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ABSTRACT : L ung function tests (forced expir atory volume in one second
(FEV,), for ced vital capacity (FVC) and FEV/FVC %) were related to silica
exposure and the extent of r adiological opacities in a stud y of 206 active and
132 previously employed granite wor kers from two quarries. The investigations
included detailed personal interviews, spirometric testing and radiogr aphic
examination of the chest. T he chest X-ray films were read randomly and independently by three readers, using International Labour Office (ILO) standard
mms. Cumulative exposure to respirable silica (mg·m·3-yr) and total granite dust
(million par ticles per cubic foot (mppcf-yr)) were estimated for each subject
based on his years of employment at various jobs and historical and current
measurements of quarry-, period- and job-specific exposures.
The r esults suggest that chronic simple silicosis, especially for profusion category 2 and 3, was associated with significant lung function loss. As expected,
mixed dust fibrosis was associated with little or no functional disturbance.
Massive fibrosis was associated with significant obstructive a nd restrictive impairment. No additional effect of exposure to respirable silica on lung function
loss was found after allowing for the presence of "silicosis". However , exposure to total dust (mppcf-yr) appeared to be associated with some lung function
loss independent of silicosis.
Our results indicate that chronic simple silicosis is not a benign d isease; silica
exposure is the primary cause, but the lung function loss in silicotics is directly
attributable to the fibrotic lung disease. However , exposure to total granite dust
beyond the respirable size range may separ ately produce additional lung
function loss.
Eur Respir J., 1992, 5, 986-991.

Previous investigations of silica-exposed workers
have described lung function effects in relation to the
disease, silicosis, and to the silica exposure that led
to lung fibrosis. There is no doubt that silica exposure
is associated in a dose-related manner with the radiological responses that denote silicosis, and that silicosis in an advanced stage denoted by large opacities
(massive fibrosis) is associated with significan.t lung
function impairment, usually of an obstructive and/or
restrictive type. There is, however, some debate on
the lung function effects of simple silicosis. Although
it has long been held to be associated with little or
no functional abnormality [I], some studies have
shown that silicosis is indeed associated with functional impairment [2-4]. There is also evidence
suggesting that the lung function loss in silicosis is
attributable not to the disease entity but to the dust
exposure that gave rise to silicosis [5]. Dust exposure
has also been found to be associated, independent of
silicosis, with accelerated lung function loss [6- 9],
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although in some of these studies, doubts have been
cast on the reliability of measurements [7-11].
For this report, we have studied a group of granite
quarry workers to determine whether simple silicosis
was indeed associated with impairment of lung function; the extent to which the radiological disease or
silica exposure explained the lung function effects;
and whether exposure to respirable silica or total
granite dust was related additionally, independent of
silicosis, to lung function effects.
Material a nd methods
Study population

The study subjects were current and past workers
who were members of a cohort defined when all active
workers in two granite quarries were first given annual
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radiographic examinations at ·the start of a medical
surveillance programme in 1967. We identified, from
the nominal roll for chest X-ray examination, 496
workers who were employed for at least one year
between 1967 and 1985, who were initially without
silicosis. During this period, 269 men left the quarries, of whom 105 men were transfe rre<.l out because
of silicosis. A total of 53 me n (17 ~ilicotics and 36
non-silicotics) died during this period. The remaining
128 past workers, who were still alive and were not
known to be silicotic at the time of their termination
of employment, were traced and invited to attend a
medical examination. Eighty two of them accepted
this invitation. Workers with silicosis were followedup periodically at one chest clinic, and 50 of them
who were still alive were successfully recalled for
re-examination. All the current (n;;:206, 91% response)
and past workers (n= 132, representing 61% of survivors, or 49% of all past workers in the cohort) with
or without silicosis, were given a questionnaire interview, chest X-ray and lung function test.

Questionnaire
The structured questionnaire included a detailed occupational and medical history, smoking habits, and
respiratory symptoms modi fied from the Briti sh
Me dical Research Council ( BMRC) Res piratory
Questionnaire [11). It was administered by trained
nurses.
Spirometric testing
All spirometric tests were performed from 9 am to
12 noon each day, on a dry-wedge bellows spirometer
(VitaJograph). which was calibrated daily before use.
Each s ubject perrormed maximal forced expiratory
manoeuvres in t·he standing positio n without noscc lip
and the best of three acceptable curves was used in
deriving the forced vital c apacity (FVC), forced
expiratory volume in one second (FEV 1) and the FEV/
FVC %. The acceptability or spirometric tracings
were judged according to American Thoracic Society
(ATS) criteria ll2]. All values were corrected to body
remperature and pressure saturation (BTI'S). Height (to
the nearest centimetre) and weight (to the nearest kg)
was measured without shoes.

Radiographic reading
All chest X-ray 'films were taken according to
standard radiographic procedures for screening of
pne.umoconiosis. Large-sized films with posteroanterior views of the chest were read independently
and in random order by three experienced physicians,
who were not aware of the exposure or clinical status
of the subjects to which the films belonged. The
profusion of rounded and irregular small opacities were
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read, with reference to standard films, and according
to the International Standard Classification of Radiographs of Pneumoconiosis, 1980 [13). The three
readers showed reasonably good interobserver
agreement (Kendall's correlation coefficient range
0.837- 0.875).
The presence of any rounded and inegular small
opacities was defined as radiological profusion of 0/1
and greater, based on the predominant shape that was
recorded by at least two or the three readers. In a
few instances where this was not possible, the small
opacities were classified as rounded.

Exposure estimates
A detailed work history of the dates and duration
of work in various job locations was obtained from
personal interview. This was used to estimate individual cumulative silica exposure based on quarry- and
job-specific measurements of past exposure. Details
of the historical monitoring assessment and results
were described in more detail previously [ 14). Briefly,
the historical data were based on serial average airborne dust measurements (expressed in million particles per cubic root (mppcf)), using midget impinger
daling from 1953 at one quarry (which commenced
operation in 1946) and from 1962 at the o ther quarry
(which commenced operation i11 1955). The hygiene
assessmenrs were supplemented by recent gravimetric
measurements of respirable silica, determined by X-ray
diffraction in 1982- 1985. The mean quartz content of
respirable airborne dust was 27%. The particle counts
were converted to gravimetric equivalents of respirable
quartz concentrations: I0 mppcf of granite dust conraining approximately 25-35% [Tee silica is eqllivalent
to 0.1 mg·m·3 of respirable quartz Ll5, 161. Two indices of exposure were estimated for each subject.
The curnulalive exposure to respirable quarrz for each
man was estimated by summating the productS of median respirable quartz concentration and years worked
in s pecific jobs and by calender year within each
quarry, expressed in mg·rn·J-yr units. Cumulative exposure to total granite dust was also estimated using
the data of only the particle count measurements
(mppcf-yr).

Statistical analyses
The lung function values between groups of subjects
with and without radiological opacities were compared
with statistical adjus tment for age. height. cignretleyears s moked and cumulative exposure ( logtransformed) using analysis of covarioncc. Multiple
linear regression techniques were also used to estimnte
rhe independent effects of cumulative exposure to res pirable silica or total dust and radiological opacities
on lung function of the study s ubjects. Separate
analyse-s based on the data for each of the three readers and two exposure indices were also performed.

T-P. NO, S-L. CHAN

988

Results

However, these were significantly lower for higher
profusion categories (categories 2 and 3) of small
rounded opacities (p<O.Ol). As expected, highly significant reductions in FEV 1, FVC and FEVJFVC were
noted in subjects with large opacities.
In multiple regression analyses, in which cumulative
respirable silica exposure or profusion of small opacities were entered separately as explanatory variables,
each of these individual factors were significantly
associated with decrements in FEV 1 and FVC. However, no significant additional effect of cumulative
silica exposure was shown when simultaneously
allowing for profusion of rounded opacities, with
covariate-adjustments for age, height and cigaretteyears (table 3). The profusion of radiological opacities (as a dependent variable) was significantly related
to silica exposure (p<O.OOOl), and age (p<O.Ol), but
not to cigarette-years. The correlation coefficient
between cumulative silica exposure and radiological
profusion was 0.46 (p<O.OOOl). A more detailed examination of the radiological dose-response relationship
was reported in a previous paper [171.

A total of 320 subjects was available for analysis
after excluding 17 subjects with unacceptable spirometric tracings, concurrent ischaemic or hypertensive
heart disease, or incomplete exposure data (for one
subject, a tool-grinder, respirable silica dust measurement was not available). Irregular and rounded small
opacities with a minimum radiological profusion of
0/1 were present in 79 (25%) and 60 (19%) subjects,
respectively, and large opacities were present in 10
(3%) subjects.
Compared to subjects without any radiological
opacities (category 0/0), no significant differences in
FEV 1 and FVC were found for subjects with irregular
opacities, after adjusting for age, height, cigaretteyears and cumulative silica exposure (table 1).
However, subjects with rounded opacities had
lower values for FEV 1 (p<0.05) and FVC (p<O.lO).
As shown in table 2, the adjusted levels of FEY 1 and
FVC in subjects with category one profusion were not
significantly different from those with profusion 0/0.
Table 1. -

Characteristics of subjects by presence of radiological opacities#
No
opacities
(profusion 0/0)
(n=l71)

Irregular
opacities
(profusion ~0/1)
(n=79)

(15)
(0.07)
(39)

45
1.7
67
17
89
267
0.69

Unadjusted mean (so)
FEY I I
FVC I
FEV/FVC %

2.8 (0.84)
3.5 (0.79)
81 ( 11)

2.5 (0.82)
3.2 (0.86)
78 (11)

2.3 (0.66)
3.0 (0.69)
77 (10)

1.3 (0.60)
2.0 (0.65)
59 (17)

Adjusted mean (so)++
FEY I I
FVC I
FEV/FVC %

2.7 (0.48)
3.3 (0.55)
80 (10)

2.7 (0.48)
3.3 (0.53)
79 (8)

2.5 (0.48)*
3.2 (0.53)
78 (10)

1.8 (0.48)**
2.4 (0.54)**
65 (10)**

(10)

(51)
(463)
(7.5)

52
1.6
22
10
28
261
2.6

(12)
(0.06)
(37)
(17)
(47)
(335)
(5.6)

Large
opacities
(A, B, C)
(n=lO)

Age yr
Height m
Nonsmokers n(%)
Ex-smokers n(%)
Current smokers n(%)
Cigarette-years (all smokerst
Respirable silica mg·m·3-yr 11#

52
1.6
22
16
41
322
2.4

(14)
(0.06)
(28)
(20)
(52)
(331)
(7.2)

Rounded
opacities
(profusion ~0/ 1)
(n=60)

60
1.6
2
3
5
408
10.4

(6)
(0.03)
(20)
(30)
(50)
(337)
(2.5)

Values expressed as mean (so) or numbers (%). #: defined as opacities with profusion 2::0/l; 11#: GM (Gso); •:
ever and current smokers; ++: adjusted for age, height, cigarette-years and cumulative silica exposure; *: p<O.OS;
**: p<O.OOOl. FEV 1: forced expiratory volume in one second; FVC: forced vital capacity.
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Table 2.
Adjusted lung functions by profusion categories of irregular and rounded opacities (adjusted for
age, height, cigarette-years and cumulative silica exposure)
Irregular opacities
Profusion
category
n
FEY I I
FVC I
FEV/FVC %

Rounded opacities

0!0

(0/1-1/2)

2, 3
(2/1-3/4)

(0/1-112)

171
2.7 (0.04)
3.3 (0.04)
80 (0.8)

65
2.7 (0.06)
3.3 (0.07)
79 ( 1.2)

14
2.6 (0.13)
3.2 (0.15)
81 (2.6)

2.6 (0.07)
3.2 (0.08)
79 (1.4)

1

I

50

2, 3
( 2/1-3/4)
10
2.2 (0.15)**
2.9 (0.17)**
76 (3.0)

Large
opacities
(A, B, C)
10

l.8 (0.15)***
2.4 (0.17)***
65 (3.2)***

All values are mean (SE). There were four subjects with profusion category 3 small opacities (2 irregular and 2 rounded).
Compared to category 0/0: *: p<0.05; **: p<O.Ol; ***: p<O.OOOl. For abbreviations see legend to table 1.

Table 3. - Results of stepwise multiple regression analyses of lung functions on profusion score of rounded small opacities and two indices of cumulative
exposure by reader (PMF excluded)
Reader 1

Reader 2

Reader 3

Median reading

FEY,

FVC

FEV/FVC

FEY,

FVC

FEV/FVC

FEY,

FVC

FEV/FVC

FEV 1

PVC

FEV.fFVC

0.0001
0.0001
0.0041

0.0001
0.0001
NS

0.0001
NS
0.0001

0.0001
0.0001
0.0041

0.0001
0.0001
NS

0.0001
NS
0.0001

0.0001
0.0001
0.0041

0.0001
0.0001
NS

0.0001
NS
0.0001

0.0001
0.0001
0.0041

0.0001
0.0001
NS

0.0001
NS
0.0001

Model 1: Exposure=cumulative respirable silica (mg/m·3-yr)
Profusion score
0.0464
0.0391
NS
0.0019
Exposure
NS
NS
NS
NS

0.0005
NS

NS

0.0770

KS

NS

t'S

NS
NS

0.0030
NS

0.0071
NS

NS

NS

Model II: Exposure=cumulative total dust exposure (mppcf-yr)
Profusion score
0.1133
0.0391
NS
0.0019
Exposure
0.0387
NS
NS
0.1295

0.0005
NS

NS

0.1468
0.0387

NS
0.0837

NS

0.0030
0.1087

0.0071

NS
NS

Co-variates:
Age
Height
Cigarette-years

NS

NS

NS

NS

Values are p values for entry into the model. Ns: not significant at p=0.15 level for entry into the model. Radiological profusion of small rounded opacities was entered
as a continuous variable with 10 categories representing each of the International Labour Office (ILO) profusion categories 0/0 to 3/3. PMF: progressive massive fibrosis.
For abbreviations see legend to table 1.

t""

c
z
a

~

z

gz
z
(/)

E

()

Table 4.

-

>

Multiple linear regression analysis of subjects without radiological pneumoconiosis (profusion ~0/1)

Parameter
Reader 1 (n=195)
Log 10 silica mg·m·3-yr
LoglO total dust mppcf-yr
Reader 2 (n=223)
Log!O silica mg·m·3-yr
Log10 total dust mppcf-yr
Reader 3 (n=205)
Log10 silica mg·m·3 -yr
LoglO total dust mppcf-yr
All readers (n=208)
LoglO silica mg·m· 3-yr
LoglO total dust mppcf-yr
Co-variates
Age yrs
Height cm
Cigarette-year xiOO

Coefficient

(SE)

p

Coefficient

(sE)

~

~

FEV/FVC %

FVC I

FEV 1 l

[T1

p

Coefficient

(sE)

p

c:
~
;I>

z

-0.019
-0.052

(0.049)
(0.051)

0.6976
0.3092

-0.058
-0.030

(0.072)
(0.056)

0.8658
0.5969

-0.706
-1.106

(0.909)
(0.943)

0.4387
0.2427

-0.036
-0.069

(0.047)
(0.049)

0.4538
0.1590

-0.001
-0.028

(0.052)
(0.054)

0.9800
0.6016

-1.500
-1.773

(0.844)
(0.874)

0.0768
0.0439

-0.010
-0.037

(0.048)
(0.050)

0.8334
0.4578

-0.026
-0.007

(0.053)
(0.055)

0.6152
0.8939

-1.352
-1.613

(0.882)
(0.921)

0.1269
0.0815

-0.025
-0.057

(0.049)
(0.050)

0.6004
0.2575

-0.004
-0.022

(0.053)
(0.055)

0.9425
0.6898

1.103
-1.511

(0.865)
(0.894)

0.2036
0.0923

-0.032
0.033
-0.029

(0.003)
(0.005)
(0.009)

0.0001
0.0001
0.0012

-0.026
0.043
-0.019

(0.003)
(0.006)
(0.009)

0.0001
0.0001
0.0451

-0.368

(0.055)

0.0001

-0.493

(0.157)

0.0020

For abbreviations see legend to table I .
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Further analyses involving the use of cumulative
exposure to total granite dust (mppcf-yr) as the exposure index are also shown in table 3. The results
suggest that although lung function loss remained significantly associated with radiological profusion of
rounded opacities, some additional loss may also be
attributed to total granite exposure, judging by the
results based on one or two of the readers.
Subjects without radiological opacities (defined as
either profusion 0/0 or profusion 0/0-0/1) were exposed to average cumulative silica exposure (0.69
mg·m·3-yr) 3 to 4 orders of magnitude lower than those
with radiological opacities. Within the range of dust
exposure of these subjects, generally, respirable silica
exposure was not significantly related to lung function,
with the exception of the data for Reader 2, in which
an effect of borderline significance was found (table
4).

On the other liand, the results, especially those based
on Reader 2, were more suggestive of a relationship
between total dust exposure and lung function, in
particular, FEVJFVC.
Discussion

In this study, radiological opacities (predominantly
rounded or predominantly irregular) were taken to denote radiological pneumoconiosis, which may reasonably be interpretated as either "pure" (or "classical")
chronic simple silicosis or "mixed dust" fibrosis, respectively. Both radiological types of pneumoconiosis
also represented the usual forms of clinical disease that
are seen at the Pneumoconiosis Clinic of the Chest
Services, given the kind of dust exposure encountered
in the local granite industry. Granite rock contains
abundant quartz, often comprising 30-45% of the
parent rock, as. grains visible to the naked eye, with
the quartz content in the respirable dust fraction averaging 27%. These are capable of producing nodular
silicosis. However, it may also contain varying
amounts of muscovite, kaolin, feldspar, and other silicates or iron oxides, which could cause interstitial
fibrosis characterized radiologically by mainly irregular opacities.
We have observed a greater impairment of lung
function in persons with category 2 and 3 radiological
profusion of simple silicosis. An earlier study of
South African gold miners [5), has, however, found no
significant differences in lung function between
silicotics and non-silicotics, after allowing for dust
exposure. In both studies, lung function in silicotics
with profusion category t did not differ from exposed
non-silicotics. It may be noted, however, that in the
latter study, an inverse trend of FVC in relation to
increasing profusion category of silicosis was also
shown, albeit the differences were not statisticaJly
significant. Another recent study from South Africa,
involving black gold miners, has shown that reductions
in lung functions were, indeed, related to nodule
profusion, after controlling for "years of underground

employment" and other factors [18). Our results are
also in general agreement with those of other studies
[2-4].

A number of reasons could explain the discrepancies
among studies addressing the same questions. The
first concerns the selection of study populations: in
most studies, the examinations were conducted at one
point in time on active workers and workers found to
be silicotic whilst in active employment. Studies of
currently employed workers carry with them the
possibility of selection bias, such that the subjects who
were studied might have suffered less from their exposure than others who have left their employment,
some possibly for reasons of ill health sustained from
their job exposure. In the present study, we have
included workers who have resigned or retired from
active service. Indeed, it was noted that, compared to
current workers, they had higher prevalences of
radiological pneumoconiosis (54 vs 42% ), and they
included more cases with massive fibrosis (7 vs 0%);
they also had lower mean FEY, (2.49 vs 2.70 l,
p<O.OOl), and FVC (3.13 vs 3.36 l, p<O.OOl), adjusted
for age, height and cigarette-years. Selection bias in
respect of exposure conditions was also stated to underlie the different results obtained for white gold
miners and black gold miners in South Africa; white
miners being employed traditionally in career supervisory occupations, whereas black miners were employed
as labourers [13] .
It is also possible that previous studies may have
further underestimated the full and delayed effects on
lung function, that is only manifested after long
latency and allowing for progression of disease after
exposure cessation. Indeed in the present study, it was
noted that a number of subjects who were initially free
of pneumoconiosis when they terminated their employment were found to develop silicosis subsequently.
We have previously shown that many who left their
employment with certified silicosis experienced
subsequent progression of their radiological disease,
and that their lung function deteriorated at a faster rate
if radiological progression occurred [llJ.
Another consideration is the way in which silicosis
was radiologically defined in different studies. The
variability in radiographic readings of pneumoconiosis
within and between readers is well known. In previous studies of silica-exposed workers [5. 7, 8), the
chest films were read only by single readers. Although
single readers may be "highly experienced" and may
have high intrareader repeatability, the "cut-offs" for
determining profusion categories of rad.i ological
opacities may, nevertheless, vary between different
readers and studies. This makes the comparison and
interpretation of results from different studies difficult.
The nature and levels of dust exposure is another
varying factor that may explain the differences in results obtained in studies of silica-exposed workers in
other industries and workforces. The presence of other
minerals in the dusts, such as silicates rich in iron or
aluminium, are well-known to modify the biological
effects of silica exposure. The presence of these
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mineral dusts may be expected to vary greatly but are
seldom documented in different studies. It is also
interesting to note that the average level of silica exposure found among the silicotics in this study is only
slightly higher than that reported for Vermont granite
workers (2.6 cf 2.1 mg·m·3-yr). The levels in nonsilicotics is lower (0.69 cf 0.95 mg·m·3-yr). The low
level and limited range of exposure found among the
non-silicotics in this study may partly explain the weak
association between silica or total dust exposure and
lung function. Respirable silica may only determine
parenchyma! changes, but not large airways functions.
There is some suggestion in this study, from analyses
using particle count index of exposure to total granite
dust, of an independent effect on FEV.fFVC. It is,
thus, possible that total dust, including non-silica dust
beyond the respirable size range, may determine large
airways functions differently from silica exposure that
largely cause parenchyma! damage [19].
In the present study, we have found that irregular
opacities denoting mixed dust fibrosis were associated
with little or no functional disturbance. This is in
agreement with the conventional view of mixed dust
fibrosis. The significant obstructive and restrictive
impairment of massive fibrosis was also well substantiated in this study.
In conclusion, our results suggest that chronic simple
silicosis, except for profusion category l, is associated
with significant lung function impairment. The observed lung function loss in silicotics is attributable to
fibrotic disease; whilst respirable silica clearly plays
a role in increased lung function loss, its effects are
to a great extent mediated by the lung fibrosis it
produces. Lung function loss is not produced by respirable silica in amounts insufficient to cause lung
fibrosis, but may be produced additionally by exposure
to total dust, (in particular, those beyond the respirable
size range). Further studies, involving more direct
measurements of so-called "thoracic" or "inspirable"
dust are, however, required.
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