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ASBESTOSIS

John M. Dement
James A. Merchant
Francis H. Y. Green

INTRODAUCTION

Occupational exposure to asbestos minerals
constitutes a major health hazard in the United
States and in most industrialized nations of the
world. Because of their unigue properties such
as resistance to heat and chemical attack, asbes-
tos minerals have long been used by man. Fin-
nish potters are known to have used soils con-
taining anthophyllite asbestos dating from 2500
B.C. (103). Use of asbestos in lamp wick was
described by Theophrastus, Strabo, and Plutarch,
Herodotus (456 B.C.) described cremation clothes
made of woven asbestos. Marco Polo described
tablecloths of asbestos seen during his journeys
{66).

Despite carly uses, large scale use of asbes-
tos came with industrialization and particularly
the steam engine which required heat resistant
materials for packings and seals. The first as-
bestos textile mill in the United States began pro-
duction in about 1896, Today, commercial uses
of asbestos are countless and nearly every manu-
facturing sector may be involved with produc-
tion or use of asbestos-containing products.

The term “asbestos” is applied to a group
of naturally occurring fibrous silicate minerals.
Although many minerals are fibrous in nature,
only six are regulated by Occupational Safety and
Health Administration {OSHA) standards. These
minerals fall into rwo major mineralogical sub-
divisions: chrysotile, which belongs to
the serpentines; and the amphibales, including
crocidolite, asbestiform actinolite, asbestiform
tremolite, amasite, and anthophyllite. Only am-
osite, chrysotile, and crocidolite are of economic
importance. Chrysotile is basically a sheet silicate
mineral rolled into itself to form a hollow tube.
This tube constitutes the basic fibril of chrysotile.

All amphibole asbestos types are similar in crys-
tal structure: they consist of double chains of
linked silicon oxygen tetrahedra between which
metallic ions are sandwiched (128). Chemical
compoaosition and trace metal contamination (Cr,
Co, Mn, Ni associated with chrysotile) of as-
bestos fibers may vary considerably between
deposits from different mining regions (43).

More than 90% of all asbestos used in the
United States is of the chrysotile variety. Total
U.S. consumption of asbestos in 1977 was
610,000 metric tons, down from peak comsump-
tion of 795,000 metric tons in 1973 (12). By con-
trast, only 93,000 metric tons were produced in
U.S. mines and mills; Canada furnished 85% of
all imported raw asbestos fiber. U.S. asbestos
consumption by end use for 1978 is shown in
Table I1-9. Asbestos cement products constitute
the major use of asbestos followed closely by
floor products or materials used in the construc-
tion industry. Materials containing asbestos have
been extensively used in construction and ship-
building for purposes of fireproofing and for
decoration. These have often been applied by
spray application.

DEFINITION

Asbestosis is the name of the pneumo-
coniosis produced by the inhalation of asbestos
fibers. It is characterized by diffuse interstitial
fibrosis of the lung parenchyma, often accom-
panied by thickening of the visceral pleura and
sometimes calcification of the pleura. Clinical
findings include dvspnea on exertion, non-pro-
ductive cough, rales at the lung bases, bronchi,
and in advanced cases, finger clubbing. Lung
function measurements usually demonsirate a
restrictive impairment with reduced diffusing
capacity.
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Table II-9
U.S. ESTIMATED ASBESTOS CONSUMPTION IN 1978 BY END USE CATEGORY

Consumption (Metric Tons)

Product Chrysotile Crocidolite Amosite Anthaphyllite
Asbestos cement pipe 119,800 23,300 2,700
Asbestos cement sheet 28,400 300
Flooring products 122,400
Roofing products 58,200 100
Packing and Gaskets 23,200 100
Thermal insulation 14,300
Electrical insulation 3,200
Friction products 31,000 600
Coating and compounds 29,100
Plastics 5,300 500
Textiles 5,700
Paper 28,400 700
Other 33,100 2,100
Total 552,100 24,700 ' 3,500 2,700
Source: (12)

CAUSATIVE AGENTS

Asbestosis is perhaps the most widely stud-
ied of the known occupational hazards; however,
its mechanisms are still not fully understood.
Both clinical and epidemiological data have con-
clusively shown that asbestos is associated with
asbestosis and respiratory cancer in man. Animal
bioassay data fully support these findings and
suggest that pathological responses to asbestos
may be more related to physical characteristics
of the fibers than to chemical composition.
Animal data have shown a wide variety of fibrous
minerals and small diameter glass fibers to be
capable of producing tumors upon pleural injec-
tion or implantation {110)(111)(139). Interstitial
fibrosis has also been produced in animals in-
tratracheally injected with small diameter glass
fibers (63).

POPULATION AT RISK

Asbestos has over 3,000 commercial uses
and is ubiguitous in the general environment.
Because of the mineral’s resistance to thermal
and chemical degradation, exposures may take
place starting from initial mining of the fibers
through manufacture, use, and eventual burial
of asbestos containing waste.

Mining and milling of asbestos in the United
States is not cxtensive: fewer than a thousand
workers are employed (148). However, amphibole

288

minerals and, to a lesser extent, serpentines, are
sometimes found as contaminants of other types
of ore bodies, such as talc, vermiculite, crushed
stone aggregates, and in ores from various metal
mining operations (19)(64)(115) (140). There have
been no systematic studies of mining operations
in the United States to identify specific ores con-
taining asbestos as contaminants and the degree
to which workers are exposed.

Estimates of the number of workers exposed
to asbestos in primary manufacturing of asbestos
products are given in Table 11-10. In the primary
manufacturing sector approximately 18,000 work-
ers are estimated to be potentially exposed; how-
ever, this number could be as high as 37,000 (17).
A large variety of asbestos products and materials
produced in primary manufacturing are fabricated
and processed with other materials in secondary
industries to produce the more than 3,000 end prod-
ucts containing asbestos. The secondary fabrica-
tion and processing industry is very large and has
been estimated to employ more than 300,000 work-
ers (17},

By far the largest number of workers with
potential asbestos exposures may be found in in-
dustries which utilize asbestos products such as
the construction industry, the automobile ser-
vicing industry (including remanufacturing of



Table 11-10

ESTIMATES OF WORKERS EXPOSED
TO ASBESTOS IN PRIMARY
MANUFACTURING

Estimated Number
of Potential

Manufacturing Sector  Exposed Workers

Asbestos cement pipe 1,755
Asbestos cement sheet 9340

Friction materials 5,605
Floor coverings 3,500
Asbestos paper products 2,120
Packing and gaskets 1,125

Paint, coating and sealant 815
Asbestos textiles 1,800

Total 17,700

Source: (I7)

asbestos containing parts), and the shipbuilding
and repair industry. In the construction industry,
including those doing demolition and repair, an
estimated 180,000 to 408,000 workers are poten-
tially exposed to asbestos, The automobile serv-
icing industry includes brake and clutch servicing
garages, rebuilding and refacing friction com-
ponents, and repackaging of friction products.
Within this sector, 2 million workers are poten-
tially exposed to asbestos (17). Approximately
3,800 workers are potentially exposed to asbestos
in shipbuilding and repair.

A total of 2.3 to 2.5 million workers are
estimated to be currently {(potentially} exposed
to ashestos. However, because of the long laten-
cy (20 to 30 years) required before asbestos re-
lated diseases become clinically manifest, past
asbestos workers must also be considered at risk.
These estimates are especially difficult to develop
and are subject to controversy (29). Nonetheless,
large numbers of previous asbestos workers are
now completing their latency period and are at
risk of asbestos related diseases.

EPIDEMIOLOGY

Early Observations
Asbestosis

The first well documented case of asbestosis
was reported by H. Montague Murray in 1906,
although there were several anecdotal reports
prior to this time (66)(95). Murray documented

a case of pulmonary fibrosis at autopsy in a
worker engaged in the production of asbestas
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.

Following the report by Murray, Pancoast
et al. (1917) reported 17 cases of pulmonary fi-
brosis in a Pennsylvania plant (105). In 1924,
Cooke published another detailed autopsy report
of a 33-year-old woman suffering from asbestosis
(14). Necropsy findings included pulmonary fi-
brosis, pleural thickening, pleural calcification,
and heart enlargement. Further cases were report-
ed by Mills in 1930, Donnelly (1933), Lynch and
Smith (1931), Seiler and Gilmour (1931), Wood
and Gloyne (1930), Oliver {1927), Simson (1928),
Stewart (1928), and Pancoast and Pendergrass
(1926} (21)(70X(8R)}104)(106){120)(134)(141)(164).
By 1930, more than 75 asbestosis cases had been
reported in the literature.

Early case reports stimulated concern and
in 1928 the first detailed epidemiologic study of
asbestos workers was undertaken by the Ministry
of Labour in Great Britain. Results were pub-
lished by Merewether and Price in 1930 (84). This
was a cross-sectional chest x-ray study of 363
workers engaged in production of asbestos tex-
tiles. Of this group, 95 (26.2%) were found to
have pulmonary fibrosis and the prevalence of
fibrosis with 20 or more years employment was
over 80%,

In the United States, Donnelly (1936) report-
ed a cross-sectional chest x-ray study of 151
asbestos workers which found a pulmonary fi-
brosis prevalence of 59% among workers em-
ployed 4 vears of more (22). Schull (1936} report-
ed chest x-ray studies of 100 workers dismissed
from Morth Carolina asbestos plants due to dis-
ability and found a 55% prevalence of moderate
or advanced asbestosis (131).

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 Dreessen et al. in 1938 (23).
A total of 511 employees were studied in this
cross-sectional study and worker exposures were
estimated by the impinger method. A relation-
ship was found between extent of asbestos ex-
posure and clinical symptoms of asbestosis al-
though many workers had only short periods of
exposure at the time of the study. This study re-
sulted in a recommended occupational exposure
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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 carcinogen came in 1935, Lynch and
Smith (in the United States) and Gloyne (in
England) independently reported three cases of
lung cancer detected during autopsy studies of
asbestos workers (34)X71). All three workers had
died of asbestosis. Other case reports followed
by Egbert and Geiger in 1936, Gloyne in 1936,
and Nordmann in 1938 (26X33)(102). In the 1947
annual report of the Chief Inspector of Factories
in England, Merewcther stated that of 365
ashestosis deaths, 65 (17.8%) also had cancer of
the lung at autopsy (83). This compared to a
prevalence of lung cancer of only 1.3% for cases
certified at death as having silicosis.

Despite early suggestions, the first detailed
epidemiologic study to conclusively demonstrate
an association between asbestos exposure and
lung cancer was not published until 1955 by Doll
(20). Doll 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 meso-
thelial tumors of pleural and peritoneal tissues.
Lee and Selikoff have reviewed early reports
associating asbestos exposures and mesothelioma
(66). The first cases were reported in 1946 by
Wyers (165). However, conclusive evidence of
an association between asbestos exposure and
mesothelioma was not available until 1960 when
Wagner et al. reported 33 pleural mesotheliomas
in the crocidolite mining area of South Africa
(152).

Mortality

Epidemiologic studies have repeatedly dem-
onstrated an association between asbestos expo-
sure and increased mortality due to asbestosis,
lung cancer, pleural and peritoneal mesothelioma,
and gastrointestinal cancer. In some studies,
asbestos exposure has also been associated with
increased risks for laryngeal cancer and cancer
of the buccal cavity and pharynx. Table II-11 con-
tains a brief summary of important mortality
studies and significant findings. In this section,
mortality studies are reviewed with emphasis on
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asbestosis and lung cancer risk differences by
fiber type, industry, and smoking patterns.

Mixed Fiber Exposures

[n 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 ex-
tensively studied in the United States and other
countries. Selikoff ¢t al. studied the mortality ex-
perience of 632 insulation workers followed be-
tween 1943 and 1962 and observed 45 lung can-
cer deaths whereas only 6.6 were expected (123).
Of the 255 deaths in this cohort, 28 (11%) were
due to asbestosis and 3 (1.2%) to mesothelioma.
An SMR of 309 was abserved for cancer of the
stomach, colon, and rectum (although it was
based on a small nember of observed cases).

A much larger cohort of 17,800 insulation
workers was followed by Sclikoff et al. between
1967 and 1976 (126)127). Among this cohort,
2,271 deaths were observed including 429 lung
cancers {SMR-406), 78 asbestosis deaths, and
49 deaths due to mesotheliomas. Significant in-
creased mortality was also observed for cancers
of the esophagus, stomach, colon-rectum, lar-
ynx, buccal cavity and pharynx, and kidney.
Only 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, surgical, and clinical material
indicated an additional 90 deaths were due to
asbestosis, 57 to lung cancer, and 126 to meso-
thelioma.

Elmes and Simpson studied the mortality
of 162 insulation workers in Belfast between
1940 and 1975 (27)(28). Among this cohort, 122
deaths were observed including 16 (13.1%) due
to ashestosis and 13 (10.7%) to mescthelioma.
A large excess due to respiratory cancer was
observed.

There are several important studies of mor-
tality 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 threefold excess risk of
lung cancer among workers producing textile and
friction products (73). Fourteen percent of 195
deaths were due to asbestosis and 2 {1%) were
due to mesotheliomas.

Mortality among employees in the plant in-
itially studied by Doll in 1955 has been in-
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vestigated by Knox el al. (59)(60), and more
recently by Peio et al, (108)(109). Peto studied
1,106 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 can-
cer deaths were observed whereas 19.3 were ex-
pected. Additionally, 35 deaths were observed
due to nonmalignant respiratory disease versus
25 expected, and there were 5 dcaths due to
pleural mesothelioma. Dust exposures in this
plant were reported to be generally above 5
fiber/ce until about 1970.

Newhouse (96{97) and Newhouse ¢t al, (98)
have studied patterns of mortality among 4,600
male and 922 female workers in a plant which
chiefly produced asbestos textiles but later as-
bestos insulation products. Exposures were clas-
sified 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 exposure group. A remarkable cancer
SMR was observed among [emales 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 addition to their asbestos ex-
posure, workers in this industry may also be ex-
posed to low levels of crystalline silica and other
materials associated with cement dust. Weill et
al. reported mortality patterns among 5,645
asbestos cement product workers with a mini-
mum of 20 years since initial employment (156).
Exposures for the cohort were estimated and ex-
pressed as mppef X yrs. Among those exposed
to greater than 100 mppcf x yrs., 23 lung can-
cers were abserved versus 9.3 expected, No ex-
cess lung cancer risk was reported among those
with cumulative exposures less than 100 mppef
¥ yrs. Two pleural mesothelioma deaths were
observed. Weill et al. reported that exposure to
crocidolite in addition to the (predominant)
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chrysotile used in cement products increased the
lung cancer risk in comparison to chrysotile ex-
posure alone. The unusually low SMRs for all
causes regardless of exposure category suggest
that cohort follow-up and death certificate ascer-
tainment was less complete than desired.

Crocidolite

Wagner et al., in 1960, reported 33 pleural
mesotheliomas among men working in crocido-
lite mines and mills and the population living in
the vicinity of these mills in the Northwest Cape
Province of South Africa (152). The high in-
cidence of mesotheliomas in this area has been
confirmed by other investigations (13)(39)(155).

Crocidolite was commonly used in the pro-
duction of gas mask canisters during World War
11 and mortality among these workers has been
investigated. Jones et al. studied the mortality
of 1,088 workers exposed between 1940 and 1945
and followed through 1976 (46)(47). Twenty-two
pleural and 7 peritoneal mesotheliomas were ob-
served and a linear relationship was observed bet-
ween 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 mesotheliomas (75).

Amogsite

Mortality patterns among a cohort of
workers producing amosite asbestos insulation
between 1941 and 1945 have been reported by
Selikoff et al. {125) and more recently by Seid-
man et al. (118){119). This group of 820 men were
observed over a 35 year period during which 528
deaths occurred: by death certificate information
15 (2.8%) were due to asbestosis and 1 was due
to mesothelioma. Review of available surgical,
pathological, and clinical data for this group
identified 13 additional. mesotheliomas and 15
additional cases of asbestosis not listed on death
certificates. 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
cases of mesothelioma among houschold con-
tacts of workers at this plant (1).



Anthophyllite and Tremolite

The only location in the world where an-
thophyllite has been commercially mined and
processed is Finland. These ores are also known
to contain smaller quantities of tremolite. Mor-
tality among workers in two Finnish mines and
mills has been studied by Meurman et al. (86)
(87). In their first report, 1,092 workers were
followed from 1936 until 1974. A relative risk
for lung cancer af 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 his-
tories with L0 additional years of follow-up., A
relative risk for lung cancer of 19 was abserved
for smoking asbestos workers and 1.6 for asbes-
tos workers who did not smoke. Asbestosis mor-
tality was found to be equally frequent among
smokers and nonsmokers. All lung cancer cases
with more than 10 vears 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 McDaonald et al. (76) (79-
31). The most recent report for this cohort in-
cluded 10,939 men wha had becn employed one
or more months and followed between 1926 and
1975. An overall SMR for lung cancer of 125 was
observed; 42 deaths were due to asbestosis and
11 t¢ 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 patierns of
lung cancer and asbestosis mortality have been
reported by Rubino et al. in Italian chrysotile
miners and millers where an SMR for lung can-
cer of 206 was observed among those with suf-
ficient latency (117).

The McDonald et al. studies demonsirated
a low lung cancer risk even in the highest ex-
posure group. Nicholson et al. have reported
larger excesses from lung cancer and asbestosis
in their study of chrysotile miners and millers
in Quebec (99). This latter study cohort consisted
of 544 miners and millers with at least 20 years
senjority 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 (61). 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 milling. Among males, the relative risk for
lung cancer was 2.0 and ranged from 1.4 to 2.1
for females. The lung cancer risk was con-
siderably greater in older age groups having the
longest latency. No mesotheliomas were reported;
however, Kogan et al. attributed this to insuffi-
cient experience of pathelogists in that
geographic area (61). Nonetheless, the low
mesathelioma risk is consistent with other studies
of chrysotile-exposed populations.

There have been several studies of factory
populations exposed only to chrysotile. Weiss
studied a small cohort of 264 workers in a plant
producing asbestos millboard and reported no
excess cancer mortality (160). However, there
were only 66 deaths (2 of which were due to
asbestosis) and cancer latency was not taken in-
to account in the analysis.

A facility manufacturing asbestos textile,
friction, and packing products has been studied
by Robinson et al. (113). Chrysotile constituted
over 99% of the total quantity of asbestos pro-
cessed per year in this plant except during World
War II; the remaining 1% was crocidolite and
amosite. The cohort consisted of 2,722 males and
544 females followed between 1940 and 1975.
Among males, an overall lung cancer SMR of
135 was observed but among females the excess
lung cancer risk was much higher with an overall
SMR of 824. There were 76 deaths in males due
1o noninfectious respiratory disease but only 16.4
expected. Again, the chronic respiratory disease
risk was higher among females with an SMR of
1,555, There were 4 mesotheliomas among fe-
males and 13 in males.

Dement et al. have reported mortality
among a cohort of asbestos textile workers ex-
poscd only o chrysotile (18). This cohort con-
sisted of 768 white males employed at least 6
months 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 1 {0.5%) was due to a peritoneal
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mesothelioma. Linear relationships were demon-
strated between cumulative fiber dose and the
risk of mortality for lung cancer and noninfec-
tious respiratory diseases. An SMR for lung can-
cer of 223 was observed for the lowest cumulative
exposure category of less than 30 fibers/ce
X vears.

Fibers and Asbestos-like Contamination of
QOther Minerals

Both serpentines and amphiboles may be
found as contaminants in other mined and pro-
cessed ores and may result in significant fiber
exposures to workers in these aperations.

Fibers and cleavage fragments of fibrous
grunerite occur where ore from some iron for-
mations are crushed and comminuted and have
been found in high concentrations in Lake
Superior as a result of mining and milling opera-
tions (64). Gillam et al. studied mortality among
gold miners exposed to cummmingtonite-grunerite
and found a threefold excess risk of lung cancer
and a twofold excess of nonmalignant respira-
tory disease, excluding influenza and pneumonia
(32). However, workers in this mine were also ex-
posed to silica. McDonald et al., in a subsequent
study of the same mine, examined the mortality
experience of persons with at least 21 years of
employment with the company (78). This study
demonstrated excess mortality due to
pneumoconiosis (mainly silicosis), tuberculosis,
and heart disease but no overall excess of malig-
nant diseases was found. However, when the
population was stratified by exposure, respira-
tory cancer was elevated {but was not statistically
significant) in the highest exposure group.

Commercial talc deposits are sometimes
found to contain serpentines (chrysotile, antigor-
ite, and lizardite) and fibrous and nonfibrous am-
phiboles. Kleinfeld et al. demonstrated sig-
nificantly increased proportionate mortality due
to lung cancer and nonmalignant respiratory
disease among taic miners and millers in New
York State exposed to fibrous anthophyllite and
fibrous tremolite (53)58). Brown et al. have
reported a further mortality of tale miners and
millers in one company mining this same are
body (9). This cohort consisted of 398 workers
followed between 1947 and 1975. Among this
cohort, 10 respiratory cancers were abserved
whereas only 3.5 were expected. Approximately
a threefold excess risk of nonmalignant respira-
tory disease was reported; however, only one
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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 8,220 as-
bestos insulation workers with known smoking
status (38). The mortality experience of these
workers was compared with that expected among
smokers and nonsmokers of the American Can-
cer Society’s prospective cancer prevention study,
Asbestos workers who did not smoke showed ap-
proximately a fivefold risk of lung cancer com-
pared to the nonsmoking control population. On
the other hand, a more than sixtyfold risk of lung
cancer was observed for smoking asbestos work-
ers compared to nonsmoking controls. A similar
multiplicative effect was observed by Selikoff et
al. among a factory cohort producing amosite
insulation (129).

Although less striking, cigarette smoking
may also contribute to the risk of death due to
ashestosis, Hammond et al. reported that asbes-
tosis death rates of smoking asbestos workers
were 2.8 times as high as that of nonsmoking
asbestos workers. Meurman found less associa-
tion between asbestosis mortality and smoking;
he reported 7 of 42 asbestosis deaths among non-
smokers (86).

Mortality and Pieuré! Rad.iographic
Changes

The relationship between pleural thicken-
ing 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 com-
pared this to matched controls without plaques
(25). Among those with plaques, 23 mesotheli-
omas were observed and workers with plaques
had 2.5 times the lung cancer risk of thase with-
out plagues. Sheers observed 6 mesothelioma
deaths among 410 dockyard workers with
plaques, but he found just 2 mesotheliomas in
those with only pleural fibrosis (130). Neither
of these studies established causality between
pleural changes and subsequent development of
mesothelioma or lung cancer because neither
asbestos exposure or latency were controlled for
in the analysis. Meurman has shown that antho-
phyllite asbestos workers have a high prevalence



of pleural changes but a minimal mesothelioma
risk (86)(87). However, plaques and pleural thick-
ening do indicate an asbestos exposure and this
fact alone places the workers at an increased risk
for lung cancer and asbestosis.

Respiratory Morbidity

All types of asbestos have been shown in
epidemiologic studies to be associated with as-
bestosis, pleural thickening, and pleural calcifica-
tion. Available evidence from cross-sectional and
prospective respiratory disease studies provide lit-
tle evidence that any one type of asbestos is more
biologically active than another insofar as x-ray
or clinical changes are concerned (149) (164).
These findings are fully supported by animal
bioassay data.

Important epidemiologic studies of respira-
tory morbidity among asbestos workers are sum-
marized in Table II-12. In these studies, various
objective measures of effect or disease outcome
have been used including chest roentgenographs,
spirometry, measures of diffusion capacity, and
chest auscultation. Subjective data such as re-
spiratory symptoms obtained by questionnaire
have alsa been used. In the diagnosis of “definite
asbestosis}” most studies have relied upon com-
binations of objective and subjective data.

Mixed Fiber Exposures

Early cross-sectional studies of chest roent-
genographs of asbestos workers by Merewether
and Price, Donnelly, Schull, and Dreessen et al.
demonstrated a striking prevalence of pulmonary
fibrosis of as much as 80% for workers employed
more than 20 years (22)(23)(84)(131).

Several studies have been conducted among
insulation workers. Selikoff et al. studied chest
films of 1,117 insulation workers exposed to
chrysotile and amosite (122)(124). A 50% over-
all prevalence of pulmonary fibrosis was ob-
served increasing to 90% among those employed
more than 30 years. Pleural calcification showed
an increasing prevalence with latency reaching
57.997% at 40 years since initial employment. Pleu-
ral fibrosis (thickening) occurred earlier than
calcification. Murphy et al. also studied shipyard
insulation workers and found a prevalence of
asbestosis 11 times that of age matched, non-
exposed controls (92)(93). 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 British Qccupational Hygiene Society
(BOHS) in establishing occupational exposure
standards (8). Among 290 workers employed
after dust controls 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 (67). This latter
and much larger study demonstrated a signifi-
cantly greater prevalence of pulmonary fibrosis;
reaching 40.5% among workers employed from
30-39 years. Pleural fibrosis (thickening) was
observed in 1.6% of those employed 1-9 years and
in 50% of workers employed more than 40 years.

Berry et al. reported the results of a prospec-
tive study of workers employed in the same plant
studied by Lewinsohn (67). This study consisted
of 379 persons completing 10 or more years em-
ployment by 1971. Possible asbestosis was diag-
nased based on one or more combinations of
basal rales or crepitations, radiological changes,
a falling transfer factor and restrictive lung func-
tion 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 expo-
sure data, it was estimated that the cumulative
dose necessary for a 1% incidence for crepita-
tions, possible ashestosis, and certified asbesto-
sis was 43 fiber/ce-yr, 55 fiber/cc-yr, and 72
fiber/cc-yr, respectively. Two cases of certified
ashestosis were observed among nonsmakers and
nine among ex-smokers, suggesting a contribu-
tory smoking role. Weiss reported similar find-
ings in his study of 100 asbestos textile workers
where a 24% prevalence of pulmonary fibrosis
was observed in nonsmokers versus 40% for
smokers (159)(161). Gregor ¢t al. demonstrated
a progression of radiological changes in asbes-
tos workers referred to the British Pneumoconi-
osis Medical Panel without further asbestos
exposures (36).

Lung function and chest film effects of ex-
posure to asbestos cement dust have been studied
by Weill et al. (157)(158). This study included 859
workers in two asbestos cement plants who were
administered respiratory symptom gquestion-
naires, spirometry, and chest films. Cumulative
dust exposures were estimated and expressed as
mppef-yr. Both small rounded and linear opac-
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ities were observed, indicating the possible role
of small quantities of silica present in ccment
dust. Among those with a cumulative exposure
less than 50 mppcf-yr, and approximately 4%
prevalence of small opacitics (rounded or irreg-
ular, profusion >1/0 was observed; the preva-
lence 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 FEV, were
reduced in those with x-ray changes. There was
no apparent interaction effect of cigarette smok-
ing on the development of diffuse fibrosis.
Jones et al. studied the progression of radio-
graphic abnormalities and lung function changes
among 204 asbestos cement workers between
1970 and 1976 (48). Films'were read side by side
in known order and ranked according to progres-
sion. These authors concluded that: (1) progres-
sion of small opacities depended upon both ave-
rage and cumulative exposure; (2) declines in hung
function were related to both smoking and cum-
ulative exposure; and (3) pleural abnormalities
progressed as a function of time. Disease inci-
dence was not estimated in relation to exposure.

Anthophyllite and Tremolite

Respiratory morbidity among Finnish an-
thophyllite miners and millers has been studied
by Meurman et al. (87). Among 787 aclive em-
ployees, a threefold excess of dyspnea and a two-
fold excess of cough was obscrved among asbes-
tos 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 an-
thophyllite mines and mills in Finland {51)(35).
[n two mining communities where mass roent-
genological surveys were conducted, prevalences
of pleural plagues of 9% and 6.5% were ob-
served compared to less than 0.1% for the Fin-
nish 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,
pleural changes, and restrictive lung function
changes (52)(54-37)(107)(132)(133). A recent
cross-sectional study of lung function and chest

x-rays among talc workers in this area was
reported by Gamble et al. (31). Compared with
coal and potash miners, talc miners and millers
were found to have an increased prevalence of
cough and dyspnea along with reduced FEV,,
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 Zum-
walde (19). Time-weighted-average fiber ex-
posures were found to range from 0.8 to 16.0
fibers/cc with 12-19% identified as tremolite and
38-45% anthophyllite.

Chrysotile—Radiological changes, lung
function, and respiratory symptoms among
Canadian chrysotile miners and millers have
been extensively studied by McDonald et al. (76)
(77) and Becklake et al. (4). A total of 1,015 cur-
rent employees were given chest x-rays, under-
went pulmonary function studies, and were ad-
ministered a standard British Medical Research
Council Questionnaire on respiratory symptoms.
Both persistent cough and phlegm (bronchitis)
and breathlessness on exercise were found to in-
crease with exposure. The prevalence of bron-
chitis rose to 50% among smaokers in the highest
dust exposure categories. The prevalence of
breathlessness was not affected by smoking but
rose to greater than 40% in those with cumu-
lative dust exposures over 800 mppef-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 mine. Prevalences in-
creased to 26.4% for Thetford and 10.9% for
Asbestos in the group with exposures more than
800 mppcf-yr. The prevalence of pleural thick-
ening was found to be less strongly related to
exposurc. Among various lung function pa-
rameters measured, both FVC and FEV, de-
clined 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 dif-
fusing capacity at rest. Only FVC and FEV, 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 (7)
{121). Selikoff studied 485 current employces
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of a chrysotile mine in Newfoundland and found
a 5% prevalence of parenchymal abnormalities
(ILO U/C 2>1/0} (121). 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 (7). Compared
with controls, chrysotile miners and millers had
2.4 times the risk of parenchymal abnormalities
and 2 times the risk of pleural abnormalities. Ex-
posure levels among those workers were extreme-
ly high, ranging from 85 to 267 mppcf.

The above studies of chrysotile asbestos
workers have been cross-sectional by design and
have likely underestimated risks since: (1) those
who develop severe disease are likely to have al-
ready 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 (62). These authors observed
a 2(-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 filin 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 ex-
posure (116). Becklake et al. also studied radio-
logical changes after withdrawal from asbestos
exposure (5). Parenchymal progression was ob-
served in 7% of the films, pleural progression
in 19.8%, and both parenchymal and pleural pro-
gression in 2.3%. These changes were found to
be independent of age and smoking, but paren-
chymal “attacks™ occurred more among those
with higher asbestos exposure prior to employ-
ment termination.

Relationships between radiological findings
and subsequent mortality among chrysotile
miners and millers have been studied by Liddell
and McDonald (69). This study consisted of
4,559 whose latest film had been read according
to the UICC/Cincinnati classification system
with mortality follow-up from time of film as-
sessment through 1975. Overall, this cohort ex-
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perience significantly increased mortality for all
causes (SMR = 144), lung cancer (SMR =177),
pneumoconiosis (31 cases), other respiratory
diseases (SMR =127), discases of the heart
(SMR = 136), cancer of the esophagus or stom-
ach (SMR = 170), and cerebrovascular 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 amoung 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 pre-
sent 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 radiological progression after
withdrawal from exposure and by the carcino-
genic risk associated with dust retained in the
lung.

PATHOLOGY

Pleural Plaques

Hyaline plaques of the parietal pleura oc-
cur in association with exposure to all commer-
cial types of asbestos. They are more commeon
than the pulmonary parenchymal lesions of as-
bestosis, thus thelr presence does not necessarily
imply coexistent asbestosis. The majority occur
in men, 20 years or more after first exposure. The
plaques almost invariably involve the parietal
pleura; less commonly they are found on the
visceral pleura or parictal pericardium. They are
usually bilaterally symmetrical and appear as well
circumscribed, pearly white or creamy, fibrotic
clevations of the pleura (Figure I1-11). Their sur-
face is smooth and glistening with either a flat,
plateau-like or nodular contour. They range in
size from a few millimeters to several centimeters
in diameter. Most commonly they are found
following the lines of the lower ribs posteriorly
or on the diaphragm. On cut section, they have
the consistency of cartilage. Histologically, the
plaques are composed of avascular and acellular
bundles of hyalinized collagen arranged in a
reticulated mesh or “basket weave” pattern
(Figure [{-12). Some of the more nodular plaques
show a whorled pattern of collagen fibers. Focal



calcification is fairly common and elastic fibers
are sometimes demonstrable within the plaque
(112). Although the plaques are almost acellular,
lymphocytes and ptasma cells may be present
around blood vessels beneath the plaque. The
origin of the plaque is not known; histological
studics suggest an extrapleural rather than a
pleural origin (145). Asbestos bodies are rarely
seen in pleural plaques, though they can usually
be detected in the underlying pulmonary paren-
chyma (40)(112). Short, uncoated fibers may be
present in a proportion of plaques (40) (65).
Pleuratl plaques rarely, if ever, undergo malignant
change.

Asbestosis

In early or mild cases of asbestosis, the ungs
may be of normal size and shape; in advanced

cases, they show a marked reduction in volume.
The visceral pleura is usually pale, opaque, and
thickened, particularly over the lower lobes.
Adhesions between the visceral and parietal
pleura may be present. In the absence of other
cxposures, pleural pigmentation is usually slight.

The lungs may appear grossly normal in
cases showing histological evidence of mild dis-
ease. However, on careful palpation, it is usual-
ly possible to detect an increased firmness of the
parenchyma. With advancing disease, the lungs
are dark tan in color and show a pale rcticular
fibrosis. Characteristically, the fibrosis is most
prominent in the lower lobes and dependent parts
of the upper and middle lobes. In the late stages
of the disease, the lungs have firm, spongy tcx-
ture and show dense fibrosis with areas of cyst
formation (honeycombing). The honeycomb

Figure 11111, Diaphragmatic pleura of g8.year-old ex-construction worker.
Numerous doma shaped and flattened, ivory colored plaques are seen over
both hemidiaphragms.
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Figure 11-12. Histological secticn of plaural plague. The plaque is composed
of acellular bundles of collagen fibers arranged in a “basket weave” pattern.
Hematoxylin and sosin x 64.

cysts vary in size from a few millimeters to a
centimeter or more in diameter and are most
prominent in the lower lobes and subpleural areas
of the lungs (Figurc I1-13, A & B). Emphysema
is unusual and, when present, is not related to
asbestos exposure. Massive fibrosis is a less com-
mon feature of asbestosis and probably resulis
from mixed dust exposure. Necrotic nodules
similar to Caplan’s lesions in coal workers have
been described in patients with asbestosis and
circulating rheumatoid factor (91).
Microscopically, the earliest lesion attribut-
able to asbestos inhalation involves the respira-
tory bronchiole. Fibers deposited on the walls of
respiratary  bronchioles and adjacent alveoli
stimulate a macrophage response. Depending
on fiber size, giant cells may form. The macro-
phagic response is followed by the depasition of
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reticulin and collagen in the walls of the respira-
lory bronchioles (Figure I1-14). Asbestos bodies
and fibers are found in association with the le-
sions of the respiratory bronchioles and wiihin
alveali. A similar lesion has been described in
cigarette smokers (100), The early lesion of as-
bestosis differs from the respiratory bronchiol-
itis of cigarette smokers only with respect to
the presence of asbestos bodies, The diagnosis,
therefore, of asbestosis depends upon the recog-
nition of asbestos bodies within the lesion.
As the disease evolves, the fibrosis extends
out to involve the walls of adjacent alveoli. Even-
tually, adjacent acini are affected resulting in a
dilfuse interstitial fibrosis (Figure I1I-15), With
further progression of the disease, the pulmonary
architecture becomes distorted. Intra-alveolar
fibrosis leads to obliteration of alveolar spaces



Figure 1113 (A). Freeze dried whole lung section trom
51-year-old male ptumher exposed to ashestos lag-
ging for 16 years. There is marked honeycombling of
the mid and lower zones.

and eventually 1o areas of conglomerate fibrosis
(Figure II-16). Despite the obliteration of alveolar
spaces, the outline of the walls of the alveoli
usually remain intact and can be demonstrated
with elastic stains (138). Eventunally, fibrous-
walled (honeycomb) cysts form (Figure II-17).
The cysts are lined by flattened or metaplastic
epithelial cells of ciliated cuboidal, goblet, or
squamous type. These changes are nonspecific
and may occur in the late stages of pulmonary
fibrosis, whatever the etiology. This pathogenetic

sequence of events forms the basis for a grading
system developed by a committee of U.S. pulmo-
nary pathologists assembled under the auspices
of the National Institute for Qecupational Safety
and Health and the College of American Path-
ologists (16).

The above features appear to be common
to all the commercially available types of asbes-
tos. Several other types of tissue response have
been described in association with asbestosis.
These include chronic inflammatory cell infil-
trates, desquamaltive interstitial pneumonia (15),
and the formation of intra-epithelial eosinophilic
hyaline bodies (62). These features are not spe-
cific for asbestos.

Asbestos Bodies and Fibers

Two types of fibers are encountered in the
lungs; uncoated fibers that resemble the inhaled
particle and coated fibers or asbestos bodies. The
ratio of uncoated fibers to coated bodies is high,
ranging from 5:1 to 10,000:1 (10).

Asbestos bodies are an index of asbestos ex-
posure and are considered an essential feature
for the histological diagnosis of asbestosis (16).
They may be formed in the lungs as early as two
months after first exposure (135). Asbestos
bodies tend to form on the larger fibers, i.e, those
greater than S5um in length and result from the
deposition of iron-protein complexes on the core
fiber by alveolar macrophages (143). In hematox-
ylin and eosin stained sections they appear as
golden brown segmented structures with a clcar
central core fiber. In Perl's iron stained sections
they appear blue. The morphology of the coating
is variable, with club-shaped or beaded bodies
predominating {Figure 11-18). Similar structures
may form around other minerals such as carbon,
ceramic aluminurmn silicate fibers, and fiberglass,
and they have been termed ferruginous bodies
(37)(42). They usually lack the clear central core
of a typical asbestos body. These types of bodies
are relatively uncommon, however, and for prac-
tical purposes, it can be assumed that a typical
asbestos body contains an asbestos fiber. Al-
though all major commercial types of asbestos
can produce asbestos bodies, the majority of the
core fibers, when analyzed by selected area elec-
tron diffraction, are found to be amphibole
asbestos (11). Several procedures exist for the
quantification and identification of fibers in
tissues (11)(16)(137){(150). The majority of these
fibers are too small (<5 um in length) 1o be
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Figurs II-13 (B). Roentgenogram showing marked interstitlal disease with
honeycombing which is most severe In the mid zones.

resalved by the light microscope. Electron micro-
scopical studies on selected cases have shown that
occupationally exposed workers have pulmonary
asbestos fiber counts orders of magnitude greater
than the general population (16)(163). The value
of these techniques is to establish exposure and
to identify the mineral type and should not be
considered a substitute for more conventional
diagnostic methods. Currently, the role of the
short fibers in the pathogenesis of asbestosis and
asbestos-associated lung cancer has not been
resolved.

Lung Cancer
The association between asbestos exposure,
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smoking, and lung cancer is now firmly estab-
lished. The majority of asbestos-associated bron-
chial carcinomas arise in lungs that also show
asbestosis. Autopsy and mortality studies in-
dicate that the prevalence of lung cancer in per-
sons with asbestosis ranges from 12-55% (42)

- (136).

The lung cancers associated with asbestos
exposure occur at a slightly earlier age than in
nonexposed individuals (74). They arise in rela-
tion to the fibrotic lesions and are thus more
common in the periphery of the lower lobes
(49)(162}. All histological types of cancer occur
with most (41)(42)(162), but not all (49), studies



Figure 1114, Section of lung from &8-year-old asbestos insulation worker showing the histological
{eatures of mild asbastosis. The lesion is characterized by peribronchiolar fibrosis In which 1here
are numerous asbestos bodies. Inset shows an asbestos body. Hemaloxylin and sosgin x 100.
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Figure il-14 (Inset).

31



312

Figure I115. Section of lung from 48-yaar-old worker In an asbeslos textile mill showing diiiuse intar-
stitial and peribrenchiolar fibrosis. Hematoxylln and sosin x 40,

Figure 1I16. Sectlon of lung from same casa as figure 15 showing interstitial and intraalveclar fibrosis.
Hematoxylin and eosin x 40.



7

A e

-,‘f?\ »
(RS A= P

e b i) (i
T e

AP -

Figure 1I-17. Section of lung showing honeycombing. The puimonary architecture has been replaced
by thick bands of fibrous tissue outlining cystic spaces. There is a moderate chronic inflammatory
cell infilirate of the parenchyma. Hematoxylin and eosin x 40,

showing a preponderance of adenocarcinomas.

Mectaplastic and pre-malignant changes have
been observed in the bronchi and within areas
of fibrosis in asbestosis (42)(101). It has yet to
be determined whether sputum cytology is of
value in early detection of carcinoma in asbestos
workers (35}.

Mesothelioma

Mesothelioma is a rare tumor arising from
the mesothelial cells that line the pleural, peri-
cardial, and peritoneal cavities. The first case
associated with asbestos exposure was reported
by Wyers in 1946 {163). In 19680 this association
was firmly established by Wagner and co-workers
in a study of individuals exposed to crocidolite
asbestos in the Northwest Province of South
Africa (152). Since then, cases have been reported
from all major industrial countries. Exposure to
crocidolite and amosite (45) (125) appear to carry
the greatest risk for developing mesothelioma,
whereas workers exposed predominantly to chry-
sotile asbestos appear to have the least risk (18)

(45). The tumor is almost invariably associated
with asbestos exposurc—a positive history being
obtained in 80-90% of cases (13)(151); however,
there is no evidence for a dose-response relation-
ship. Although exceedingly rare in the general
population, mortality from mesothelioma may
approach 10% among some groups of asbestos

- workers (127).

The tumor occurs in both sexes and has a
latency period in excess of 20 years—usually 30
to 40 years, There is no association with cigarette
smoking. The tumors are ivory calored and, in
typical cases of pleural mesothelioma, encase the
lungs in a rubbery mass of tissue. Pleural plagues
and asbestosis may also be present, though in the
majority of cases mesotheliomas occur in the
absence of these lesions. The tumor tends to
spread along the interlobar fissures and to in-
vade the subpleural portions of the lungs. Direct
invasion of adjacent organs, such as heart, dia-
phragm, and liver and extension into surgical in-
cisions and aspiration necdle tracts are charac-
teristic. Metastases to local lymph nodes and the
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Figure 11-18. Asbestos body within an area of fibrasis. The body is composed of a transiucent core
fiber with & beaded iron-protein ¢oal. An uncoated fiber is also seen {arrow). Hem atoxylin and eosin
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lung are also fairly common. Extrathoracic me-
tastases are relatively rare, and their presence
should raise a suspicion as to the authenticity of
the tumor,

Microscopically, the tumor can be classified
into tubo-papillary, sarcomatous, and mixed
types. The tubo-papillary is the most common
type and is easily confused with metastic car-
cinoma from the lung or elsewhere. Special stains
may aid in differentiation in some cases, Meso-
theliomas usually contain the mucopolysaccha-
ride, hyaluronic acid, which stains with Hale's
colloidal iron and with alcian blue. The specificity
of the reaction can be determined by pretreat-
ment of the tissue section with hyaluronidase
(16). Hyaluronic acid may also be demonstrated
by electrophoresis of tumor tissue (154). Adeno-
carcinomas usually contain intracytoplasmic
mucin droplets rather than hyaluronic acid (16).
More recently it has been suggested that the
absence af carcinoembryonic antigen (CEA) may
be a useful adjunct for diagnosis (153). In the
United States and Canada, special panels of
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pathaologists (mesothelioma panels) exist to pro-
vide a diagnostic referral service (50).

CLINICAL EVALUATION

Clinical evaluation of the asbestos-exposed
worker should include a full occupational and
environmental history, full medical history, chest
radiographs, and spirometry. Evaluation of the
occupational and environmental history is
especially important. The patient may have had
only a few weeks of employment in construction
or a shipyard as a summer job years before; yet,
it is well documnented that such brief exposures
may manifest in asbestos related diseases 20 to
30 years later, It is important to assess other ac-
cupational exposures, such as coal or hard rock
mining, which may produce rounded opacities
on radiographic evaluation. Family history is also
important. Asbestos insulation workers, as in
many trades, tend to work in that trade from gen-
eration to generation, Therefore, the possibility
of asbestos exposure in the home as a child
should not be overlooked. Although a single PA
radiograph is recommended for screening for



asbestos related disease in the clinical evaluation,
a lateral chesr radiograph should also be obtained
to evaluate the lung zones behind the heart and
provide a baseline for future evaluation. Although
impairment is better correlated with radiographic
abnormality in asbestosis than in other forms of
pncumoconiosis, it is still highly variable.
Therefore pulmonary function evaluation is re-
guired to assess the nature and extent of lung
function abnormality.

Symptams and Signs: Unlike silicosis and
coal workers® pneumoconiosis, the asbestos
worker may present with dyspnea in the absence
of radiographic abnormality. Exertional dyspnea
is the most prominent symptom with progres-
sion and is the major complaint in asbestosis.
A chronic cough which is usually dry, but which
may be productive especially among smokers
and those working a dusty job, is another com-
mon finding. This is consistent with epidemio-
logical studies showing increased bronchitis and
airways obstruction especially among smoking
asbestos workers. With progression of asbes-
tosis, dyspnea becomes marked and is accom-
panied by tachypnea.

Pleural plaques or thickening are typically
not accompanied by symptoms and may there-
fore be present years before detection. Some of
these patients will report chest tightness or diffi-
culty taking a deep breath. With marked pleural
thickening, dyspnea is usually the principal com-
plaint. Asbestos induced pleural effusions are not
unusual and may cause pleuritic pain, but pleural
pain is often not present even when a friction rub
is heard.

Physical examination is usually not remark-
able, especially in early cases of asbestosis. In
most cases, the first sign, and often the only sign,
is crisp basal crepitations usually best detected
anteriorly and laterally at the end of a full ins-
piration. Clear mid-inspiratory crepitations may
be heard over the mid and lower lung zones in
more advanced cases of asbestosis. Diigital club-
bing is found in advanced asbestosis. Cyanosis,
like clubbing, is a late sign in those with far
advanced disease,

Physical findings in patients with pleural
plaques or thickening are few unless the thicken-
ing is marked or an effusion is present. In such
instances decreased thoracic expansion, duliness
ta percussion, and diminished breath sounds are
found. Pleural friction rubs may also sometimes
be detected in panients wich pleural involvement.

Radiographic Findings: The radiographic
findings of asbestosis and asbestos related pleu-
ral plaques and thickening are best described
through systematic application of the 1980 1LO
Classification for interpretation of the pneumo-
conioses (44). Guidelines for obtaining a tech-
nically satisfactory radiograph and for its inter-
pretation are included in the 1980 ILO Classi-
fication. Because of the well known variation in
interpretation of radiographs from reader to
reader, it is recommended that the ILO standard
films be used as a guide and that more than one
independent reading be obtained (89). This is
especially important in evaluation of clinical
series and in population studies.

The small irregular opacities of asbestosis
are most commonly distributed in the mid and
lower lung zones. Their profusion (number of
opacities per unit area) is dependent on the de-
gree and length of asbestos exposure and may be
quantified into categories (0,1,2,3, by the 1980 ILO
Classificarion). The size and shape of the opac-
ities may be described by using the symbols “s”
(irregular opacitics less than 1.5 mm in diameter),
“t* (irregular opacities 1.5 to 3.0 mm in diam-
eter), or “u” (irregular opacities greater than 3
min, but less than 10 mm in diameter). Rounded
opacities (p,q,r) may also be seen, but if profuse
should alert the reader to the possibility of other
siliceous dust exposure—this pattern is not un-
common among asbestos miners and asbestos ce-
ment manufacturers. With progression, all lung
zones may be affected and radiological evidence
of honeycombing in the lower zones is not un-
usual (Figure II-19). Rarely coalescence of opac-
ities may produce large opacities which are ill
defined and may be several centimeters in diam-
eter (Figure I11-20). Other late manifestations in-
clude irregular diaphragmatic, pleural and cardiac
borders (“shaggy heart™), often associated with
pleural thickening or plagues {(Figure 11-21).

It is, however, the early cases of asbestosis
rather than the advanced cases which are diffi-
cult to interpret. It is known that smoking and
repeated infections (bronchitis and pneumonia)
may produce irregular opacities, especially in
older individuals. Morgan ¢t al. have shown that
as a consequence, the frequency distributions
of small opacities in persons with and without
pneumoconiosis may be expected to overlap each
other at a low profusion level (90). This obser-
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*Figure 1119, Advanced asbestosis—profusion 313 with all lung zones invoivea

with s/t opacities.

“Source: American College of Radiclogy Teaching Module on Asbestos Related Disease.
American Collage of Radiology, Chevy Chase, Maryland, 1981 NIDSH contract,

vation, together with reader variability, means
that caution must be used in ascribing low levels
of profusion (0/1,1/0) to asbestos exposure, with-
out consideration of other factors or eticlogies—
scleroderma, lipeid pneumonia, desquamative
interstitial pneumonitis, and sarcoid may all pre-
sent with basal irregular opacities similar to
asbestosis.

Pleural plaques are fibrotic processes which
begin below the surfaces of the parietal pleura,
are usually smooth or nodular, are often bilat-
eral, and are rarely over 1 ¢m in thickness. They
are most commonty found on the posterolateral
or anterior chest walls between the sixth and
tenth ribs and in the aponeurotic portion of the
diaphragm. Pleural plaques tend to spare the
apices and costophrenic angles and, with time,
tend to calcify, Plaques vary from small circular
or linear opacities to large irregular opacities—
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some may encircle the lung. Even without calci-
fication, they are sufficiently characteristic that
an asbestos ctiology should be presumed when-
ever they are seen. They greatly assist in the
assessment of early parenchymal disease. '
The 1980 ILO Classification provides an ex-
panded and complete scheme for codifying pleu-
ral changes arising from asbestos exposure (44).
The reader is asked to note whether the dia-
phragm and costophrenic angles are affected.
Classification is provided for both diffuse and cir- -
cumscribed plaques by width (O, A, B, C) and ex-
tent (0, 1, 2, 3) evaluated en face on projections.
Finally, pleural calcification on the diaphragm,
chest wall, or other sites may be specified. "
Pleural plaques are often mimicked by the
images of small divisions of the external abdom-
inal obligque and the serratus anterior muscles
which originate from the cxternal surfaces of the
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*Figure 11-20. Advanced asbestosis—profusion 2/3 with all lung zones involved
with s/t opacities. Large opacities in leit mid-zone. Poorly diffaraniiated
squamous cell carcinoma of the right hllum,

*Source: American College of Radiclogy Teaching Module on Asbestos Related Disease
American College of Radiology, Chevy Chase, Maryland, 1981 NIKOSH contract.

ribs posteriorly and laterally. Unlike most plaques,
however, these images are bilaterally symmetri-
cal, occur in rhythmic sequence along the lateral
chest walls, are generally smooth, regular, and
less opaque than plaques. Oblique radiographs
are often useful in differentiating these shadows
from plaques or to better define plaques.

Lung Function: Lung function (esting has
been applied to the study of asbestosis since its
introduction to clinical medicine in the 1940,
The specific type of lung function test is dictated
by the type of investigation. Spirometry has
served well as a tool for industrial medical sur-
veillance and for prospective epidemiological
studies. Assessment of lung volumes and gas ex-
change (D oo and arterial blood gases) have
been useful additional laboratory tests used to
evaluate those exposed to asbestos.

Classically, advanced asbestosis has been
considered as a disease which restricts lung
valumes (especially VC, and to a lesser extent,
RV} and produces gas exchange measurements
consistent with an “alveolar capillary” block (ie.,
decreased Do and in more advanced cases,
depressed resting Pag.)(3). CO, exchange is
usually not affected. In far advanced cases
arterial oxygen desaturation is observed; this
usually corresponds to central cyanosis and
marked dyspnea.

Recent papers on lung function among those
with asbestosis have suggested that a mixed re-
strictive and obstructive pattern and obstructive
defect are also commonly found among those
with asbestosis. In 1972, Muldoon and Turner-
Warwick reported 13 of 60 asbestos workers
evaluated at the Brompton Hospital had a pure
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*Figure lI-21. Chronic calcified fibrous plauritis involving the right chest wall

and costophrenic angle.

“Source: American Cailege of Radiology Teaching Module on Asbestos Related Disease.
American College of Radiology, Chevy Chase, Maryland, 1881 NIOSH contract.

obstructive ventilatory defect; 3, a mixed pattern;
32, restriction; and 12 were normal (72). In 1975,
Fournier-Massey and Becklake reported that
among 1,000 Canadian asbestos miners and
millers, 12.8% had a restrictive pattern and
12.2% an obstructive pattern (30). Murphy et al.
in a study of shipyard workers, found no maore
obstruction among asbestos workers than matched
controls (94). However, Rodriquez-Roisen et al.
recently reported an obstructive pattern, defined
by reductions in forced expiralory flow at 75%
of the vital capacity, in 34 of 40 asbestos workers
referred to the Pneumoconiosis Medical Panel
and the Brompton Hospital, London (114).
Although only 7 of 34 were considered non-
smokers, the authors suggest that airways ob-
struction, particularly affecting small airways, is
a comman functional abnormality attributable
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to asbestos cxposure. This view is consistent with
pathological observations which show peribron-
chiolar fibrosis to be an early lesion in asbestosis
(see Pathology). The extent and severity of ob-
structive defects among asbestos workers, how-
ever, still needs fuil epidemiological evaluation
with attention to other risk factors, especially
smoking.

Other Medical Tests: Serological tests of
those with asbestosis have shown increased levels
of antinuclear factor (ANF) and rheumatoid fac-
tor (RF)(142)(147). Others have reported normal
levels in mild cases, suggesting that these findings
may be the result of nonspecific lung damage
(24)(144). However, Gregor et al. have recently
reported a series of 119 subjects followed pro-
spectively at the Brompton Hospital and assess-
cd for progression in asbestosis relative to auto-



antibody status (36). Although the numbers were
small, there was some suggestion that those who
showed a progression over three to seven years
had higher antinuelear antibody titers and with
greater frequency. These anthors suggest that this
finding, il confirmed, might indicate a greater
degree of inflammation associated with greater
alveolar macrophage turnover; this may be an
impaortant event in rapid progression among
some with asbestosis.

HLA phenotype is another serological test
which has been studied in relationship to asbesto-
sis, exlenl of radiographic profusion, and pro-
gression of asbestosis, In a preliminary study,
Merchant et al. reported a slight increase in
HLA-27 phenotype among men with asbestosis
and this was associated with a greater degree
of fibrosis (radiographic profusion) (82). How-
cver, upon prospective evaluation of the HLA
system in asbestosis, Turner-Warwick concluded
that HLA phenotype was not of significant im-
portance in the ctiology of ashestosis (146).

PREVENTION

Available epidemiologic data support a
linear, no threshold dose-response relationship
between asbestas exposure and the risk of hing
cancer. Additionally, no threshold has been con-
vincingly demonstrated for nonmalignant respi-
ratory diseases associated with ashbestos exposure.
Thus, any asbestos exposure carries with it some
increased risk of asbestos related diseases. Ac-
cordingly, asbestos exposure should be eliminated
or reduced Lo the lowest level possible

The most effective method for eliminating
ashestos related diseases is substitution of less
toxic malerials or modiftication of a process or
product to eliminate asbestosis, Materials com-
monly used for substitution include fibrous glass,
rock wonl, slag wool, and various ceramic and
man-made fibers. Asbestos pipe insulation has
been satisfactorily replaced with calcium-silicate
insulation block, These substitute materials are
not totally without risk; thus appropriate work
practices and engineering controls are still
required.

Appropriaicly designed and maintained
engineering techniques are the control method
of choice where asbestos substitutes cannot be
used. Processing of asbestos in a wet state has
been shown to be an ¢ffective confrol method
in many asbestos processing industries, includ-

ing the ashestos textile indusiry, The most com-
monly used control measure in asheslos process-
ing plants is local exhaust ventilation whereby
liberated dust is collected at the dust source and
removed from the breathing zone of workers.
Methods of local exhaust ventilation also have
been developed for handtools such as saws and
drills used in the construction industry.

Appropriate work practices are an impor-
tant component of any dust control program.
These include use of wet methods or high effi-
ciency vacuum cleancrs for ¢leaning of ashestos
contaminated areas and proper disposal of asbes-
tos contaminated waste. Showering and chang-
ing of work clothes at the end of the work shift
are important in eliminating “take-home” expo-
sures. Respiratory protection is appropriate for
short-term jobs or operatians where controls may
be unfeasible; however, use of respirators is not
an acceptable substitute for engineering controls.

The combined effects of asbestos cxposure
and cigarctte smoking in increasing the risks of
lung cancer and asbestosis are well established.
In addition to reducing or eliminating asbestos
exposures, asbestos workers should be educated
on the multiplicative risks of smoking and as-
bestos exposures and encouraged not to smoke.
Anti-smoking programs are important for as-
bestos workers.

Various regulations have been promulgated
in the United States specifyving cxposurc limits,
cxposure monitoring requirements and medical
surveillance requirements. In 1972, the Occupa-
tional Safety and Health Administration pro-
mulgated its first exposure standard [or asbestos
fibers, specifying a limit of five fibers/cc of fibers
longer than 5um (fibers/cc) on an eight hour
time-weighted-average basis. This was reduced to
two fibers/cc on July 1, 1976, Subscguent reviews
of new literature on health hazards of asbestos
prompted the National [nstitute for Occupa-
tional Safery and Health to recommend an cight
hour exposure limit of 0.1 fiber/cc and elimina-
tion of all but essential uses of asbestos.

Research Priorities: Although asbestosis is
well characterized clinically and has been the
subject of a good deal of epidemiclogical re-
search, a number of research priorities remain:

1. Epidemiological studies are needed to

further characterize: potential asbestos
risk (rom exposure in the railroad in-
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dustry; tremolite exposure from contami-
nated vermiculite and talc in the users of
these products; the risk (if any) among
those working in the ¢rushed stone in-
dustry; and to assess the risk of pleural
abnormalities in the absence of paren-
chymal changes.

2. Research is needed to further assess dif-
ferences in lung cancer and pneumo-
coniosis risks for various manufacturing
and mining populations,

3. Pathological standards developed to char-
acterize asbestosis need to be tested for
reliability and validity in a conirolled
trial.

4, More sensitive and specific tests are need-
ed to assess asbestos lung deposition and
injury.

5. Immunological, serological, and bron-
chial lavage studies of the progression of
asbestosis are needed to better charac-
terize the natural history of asbestosis,

6. Experimental animal and clinical trials
with promising chemotherapeutic modal-
ities, for both asbestosis and asbestos as-
sociated cancer, should be a high priority.

7. Research must continue on other fibrous
materials, such as wollastonitz and fine
fibrous glass and mineral wool, to docu-
ment other health ¢ffects which may be
associated with these fibrous materials.
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COAL WORKERS' PNEUMOCONIOSIS AND) EXPOSURE TO
OTHER CARBONACEOUS DUSTS

James A. Merchant
Geoffrey Tavior
Thomas K. Hodous

INTRODUCTION

Historical accounts of “Miners’ Black Lung”
date to 1831. Since that time, numerous clinical
and epidemiological studies have documented the
existence of Coal Workers' Pneumoconiosis
(CWP) and associated lung impairment among
miners. Extensive British prospective studies have
established dosc-response relationships between
CWP and respirable coal mine dust. The Federal
Coal Mine Health and Safety Act of 1969 {P.L.
91-173} cstablished a coal mine dust standard
{based upon the British data); mandated provi-
sions for other safety and health standards; pro-
vided health surveillance, transfer rights, and rate
retention for miners; provided federal compensa-
tion for “Black Lung™; and guaranteed NIQSH
right of entry for further research in coal mining.
In many ways, this Act served as a model for
subsequent legislation and health standards from
other exposures {sec Tablc I1-13).

Because of the importance of coal as an
energy source, and because of our vast ¢oal re-
sources, coal dust and coal products (synftuels)
will continue 10 be prodoced for decades to come
{see Figure II-22 and Tables 1I-14 and II-i3).
Graphite and carbon black represent other im-
portant carbonaceous exposuies found in doscns
of commercial processes in several industries;
these exposures will also continue and expand
in the vears to come. Therefore it is cssential 1o
understand the biological effects of these ex-
posures and how these effects may be mitigated
or prevented.

DEFINITION

In discussing coal workers’ prieumoconiosis
Or pneumoconiosis arising from carbon dust ex-
posure, it is essential ta define pnecumocaniosis
and the popular term “Black Lung?” Coal work-

ers’ pneumoconiosis (CWP) and carbon pneu-
maoconiosis are speeific diseases resulting from
the inhalation and deposilion in the lung of car-
bonaceous dust and the lung’s reaction to the
dust so deposited. In CWP, the diseasc is mani-
fest characteristically by the coal macule and later
by coal micronodules and nodules resulting in
simple coal workers’ pneumoconiosis. In some
cases large (1-3 cm) lesions, or cven massive con-
solidated lesions, develop resulting in progressive
massive fibrosis (PMF).

“Black Lung’ is a legislatively defined term
which encompasses Lthe classical medical defini-
tion of coal workers’ pneumoconiosis, but is
defined by the Act as ““a chronic dust disease
of the hing arising out of employment in an
underground coal mine.”” (Title ITV—Black Lung
Benefits—Part A—Federal Mine Safety and
Health Act of 1977, P.L. 91-173 as amended by
P.L.. 95-164). This definition is used 10 cover
disability primarily from chronic airways
obstruction which is associated with coal mine
dust exposure. Tuberculosis per se appearing in
a coal miner has not qualificd {or benefits, nor
has the development of other bacterial or viral
illnesses, or lung cancer. In practice, however,
miners with these and other chronic lung con-
ditions who meet any of the qualifving criteria
in the Act—if in the judgment of the examining
physician and administrative law judge they have
developed their condition in association with coal
mine employment—may be compensated for
total disability. Medical costs for these condi-
tions have been paid by the Depariment of
Labor. Thus the definition of “*Black Lung”’ is
broad and imprecise: it will not be discussed fur-
ther in this chapter.
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