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EARLY OBSERVATIONS

Asbestosis

The first well documented case of asbesto5is was reported

by H. MOQtague Murray in 1906, although there were several

anecdotal reports prior to this time (42,64). Murray documented

a case of pulmonary fibrosis at autopsy in a worker engaged

in ·the production of asbestos textiles. This worker reported

that he was the sole survivor of 10 men who started with

him in the carding room; the others had died (presumably of

asbestos related diseases).

Following the report by Murray, Pancoast et a1. (1917)

reported 17 cases of pulmonary fibrosis in a Pennsylvania

plant (72). In 1924, Cooke published another detailed

autopsy report of a 33 year old woman suffering from asbestosis

(9). Necropsy findings included pulmonary fibrosis, pleural

thickening, pleural calcification, and heart enlargement.

Further cases were reported by Mills in 1930, Donnelly (1933),

\ Lynch and Smith (1931), Seiler and Gilmour (1931), Wood and

G10yne (1930), Oliver (1927), Simson (1928), Stewart (1928), and

Pancoast and Pendergrass (1926) (13,46,61,71,73,82,96,97,108).

By 1930, more than 75 asbestosis cases were reported in the

literature.

Early case reports stimulated concern and in 1928 the
~

tfirst detailed epidemiologic study of asbestoS"NOrkers was

undertaken by the Ministry of Labour in Great Britain. Results

were published by Mcrcwether and Price in 1930 (57). This was
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a cross-sectional chest x-ray study of 363 workers engaged in

production of asbestos textiles. Of this group, 95 (26.2%)

were found tQ have pulmonary fibrosis and the prevalence of

fibrosis with 20 or more years employment was over 80%.

In the United States, Donnelly (1936) reported a cross-

sectional chest X-ray study of 151 asbestos workers which found

a pulmonary fibrosis prevalence of 59% among workers employed 4

years or more (14). Schull (1936) reported chest X-ray studies

of 100 workers dismissed from North Carolina asbestos plants

due to disability and found a 55% prevalence of moderate or

advanced asbestosis (93).

In 1937 the U.S. Public Health Service undertook the

first detailed epidemiologic study of asbestos workers in the

United States with results published by Dressen et ale in 1938

(15). A total of 511 employees were studied in this cross-

sectional study and worker exposures were estimated by the

impinger method. A dose-response relationship was found

between extent of asbestos exposure and clinical symptoms of

asbestosis. This study resulted in a recommended occupational

exposure limit of 5 million particles per cubic foot of air

(MPPCF) in the United States.

Lung Cancer and Mesothelioma

The first indication that asbestos might be a human carcin-

ogen came in 1935. Lynch and Smith (in the United States) and

Gloyne (in England) independently reported three cases of lung
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cancer detected during autopGy ~tu~ies of asbestos workers
I

(23,47). All three workers had died of asbestosis. Other case

reports foll~wed in Egbert and Geiger in 1936, Gloyne in 1936,

and Nordmann in 1938 (17,22,69). In the 1947 annual report of the

Chief Inspector of Factories in England, Merewether stated that

of 365 asbestosis deaths, 65 (17.8%) also had cancer of the

lung at autopsy (56). This compared to a prevalence of lung

cancer of only 1.3% for cases certified at death as having

-s il icos is.

Despite early suggestions, the first detailea epidemiologic

study to conclusively demonstrate an association between

asbestos exposure and lung cancer was not published unt~l

1955 by 0011 (12). 0011 studied the mortality experience of

a cohort of 113 asbestos textile workers employed more than

20 years. Among this group, 11 lung cancer deaths were

observed compared to only 0.8 expected--based on the mortality

experience of England and Wales.

Asbestos exposure is associated with mesothelial tumors

of pleural and peritoneal tissues. Lee and Selikoff have

reviewed early reports associating asbestos exposures and

mesothelioma with the first cases reported in 1947 (42).

However, conclusive evidence of an association between asbestos.

exposure and mesothelioma was not available until 1960 when

Wagner et a1. reported 33 pleural mesotheliomas in the crocido1ite

mining area of South Africa (100).

....
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MORTALITY

Epidemiologic studies have repeatedly demonstrated an
- .

association between asbestos exposure and increased mortality..

due to asbestosis, lung cancer, pleural and peritoneal

mesothelioma, and gastrointestinal cancer (98,99). In some

studies, asbestos exposure has also been associated with

increased risks for laryengal cancer and cancer of the

buccal cavity and pharynx. Table 1 contains a brief summary

of important mortality studies and significant findings. In

this Section, mortality studies are reviewed with emphasis

on asbestosis and lung cancer risk differences by fiber

type, industry, and smoking patterns.

Mixed Fiber Exposures

In most plants processing asbestos, several different

types of asbestos may be used or have been used in the past.

Typically, chrysotile and one or more amphiboles are used.

Asbestos insulation workers have been extensively studied

in the United States and other countries. Selikoff et ale (85)

studied the mortality experience of 632 insulation workers

followed between 1943 and 1962 and observed 45 lung cancer

deaths·whereas only 6.6 were expected. Of the 255 deaths in

this cohort, 28 (11%) were due to asbestosis and 3 (1.2%) to

mesothelioma. An SMR of 309 was observed for cancer of the

stomach, colon, and rectum.

A much larger cohort of 17,800 insulation workers was

followed by Selikoff et ale between 1967 and 1976 (88,89).

4
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Among this cohort, 2271 deaths were observed including 429
. .

lung cancers (SMR=406), 78 asbestosis deaths, and 49 deaths

due to mesotheliomas. Significant increased mortality was

also obse~ved for cancers of the esophagus, stomach, co10n-

rectum, larynx, buccal cavity and pharynx, and kidney. Only
r'

2 of the 78 asbestosis deaths occurred prior to 20 years

from onset of employment, based on death certificate information.

Review of all available autopsy, surg ica1, and .clinical material

indicated an additional 90 deaths were due to asbes~osis, 57 to

lung cancer, and 126 to mesothelioma.

Elmes and Simpson studied mortality of 162 insulation

workers in Belfast between 1940 and 1975 (18,19). Among

this cohort, 122 deaths were observed including 16 (13.1%)

due to asbestosis and 13 (10.7%) to mesothelioma. A large

excess due to respiratory cancer was observed.

There are several important studies of mortality among

textile workers exposed to mixed asbestos types~' In an

early study in the United States published in 1963, Mancuso

and Coulter observed more than a three-fold excess risk of

lung cancer among workers producing textile and friction

products (48). Fourteen percent of the 195 deaths were due

to asbestosis and 2 (1%) were due to mesotheliomas.

Mortality among employees in the plant initially studied

by 0011 in 1955 has been investigated by Knox et al. (39,40),

and more recently by Peto et al. (75,76). Peto studied 1106
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men and women who had worked 20 or more years in asbestos

exposed areas. Among those who' were first employed after

1933 (when control regulations were enacted) 31 lung cancer

deaths were 'observed 'whereas 19.3 were expected. Additionally,..

35 deaths were observed due to non-malignant respiratory

disease versus 25 expected, and there were 5 deaths due to

pleural mesothelioma. Dust exposures in this plant were

reported to be generally above 5 fiber/cc until about 1970.

Newhouse (65,66) and Newhouse et ale (67) have studied

patterns of mortality among 4600 male and 922 female

workers in a plant which produced chiefly asbestos textiles

but later asbestos insulation products. Exposures were

classified as low to moderate (5-10 fibers/cc) and severe

(>10 fibers/cc). Among males, there were 46 mesothelial

tumors and an SMR for lung cancer of 538 was observed for

those employed more than ten years in the severe exposure

group. In those with lowest exposure, a lung cancer SMR of

154 was observed. Deaths from chronic respiratory diseases

were 1.8 times expected in the highest e,posure group. A

remarkable cancer SMR was observed among females in the

highest exposure group (21 observed versus 0.8 expected).

Both males and females were found to have smoked more than

the comparison population; however, this could only account

for 10% to 20% of the observed excess lung cancer mortality.

The asbestos cement product industry is one of the

largest consumers of asbestos in the United States. In
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addition to their asbestos exposure, workers in this industry

may also be exposed to low levels of crystalline silica and,

trace metals. Weill et a1. reported mortality patterns

among 5645 asbestos cement product workers with a minimum of.'

20 years since initial employ~ent (102). Exposures for the

cohort were estimated and expressed as MPPCF x yrs. Among,

those exposed to greater than 100 MPPCF x yrs, 23 lung

cancers were observed versus 9.3 expected. No excess lung

cancer risk was reported among those with cumulative exposures

less than 100 MPPCF x yrs. Two pleural mesothelioma deaths

were observed. Weill et a1. reported that exposure to

crocido1ite in addition to the (predominant) chrysotile used

.--r

in cement products increased the lung cancer risk in comparison

to chrysotile (exposure) alone. The unusually low SMRs for

all causes regardless of exposure category suggest some form

of cohort selection bias operative in this study. Additionally

cohort follow-up was less-complete than desired.

Crocidolite

Wagner et ale in 1960 reported 33 pleural mesotheliomas

among men working in crocidolite mines and mills and the

population living in the vicinity of these mills in the

Northwest Cape Province of South Africa (100). The high

incidence of mesotheliomas in this area has been confirmed

by other investigations (8,26,101).

------..-- -- - -" .-- -.- .--
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Crocidolite was commonly used in production of gas mask

canisters during World War II and mortality among these

workers has been investigated. Jones et al. studied the

mortality of 1088 workers exposed between 1940 and 1945 and.'

followed through 1976 (28,29). Twenty-two pleural and 7

peritoneal mesotheliomas were observed and a linear relationship

was observed between employment duration and the risk of

mesothelioma. There was also a modest excess of bronchial'

carcinoma. Similar results have been reported by McDonald and

McDonald who studied a smaller cohort of gas mask workers

in Canada and found that 7% of all deaths were due to meso-

the1iomas (49).

Amosite

Mortality patterns 'among a ,'cohort of workers producing

amosite asbestos insulation between 1941 and 1945 has been

reported by Selikoff et al. (87) and more recently by Seidman

~t al. (80,81). This group of 820 men were observed over a 35

year period during which 528 deaths occured: 15 (2.8%) were

due to-asbestosis and 1 was d~e to mesothelioma (by death certificate

information). Review of available surgica), pathological, and

clinical data for this group identified 13 additional mesotheliomas

and 15 additional cases of asbestosis. Overall there were 83

lung cancers observed whereas 23.1 were expected and among those

employed less than one month, 3 lung cancers were observed

versus 1.3 expected. Anderson et al. have observed four confirmed

-~-_.
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cases of mesothelioma among household contacts of workers at

this plant (1).

Anthophyllita and Tremolite

The Only location in the world where anthophyllite has

been commercially mined and processed is Finland. These ores

are also known to contain smaller quantities of tremolite.

Mortality among workers in two Finnish mines and mills has

been studied by Meurman et al. (59,60). In their first report,

1092 workers were followed' from 1936 until 1974. Arelative

risk for lung cancer of 1.6 was observed and there were 13

(5.2%) asbestosis deaths but no deaths due to mesothelioma.

Their subsequent study concerned 793 workers with known smoking

histories with 10 additional years of follow-up. A relative

risk for lung cancer of 19 was observed for smoking asbestos

workers and 1.6 for asbestos workers who did not smoke. Asbestosis

mortal i ty was found to be equally .frequent among smokers and

nonsmokers. All lung cancer cases with more than 10 years of

exposure were also found to have asbestosis.

: Chrysotile' -

Chrysotile is the major asbestos fiber type used in the

United States, but most of this fiber is imported from Canada.

The mortality of Quebec chrysotile miners and millers has been

extensively studied by McDonald et al. (50,53-55). The most

recent report for this cohort included 10,939 men who had been

employed one or more months and followed between 1926 and
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1975. An overall SMR for lung cancer of 125 was observed; 42
• i

deaths (1.3%) were due to asbestosis and 11 to mesothelioma.

A nearly linear dose~response relationship was reported for

lung cancer; Increased mortality was also observed for cancer

of the stomach and esophagus but no other gastrointestinal

sites. Similar patterns of lung cancer and asbestosis mortality

have been reported by Rubino et al. in Italian chrysotile

miners and millers where an SMR for lung cancer of 206 was

observed among those with sufficient latency (79).

The McDonald et ale studies demonstrated a surprisingly

low lung cancer risk even in the highest exposure group.

Nicholson et ale have reported larger excesses from lung

cancer and asbestosis in their study of chrysotile miners and

millers in Quebec (68). This latter study cohort consisted of

544 miners and millers with at least 20 years seniority and

followed between 1961 and 1977. A total of 28 lung cancers

were observed versus 11.1 expected (SMR=252). There were 30

deaths due to noninfectious respiratory diseases whereas only 6.7

were expected. Of these 30 deaths, 26 were due to asbestosis.

Only one mesothelioma (pleural) was observed.

Mortality among chrysotile asbestos miners and millers in

the Urals has been investigated by Kogan et al. (41). The

overall cancer mortality risk was found to be 1.6 times that for

the general male population and was higher in mining than in

miling. Among males, the relative risk for lung cancer was

2.0 and ranged from 1.4 to 2.1 for females. The lung cancer

. -
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risk was considerably greater in'older age groups having longest

latency. No mesotheliomas were reported~ however, Kogan et al.

attributed,.this to insufficient experience of pathologists in

that geographic area.

There have been several studies of factory populations .',

exposed only to chrysotile. Weiss (106) studied a small

cohort -of 264 workers in a plant producing asbestos millboard

and reported no excess cancer mortality. However, there were

only 66 deaths (2 of which were du~ to asbestosis) and cancer

latency was not taken into account in the analysis.

A facility manufacturing asbestos textile, friction, and

packing products has been studied by Robinson et ale (77).

Chrysotile constituted over 99% of the total quantity of

asbestos processed per year in ~his plant exce~t during World

War II~ the remaining 1% was corcidolite and amosite. The

cohort consisted of 2722 males and 544 females followed between

1940 and 1975. Among males, an overall lung cancer SMR of 135

was observed but among females -the exce.ss _lung cancer risk was

much higher with an overall- SMR of 824 •. There were 76 deaths:

in males due to noninfectious respiratory disease but only 16.4

expected. Again, the chronic respiratory ~isease risk was

higher among females with an SMR of 1555. There were 4 mesothliomas

among females and 13 in males.

Dement et ale (10) have reported mortality among a cohort

of asbestos textile workers exposed only to chrysotile. This

cohort consisted of 768 white males emplQyed at least 6 months
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and followed between 1940 and 1975. There were 26 lung cancers

. observed versus 7.47 expected. Of the 191 deaths in this

cohort, 15 (7~9%) were due to asbestosis or pulmonary fibrosis

and one (0~·5%) was due to a peritoneal mesothelioma. Linear

relationships were demonstrated between cumulative fiber dose

and the risk of mortality for lung cancer and noninfectous

respiratory diseases. An SMR for lung cancer of 223 was observed

for the lowest cumulative exposure category of less than 30

fibers/cc x years.

Asbestos Contamination of Other Minerals

Both serpentines and amphiboles may be found as contaminants

in other mined and processed ores and may result in significant

asbestos fiber exposures to workers in these operations.

Amosite belongs to the cummingtonite-grunerite amphibole

mineral group. Fibers and cleavage fragments of cummingtonite-

grunerite occur in some iron formations and have been found in

high concentrations in Lake Superior as a result of mining and

milling operations. Gillam et ale (21) studied mortality

among gold miners exposed to cummingtonite-grunerite and.found

a 3-fold excess risk of lung cancer and a 2-fold excess of non-

malignant respiratory disease, excluding influenza and pneumonia.

However, workers in this mine were also exposed to silica.

McDonald et ale (52) in a subsequent study of the same mine,

examined the mortality experience of persons with at least 21

years of employment with the company. This study demonstrated

excess mortality due to pneumoconiosis (mainly silicosis),
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tuberculosis, and heart disease but no overall excesses of

malignant diseases were found. However, when the population

13

was stratified by exposure, respiratory cancer was elevated in

the highest exposure group. The Gilliam and McDonald studies.
may not be directly compared since the McDonald study' included

persons never exposed underground and this diluted the cohort

with minimally exposed workers.

Commercial talc deposits are sometimes found to contain

serpentines (chrysoti1e, antigorite, and 1izardite) and fibrous

and non-fibrous amphiboles. Kleinfeld etal. (33,38) demonstrated

significantly increased proportionate mortality due to lung

cancer and nonmalignant respiratory disease among talc

miners and millers in New York State exposed to fibrous

anthophyllite and fibrous tremolite. Brown et a1. (7) have

reported a further mortality of talc miners and millers in

one company mining this same ore body. This cohort consisted

of 398 workers followed between 1947 and 1975. Among this

cohort, 10 respiratory cancers were observed whereas only 3.5

were expected. Approximately a 3-fo1d excess risk of non-

malignant respiratory disease was reported: however, only one

death .due to mesothelioma was observed.

Effects of Smoking

Smoking and asbestos exposure are more than additive in

their combined ability to increase the risk of lung cancer.

Hammond et al. reported results of their 10 year follow-up of
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8,220 asbestos insulation workers with known smoking status,

(25). The mortality experience of these workers was compared

with that e~ected among smokers and non-smokers of the American

Cancer Society's prospective cancer prevention study. Asbestos

workers who did not smoke showed approximately a 5-fold risk

of lung cancer compared to the non-smoking control population.

On the other hand, a more than 50-fold risk of lung cancer was

observed for smoking asbestos workers compared to non-smoking

controls. A similar multiplicative effect was observed by

Selikoff et ale among a factor cohort producing amosite

insulation (91).

Although less striking, cigarette smoking may also contribute

to the risk of death due to asbestosis. Hammond et ale reported

that asbestosis death rates of smoking asbestos workers were 2.8

times as high as that of non-smoking asbestos workers. Meurman

(59) found less association between asbestosis mortality and

smoking; he reported 7 of 42 asbestosis deaths among non-smokers.

'Mortality and Pleural Radiographic Changes

The relationship between pleural thickening and calcification

and subsequent mortality is important insofar as surveillance

of asbestos workers is concerned. Edge studied the mortality

of 429 shipyard workers with plaques and compared this to

matched controls without plaques (16). Among those with

plaques, 23 mesotheliomas were observed and workers with plaques

. \ had 2.5 times the lung cancer risk of those without plaques.

; .

-~--
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Sheers observed 6 mesothelioma d7aths among 410 dockyard

. workers with plaques but just 2 mesotheliomas in those with

only pleural fibrosis .(92). Neither of these studies estab-

lished cau~ality between pleural changes and subsequent development

of mesothelioma or lung cancer because asbestos exposure was
...

not controlled for in the analysis. Meurman has shown that

anthophyllite asbestos workers have a high prevalence of

pleural changes but a minimal mesothelioma risk (59,60).

However, plaques and pleural thickening do indicate an asbestos

exposure and this fact alone places the worker at an increased

risk for lung cancer and asbestosis.

RESPIRATORY MORBIDITY

All types of asbestos have been shown in epidemiologic

studies to be associated wi th as'bestosis, pleural thickening,

and pleural calcification. Available evidence from cross-

sectional and prospective respiratory disease studies provide

little evidence that anyone type of asbestos is more biologically
- -

active than another in so far as X-ray or clinical changes

are concerned (98,99). These findings are fully supported by

animal bioassay data.

Important epidemiologic studies of respiratory morbidity

among asbestos workers are summarized in Table 2. In these

studies, various objective measures of effect or disease

outcome have been used· including chest roentgenographs,
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spirometry, measures of diffusion capacity, and chest ausculation.,

Subjective data such as respiratory symptoms obtained by

questionnaire have also been used. In diagnosis of "definite

asbestosis" most studies have relied upon combinations of

objective and subjective data.

Mixed Fiber Exposures

Early cross-sectional studies of chest roentgenographs

of asbestos workers by Merewether and Price, Donnelly,

Schull, and Dressen et ale demonstrated a striking prevalence

of pUlmonary fibrosis of as much as 80% for workers employed

more than 20 years (14,15,57,93).

Several studies have been conducted among insulation

workers. Selikoff et al. studied chest films of 1,117

insulation workers exposed to chrysotile and amosite (84,86).

A 50% overall prevalence of pulmonary fibrosis was

observed increasing to 90% among those employed more than 30

years. Pleural calcification showed an increasing prevalence

.-,,.

. ,_..... - ._- ..

with latency reaching ·57 .9% at 40 years since initial employment.

Pleural fibrosis (thickening) occurred earlier than calcification.

Murphy et ale also studied shipyard insulation workers and

found a prevalence of asbestosis 11 times that of age matched,

non-exposed controls (62,63). Exposures among this group

were thought to be low.

Cross-sectional data from an asbestos textile plant

processing a mixture of asbestos types were used by the



17

British Occupational Hygiene (BPHS) in establishing occupational
I

exposure standards (6). Among 290 workers employed after

dust control~ were installed in 1933, only 8 workers (2.7%)

demonstrated X-ray changes considered consistent with asbestosis.

Basal rales was taken as an early disease marker with a 1%

risk estimated for a working lifetime of 50 years at an

average exposure of 2 fibers/cc. Workers at this same plant

were subsequently studied cross-sectionally by Lewinsohn

(43). This latter and much larger study demonstrated a

significantly greater prevalence of pulmonary fibrosis;

reaching 40.5% among workers employed from 30 to 39 years.

Pleural fibrosis (thicking) was observed in 1.6% of those

employed 1-9 years and in 50% of workers employed more than

40 years.

Berry et ale reported the 'results of a prospective study

of workers employed in the same plant studied by Lewinshon (43).

This study consisted of 379 persons completing 10 or more

years employment by 1971. Possible asbestosis was diagnosed

based on one or more combinations of basal rales or crepitations,

radiological changes, a falling transfer factor, and restrictive

lung function changes. Among these 379 men, 60 cases of possible

asbestosis were diagnosed by the factory medical officer,

whereas 85 cases were diagnosed by an independent clinician.

Using plant exposure data, it was estimated that the cummulative

dose necessary for a 1% incidence for crepitations, possible
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asbestosis, and certified asbes~osis was 43 fiber/cc-yr, 55

fiber/cc-yr, and 72 fiber/cc-yr, respectively. Two cases of

certified asbestosis were observed among non-smokers and nine

among ex-smokers, suggesting a contributory smoking role.

Weiss reported similar findings in his study of 100 asbestos

textile workers where a 24% prevalence of pulmonary fibrosis

was observed in non-smokers versus 40% for smokers (105,106).

Gregor et ale demonstrated progression of radiological changes

in asbestos workers referred to the British Pneumoconiosis

Medical Panel without further asbestos exposures (24).

Lung function and chest film effects of exposure to

asbestos cement dust have been studied by Weill et ale (104,105).

This study included 859 workers in two asbestos cement plants

administered respiratory symptom questionnaire, spirometry,

and chest films. Cumulative du~t exposures were estimated

and expressed as MPPCF-yr. Both small rounded and linear

opacities were observed, indicating the possible role of

small quantities of silica present in cement dust. Among

those with a cumulative exposure less than 50 mppcf-yr, an

approximately 4% prevalence of small opacities (rounded or

irregular, profusion ~l/O) was observed; the prevalence of

these changes increased to 30% with an exposure of more than

400 mppcf-yr. Pleural changes were seen in 11% of those in

the lowest exposure category. Both FVC and FEVI were r.educed

in those with X-ray changes. There was no apparent interaction

effect of cigarette smoking on the development of diffuse

fibrosis.
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Jones et ale studied the p~og~ession of radiographic,

abnormalities and lung function changes among 204 asbestos

cement workers between 1970 and 1976 (30). Films were read

side-by-side in known order and ranked according to p~ogression.

These authors concluded that: (1) progression of small opacities

depended upon both average and cumulative exposure; (2) declines

in lung function were related to both smoking and cumulative

exposure; and (3) pleural abnormalities progressed as a function

of time. Disease incidence was not estimated in relation to

exposure.

~nth9E~Y1!ite ~~q-!!~~~1~~~

Respiratory morbidity among Finnish anthophyllite miners

and millers has been studied by Meurman et ale (60). Among

787 active employees, a threefold excess of dyspnea and a

twofold excess of cough were observed among asbestos workers

compared to controls. The prevalence of dyspnea was not found

to be associated with smoking habits.

A high prevalence of pleural plaques has been reported

among persons residing near anthophyllite mines and mills in

Finland (31,58). In two mining communities where mass roentgen-

ological surveys were 'conducted, prevalences of pleural plaques

of 9% and 6.5% were observed compared to less than 0.1% for

the Finnish popUlation.

Talc deposits found in upper New York state contain both

anthophyllite and tremolite. Workers in talc mines and mills

in this area have been shown to experience pulmonary fibrosis,
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pleural changes, and restrictive.luryg function changes (32,34­

37,74,94,95). A recent cross-sectional study of lung function

and chest X-riys amon~ talc workers in this area was reported
, .

by Gamble et al. (20). Compared with coal and potash miners,

talc miners and millers were found to have an increased prevalence

of cough and dyspnea along with reduced FEVl , FVC, and flow

rates. Talc workers with more than 15 years employment were

found to have a 33% prevalence of pleural calcification and

pleural thickening. Recent exposures in these operations were

reported by Dement and Zumwalde (11). Time-weighted-average

fiber exposures were found to range from 0.8 to 16.0 fibers/cc

with 12-19% identified as tremolite and 38-45% anthophyllite.

Chrysotile

Rad iolog ical changes, lung funct ion', and respiratory

symptoms among Canadian chrysotile miners and millers have

been extensively studied by McDonald et al. (50,51) and

Becklake et al. (2). A total of 1,015 current employees were

given chest X-rays, underwent pulmonary function studies and

we~e administred a standard British Medical Research Council

Questionnaire on respiratory symptoms. Both persistent cough

and phlegm (bronchitis) and breathlessness on exercise were

found to increase with exposure. The prevalence of bronchitis

rose to 50% among smokers in the highest dust exposure categories.

The prevalence of breathlessness was not affected by smoking

but rose to greater than 40% in those with cumulative dust
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exposures over 800 mppcf-years. The prevalence of irregular. .,
small opacities (>1/0 ILO/UC)in the lowest exposure category

was found to be 1.8% for the Thetford mine and 6.4% for the

Asbestos m~ne. Prevalences increased to 26.4% for Thetford

and 10.9% for Asbestos in the group with exposures more than

800 mppcf-yr. The prevalence of pleural thickening was found

to be less strongly related to exposure. Among various lung

function parameters measured, both FVC and FEVl declined more

with exposure. Those with small opacities of category 2/1 or

greater were found to have significantly reduced functional

residual capacity, residual volume, and single-breath diffusing

capacity at rest. Only FVC and FEVl were reduced in those

with earliest roentgenographic changes.

Cross-sectional respiratory disease studies have been

conducted among chrysotile miners and millers in Newfoundland

and Corsica (5,83). Selikoff studied 485 current employees

of a chrysotile mine in Newfoundland and found a 5% prevalence

'of parenchymal abnormalities (lLO U/C ~l/O) (83). This

prevalence increased to 11.5% among those employed more than

10 years. The prevalence of pleural changes was less than

that observed for parenchymal changes.

Boutin et al. studied chest films of 16 ex-workers of

chrysotile mines and mills in Corsica which had been closed in

1965 (5). Compared with controls, chrysotile miners and

millers had 2.4 times the risk of parenchymal abnormalities
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and 2 times the risk of pleural abnormalities. Exposure

levels among these workers were extremely'high ranging from 85

to 267 MPPCF. -,

The above studies of chrysotile asbestos workers. have

been cross-sectional by design and have likely underestimated
,_or

risks since: (1) those who develop severe disease are likely

to have already left employment, and (2) chest film changes

may develop after termination of employment, or changes may

be progressive without additional exposure. Liddell et al.

studied chest film changes in a 20 year longitudinal study of

chrysotile miners and millers (44). These authors observed a

20 year cumulative incidence for small irregular opacities of

16%, a pleural calcification incidence of 5.3%, and a pleural

thickening incidence of 5.3%. Only the incidence of small

opacities was strongly associated with smoking. Rubino et al.

studied the progression of chest film changes among retired

chrysotile asbestos miners and millers and found that 39% of

.those who had initial films with a profusion of 1/0 or greater,

demonstrated progression without, further exposure (78).

Becklake et a1. also studied radiological changes after withdrawal

from asbestos expo~ure (3). 'Parenchymal progression was

observed in 7% of the films, pleural progression in 19.8%, and

both parenchymal and pleural progression in 2.3%. These

changes were found to be independent of age and smoking but

parenchymal "attacks" occurred more among th~se with higher

asbestos exposure prior to employment termination •
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Relationships between radiological findings and sUbsequent

mortality among chrysotile miner$ and millers have been studied

by Liddell and McDonald (45). This study consisted of 4559

whose latest film had been read according to the UICC/Cincinnati..
'classification system with mortality follow-up from time of

film assessment through 1975. Overall, this cohort experience

significantly increased mortality for all causes (SMR=144),

lung cancer (SMR=177), pneumoconiosis (31 cases), other respiratory

diseases (SMR=127)i diseases of the heart (SMR=136), cancer of

the oesophagus or stomach (SMR=170), and cerebravascular

diseases. There were 5 pneumoconiosis deaths among those

classified as having normal radiographs; however, the risk of

death due to pneumoconiosis was 11.75 times greater among

those with "less-than-normal" films. The lung cancer relative

risk for those with chest film changes was 3.24 and most who

died of lung cancer were found to be smokers. Small parenchymal

opacities were present in most but· not all persons whose

deaths were attributed to lung cancer. The authors concluded

that the chest radiograph was useful for surveillance of

asbestos workers but was limited due to radio~ogical progression

after withdrawal from exposure and by the carcinogenic risk

associated with dust retained in the lung.

------.- ----,. . ... '.'
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TABLE 1

SUMMARY OF MORTALITY STUDIES OF ASBESTOS EXPOSED POPULATIONS

Study Fiber Study
Author(s) Date Population Type Design Summary of Important Findings

Doll 1955 113 Textile Mixed Retrospective 11 lung cancers observed versus
workers employed Cohort, 1922- 0.8 expected, 14 death certificates
20 or more years 1953 mentioned asbestosis.

Mancuso &
~Cou1ter

1963 1,495 Workers
producing
textile,
friction
products

Mostly
Chrysoti1e

Retrospective
Cohort, 1940­
1960

28 asbestosis deaths, 19 lung
cancers observed versus 5.6
expected, 5 peritonium neoplasms
(2 were mesotheliomas).

Se1ikoff, .~ 1964 632 Insulation Mixed
Churg and workers with
Hammond . 20 or more

years employment

Knox et a1. 1965, 1,014 Textile Mixed
1968 workers

Retrospective
Cohort, 1943-
1962 .

Retrospect ive
Cohort, 1922­
1966

12 asbestosis deaths, 45 lung
cancers observed versus 6.6
expected. Increased gastro­
intestinal cancer, 3 pleural
mesotheliomas.

27 lung cancers observed versus
10.75 expected, 42 with asbestosis
on death certificate. Authors
suggested reduce risks after
controls added in 1933.

Newhouse

Newhouse
et a1.

1969,
1973

1972

4,500 Textile
workers

922 Female
textile &
friction
product
workers

Mixed

Mixed

Retrospective
Cohort, 1933­
1968

Retrospective
Cohort, 1942­
1968

Significant excesses for lung
cancer among workers in highest
exposure category. 24 mesothe­
liomas a~ong ~alEs.

14 lung cancers observed versus
0.5 expected in those working
2 years in highest exposure jobs.
Approximately 3-fold excess of
respiratory disease mortality in
this group. Overall 11
m~~~~h~linm~c
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Continued

Author(s)

Selikoff,
Hammond and
Churg

Date

1968

Study Fiber Study
Population -'!'ype Design

370 Insulation Mixed Retrospective
workers with Cohort, 1963-
>20 years 1967
employment

39

Summ2ry of Important Fi~dings

Obse~ved st~ong interactive effect
between asbestos exposure and
smoking for lung cancer. 10
mesothelioma deaths observed and
15 asbestosis deaths.

Elmes and
Simpson

McDonald,
et al.

Enterline &
Henderson

Selikoff
et a1.

Meurman
et al.

1971,
1977

1971,
1974,
1979,
1980

1972,
1978

1973,
1979,

1974

162 Insulation
workers

11,379
asbestos
miners &
millers

1,075 retired
asbestos
product
workers

17,800
Insulation
workers

1,092 asbestos
mine & mill
workers

Mixed

Chrysotile

Chrysotile
and
Amphiboles

Mixed

Antho­
phyllite

Retrospective
Cohort, 1940­
1975

Retrospective
Cohort, 1926­
1975

Retrospective
Cohort, 1941­
1973

Retrospective
Cohort, 1967­
1976

Retrospective
Cohort, 1936­
1974

16 asbestosis deaths, 13 mesothe­
liomas. Large excess risk for
respiratory cancer throughout
follow-up period.

Among those achieving > 20 years
latency, overall lung cancer
SMR = 125, with 42 pneumoconiosis
deaths and 11 mesothelomia
deaths. Linear dose-response
observed for lung cancer and
pneumoconiosis.

Lung cancer SMR = 270; 19
asbestosis deaths. Linear dose­
response observed for lung cancer
with SMR = 198 at 62 MPPCF-yrs.
and SMR = 778 at 976 MPPCF-yrs.;
2 mesothelioma deaths.•

429 lung cancers observed versus
105.6 expected: 78 asbestosis
deaths and 49 mesothelioDas.

21 lung cancers observed versus
13 expected: 13 asbestosis deaths
but no mesotheliomas. h strong
interactive effect on lung cancer
with smoking and asbestos
exposure was observed.
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Continued

Author(s)

Peto et a1­
and Peto

Weiss

Jones et a1.

'-

Date

1977
1979

1977

1976,
1979

Study
Population

1,106 textile
workers employed
>10 years

264 paper
& millboard
workers

1,088 gas
mask workers
during WW II

Fiber Study
Type Design

Mixed Retrospective
Cohort,

Chrysotile Retrospective
Cohort, 1945­
1974

Crocidolite Retrospective
Cohort, 1939­
1976

':0

Sumrnat:'y of Important Pi:,c:ings

36 respiratory cancers observed
versus 19.3 expected aWDrg those
only employed in controlled areas.
Sign if ica nt exces s of llon-ma.l ignant
respiratory diseases.

2 ashes tos is dea ths uli!OPg u total
of 66 deaths. No excess of lung
cancer but numbers we~E s~all; no
mesotheliomas rerorted.

12 lung cancers observed versus
6.3 cxpec':ed in \~'omer,; l7 rr.esCl­
the 1 iO:'l."1 d ed th s • Lin (; u ._- ,:os c­
respon!:;e for li\e~;othelie.·. .:. ~ .. i th
employment duration; 3 :,::::sotheli­
omas observed 2monl th03~

exposed 5-10 Months.

Edge

Hughes &
~';e ill

Sheers

1976,
1979

1979

1979

429 shipyard
worke rs VI i th
pleural plaques

5,645 Asbestos
cement
worker-s, >20
years latency

410 dockyard
workers \-lith
pleural plaques
or pleural
f'ih,.("\c:i",

Mixed

Chrysotile
& Croci­
doli te

Mixed

Prospective
Follow-up
1968-1974

Retrospective
Cohort, 1940­
1973

Prospective
Follow-up
1967-1976

19 bronco-jenic cancers c:·.~:'=rv~j

versus 4.0 e}:pp.cted 23 ir:':::Jth.~­

liomas observed. Shipy cJ workers
with plaques had 2.5 ti'~s lung
cancer risk \</hen COII:i?C!C':~l t e)

matched controls without plaques.

23 lung cancers obser-v~~ v~rsus

9.3 expected amon~ thCS0 dith
cumulative fiber eXfosc~~s >100
MPPC~/yr. 2 rleural !TC-·;')tllE:!iQ;:",as
observcd ver~;llS 4.4 C}::: ~ ," ~.~;~ c:::-or.·j
those not expos~d to ccocidolite.

6 mcsothelioma deaths c::,~-)nJ those
with pl~g~es and 2 wit~ only
pleu:cal f ibro::> is. P.uU-.~:- s~:gges ted
pleural plaques a~e of ~reater
h .; ,.." 1 .-.,,... .; "-. -, , ,.... ~ ~_ ..... ~ (: ..; ,... -, .- I- ...~ ~ .....
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Study Fiber Study
Author(s) Date Population Type Design SummZlry of Importcmt F!_~"-(L_i_n....:.q_s__

Seidman, 1979 B20 men Amosite Retrospective 83 lung cancers observ:...:d versus
Selikoff producing Cohort, 1961- 23.9 expected. Among 61 men
and Hammond insulation 1975 employed <1 month, 3 lung cancers

between observed versus 1.3 expected. 4
1941-1945 mesotheliomas by death certificate

diagnosis but an additional 10 iden
tified using necropsy data. 15
deaths observed due to asbestosis.

Hammond,
Selikoff

Robinson,
Lemen, and
Wagner

1979

1979
I

12,051
insu la t ion
workers with
>20 years
latency

3,276 workers
producing
textile,
friction
products

Mixed

Mostly
Chrysoti1e

Retrospective
Cohort, 1967­
1976

Retrospective
Cohort, 1940­
1975

Asbestos workers who did not smoke
had 5 times risk of lung cancer
compared to nonsmoking controls.
Smoking asbestos workers had 53
times the lung cancer risk of non­
asbestos exposed persons who also
did not smoke.

Overall lung cancer SMR = 136
for males and 824 ar.ong Eemales.
Some increasing trends in lung
cancer with employment duration.
Large excesses due to asbestosis.
17 mesothelioma deaths observed.

Nicholson
et al.

1979 544Chrysotile. Chrysoti1e
miners &
millers, >20
years employment

Retrospective
Cohort, 1961­
1977

28 lung cancers observed versus
11.1 expected. 26 cases oE
asbestosis observed; 1 pleural
mesothelioma observed.

Dement et al.

Brown,
Dement,
and Wagoner

1980

1979

768 Textile
workers

39B Talc
miners &
millers

Chrysoti1e

Antho- .
phyllite
&
'T'"..n".,,,,1';L-.

Retrospective
Cohort, 1940­
1975

Retrospective
Cohort, 1947­
1975

26 lung cancers observed versus
7.47 expected. 15 asbestosis deaths
and 1 mesothelioma death. Linear
dose-response for lung cancer with
SMR = 223 at cumulative exposures
<30 fiberlcc x yrs.

9 lung cancers observed versus 3.3
expected. Significant excess due
to non-malignant respirntorv
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TABLE 2

SUMMARY OF RESPIRATORY MORBIDITY STUDIES OF ASBESTOS EXPOSED POPULATIONS

Author(s)

Sclikoff,
Churg, and
Hammond

Date

1965

Study Fiber Study
Population Type Design

1,117 Insul- Chrysotile Cross-
ation workers and sectional,

Amosite no external
controls

Summary of Important Fi~dinas

50% prevalence of pul~onary

fibrosis. Increasing Grevalence
of all chest film chang~5 with
employment duration increasing to
90% prevalence at >30 years.

Kilviluoto 1960, Persons in Anthophyllite Case Series
et ale 1965, Central Tremolite

1979 Finland

...
Selikoff 1965 1,117 Insul- Chrysotile Crosl;i-

a t ion workers and sect ional,
Amosite no external

controls

Pleural calcification obse~ved in
persons only secondariljexposed
to asbestos. Pleural changes
unrelated to lung canC2r mcrtality •

Pleu:::al calcification S!-.o'.;ed
increasing prevalence re2chin~

57.9% among those with 40 years
since first exposure. Ple~c31

fibrosis occurred earlic~ than
calcification, 50~ of ca3es were
bilateral.

fo'cDonald
et ale

Becklake
et ale

1972

1972

1,015 Chryso­
tile miners
and millers

1,015 Chryso­
tile miners
and millers

Chrysotile

Chrysotile

Cross­
sectional,
no externals

Cross-
sect ional,
no externals

Shortne35 of breath i,~creased ..... i th
estimated cumulative ::u::>t ext-''J­
sure but bronchitis S~i0,,,:I::!d little
cort'ela t ion.

FVC found to decrease with esti­
mated cu:nulative dust .:::?Qsu~e in
smo'~er5 and non-smokec:. SC:::-:-'~

trends seen in FEV I . Obs-:rllctive
impairJTIent seen in hi,~il '2;.:~:)sure

group. Few trends in diffusing
capac i t.y.
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~ Study Fiber Study
Author(s) Date' Population Type Design Summary of Important Findings

•
McDonald 1974 5,082 miners Chrysotile Mortality Increased mortality observed for
et ale and millers follow-up those wi th parenchymal changes

with chest but not in those ,.,r i th only pleural
films changes, 32 deaths observed due

to all respiratory dis2ases versus
8 expected.

Liddell 1977 267 miners Chrysotile Prospective
et ale and millers follow-up

with chest
films

"
t ..d~

\ojeis; 1971 100 asbestos Unknown Cross-
textile workers sect'ional,

.no external
controls

During 20 ye~r perion, the follow­
ing cumulative incidcnc~ was
repo~ted: small opaciti~s 15%,
p!eutcll thick2ning S.Y., ~l,=ur-al

calcification S.3~, ob!it~L2tion

of c/p aDgle 7.31.

Overall prevalence of fibrosis 36%
with 24% prevalence in nonsmok~rs

and 40% in smokers. None of 11
nonsmokers with exposures less thar
20 years showed fibrosis.

_--'/», I"'¥~""'"-..LO'. _

BOHS - 1968 290 asbestos Mixed Cross- Basal rales used as early disease
textile workers sectional, marker, 1% risk estiQated for a

no external working lifetime of 50 years at
controls 2 fibers/cc.

Lewinsohn 1972 1,287 asbestos Mixed
textile workers

Cross­
sectional,
no external
controls

Prevalence of pulmonary fibrosis
0% with 0-9 years exposure up to
40.5% with 30-39 years·exposure.
Pleural fibrosis prevalence 1.6%
.in 0-9 years and 50% in 40-49
years exposure group.
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Author(s)

3erry et a1.

Date

1979

Study Fiber
Population Type

379 asbestos Mixed
textile
workers

Study
Design

Prospective
follow-up

Summary of Important rindings

6.6% of workers had "possible"
asbestosis after 16 years follow­
up and an average exposure of
5 fibers/cc. Cumulative exposure
for 1% incidence of "possible
asbestosis" for 40 years employ­
ment estimated to be 55 fiber/cc x
years.

Weill et a1.

"-

,
Wef1l et a1.

Weiss and
.Theodos

1973

1975

1978

908 asbestos
cement workers

859 asbestos
cement workers

98 workers
age 40 or over
in two plants

Mixed

Mixed

Chrysotile
and
Amosite

Cross­
sectional,
no external
controls

Cross­
sectional,
no external
controls

Cross­
sectional,
no external
controls

Overall prevalence of small
rounded opacities 1/0 or greater
was 3.1%, for small irregular
opacities prevalence was 2.5% •.
Reduced rEVI , FEF 25 _ 75 a~d FEVl/VC
ratio found in those with X-ray
abnormalities.

Prevalence of small rounded and
irregular opacities 4% in lowest
exposure group and 30% in highest.
·Pleural changes 11% in lowest
exposure group and 30% in highest.
FVC and FEV

1
reduced in those with

X-ray changes.

Prevalence of profusion (1/1) 17.5%
in chrysotile workers and 16.5% in
mixed fiber workers. Pleural thick­
ing prevalence 17.5% in chrysotile
workers and 35.4% in ~ixed fiber
workers. Smoking found to be
significant factor in those exposed
to amosite.
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Study Fiber Study
Author(s) Date Population Type Design Summory of I~portant Fir.~ings

Selikoff 1977 ~~48S miners Chrysotile Cross- 10% prevalence of all radiographic
et ale and millers sectional, abnormalities. Pleural chan]es

no external seen in 3t of all wor~ers. Prev-
controls alence of abnorm.:.tl i t i -;S d:i'.Ong

those employed less t~~n 5 y~a=s

was 5~ with 3~ being ~}renchy~a

changes (profusion ~l/O).

Jones et ale

Anderson.

1979 204 asbestos
cement workers

1979 Household
contacts of
factory
workers

Mixed

Amosite

Prospective
follow-up
1970-1976

Cross­
sectional, age,
sex matched
controls

Progression of smdll c~aciti~s

dependent upon both a~~~~ge a~d

cumulative exposure. lung f~nction

d8clines wer0 aS30ci&~:d with
smoking a~~d cUlilulati":e: e:<pQs:Jt"e.
Pleural abnormalities ~~cgres5e~

more <:!s a function of ;:i:-"~ '/lith
little association with additional
exposure.

35.9% prevalence of X-~~J a~nor­

maJities co~pared to 2 ~.6~

prevalence among contr~l 9ro~p.

Pleural abno[";l\alitir~s ";}re ~t"eva­

lent than pa[".c~nchYlilal cl':;:~]G5.

Ga::lble,
Fellner,
and DiMeo

1979 121 talc
min<:!l"s and
millers

Anthophyllite Cross-
and s~c t iona1,
Tremolite external

comparison
populations

'I'alc \'J(J!--kl~L2 \"Ji.th gr'..!Cl ~ .~- :I.:".!". 15
-- I ·"'\l(', .... t· - _.. ,: - ... ~.~ye ,J l. :::, • "~ m~.... ),} .~l·~. I 1 n c·..... ..I.. ; ••• J ~ _'. •

p!::cvalcnce 0:: [."·l~u tc: l)~_~;:-:all t 1"'5

compared to ccmparison ~o~:Jlations,

FEV] and FVC reduced in <:!ssociation
witfi dust and fiber exposures.

Irwig 1979 1,801 miners Crocidollte
et ale and millers and

with chest Amosite
films

Cross-
sect ional,
no external
controls

Prevalence of pleural ch~~ges

increased from 2.5% fOr workers
with less than 1 year employment to
33.6% for workers with 15 or more
years. Parenchymal ch2nges (>1/0
ILO) found in 2.3% of wo~kers less
than 1 year employed and 26.7% in
workers emplovprl mnrn ~h-_ .~
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Author(s)

Gregor
et ale

Ru~ino

et ale

.~

Date

1979

1979

Studv·
,-.Population

119 asbestos
workers
referred to
Pneumoconiosis
Medical Panel

56 retired
chrysotile
miners and
millers and
surviving
>3 years

Fiber
Type

Mixed

Chrysotile

Study
Design

Prospective
follow-up

Prospective
follow-up

Summary of Important Fi~dings

One-third of workers s!-.o'..:<::d
progression after 6 ye2rs follow­
up and no further asbestos eXFO­
sure. Progression fre-!uency higher
among those with profusion >1/1 or
1/2 (ILO) 8.1~ with ~ini~al or no
pulmonary fibrosis and dQceas~j

during follow-up died of pleural
mesothelioma.

39% of persons ,tlith ab:lor:'~31 fUns
(profusion >1/0 ILO) S:lo·.:cd 9ro­
grcs~:ion <lfte..- an over, ,:, f81Io·'1-i.lP
of 8 yea:::-s. 7.9% of \... ·..>~',:-.::rs ;'lith
normul initial films d'::'l.-,loped
radiographic chanyes .

Murphy et ~l. 1971,
1978

101 shipyard Mixed
pipe coverers
and 95 controls

Cross­
sectional
\·Ti th further
follow-up,
matched
controls

Prevalence ratio of asb~sto5is

11 times greate~ than con~cols.

Asbestosis evident aftet:' cclll:\.llative
exposures of 60 MPPCF-yeat:'s.


