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Objectives This study explored the high prevalence of pleural plaques in the town of Matsubase in Kumamoto,
Japan.
Methods Small-size chest X-ray film was used for screening, and all persons with pleural plaques were confirmed
by computed tomography (CT). The prevalence rate of pleural plaques in the 4 districts of Matsubase and its
surrounding towns and cities were also examined.The age-adjusted mortality rate for lung cancer in this town was
compared with that of its surrounding towns and cities.
Results Pleural plaques were found in 1357 persons (724 men and 633 women) among the inhabitants who were
more than 20 years of age in Matsubase between 1988 and 1993. CT scans ascertained 938 cases with pleural
plaques among the 1114 persons who participated. Thus at least 9.5% of the inhabitants over 20 years of age in this
town had pleural plaques. The neighboring towns had a higher rate than the more distant towns. A large-scale opencast asbestos mine and mill had been in operation in Matsubase between 1883 and 1970. Mineral analysis revealed
anthophyllite fibers. Most of the plaques were found in persons who had never worked in the mine or mill.
C O ~ C ~ U S The
~ O ~high
S prevalence of pleural plaques in Matsubase was due to anthophyllite exposure, mainly
environmental. No mesotheliomas were found, however. These findings agree with those from an earlier study
from Finland.
Key terms anthophyllite, asbestos exposure, environmental exposure, mass screening,pleural plaques.

Pleural plaques can be regarded as a typical sign of asbestos fiber inhalation (1-3). These fibers are mainly
found in persons with occupational exposure. Kiviluoto
(4), in 1960, described an endemic occurrence of pleural
calcifications in subjects living near anthophyllite mines
in Finland. Since this report, endemic plaques have been
described from many parts of the world, such as Bulgaria (S), Czechoslovakia (6), Austria (7), Greece (8), Cyprus (9), and Corsica (10).
The Kumamoto prefecture is located on the island of
Kyushu in Japan. Mass screening programs for lung can-

1

2
3
4

cer in inhabitants over 4 0 years of age have been conducted in almost all towns in Kumamoto since 1986. In
such a mass screening of Matsubase inhabitants, performed in 1988, the roentgenograms taken at the National
Kumamoto-Minami Hospital showed a very high prevalence of pleural plaques. Matsubase had a population of
2 1 689 in 1988, with 7500 inhabitants over the age of 4 0
years. In this age group, 357 people (4.8%) had participated in the screening, and 148 of them (41.5%) showed
typical plaques (1 1, 12). Some asbestos mines and mills
had existed earlier in the area. Since no occupational
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Table 1. Pleural plaques in 4 districts of Matsubasea (19881993).

asbestos exposure could be determined, the pleural
plaques were attributed to exposure to asbestos from
these mines and mills. A special follow-up system was
instituted for 5 years, from 1989 to 1993, to investigate
the health of the inhabitants with pleural plaques.

Subjects and methods

Name of
district
Matsubase
Toyofuku
Toyokawa
Tohno
Total

Subjects

a

Total
population
(N)

Residents
> 20 years
of age (N)

Residents
with plaques
(N)

Plaque
prevalence
(Yo)

291 9
3317
2302
3570

2183
2463
2141
3045

123
420
91
304

5.6
17.1
4.3
10.0

12 108

9832

938

9.5

See figure 2 for its location.

From 1988 to 1993,9832 (81.2%) of the inhabitants over
20 years of age were investigated by chest X-ray (table
1). Pleural plaques were found in 1357 persons (724 men
and 633 women). A computed-tomography (CT) scan
was performed for 1114 of these cases (82.1%), and pleural plaques were confirmed in 938 of the persons who
had a scan (84.2%). Thus there were 472 men and 466
women with plaques confirmed by CT scan.

fibers 25 pm long. The asbestos ore was analyzed by one
of the authors (NK) with an analytical transmission electron microscope equipped with an energy-dispersive Xray analyzer.

Radiological methods

Results

Small-size chest X-ray film (100 x 100 mm) was used
for the screening. The films were interpreted independently by 2 specialists and inspected by a 3rd. The criteria of Askergren & Szamosi (13) were used for the diagnosis of pleural plaques. Persons with pleural plaques
were recalled for an interview, including an occupational history, and were offered a CT scan of the chest to
verify the findings.

Calculations
The age-adjusted mortality rate from lung cancer in Matsubase was calculated from a comparison with the 1990
census figures.
The Matsubase area consists of the 4 districts of Matsubase, Toyofuku, Toyokawa, and Tohno. The prevalence of pleural plaques was calculated for these 4 districts. Former asbestos mine workers were also interviewed. Through the archives and interviews, the former
asbestos mines and factories were located in the Matsubase area.

Measurement of asbestos fibers
The concentration of asbestos fibers in the air was determined at 2 points in and near a former asbestos factory
site, and at 4 other points in Matsubase and 4 reference
points (in a residential area, in a commercial area, along
a highway in Kumamoto city, and in a rural area) in November 1990. Measurements were done by the Public
Health Department of the Kumamoto Prefecture in accordance with the Manual of Asbestos Emission in the
General Environment (14). The accumulated air volume,
measured for 4 hours through a 0.8-pm filter (Millipore
A A 8 47 m m 0 ) was 10 mllmin. Asbestos fibers were
counted with a phase contrast microscope, measuring

Among the 938 Matsubase residents with pleural plaques
72% of the pleural plaques were calcified, and most were
bilateral (84.5%). The prevalence of pleural plaques increased dramatically with age (table 2). Persons aged
60-69 years had a prevalence rate which was more than
8 times higher than that of the persons who were 4 0 4 9
years of age.
Formerly operating, but now closed mines and factories were found in the 2 districts of Toyofuku and Tohno
(figures 1 and 2), and these districts also had the highest
prevalence rate of pleural plaques (table 1). The cases
were plotted on a map of Matsubase. Many were found
near the former mines and mills, especially around Niregi, where 1 mine and the largest mill were located (figure 2). This mill had used ore from Uchida, formerly an
opencast mine, which is now covered by soil.
The prevalence of pleural plaques was also investigated in the towns surrounding Matsubase (figure 1). The
Table 2. Age and gender distribution of the cases with pleural
plaques.
Age
(years)

Number
of
persons
examined

Men

Women

Men and
women
combined

%a

20-39
40-49
50-59
60-69
270

1671
1576
1714
2601
2279

2
27
98
175
170

4
12
84
154
212

6
39
182
329
382

0.4
2.5
10.6
12.6
16.8

Total

9832

472

466

938

9.5

a

Pleural plaques

Percentage of persons examined.
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Figure 1. Geographic prevalence of pleural plaques in Matsubase and
its surrounding towns and villages.

Figure 2. Geographic distribution of inhabitants with pleural plaques
in 4 districts of Matsubase.

Figure 3. An 83-year-old man with occupational exposure to asbestos
for 6 years. His chest-ray film reveals bilateral calcified plaques of the
costal pleura, diaphragm, and pericardium.

Figure 4. A 63-year-old woman with no occupational exposure to
asbestos. Her chest-ray film reveals bilateral calcified plaques of the
costal pleura, diaphragm, and pericardium.
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more neighboring towns had a higher prevalence of pleural plaques than the more distant towns had. Matsubase,
however, showed the highest figures. A total of 89
former employees of asbestos mines and factories was
traced and interviewed. Among these persons, pleural
plaques were found in 64 (72%), a figure which however constituted only 6.8% of all the cases of plaques found
in the area. Some of these former workers had severe
radiological pleural changes (including changes of the
visceral pleura), but many had only minor pleural changes.
No difference in the severity of pleural plaques was
detected in the chest roentgenograms between the persons with (figure 3) or without (figure 4) an occupational history of asbestos exposure.
The age-adjusted mortality rate (per 100 000) for
lung cancer for both the men and the women in Matsubase (24.8) was lower than in the Kumamoto prefecture
(32.8) (table 3). No case of malignant mesothelioma has
been reported in Matsubase during the past 17 years.
The concentration of asbestos fibers in the air around
the closed asbestos mill was lower than in Kumamoto
city (table 4). Thus, at present, there is no environmental asbestos pollution in the area.

Discussion
In the historical records of Matsubase (IS), the operating of asbestos mines and factories has been documented from about 1883. Initially only a small amount of asbestos ore was mined, but, from 1935 to 1945, several
mines and factories were opened and actively operated.
After World War 11, 1 mine and 1 factory continued to
operate at Niregi until about 1970. The asbestos mines
were all open cast. The asbestos ore, once mined, was
transported in carts to the factories. Then, the ore was
crushed and refined into asbestos fibers. The high-quality fibers were mainly sold to factories in Osaka, Kobe,
and Tokyo. Some of the low-grade ore was used in the
production of fire-resistant panels and small cooking
stoves. Thus asbestos dust was released into the environment for a period of approximately 80 years in this
area.
The inhabitants were exposed directly from their occupation or indirectly from environmental pollution (16).
The results of the asbestos ore analysis showed that the
largest mine produced anthophyllite, while some of the
small mines produced chrysotile and talc (17).
The history of asbestos exposure was often difficult
to obtain, whether the person in question had worked in
the factory or in the mine. Most inhabitants older than
60 years had forgotten their occupational careers during
World War I1 since it usually involved only short-time

Table 3. Age-adjusted mortality rate from lung cancer for men
and women combined in Matsubase and its surrounding areas
between 1986 and 1990.
Area
Matsubase
Shiranui
Uto
Jounan
Toyono
Oaawa
~ i m a m o t oPrefecture
a

Population
(N)

Deaths
(N)

Age-adjusted
mortality ratea

22 817
9964
33 656

34
19
68

24.8
37.1
42.9

1 845 448

2 953

33.9

The age-adjusted mortality rate (per 100 000) from lung cancer was
calculated on the basis of the mortality statistics between 1986 and
1990 and the census of 1990. The total Japanese population in 1990
was used as reference.

Table 4. Airborne asbestos levels in Matsubase and Kumamoto
as of November 1990.
Air samples (fibersll)
Matsubase
Abandoned factory (Nigeri)
Near a former factory
Matsubase
Point 1
Point 2
Point 3
Point 4
Reference area
Residential area (Kumamoto)
Commercial area (Kumamoto)
Beside a highway (Kumamoto)
Rural district
Hilly village

employment in the beginning of their worklives. Most
of the workers had been engaged in the asbestos mines
or mills for less than 3 years, and only a few persons had
more than 10 years' employment.
It was also found that many women had worked in
the factories for a short duration. This finding might explain why there were no differences in the severity of
pleural plaques between the persons with or without occupational asbestos exposure.
At least 938 inhabitants with pleural plaques are currently living in Matsubase. When those living in the surrounding towns are added, the total number of persons
with pleural plaques is more than 1000.
However, the mortality rate from lung cancer, which
is the most common of asbestos-related malignancies, is
not higher in Matsubase than in the other regions of the
Kumamoto prefecture (table 3), nor has there been any
evidence of malignant mesothelioma, the most specific
of the asbestos-related malignancies, during the last 17
years at the National Kumamoto Minami Hospital, which
is the center for respiratory diseases servicing the Matsubase area. The fact that there is a high prevalence of
Scand J Work Environ Health 1998, vol24, no 5
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pleural plaques but a low mortality rate from lung cancer and no evidence of mesothelioma is in accordance
with the characteristics of anthophyllite asbestos exposure.
In Japan, small amounts of chrysotile are mined, and
large amounts of asbestos (chrysotile, crocidolite, and
amosite) are imported from foreign countries (18). As far
as we know, anthophyllite has not been mined in any other places in Japan outside the Matsubase area.
Endemic pleural plaques due to anthophyllite exposure has been reported from Finland (4), where there is a
high prevalence of people with extensive pleural calcification due to nonoccupational exposure. In this Finnish
area, anthophyllite can be found in rocks, which have
been used by the inhabitants for building saunas and the
like, and this occurrence may explain the high prevalence
of plaques there. However, since it was shown that asbestos fibers can spread up to 27 km from mines (19),
pollution from the mining activities may have been of
considerable importance, similar to what happened in
Matsubase. As in the Matsubase area, there had been a
few asbestos mines and factories, and the ore was also
transported in open carts from the mills to the factory,
making it possible for the fibers to scatter. Thus the high
prevalence rate of pleural plaques in this Finnish area
may to some degree have the same explanation as in
Matsubase (ie, widespread environmental pollution due
to occupational activities).
As a result of the works done by Sleggs (20) and
Wagner et a1 (21), there is now no doubt that there is a
direct causal relationship between asbestos exposure and
the development of mesothelioma. However, many studies have shown that the different types of mineral fibers
vary in their potential to cause mesothelioma. Erionite,
a fibrous zeolite (ie, a nonasbestos fiber) and crocidolite
asbestos are the most potent in this respect, while anthophyllite fibers seem to carry only a small risk (22). Thus
anthophyllite is an interesting mineral, causing a high
prevalence of calcified pleural plaques but only rarely
mesotheliomas (23).
In agreement with an earlier study from Finland (24),
diffuse pleural thickening due to asbestos exposure was
rare also in the Matsubase area.
Currently, in Matsubase, the mines are closed and
covered by soil, and there is no asbestos pollution from
these mines. Medical follow-up of the people living in
the area has continued since 1990.
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