1940 and Mrs Simpson had the ek : i
hadd 1“‘.1-71. d to them. 1T they had -n.-d B
both from the Registrar General o ..i

13
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daath. Wherever possibls
firmad by ore-enamination of prasanved dssues
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uithibely 1o dilferentiat2 between a mesotheliony and o tunyg
cuncer. The experience of these men was vomyared with the
Registrar General's analysis of causes of death in Northern
[reland for men of the sume age as our insulation workers
over the same penind (19-0-060). The resalts of this complex
investigation are shown in three graphs. In the S-st (Fig D)
e survival s compared with the survival of aquit alent men
1 the general population of bothy Northern Irelind as | wihole
ond more 3peuiﬁc;ﬂl\' of Belfust where thess fimises were
svatable, The lines siart to diverge in 1930 and by 1996 only
I omen survised of the 188 when about 100 osid hgve
sursivad, There had been 35 more Zeuths than ovoesrad
In the second and third srophs (F o 2and 3 the
i men dylng ooeudh *';xe-\cur ceriod 1w cornarad i
number 2apected. T Fig 2 deuths due to ol Minds ot capoer
areshewn. InFig3 d..‘ath: trom lung cancerand mesort oy
wre shown tegether. Both graphs show thur from 1930
onwards the number of men dying from cancer. in portisuler
concer of the lung and pleuri. are many imes 2 vumber
peetad, This s esitgation revealed an obvicusly utacoept-
wble o“upu.:m.mi hazard which was net even hintad at by
thz results of studizs on men «till at work,

sy {

The reason for diferent results from the v medweds of
study is the delay between exposure wnd the drvelopmznt of

these tecancers (23 10 3 vears forthe lung cane oy el retheps
=1 yeara fur the mesotheliomus) so thut :h-- i T onot
cir«:lop unul 2fter the man has left the indusiry. Tnoany
case 2 man dody not sontinue 1o work for miany ALss alr
2 odncer hus .n--d e stage at wiochat wou ) be txeslad
by N-ruv or wl H.;i e\am'r.mor
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L+ ‘Seledtion of groups for study
It would be a monumental task to set up s sort of imy estiga-
toa for all construction workers who handle asbestos at
some time during their workieg lives. However. there is u
method of finding out which workers are likeiy to be at
“hazard. The mesothelioma is a rare tumour and in Britain
about 80 per cent of cases are thought to bz due to exposure
1o asbestos at work. Therefore if an iavestigation Is made of
the work history of all people dving of mesothelioma then
it Is possible to show what pccupations arc respousible and
consequently need lurther investization. In Belfast the cases
can be divided into two main categories, those working most
of therr lives in the shipyards and those who wers mainly
empioved elsewhere. Of 62 cases recently investigated, the
occupations are as shown tn Tables | and 2, In Table 1 it
Is seen that the shipyard has given rise to 43 out of the 62
cases, but that only 10 of these occurred in insulation wurkers,
The majority of the shipyard cases arose in men whose
exposure was an incidental rasult of the work mainly because
of working in confined spaces near men handling insulation
material. It is understandable that pipe and engine fitters
should be exposed especially during repair work because
their concern is with equipment nonnally covered by insula-
tion. But platers and so on and electricians were less expected
and the extent and circumstancss of their past and present
exposure mantfestly needs investigation. Qutside the ship-
vard there were 17 cases and of obvious concern to the
construction industry are the eight cuses arising in builder’s
labourers. joiners. suwyers and timber workers. [n the latter
group, retrospective guestioning did not reveal the source of
asbestos.

This was a relatively small study in one city heaviiy biassed
by the presence of 4 large shipyard. To be of reul value this
Lind of investication should be carried out on a nationwide
basis. It has the major disadvantage of revealing the con-

sequentces of working conditions many vears before. But

it is the only method of pinpointing hazardous occupations
with respect to asbestos at the prosent time. Once identitied
the extent of the hazard requires detailed investigaution along
the lines used in the Belfast insulation study. This work takes
time and awareness of the possible risk should be the reason
for the introduction of preventive measures rather than
waiting for the results of detailed studies.

Table T Mesotheliomas in shipyzxd workers in Balfast - 45 of a grogp
of 62 cases : :

Insulators:

Full-time _ 5}[0 ‘

Transient 5

Other occupations (helpers and iabourers included):
Plumbers. pipefitters and boiler makers 17
Engine titers - 4
Platers, riveters and welders 4
Electricians 8
Other pa

Table I Mesotheliomas in non-shipyard workers in Belfast - 17 of a group
of 62 cases

Known ¢xposure:
Heating engineers and boilermzn
Builders' labourers and joiners
Dockers

, N

No known exposure:
Linen workers (women)
Sawyers and timber workers
Baker
Postman

— N
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lavture

Chemistry and Indusery will find Dr Court’s
valuahle  because 1t
prosents a larr picture of the present know-

extremely

=737

surface. No other chemical rauction is
invalved and a blue image of limiced light
stability i produced. The lzsting blue-

10 the edé*tm

Geaiatin emuisions in the
formation of
microcapsules

Sir.-Dr A. Courts in his lecture on
‘Gelaiin emulsions in the formation of
micracapsules’ before the SCE Food Syvrm-
posiunt in March 1972 and reprinted in
Cherustry und  Industryt states that the
most profitable application for micro-
capsule technology is to be found in the
curDonlsss SOPy puper manufacture.

MWe ary convinead thui the rgaders.of -

tedee on gelauin based micro encapsulation
technique.

There are, however, some errors which
we would like 1o correct. Dr Courts states
*The cupsules are coated onto the underside
ol asheet of paper and this is then contacted.
with a surface coat of arttapulgus clay on
the Tollowing sheet, When the capsules are
broken by the pressure from a tvpewriter
kev, or a pen, the dye (s relezsed and reacts
with the wvlay surtace. which induces
oxidation leaving a blue coloured print.
One dye is oxidised immaediately and the
seeond dve provides the more lasting
efect’.

In aciual fact®? the primary mark on
hraaking the capsules is troueht about by
the immadiate rirg opening of crysial
violet factone im comtact witn the clay

UCC 007763
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green image occurs slowly through the
decomposition of benzoyl levco methyvlene
blue in a complex mechanism® imvohing
oxidation as wel as 1the action of light.
Yours faithfully

H. R. Bolliger

The Clayion Aniline Compuny Lid

PO Box 2

Clayton

Manchaster Mi! 4AP
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