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Prevalence of pneumoconiosis and chronic
bronchitis in foundry workers

by RISTO KÄRÄVÄ, M.D., SVEN HERNBERG, M.D., RIITTA-SISKO
KOSKELA, M.Sc., and KALEVI LUOMA, B.Sc.1
KÄRÄ VÄ, R., HERNBERG, S., KOSKELA, R.-S. and LUOMA, K. Prevalence of
pneumoconiosis and chronic bronchitis in foundry workers. Scand. j. work environ. &
heaUh 2 (1976): suppl. 1, 64-72.
The prevalence of pneumoconiosis, chronic bronchitis, and impaired lung function was studied among those 1,000 foundry workers
(response rate 93.1 %) with the longest exposure time (minimum 4.2, mean 17, SD
9 years) from a representative sample of 20 foundries. Pneumoconiosis was diagnosed
from 100 X 100 mm radiographs, and the false positives and false negatives were
evaluated from normal-size radiographs from alI those with a positive finding and
a sample of those with a negative finding. Chronic bronchitis was studied by means
of a translation of the MRC Short Questionnarie on Respiratory Symptoms. Forced
vital capacity and forced expiratory volume in 1 s were measured with a Vitalograph
Single Breath Wedge Spirometer, and the FEV % was calculated from these variables. The subjects were grouped according to smoking habits and dust exposure,
which could be fairly welI evaluated from measurements performed in connection
with the health survey. AlI comparisons were made between different subcategories.
The overalI prevalence of pneumoconiosis was 3.8 0/0, when alIowance had been made
for false positive and false negative findings. Most cases were mild. Chronic bronchitis occurred more frequently among those occupied in jobs classified as dusty.
Smoking also strongly increased its prevalence; a combination of both exposures
produced the strongest effect. The effect of smoking was also evident as an impairment of lung function; however, no such effect of dust expo sure could be shown in
this material. Since this was a prevalence study, the selective removai of workers
from dusty jobs probably led to underestimates of alI the health effects studied. In
spite of the effect of selection excess bronchitis could be demonstrated in workers
from dusty environments. Therefore effective dust control must be initiated not only
with regard to silica dust but also with respect to total dust.
Key words: foundry worker's pneumoconiosis, chronic
foundry work, prevalence study, cigarette smoking.

Pneumoconiosis
is the best known occupational lung disorder of foundry workers.
Severail. surveys have shown that this disease is common indeed, but the prevalences reported
have varied considerably
(6, 13, 15, 20, 21, 22, 25).
Department of Epidemiology and Biometry,
Institute of Occupational Health, Helsinki,
Finland.
Reprint requests to: Dr. Sven Hernberg, Institute of Occupational Health, Haartmaninkatu 1, FIN-00290 Helsinki 29, Finland.
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bronchitis,

lung function,

Only one survey has been performed
in Finland, more than 20 years ago. In
that study, Noro and Pätiälä
(20) found
pr...eumoconiosis in 6.5
of 1,660 active
foundrymen.
There is no systematie information of how the situation has developed since then.
The only data available
from more recent years come from the
national register of occupational
diseases.
According to it, 48 Ofo of all the 148 cases
of silicosis diagnosed
during the period
1969 through
1974 occurred
in foundry
workers
(10).
The corresponding
figure
%

was only 21
in the period 1935 through
1964, when 878 cases were registered (1).
Thus the relative importance of foundry
workers' silicosis has increased.
Although the occurrence of chronic
bronchitis has generalIy been shown to
increase in dusty work, excess morbidity
in foundry workers has not been documented until recently.
The explanation
lies in the previous lack of suitable survey
techniques. Moreover even the definition
of the disease has been equivocal. The
development of the MedicaII Research
Council's (MRC's) standardized
Short
Questionnaire on Respiratory Symptoms
(17) and of portable, reliable equipment
for the measurement of lung functions has
rendered field surveys practicable.
The
standardization of diagnostic criteria (3, 18)
has furthermore provided a basis for the
interpretation and comparison of the results. Thanks to these improvements,
surveys of respiratory occupational disorders have become frequent during recent
years, and some studies have also been
carried out among foundry workers. The
most important was performed in Great
Britain in 1964 and 1965 by the Medical
Branch of the HM Inspectorate of Factories
(13). This study revealed an excess of the
sputum-chest form of chronic bronchitis
in foundryanen, especialIy among nonsmokers. The effect of smoking and dust
exposure appeared to be additive. Similar
results have later been obtained in other
studies (4, 19, 26).
We had reason to believe that the dust
situation in Finnish foundries was far
from satisfactory (24), and therefore a
survey on respiratory disease was included
in the foundry project.
%

MATERIAL AND METHODS
The research strategy of the present survey has been described in another report
(8). The health survey comprised those
1,000stilI active foundry workers with the
longest exposure time, the minimum being
4.2 years (mean 17, SD 9 years). A total
of 931 men responded. Their mean age
was 44 years (SD 11). This paper reports
the results of the examinations for respiratory diseases.
Each subject filIed out a questionnaire
inquiring, among other things, about occupational history, earlier morbidity, and

smoking habits. At the time of the survey,
460 men, or 53 % of those 861 giving a
useful smoking history, were active smokers. Their proportion varied between 50
and 68 % in the different occupational
subgroups.
Only 150 men had never
smoked, while 252 were exsmokers. Only
four men (1.6 0/0) had given up smoking
during the last year. The mean duration
of abstinence from smoking was 9.2 years
(SD 7.4). More-detailed data are given
in the section describing the comparability
of the exposure categories.
A history of respiratory symptoms was
obtained with a Finnish translation of the
MRC's Short Questionnaire on Respiratory
Symptoms (17). According to this guestionnaire, cough (or phlegm production)
was classified into four categories: (a) no
cough (phlegm), (b) cough (phlegm) on
geUing up in the morning, (c) cough
(phlegm) during the day, or at night, and
(d) cough (phlegm) on most days for as
much as 3 months each year. Chronic
bronchitis was defined as cough and
phlegm production during at least 3
months a year. The requirement of acute
episodes was not considered necessary
because of the nonspecificity of the symptoms and because of the known error
arising from difficulties in remembering
past diseases.
Forced vital capacity (FVC) and forced
expiratory volume in 1 s (FEV1) were used
AlI measas measures of lung function.
urements were performed with the same
Vitalograph Single Breath Wedge Spirometer. The apparatus was calibrated once
weekly by means of a calibration curve.
Before each measurement the apparatus
was adjusted to zero. Four trained technicians performed the measurements. Interobserver error was insignificant, and,
because the subjects aUended the examination in alphabetical order, no systematic bias could arise from that error.
The subjects wore no nose clip and paused
for 60 s between each expiration. At least
three successful expirations were required
for each subject.
The best value was
chosen to express the FVC and the FEV1
separately for each variable. We recorded
the values as percentages of the "normal"
by ta king into account the height and age
of the subject (2). The FEV % values were
computed from the folIowing formula:
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Table 1.

Age, exposure time, and height of workers in the different exposure categories.
Age (a)

Exposure
category

N

High dust
Medium dust
Slight dust

442
161
258

Table 2.

categories.

Exposure time (a)

Height (em)

Mean

SD

Mean

SD

Mean

SD

43.4
43.9
44.9

10.2
11.5
11.4

16.5
17.9
16.5

9.3
10.2
8.9

173.6
173.7
173.1

5.9
5.8
6.1

Distribution of smokers, exsmokers, and nonsmokers in the different exposure

Nonsmokers
Exposure category
High dust
Medium dust
Slight dust
Total

Exsmokers

Smokers

N

0/0

N

Ofo

N

0/0

Total
N

83
26
41

19
16
16

117
43
92

27
27
36

243
92
125

55
57
49

442
161
258

150

17

252

29

459

53

861

Cumulative and present amount of smoking among the smokers. Percentages were
computed from the total number of men in each exposure category.

Table 3.

Cumulative smoking
Exposure
category

High dust
Medium dust
Slight dust

<200

N

%

67
30
43

15
19
17

N

Ofo

128
45
61

30
28
24

FEV % = FEV! X 100)/FVC. The results of
20 subjects could not be used because of
failure to perform the test satisfactorily.
A 100 X 100 mm radiograph (posterioranterior and lateral projections) was taken
of the chest with a Philips Medio 200
apparatus with an Odelca Angular Camera. The films were read in a standardized
manner by an experienced roentgenologist,
who was not aware of the exposure category or the occupational history of the
subject. Each time pneumoconiosis was
suspected from the radiograph the subject
was requested to attend a more thorough
medical examination at the Institute. Of
the 931 radiographs examined, 18 (1.9 Ufo)

were false positives.

Present smoking

200-599

;;:: 600

N
47
17
21

1-9

%

N

11

:>8
22
36

11

8

0/0

9
14
14

10-19

;;:: 20

N

Ofo

N

0/0

114
40
49

26
25
19

90
30
41

20
19
16

and one was diagnosed as having pneumoconiosis. In addition two were classified as suspect cases. This procedure
gave an estimate of 1 Ofo false negatives
for the whole group. For the classification of pneumoconiosis, the 1971 edition
of the ILO/UC international classification
of radiographs of pneumoconiosis was
used.
We classified the workers into three
different categories of dust exposure on
the basis of dust measurements reported
elsewhere (11, 23). In this classification
only present exposure status was considered because it should have had the
greatest effect on current respiratory
symptoms. When pneumoconiosis was con-

The percentage of

sidered, this classificettion could not of

false negatives was checked by asking 100
subjects classified as being free from
pneumoconiosis to a normal X-ray (65-70
kV, 110-120 rnA). Of them, 93 responded,

course be used. The three categories and
occupations involved were as follows: (a)
high dust exposure: floor molders (including molding shop workers), machine mold-
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ers (including sandmixers), £ettlers

(in-

different exposure categories can be found

cluding knock-out Il1en and flaIl1e cutters),

in table 2.

and laborers assisting them, (b) intermediate or intermittent dust exposure:
coremakers (including slinger drivers),
furnacemen (including sieve repairmen,
scrapmen and chargers), and laborers
assisting them, (c) slight dust exposure:
casters, ingot casters, truck drivers, crane
drivers, loader drivers, other laborers,
"other occupations" (i.e., patternmakers,
smiths, inspectors and maintenance workers).
Some of the categories (e.g., laborers,
"other occupations") are ill-defined because of the workers' movements in the
foundry and because of differences between the foundries (12). Hence this classification is crude. However, such crudeness
can only dilute a possible association between dust exposure and respiratory disease, not produce a spurious one.

Although only slight differences prevailed between the different exposure
categories, all comparisons have been made
separately for smokers, exsmokers, and
nonsmokers. However, different degrees of
smoking could not be considered separately because of the small numbers in some
subgroups.

Comparison oj some relevant parameters
between the exposure categories
Table 1 shows the mean ,age, exposure
time, and height of the three exposure
categories. No great differences existed.
Furthermore, all results have been agestandardized, and both age and height are
taken into consideration in the computation of the FVC and FEV j values.
Table 2 shows the distribution of smokers in the different exposure categories.
Among those with heavy dust exposure
there were more smokers and nonsmokers
but fewer exsmokers than among those
with slight exposure. However, the differences were hardly of any practical significance.
The smokers and the exsmokers were
subdivided into smoking categories. Pipe
and cigar smokers were few and were
combined with the lowest cigarette smoking category. Table 3 shows the different
smoking categories among the smokers,
both in terms of cumulative smoking
(average amount of cigarettes per day X
years) and present smoking. As can be
seen, heavy smokers were slightly more
prevalent in the group with high dust exposure, but probably not enough to be
practically significant. All exsmokers fell
into the lowest category of cumulative
smoking. Their distribution between the

RESULTS

Pneumoconiosis
On the basis of the 100 X 100 mm radiographs, pneumoconiosis was suspected in
43 men (4.5 010), They were all called to a
clinical examination consisting of a thorough history, a normal chest radiograph,
and lung function tests. At this examination 18 men were judged free of pneumoconiosis, while the diagnosis was confirmed in 25 (2.7 010). Twelve of the 25
had earlier been diagnosed as having
pneumoconiosis. Three of the 12 were now
in jobs with insignificant dust exposure,
while four continued in their previous
occupation under improved conditions.
Three were temporarily employed and
they retired soon after the examination.
The current exposure status of two patients could not be classified with certainty.
Of the 888 men first classified as free
from pneumoconiosis, 93 were examined
with normal-sized radiographs, and pneumoconiosis was diagnosed in 1 case. Extrapolation yielded an estimate of 10
men wrongly classified as being free from
the disease in the total group. Thus the
total prevalence of pneumoconiosis can be
estimated to be 3.8 010. For those whose
exposure had lasted 10 years the prevalence was 5.4 010. Most cases were mild. The
mean exposure time for the cases was 27
years (range 11-48 years). The youngest
worker was 42 years old; and the oldest,
65 years. There was no consistent trend
with regard to occupational subgroups,
probably because many workers had been
in other occupations earlier. Moreover, as
already stated, most of those with previously diagnosed pneUJIDoconiosis had
been transferred to jobs with lower dust
exposure; they appeared now with a new
occupational label.
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Table 4.

Age-standardized prevalences (°/0) of cough and phlegm production for at least 3
months a year and of chronic bronchitis, according to dust exposure category and smoking
class.
Cough

Phlegm
production (0/0)

Chronic
bronchitis (0/0)

Exposure category

N

Nonsmokers
Slight or medium dust
High dust

67
83

7
16

5
25

2
9

Exsmokers
Slight dust
Medium dust
High dust

92
43
117

9
5
16

21
20
24

7
5
12

Smokers
Slight dust
Medium dust
High dust

125
92
242

28
18
36

36
35
46

19
12
30

Total

861

19

29

16

(0/0)

Table 5. Effect of dust exposure and smoking

upon the symptom of cough for at least 3
months a year.
Comparison
Effect of dust only
Nonsmokers:
Slight or medium
dust vs. high dust
Smokers:
Slight or medium
dust vs. high dust
Effect of smoking only
Slight or medium
dust: nonsmokers
vs. smokers
High dust:
nonsmokers
vs. smokers
Effect of smoking
and dust
Slight or medium
dust, nonsmokers vs.
high dust, smokers

Rate
ratio

X2 (l)

p

2.1

1.34

> 0.10

1.6

7.94

<0.01

3.9

8.20

<0.01

2.6

12.24

< 0.01

5.9

19.74

< 0.001

Chronic bronchitis
Table 4 shows how cough, phlegm, and
chronic bronchitis related to dust exposure
category and smoking class.
Chronic
bronchitis, as defined in this study, occurred in 16 % of those 861 workers who
had completed the questionnaire satisfactorily.
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Both dust exposure alone and smoking
alone increased the prevalence of respiratory symptoms, but the effects were
strongest for smokers with high dust exposure. Hence synergism occurred. The
inconsistency between the lower dust ex..,
posure categories probably reflects the
crudeness of the classification, Le., the
actual difference between "slight" and
"medium" exposure may have been insignificant.
Table 5 shows the probability of chance
being the reason for the differences found
for cough, table 6 shows the same for
phlegm production, and table 7 for bronchitis. The Mantel-Haenszel test (16) was
used for the computation of the two-tailed
probabilities. Not surprising,ly, we obtained the highest rate ratio in the comparison between the extreme exposure
categories (tables 5--7). The relation between chronic bronchitis and the exposure
in question (smoking and dust) was even
stronger than for cough or phlegm alone.
Superficially regarded, the effect of smoking seemed to be more potent than that
of dust exposure. However, the smokers
were compared to nonsmokers, who constituted a completely "clean" group with
regard to smoking. In contrast those exposed to high dust concentrations were
compared to workers exposed to low or
medium dust concentrations and actually
"contaminated" by dust exposure.

Table 6. Effect of dust exposure and smoking
upon phlegm production for at least 3 months
a year.
Comparison

Rate
ratio

Effect of dUst only
Nonsmokers:
Slight or medium
dust vs. high dust
Smokers:
Slight or medium
dust vs. high dust
Effect of smoking only
Slight or medium
dust: nonsmokers
vs. smokers
High dust:
nonsmokers
ys. smokers
Effect of smoking
and dust
Slight or medium
dust, nonsmokers ys.
high dust, smokers

FVC
140

SmOkers
Dust expo.sure

p

6.1

12.11

< 0.001

1.3

4.57

<0.05

oL--- 315--

7.9

21.87

1.5

6.38

< 0.001

--is--

----L..- _ _ _ _ L - - ~
50
40
45
ACE, yr

Fig. 1. The forced vital
smokers exposed to high
and nonsmokers exposed
centrations, as a function

capacity (FVC) of
dust concentrations
to slight dust conof age.

< 0.05
FEV

%

.. _ - - - _ .

---

..

-

-

-

95

Smokers
DUSt exposure

9.9

33.90

< 0.001

Nonsmokers .- ...........
65 OuSt exposure

;

'. ... ......................

......

.. .... _-- ............ _- ................

Smokers
No dust exposure

TaMe 7. Effect of dust exposure and smoking

upon chronic bronchitis.
Comparison

55

..............

I

75 Nonsmokers'
No dust exposure

Rate
ratio

X2 (1)

P
0[--37J--

37;---

.1_

_ _. .L

40

45

I

50

55

ACE, yr

Effect of dust only
Nonsmokers:
Slight or medium
dust Ys. high dust
Smokers:
Slight or medium
dust Ys. high dust

5.3

1.87

> 0.10

1.9

11.64

< 0.01

Effect of smoking only
Slight or medium
dust: nonsmokers
ys. smokers
10.6
High dust:
nonsmokers
vs. smokers
3.5

7.98

< 0.01

14.15

< 0.001

Effect of smoking
and dust
Slight or medium
dust, nonsmokers ys.
high dust, smokers

20.55

< 0.001

19.6

Lung function

Fig. 1 shows the FVC of the extreme exposure categories (exsmokers and medium

Fig. 2. The FEV "!o of smokers exposed to high
dust concentrations and nonsmokers exposed
to slight dust concentrations, as a function of
age.

dust exposure excluded) as a function of
age. The differences were slight and, if
anything, suggest that smoking to some
extent lowered the FVC.
Fig. 2 shows .a similar comparison for
FEV 0/0. Again, if there was any effect
at all, it occurred for smoking. The differences were tested with Fisher's general
method for combining tests of significance
(7). The results for all smoking and dust
exposure categories are summarized in
table 8.
Smoking affected lung function in all
comparisons. It should be emphasized that
those statistically significant results for the
effect of dust exposure are "in the wrong
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Table 8. Effect of smoking and dust exposure upon forced vital capacity (FVC) and the FEVOJo.

FVC

FEVOJo

Comparison
Effect of dust
Slight dust, nonsmokers
vs. high dust, nonsmokers
Slight dust, smokers
vs. high dust, smokers
Effect of smoking
Slight dust, nonsmokers
vs. slight dust, smokers
High dust, nonsmokers
vs. high dust, smokers
Effect of smoking and dust
Slight dust, nonsmokers
vs. high dust, smokers

p

2

X

(8)

p

< 0.05 a
> 0.10 a

> 0.10
< 0.05 a

16.28 a

28.34

17.91

< 0.001
< 0.05

45.93

< 0.001
< 0.001

19.17

< 0.05

29.81

< 0.001

6.91
19.93 a

20.98

9.60 a

a The more exposed category had more normal values.

direction." The possible reasons for this
are presented in the discussion section.
A comparison between symptoms of
bronchitis and the lung function tests
showed no specific trend.

DISCUSSION
COIIllparisons of prevalences of pneumoconiosis in foundries from different studies
are not meaningful for several reasons.
First the diagnostic criteria vary considerably. Second there are often great variations in the average exposure time. Third
the occupational structure of the groups
studied often differs. For example, fettIers usually have more pneumoconiosis
than other groups (13), and thus their
proportion in the entire population influences the prevalence. Finally, the xray technique used is not always comparable. In the present study the use of 100 X
100 mm instead of normal-size radiographs
was unfortunate, but at the time of the
.survey our mobile unit was not equipped
with an apparatus for taking normal-size
'ones. We tried to overcome this methodological weakness by submitting all those
with positive findings and a sample of
those with negative findings to an examination utilizing a v,alid technique with
normal-size radiographs [one "soft" (6570 kV) posterior-anterior and one "hard"
'70

(110-120 kV) posterior-anterior and lateral]. We were therefore able to estimate
the proportion of both false positives and
false negatives obtained with the 100 X
100 mm radiographs, and we calculated
the prevalence of pneumoconiosis to be
3.8 Ofo. Irrespective of the difficulties of
comparison, and perhaps of other problems
as well, this prevalence is one of the lowest
reported (6, 13, 15, 20, 21, 22, 25).
In view of the relatively high dust concentrations measured in the foundries (23),
the low prevalence is surprising and
requires some consideration.
A first
glance indicated that the periodical health
examinations, enforced by law in Finland,
selectively remove workers with early
pneumoconiosis from dust exposure. Consequently, prevalence figures of active
foundry workers would be highly underrepresentative. However, national statistics do not support such an explanation.
According to the Register of Occupational
Diseases 71 cases of foundry silicosis have
been diagnosed during the last 6 years.
Because the present survey covered about
35 Ofo of all Finnish foundry workers only
25 of the 71 cases would constitute their
share, and the prevalence would not increase to more than 6 % in any case. However, nearly one-half of the persons who
received compensation for foundry silicosis
were actively working, and no significant
health selection due to pneumoconiosis
seems to have occurred. Hence the low

prevalence found cannot be explained by
selection only. The rather short average
exposure tiJrne thus probably provides a
better explanation, together with the fact
that the group comprised both slightly
and heavily exposed workers.
Our prevalences cannot be directly compared with the overall prevalences of
cough, phlegm production, and bronchitis
found in other Finnish surveys either. In
Huhti's material from an industrialized
rural community (9), the overall prevalence of cough and phlegm production was
roughly the same as in our study. However, for a diagnosis of chronic bronchitis,
Huhti required phlegm production only,
not cough, and this difference may explain
his higher overall prevalence of bronchitis. In addition Huhti used interviewers wh~le we used self-administered questionnaires, the age structures of the materials differed, and there was a 10-year
interv,al between the studies.
It is similarly difficult to compare our
results with other studies on "occupational" chronic bronchitis, because of the differences in the diagnostic criteria of bronchitis, the age structure of the workers
studied, and in other relevant matters such
as smoking habits, etc. Thus the most informative data of our study derive from
internal comparisons between different
dust exposure categories. Such comparisons confirm the prevailing view that dust
exposure causes an unduly high prevalence of bronchitis and that cigarette
smoking acts as a synergist (4, 5, 13, 14, 19).
In all smoking categories, there was
roughly twice as much chronic bronchitis
in the high dust exposure category as in
the lower exposure categories. As stated
before, the fact that smoking seemed to be
an even stronger cause of bronchitis cannot be taken for granted because of differences in the reference categories with
regard to freedom from exposure. Smoking was indeed a strong promotor of
bronchitis, but the actual effect of dust
exposure could have been stronger than
suggested by these comparisons. This inconclusiveness is one of the disadvantages
of using internal comparisons instead of
referring to the results of external groups,
and in this case it renders any conclusions
regarding the relative effects of smoking
and dust exposure impossible. In addition

the air in foundries is also polluted with
other irritants, such as formaldehyde, furfuryl alcohol, various pyrolysis products
of resin binders, etc. (27). To what extent
these agents contribute to the respiratory
symptomatology is not clear.
In the lung function tests the most evident effect was due to smoking. Dust exposure alone did not seem to affect any of
the parameters used. In fact there was
even a slight tendency towards better
values in the categories exposed to dust.
If not due to chance, this finding may be
explained by the selective removal of
workers frQIIl dusty jobs as a result of
functional impairment. As reported elsewhere (12), turnover was indeed higher
in occupations classified as dusty as compared to that in other occupations. Besides
the possible selection, the high turnover
resulted in a lower average exposure time
for those remaining in the foundry. The
fact that a history of bronchitis was more
prevalent in the dust exposed category is
not contradictory, because the questionnaire method measures acute effects of
dust exposure, while the lung function
tests used measure the result of chronic
injury. Besides, chronic bronchitis develops from bronchi with a diameter of
less than 2 mm, and the total volume of
such small airways is so low that severe
impairment is needed to become measurable by the rather crude funtion tests used
in this survey.
In conclusion, since both pneumoconiosis and chronic bronchitis appear to be a
health problem in foundries, it may not
be enough to replace the quartz sand with
chromite or olivine sand.
Total dust
levels must also be reduced.
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