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Respiratory health of workers exposed to metal
dusts and foundry fumes in a copper refinery

Gaston Ostiguy, Claude Vaillancourt, Raymond Begin

Abstract
Objectives-To assess airflow limitation
in workers exposed long term to metal
dust, the prevalence of pleural plaques in
those workers exposed in the past to
asbestos, the influence of pleural plaques
on lung function, and the possible associ-
ation with airway disease caused by
asbestos.
Methods-A cross sectional and longi-
tudinal (seven year) survey of 494 long
term (mean (SEM) 21(1) years) workers
in a copper refinery was carried out from
medical questionnaires, chest radio-
graphs, and forced spirometry.
Results-The prevalence of lifetime non-
smokers was 19%/6, current smokers 39%,
and ex-smokers 42%. The prevalence of
chronic obstructive pulmonary diseases
(COPD) (forced expiratory volume in
one second (FEV1) < 80%/ predicted) was
5%, small airway dysfunction (SAD)
(maximal mid-expiratory flow (MMEF)
< 60% predicted) was 7%, and this did
not differ from the control population.
The COPD and SAD were associated
with cumulative smoking index but not
with the cumulative work years at the
plant or with any type of work at the
plant. The mean (SEM) reduction of
FEV, was 20(7) ml in non-smokers, 26(4)
ml in smokers, and 26(5) ml in ex-
smokers (P > 0 05). In the smokers and
ex-smokers with COPD, the loss of FEV,
was 53(10) (P < 0 02). The prevalence of
pleural plaques was 11% (P < 0.0001);
pleural plaques were found in older work-
ers with known exposure to asbestos. The
pleural plaques were circumscribed and
associated with a non-significant 196 ml
reduction in forced vital capacity (FVC)
and non-significant reduction of FVC
over time. The pleural plaques were not
associated with COPD or SAD. The
cumulative smoking index obtained by a
technician did not differ from that by a
chest physician.
Conclusions-Despite exposures to
asbestos that produced pleural plaques
and exposures to metal dusts and foundry
fumes the long term workers of this plant
did not have excessive prevalence of
COPD or SAD. The data suggest that low
level long term exposure to metal dusts,
gases, and foundry fumes do not neces-
sarily cause respiratory dysfunction, cir-
cumscribed pleural plaques with low
grades of width and extent do not reduce

FVC significantly, and exposure to
asbestos dust that produced pleural
plaques does not necessarily produce
airway dysfimction.

(Occup Environ Med 1995;52:204-2 10)
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Exposures to workplace pollutants such as
coal, silica, asbestos, and other mineral dusts,
organic dusts, sulphur dioxide (SO2), oxides
of nitrogen, along with other gas and fume
contaminants have been associated with work
related respiratory diseases and disabilities.

In recent years, several reports'-20 have
found associations between work in dusty
environments and chronic obstructive pul-
monary disease (COPD) through community
based studies, cross sectional and longitudinal
studies, pathology studies, and cohort mor-
tality studies as reviewed by Becklake.'
Therefore, industrial air pollutants are sus-
pected of being "may be, but not necessarily,
implicated in the genesis of COPD".'

In this paper, we report on a cross sectional
and longitudinal (seven years) respiratory
survey of a population of 494 long term
workers in a copper refinery who were
exposed to metal dusts, gases, and foundry
fumes for over 20 years on average. The
specific questions considered in this study
were: (a) the prevalence of COPD and its
association with work, the rate of fall in air-
flow in the workers with or without COPD;
(b) the prevalence of pleural plaques, their
association with work, their effect on lung
function, their association with COPD or
small airway disease (SAD); and (c) the corre-
lation between cumulative smoking index
obtained by a technician at the plant and that
of a consultant in the hospital clinic.

Materials and methods
POPULATION STUDIED AND SURVEY
PROCEDURES
The workers studied in this investigation were
all employees of a Montreal copper refinery in
operation since 1910. The plant had been the
site of a few cases of occupational respiratory
diseases (one mesothelioma, two pleural effu-
sions, and one asbestosis). In the late 1970s
these cases prompted a programme of occu-
pational health and industrial hygiene that
permitted the present study.
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Respiratory health of workers exposed to metal dusts andfoundry fumes in a copper refinery

Table 1 Anthropometric and clinical data

Total study group (n = 494) > 50y (n = 208)

Mean (SEM) Range Mean (SEM) Range

Age 46-6 (0 5) 19-76 58-7 (0-4) 50-76
Height (cm) 174 (0 3) 152-193 173 (0 5) 152-193
Weight (kg) 81 4 (0-6) 46-126 82-0 (0-9) 55-126
BMI (kg/M2) 26-8 (0 2) 15-9-39-4 27-3 (0-2) 19-39-4
Time at plant (y) 20-6 (0 5) 1-48 28-5 (0 5) 11-48
Smoking index (pack-y): 20-9 (0 8) 0-150 29-1 (0 8) 0-150
Non-smokers 0
Smokers 28-7 (1 1) 1-90 39 5 (1-8) 9-90
Ex-smokers 23 (1-3) 1-150 30-2 (1 9) 1-150

FVC (1) 493 (0046) 1 68-8-44 4-23 (0055) 1-68-6-9
FEV, (Us) 4-15 (0-043) 0-89-7-27 3-52 (0-054) 0-89-6-35
FEV,/FVC (%) 83-9 (0-3) 35-99 83-0 (0-6) 35-99
MMEF (1/s) 4-69 (0-75) 0-33-9-62 3 99 (0-08) 0-39-9 14

Smokers (n = 194 in total study group, n = 69 in > 50 group); non-smokers = never smokers
(n = 94 in total study group, n = 29 in > 50 group); ex-smokers = subjects that stopped
smoking for one year before 1991 (n = 206 in total study group and n = 110 in > 50 group).

The plant is a metal refinery that receives
its raw materials largely as plates of pure
(> 99 3%) copper provided by Canadian
smelters or used copper scrap from the
recycling companies. The plant purifies the
copper to > 99-9% through electrolytic refin-
ing of the raw materials, extracting among
other residuals, silver, gold, selenium, and
palladium on an industrial basis. These
residuals are further purified in foundry opera-
tions. The metal dusts of copper, silver, sele-
nium, lead, arsenic, and other trace metals
and mild acid mists are found in the work
environment of the plant. Also, asbestos dust
had been a contaminant of the workplace,
used in the insulation of the foundry furnaces
and related equipment. Asbestos has been
gradually removed from the plant over the
past 10 years and replaced by other insulation
materials. Periodic air sampling and analyses
done over the past 15 years documented that
the threshold limit values (TLVs) for these
contaminants have been respected and the
total dust measures were below the 5 mg/mi
TLV.
The 494 workers surveyed were all employ-

ees of the plant at the time of the cross sec-
tional survey of 1991 and 396 (80%) of them
were also in the survey of 1983-4. This was
used as the first data point in the longitudinal
study, which also included measurements of
forced spirometry in 1985-6 and 1988-9, all
done by the same technician and with the
same equipment. All employees surveyed
except one were men. Table 1 shows their
anthropometric data, employment experience,
smoking habits, and absolute lung function.
The complete workforce of 494 workers at the
plant was studied as one group and 208 work-
ers of 50 and over were another group. The
> 50 subset was studied to exclude the workers
with less work years at the plant (the least
likely to have abnormalities) and to look
specifically at the older age group, in which
abnormalities are most likely to be found.
This group constitutes an age limited sample
of the population of interest for comparative
studies. The longitudinal survey included the
396 workers with measurements at the
1983-4 and 1991 surveys.

Also, case-control analyses of COPD,

Table 2 Prevalence of airflow limitation

Subjects COPD SAD
Group n n (%) n (%)

Total study group: 494 26 (5 26) 73 (14-8)
Non-smokers 94 2 (2) 6 (6 4)
Smokers 194 14 (7 2) 45 (23 2)
Ex-smokers 206 10 (4-9) 22 (10-7)

> 50 y: 208 20 (9 6) 44 (21-2)
Non-smokers 29 2 (6 9) 2 (6 9)
Smokers 69 9 (13) 25 (36 2)
Ex-smokers 110 9 (8 2) 17 (15 5)

SAD, and pleural plaques were performed
within the study population.' For workers of
age > 45 no differences were found in age,
height, weight, and body mass index (BMI)
between workers with or without COPD,
SAD, or pleural plaques. Thus all workers in
this age category but without the disease
under study were used as controls. The ratios
of cases to controls were 1:10 for COPD and
SAD and 1:4-57 for pleural plaques. For
workers < 45, age matched (within one year)
controls were selected: 10 for each case of
COPD or SAD, and four or five for each case
of pleural plaques.
The work history was obtained from the

company records, an American Thoracic
Society (ATS) questionnaire22 was obtained
by the plant health technician, forced spirome-
try was obtained by applying the ATS stan-
dards23 with a Collins spirometer model No
6031 interfaced with an Apple Hie computer
(Apple Computers, Cupertino, CA). The
spirometric variables generated were forced
vital capacity (FVC), forced expiratory vol-
ume in one second (FEVy), and maximal mid-
expiratory volume (MMEF). The spirometric
data were obtained in absolute values and as a
percentage of predicted values with the
Quanjer prediction formulas.24 Spirometric
surveys of the plant workers were carried out
in 1983-4, 1988-9, and 1991 with the same
equipment and by the same technician. A few
workers (<1%) who did not meet the repeata-
bility criteria of spirometry were excluded.
The criterion for COPD was an FEVI <80%
predicted (combination of that and a
FEV,/FVC <90% identified the same cases as
COPD). For SAD, the criteria were the
commonly applied MMEF <60% or <75%
predicted as specified in the results section.
The chest radiographs were carried out in
1991 with high kV in the posteroanterior
projection alone, and in posteroanterior and
lateral projection at maximal inspiration. The
films were graded by two experienced readers
(members of the Canadian Pneumoconioses
Reading Panel) according to the International
Labour Organisation (ILO) 1980 classifica-
tion.25 Radiographs were read independently,
without information on asbestos exposure,
and divergences between readers were settled
by joint readings, after initial independent
readings.

Pleural changes were classified in terms of
site, width, and extent according to the ILO
classification. For each of the six sites of
pleural changes (chest walls, diaphragms, and
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Table 3 Analyses of variance and regression analysis for COPD and SAD (case-control)

COPD

Analyses of variance Logistic regression analysis

Absent (n = 280) Iresent (n = 26)
mean (SEM) mean (SEM) P value Coefficient (SEM) X P value

Smoking index 26-2 (1-2) 34-1 (3-3) 0-047 0-002 (0-0001) 22-47 < 0-0001
Work-y 25-9 (1) 29-0 (2) NS 0-002 (0-002) 0 90 NS
Loss of FEVI* 46 (3) 70 (11) 0 037 0-027 (0-01) 4-78 0 03

*In the case-control 1983-4 and 1991 surveys, some of the cases and controls were not in both surveys due to absenteeism, temporary reduction of workforce at
time of surveys, or poor technical repeatability of spirometry; for the COPD study control group n = 255 and case group n = 23; for the SAD study control group
n = 222 and case group n = 54. x2 = likelihood ratio test.

costophrenic angles) a width category a, b, or c

and an extent score 1, 2, or 3 were given. A
simple total score of pleural changes was

developed to scale the asbestos pleural abnor-
malities as follows: each change in diaphragm
and costophrenic angle was scored as 1 (max-
imum of 4), pleural plaques "face on" were

scored as 1; the circumscribed pleural plaques
classified as al, a2, bl were scored as 1, the
a3, b2, cl as 2 and the b3, c2, and c3 as 3 for
each side of the thorax. The pleural changes
classified as diffuse were scored at two times
the score of circumscribed pleural changes for
the same type of ILO classification as above-
that is, a diffuse pleural change of b2 ILO
classification would be scored as 4 when dif-
fuse. With this scale, our subjects had scores
of pleural disease that varied between 0 and
16.

STATISTICAL ANALYSES
All data were transferred to a data base for
statistical analyses. All results are expressed as
mean (SEM). The data were analysed with
Statview 4-01, SuperAnova (Brainpower,
Calabasas, CA), and SPSS 4 0 (SPSS,
Chicago, ILL). Contingency tables with the X2
Mantel-Haenszel test were used to compare
prevalence data, analyses of variance
(ANOVA) with post hoc Scheffi's test to
compare group data, multiple analyses of vari-
ance (MANOVA) to study the relations of
spirometry values with pleural plaques and
age, body mass index (BMI), smoking index,
and years at the plant, logistic regression
analyses for the relation of pleural plaques
(presence or absence) and worksites, and
multiple variate regression analysis for the
relation between airflow limitation or pleural
plaque grade and years at the various
worksites. Significance was at the P < 0 05
level.

Results
AIRFLOW LIMITATION
In the total population of the 494 workers
surveyed, the prevalence of COPD was
5-26%, 2% in non-smokers, 4-9% in ex-

smokers, and 7-2% in current smokers
(table 2). In the subsets of older workers, the
prevalence was higher, reaching 13% in the
current smokers of >50. These results were
in the range of a local control study and
of other north American and European
studies.826 '0 The prevalence of COPD was

significantly higher in the smokers and ex-
smokers than in the non-smokers x2 = 3.77,
P = 0 05, relative risk = 5-8 (0 8-44).
The prevalence of SAD was also studied in

the total population of the plant and in the
subset of older workers. Table 2 shows the
data with the < 75% predicted criterion for
the definition of SAD and comparison with
the general population of Michigan gathered
in the data of Miller et al.28 The prevalence of
SAD is generally low in our workers and sig-
nificantly lower than in the reference material
by Miller et al.28 This is most likely a healthy
worker effect as our study included only active
workers. Similar findings were obtained with
< 60% predicted or 95% confidence interval
criteria.

Analysis of airflow dysfunction in relation
to smoking index (table 3), showed signifi-
cantly higher indices of smoking in the people
with COPD or SAD than in those without.
The annual loss of FEV, was found to be sig-
nificantly higher in the people with COPD,
twice the level of people without COPD. Of
the 24 people with COPD 22 were either
current or ex-smokers. Smoking index was

Table 4 Radiograph readings of the 1991 survey on the
basis of the ILO classification25

Any pleural thickening
>50 y
Case-control (ratio)
Chest wall, circumscribed:

Plaques:
Bilateral:

Width:
< 5mm
5-10 mm
10 mm

Extent:
< 1/4 of chest wall
> 1/4 and< 1/2
> 1/2

Face on
Chest wall diffuse
Diaphragmatic plaque:

Unilateral
Bilateral

Costodiaphragmatic angle:
Unilateral
Bilateral

Calcified plaques
Parenchymal small opacities:

Profusion 0/0
0/1
1/0
1/1 +

Total n (%) *

494 54 (11)
208 44 (21)

54-247 (1-4-57)
54 (100)

23 (43)

47 (84)
19 (34)
5 (9)

47 (66)
11 (16)
13 (18)
21 (39)
0 (0)
14 (26)
11 (79)
3 (21)
4 (7)
3 (75)
1 (25)
5 (9)

494 477 (96)
5 (1)
8(1-6)
4 (0-8)

*Refers to plural thickening on either side and to maximum
recorded width or extent. Interstitial lung disease was
excluded in all but two cases by complementary clinical
investigation3 that included detailed physical examination,
complete lung function tests, and thin section CT.
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SAD

Analyses of variance Logistic regression analysis

Absent (n = 244) Present (n = 57)
mean (SEM) mean (SEM) P value Coefficient (SEM) XI P value

25-1 (1-3) 35 1 (1-9) 0004 0-011 (0 001) 11-13 0-001
26-1 (1-0) 28-0 (1 9) NS 0 004 (0-003) 1-93 NS
45 (3) 81 (10) 0-001 2-35 (0 44) 29-09 <0-0001

significantly and consistently associated with
COPD within the population of this study.

There was, however, no significant associa-
tion of airflow dysfunction with the number of
years worked at the plant (table 3). Logistic
regression analyses (not shown) for work by
department in relation to COPD found only
foundry work as a potential contributor to air-
flow dysfunction. In the case-control study,
however, foundry work was not a significant
contributor to COPD. Thus, no work site
contributed consistently to the genesis of air-
flow dysfunction in the workers of this plant.

PLEURAL PLAQUES
In the total population of the 494 workers sur-

veyed in the plant, the prevalence of pleural
plaques was 1 1% or 54 cases. All pleural
thickenings were classified according to the
ILO'5 as costophrenic angle obliteration or

pleural thickening of the chest wall or

diaphragm (table 4). All plaques were circum-
scribed and of low grade; all thickenings were
< 30% maximum grade on the 0 to 16 scale.
Nine per cent of the cases had calcified
plaques. All readings of lung parenchyma
were in category 0 (no pneumoconiosis).

Analyses of factors contributing to the
prevalence of pleural plaques in the total pop-
ulation of the plant (table 5) showed that
plaques were present mostly in the older
workers, with higher BMI, smoking index,
and work-years at the plant. Further logistic
and multiple variate regression analyses in the
case-control study of pleural plaques (not
shown) did not identify age, BMI, work-years,
asbestos exposed work-years, or specific work-
sites as strongly associated with presence,
absence, or score of pleural plaques. Thus the
increased prevalence of pleural plaques in the
plant is largely found in older workers of the
plant, employed at a time when asbestos
exposure at the plant was well recognized. No

specific site of work was associated with
pleural plaques.
To assess the potential effect of pleural

plaques that had low grades of width or extent
on spirometric data, we did multiple analyses
of variance on the spirometric data in relation
to pleural plaques (presence or absence and
score), smoking index, and BMI (table 6). We
consistently found that pleural plaques in our

population did not significantly affect the
spirometric data that were otherwise signifi-
cantly associated with the smoking index and
the BMI. The MMEF data were less signifi-
cantly associated with BMI than the other two
spirometric variables, FVC and FEV1.
Analyses of variance were also done between
the subsets with or without pleural plaques for
the spirometric data (table 7); the FVC of
cases with pleural plaques was 196 ml or

2-4% predicted FVC lower than controls
without pleural plaques (P > 0-05). The long-
itudinal analyses of spirometric variables
(table 7) showed that the workers with pleural
plaques with low grades of width or extent
were losing FVC at a rate not significantly
different from their colleagues without pleural
plaques.

Finally, we analysed the data to consider a

potential association of COPD or SAD and
pleural plaques and found no significant asso-

ciation.

INTERSTITLAL LUNG DISEASE
The clinical investigation of all cases with
pleural or pulmonary changes on the 1991
radiograph survey (table 4) showed the
absence of interstitial lung disease in all but
two cases.

CUMULATIVE SMOKING INDEX

The correlation between cumulative smoking
index obtained by a technician at the plant
and that of a consultant in the hospital
clinic was analysed in 51 cases where data
were collected independently. The results
of the analyses clearly show no difference
(difference = 1-59, t = 075, NS).

Discussion
This study was initiated to allay the concern

of workers of the plant, after the recognition
that several workers presented with diseases of
an occupational nature. Given the known
exposures in the plant to contaminants such
as metal dusts, asbestos fibres, other dusts,
and foundry fumes, we looked for chronic

Table S Analysis of valance for pleural plaques by factors
Total study group Case-control

Pleural plaques Pleural plaques

Present (n = 54) Absent (n = 440) Present (n = 54) Absent (n = 247)
mean (SEM) mean (SEM) F ratio P value mean (SEM) mean (SEM) F ratio P value

Age (y) 55 (1-1) 45 (0-6) 32-8 < 0-0001 56 (1 1) 54 (0-9) 2-4 NS
BMI (kg/M2) 28-1 (0-5) 26-7 (0-2) 8-2 0-0043 27-8 (0 5) 27-2 (0-2) 1-5 NS
Smoking index 27-4 (2 7) 20-0 (0-9) 8-4 0-0038 28-6 (2-0) 26-6 (1-2) 0-46 NS
Work (pack-y) 26-3 (1-0) 19-8 (0-5) 21-8 < 0-0001 26-8 (1-0) 257 (0-5) 0-79 NS

F ratio = F test with ANOVA statistics.
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Table 6 Multiple analyses of variance of spirometric data by pleural plaques andfactors
(case-control)

Pleural plaques (presencelabsence) Pleural plaques (score)

Factor F ratio P value F ratio P value

FVC:
Plaque 0 32 NS 0 06 NS
Smoking index 18-18 0 0001 18 30 < 0 0001
BMI 14 00 0-0002 14 34 < 0-0001

FEV,
Plaque 1 37 NS 0-23 NS
Smoking index 24-6 < 0 0001 24-69 < 0-0001
BMI 5-01 0-025 5-34 0 022

MMEF:
Plaque 1-35 NS 0-61 NS
Smoking index 23-06 < 0 0001 23-18 < 0 0001
BMI 0 04 NS 0 16 NS

F ratio = F test with MANOVA statistics.

Table 7 Analyses of variance ofspirometric data for pleural plaques (case-control)
Pleural plaques

Present (n = 54) Absent (n = 247)
Mean (SEM) Mean (SEM) F ratio P value

FVC 104 (2) 106 (1) 0 91 NS
FEVy 107 (2) 111 (1) 1 24 NS
MMEF 106 (5) 114 (2) 1 67 NS
Loss of FVC*

(mlI/y) 31 (12) 15 (6) 1 5 NS

*Between 1983-4 and 1991 surveys; n = 51 for presence and n = 211 for absence of pleural
plaques. F ratio = F test with ANOVA statistics.

airflow limitation of the respiratory system
associated with work in dusty departments
and disorders related to asbestos.
To consider the chronic airflow limitation

of the respiratory system associated with work
in dusty environments, we had the last 1991
spirometric survey of all workers of the plant
for a cross sectional study and the previous
1983-4 and 1986-7 surveys permitted a
longitudinal study.
The cross sectional study of the 1991 spiro-

metric data in the population of the refinery
documented a prevalence of COPD and SAD
in the range of a local control population of
hydroelectric line installers25 and in the range
of the general population of North America.28
Both studies showed smoking habits compa-
rable with our population in terms of smoking
category (current, ex or non-smokers) and
pack-years. The airflow dysfunction is clearly
associated with the smoking history of the
workers as determined by the cumulative
smoking index and the relative risk of COPD
in the smokers was found to be 5-8 times that
of non-smokers. Furthermore, within the sub-
sets of smokers and ex-smokers, those with
airflow dysfunction had significantly higher
smoking indices.
The loss of lung function (longitudinal

study), however, was not significantly associ-
ated with smoking, but with an original air-
flow dysfunction (table 3). This observation
was not surprising, as it is well known that
only a subset of smokers rapidly lose their
lung function.31-33

Analyses of the time spent at work in the
refinery and of the occupations on the work-
site in relation to airflow dysfunction did not
show any significant contribution of refinery,
work years, or job type. This is in line with a

prospective mortality study where the overall
standardized mortality ratio (SMR) for copper
refinery workers was 097 without an excess of
deaths from respiratory diseases.34 Further-
more, we are not aware of any previous study
that documented excess airflow dysfunction in
copper refinery workers, but we recognise that
copper smelting operations may have con-
tributed to excessive airway dysfunction in
several studies8 35 36 but not in all.37
Thus for the population of this copper

refinery, both the longitudinal and cross sec-
tional studies did not show excessive preva-
lence of airflow dysfunction and excessive loss
of lung function over time. Given that the
workers of this plant were usually not exposed
to dusts above the TLVs, we suggest that the
current TLVs in the plant are safe and the
enforcement of TLVs effectively prevented
the development of chronic airflow limitation
of the respiratory system associated with work
in a dusty environment.
Our data are not inconsistent with the gen-

eral concept proposed by Becklake on the
relation of chronic airflow limitation to work
in dusty occupations.'2 Our data document
that long term work in the dusty environment
of a copper refinery, within the TLVs, does
not cause excessive prevalence of chronic air-
flow dysfunction. It is therefore compatible
with the statement of Becklake that occupa-
tional exposures "may be, but not necessarily,
implicated in the genesis of COPD".'

For asbestos related disorders, we are
aware of one case of mesothelioma in this
copper refinery. One man was also exposed to
asbestos in an oil and gas refinery before he
joined the copper refinery. On the surveys of
chest radiographs of 1991, we found eight
cases in the 1/0 and four cases in the ) 1/1
ILO categories suggestive of asbestosis38 39 and
one case of asbestos pleuresy, which triggered
the present work.
The prevalence of pleural plaques was 1 1%

for the total population and 21% for the > 50
group. These values are clearly above those of
the general population (usually < 3%%40) but in
the range of populations of workers with
known exposure to asbestos in industry.4' 46
Given the past use of asbestos for insulation of
furnaces and pipes in the refinery, the preva-
lence of pleural plaques in our population is
not unexpected. The pleural plaques were
found mainly in the older workers, a reflection
of past exposure and the time delay between
exposure and recognition of plaques. The job
definition of each worker did not differentiate
the cases with pleural plaques from those
without (table 5). Thus the excess of pleural
plaques in the workers of this refinery is clear.
It is present among the older workers and
probably related to the past exposure to
asbestos at the plant, although analysis based
on work history did not confirm the relation.
The circumscribed pleural plaques of low

grade width or extent in our workers have no
significant influence on FVC, FEV1, or
MMEF; FVC being mainly influenced by
body mass and smoking whereas FEV, and
MMEF were mainly affected by smoking
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history (table 6). Overall, the presence of
circumscribed pleural plaques was associated
with a non-significant reduction of < 200 ml
FVC, with a normal slope of FVC decline
over time (table 7). Our report is of particular
interest on the functional effects of circum-
scribed pleural plaques, as several previous
reports41 46 have suggested a restrictive effect
on lung function of pleural plaques (recently
reviewed43). These studies were on popula-
tions of subjects heavily exposed (insulators,
pipe fitters, sheet metal workers, etc) with a
higher prevalence of pleural plaques, and the
results were in part affected by associated
interstitial lung disease in some cases. In one
study, when the confounding effect of intersti-
tial lung disease was excluded, reduction of
FVC was only 4% of FVC (as in this study).42
In another study the effect of pleural disease
related to asbestos had a detrimental effect on
lung function, most pronounced in subjects
with blunting of the costophrenic angle, a
marker of diffuse pleural fibrosis.43 In our
study in all but two cases interstitial lung dis-
ease was excluded by the ILO reading of the
chest radiograph and complementary clinical
investigation,39 which included detailed physi-
cal examination, complete lung function tests,
and thin section computed tomography (CT).
Our investigation further establishes that iso-
lated circumscribed pleural plaques with low
grade width or extent are associated with a
non-significant 196 ml reduction of FVC
(2-4% predicted FVC) and a normal slope of
decline of FVC over seven years.

Considering the question of a possible rela-
tion between exposure to asbestos and airflow
dysfumction,47 we analysed the relation of
presence or absence of pleural plaques and
COPD or SAD and found no significant asso-
ciation. The data therefore indicate that the
relatively low exposure to asbestos of our sub-
jects with isolated circumscribed pleural
plaques did not cause airflow dysfunction.

In conclusion, the data of this study of long
term workers of a copper refinery suggest that:
(a) low level long term exposure to metal
dusts, gases, and fumes do not necessarily
cause respiratory dysfunction; (b) isolated cir-
cumscribed pleural plaques with low grade
width or extent are associated with a non-
significant 196 ml reduction in FVC with a
normal slope of decline of FVC over seven
years; and (c) exposure to asbestos dust that
produced isolated circumscribed pleural
plaques does not necessarily produce airway
dysfunction.
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