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Introduction

Very early in the history of mining and with the
industrial applications of asbestos, it was known that a
variety of mineral fibers were hazardous to health. By
the 1940s, the potential risk of lung cancer, in addi-
tion to the fibrosis disorder asbestosis, one of the pneu-
moconioses, was described. Within twenty years, an-
other malignant disease, mesothelioma, cancer of the
tissues that surround the lung, was ascribed to asbes-
tos exposure. It is now common knowledge that inha-
lation of certain mineral fibers can cause disease (Skin-
ner et al. 1988). Because the fibers are inhaled, the lung
and surrounding tissues are the primary targets, but
there may be subsequent reactions in many other parts
of the body. The information on disease related to fi-
brous materials emanates from studies of occupational
environments where the dose or exposure is likely to
be high and continued over long periods of time. How-
ever, it has been increasingly realized that domestic or
general environmental exposure is also possible and can
pose grave dangers. ‘

For a mineral fiber to be inhalable it should be less
than one micron in diameter, but the length can be 10
microns or greater because the particle can align with
the air stream in the bronchi and penetrate far into the
lung. The ratio between length and diameter of the
fiber is critical. The most dangerous fibers are very thin
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(one tenth of a micron in diameter or less) with a high
length-diameter ratio.

Another important factor is biodurability. Typi-
cally, the dangerous fibers are not broken down at all
or only very slowly, with half-lives in the body of many
years. They may remain in situ throughout life and
can be found at autopsy.

There are many varieties of fibers in the environ-
ment today, both naturally occurring and man-made.
Only a few, however, fulfill the above criteria and oc-
cur in amounts where human exposure is possible. The
problem fibers are collectively known as asbestos and
the fibrous zeolite, erionite. There are many other fi-
bers (Skinner et al. 1988), but their contributions to
human disease are not recognized.

Mineral Fibe;ls of . Medical Interest

Asbestos is not a mineralogical but a commercial
term. There are six individual minerals classified as
asbestos when they occur in fibrous form (Skinner et
al. 1988). The chemically distinct minerals that form
straight fibers are from the amphibole mineral group.
The mineral names are crocidolite (“blue asbestos”),
amosite (“brown asbestos”), tremolite, actinolite, and
anthophyllite. However, the most common and widely
used type is chrysotile, or white asbestos, which has
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Table 18.1: Mineral fibers of medical interest

Tremolite Thin, long High
plaques

Amosite As tremolite High
Anthophyllite Thicker fibers High

CHRYSOTILE Thin and short  Fairly low

(curly fibers) Can be very long

ZEOLITES:

Erionite Extremely thin High
Long

Name Relative Size Biodurability Use Diseases

ASBESTOS:

AMPHIBOLES

(straight fibers)

Crocidolite Very thin and long Very high Now little Very high risk mesothelioma

Lung Cancer, Plaques

None High risk mesothelioma, lung cancer,
Contaminant

Limited As for tremolite

Now none Very low risk mesothelioma

Median risk lung cancer
Very high incidence plaques

> 90% of Not certain that it can cause
commercial disease except lung cancer (see text)
asbestos

None Extremely high risk for mesothelioma;

lung cancer unknown; plaques occur

curly fibers, and is a member of the serpentine mineral
group. All these fibers may occur with different diam-
eters and lengths, and also in their ability to resist break-
down in biological tissues (Table 18.1). Chrysotile has
the fastest clearance from the body, and diseases seem

to be mainly associated with exposure to the amphib-
oles (Churg 1982).

Whether chrysotile can cause mesothelioma has
been hotly debated in the last few years. Because this
asbestos variety has relatively short survival in the body,
only rarely can one find high levels at autopsy even in
chrysotile miners. The hypothesis is that one of the
other amphibole asbestos varieties is a more likely cul-
prit. Mesothelioma, an uncommon cancer, even in
miners, has been associated with the amphibole group
fibrous mineral crocidolite. The indictment that tremo-
lite, a very common mineral in non-fibrous or blocky
morphology, may contaminate commercial chrysotile
ore, and be responsible for any disease, has not been
proved. Fibrous, or asbestiform tremolite, occurs very
rarely.

Crocidolite is the most dangerous of the asbestos
fibers and is no longer mined. This fiber has a high
resistance to acids, which made it a very useful indus-
trial substance. Amosite is also rarely used nowadays.
Tremolite has been mined only to a small extent but is
a common contaminant in talc mines as well as chryso-
tile and also many other ores , such as nickel and iron.
Tremolite is one of the most common asbestos miner-
als, occurring in many rocks all over the world.
Anthophyllite has been mined, for example, in Fin-
land and Japan, but today has no industrial use.

Erionite, finally, isnota very common mineral but
is formed under certain conditions in volcanic areas of
the world and is found with other zeolite minerals of-
ten in thick layers.

Diseases and Radiological Findings Caused by
Asbestos and Erionite

These can be divided into malignant and benign.
The first described was asbestosis, or pulmonary fi-
brosis, which can occur with all types of asbestos. The
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lung becomes fibrotic and stiff and gas exchange dra-
matically decreases. It is a dose-related disease, and a
fairly high exposure is necessary to cause the clinical mani-
festations: the patient gets more and more short of breath.
Once the process has started, it continues to worsen.
However, asbestosis is rare with environmental exposure
but can occur after many years of slight exposure.

The other benign lesions associated with asbestos
are pleural plaques. In the 1950s, it became clear that
plaques were the most common manifestation of as-
bestos inhalation. Macroscopically, they are shining
white elevations with sharp borders on the inside of
the chest wall and consist of fibro-hyaline connective
tissue containing very few cells. There is no inflam-
mation within the plaques, but small cellular aggre-
gates can be seen at their periphery, indicating low-
grade inflammation there.

Over 80% of strictly defined pleural plaques are due
to occupational exposure to asbestos (Hillerdal 1978,
Hillerdal 1994, Karjalainen 1994). In the general popu-
Jation there are no “endemic” plaques but the occasional
appearance without clinical symptoms may occur in
individuals who had only low-level or sporadic exposure.

The relation between dose and response for pleural
plaques is much weaker than that for asbestosis. The
mean number of asbestos fibers or bodies in persons
with plaques is as a rule higher than in the normal
population (Karjalainen et al. 1994, Kishimoto et al.
1989, Warnock et al. 1982), but there is a fairly large
variation and a number of persons with plaques may have
values little or no different from the general population.
In other words, plaques are associated with a wide range
of asbestos burdens that overlaps with that found in
any control population.

Plaques are more related to time after exposure
than to the dose (Hillerdal 1978). Very few plaques will
be seen earlier than 15 years after the first exposure to
asbestos, and most will appear only after 30 years. In
areas where the population is exposed from birth, the
first pleural changes appear after age 30 and the inci-
dence then increases with age. Thus, occurrence of plaques
is dependent on cumulative exposure and time since

first exposure (Jirvholm 1992). Many plaques are not

seen until long after exposure has ceased. Once seen,
they will slowly grow larger over the years, and with
time many will calcify (Hillerdal 1978).

The malignant diseases due to asbestos expo-
sure are mainly lung cancer and malignant mesothe-
lioma. Other tumors in the body have been claimed
to be more abundant in asbestos workers, but the
scientific proof varies and they can be disregarded
in this review.

Lung cancer is mainly a disease caused by smok-
ing. However, exposure to asbestos increases the risk
in a dose-related manner. Most data point to a multi-
plicative effect. For example, it can be estimated that
smoking 20 cigarettes a day will increase the risk of
lung cancer at least 10 times. If this smoker has an
“average” occupational exposure to asbestos — say, he
has been a construction worker — the risk will double
to 20 times. Thus, asbestos exposure will more likely
result in smokers developing lung cancer. In a non-
smoker exposed to asbestos, the risk of developing a
lung cancer is very small. In other words, most “asbes-
tos lung cancers” are also “smokers’ cancers.” Lung can-
cer is thus a difficult disease to use as a marker of low
dose exposure to mineral fibers, since smoking is over-

whelmingly the primary cause.

Malignant mesothelioma, a very rare cancer, has
no correlation to smoking. Apart from a small basal
incidence due to unknown causes (and some other, very
rare causes such as radiation or old pleural scars), all
cases can be considered to be due to exposure to as-
bestos (or erionite). The tumors grow slowly in the
pleura, restricting the action of the lung and causing
the death of the patient often within a year of diagno-
sis. No curative treatment exists, though some
cytostatics seem to have effect on the tumor. The dis-
ease is dose-related (Hillerdal 1999), but even a slight
exposure can be enough. Like pleural plaques, the ap-
pearance is usually more than 30 years after exposure.
Rarely, the disease starts in the peritoneum.

Thus, two findings — pleural plaques and malig-
nant mesothelioma — are useful as “sentinel” diseases,
indicating that asbestos (or erionite) exposure has oc-
curred.
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ficult, as in the erionite case in Turkey, where the prob-
lem is not any particular use of the substance but rather
that it occurs in the ground. The only solution is then
to move the village. Sometimes things can go wrong,
as in the example of Karain Village. The press, includ-
ing of course the Turkish, obtained the story and head-
lines such as “Village of Death” were seen on articles
worldwide. This caused not only villagers to have dif-
ficulties marrying outside the village but even such
problems as people refusing to buy vegetables or other
products from the area. Naturally, such problems will
sour the relations with researchers. One must be care-
ful and try to avoid such unintended results of any in-
tervention. Cooperation between the inhabitants and
the medical profession and officials is very important
and it must never be forgotten that the goal is to help
the population.
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