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Non-malignant asbestos diseases in workers in an
electrochemical plant
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From the Department ofOccupational Medicine, Telemark Sentralsjukehus, 3900 Porsgrunn, Norway

ABSTRACT The prevalence of non-malignant asbestos related disorders was studied in a group of
men who had been subjected to different levels of asbestos exposure when working at an electro-
chemical plant producing nitric acid sometime between 1928 and 1970. There were 153 men eligible
for an initial clinical examination in 1979-80 and that group has been followed up to 1985. Among
the cohort members the "accumulated prevalence" of lung fibrosis alone or in combination with
pleural plaques and of "pleural plaques only" was 24-2% and 24-8% respectively. The subgroup
with the heaviest exposure had a total prevalence of asbestos related disorders of 82-5%. Only study
subjects with lung fibrosis had statistically significant increased prevalences of respiratory symp-
toms. All subgroups from the study population, however, had mean spirometric values under the
age, height, and smoking specific predicted means. Subjects with heavy asbestos exposure and
current smoking had a prevalence of three or more respiratory symptoms of 28-8% compared with
5-6% among lightly exposed never smokers. Pleural crepitations at chest auscultation were more
prevalent among subjects with radiologically visible asbestos related disorders than among study
subjects with normal chest x ray films. During the follow up from 1980 to 1985, three cases of lung
cancer, two of pleural malignant mesothelioma, and one of stomach cancer were found among the
cohort members.

A raised prevalence of radiological signs of non-
malignant asbestos related diseases and of
impairment in pulmonary function has been found in
surveys of asbestos workers in a variety of
occupational settings. In a clinical survey of mainte-
nance workers in the chemical industry Lilis et al
observed a 24% prevalence of subjects with pul-
monary fibrosis alone or in combination with pleural
plaques, and another 14% with pleural plaques only.1
Apart from the early investigations from Ose and
Bittersohl2 I the study by Lilis et al seems to be the
only one dealing with the occurrence of non-
malignant respiratory disease among asbestos
exposed workers in the chemical industry.

In a previous communication the incidence of can-
cer was presented in a cohort of production and main-
tenance workers who had been exposed to asbestos in
a Norwegian electrochemical plant producing nitric
acid.4 The aim of the present study was to investigate
the prevalence of asbestos related non-malignant lung

Accepted 29 September 1986

disorders in terms of chest x ray abnormalities, respi-
ratory symptoms, and impairment in lung function
among cohort members who were still alive in
1979-80 and who have been followed up to 1985.

Subjects and methods

ASBESTOS EXPOSURE
Different types of asbestos were used for various pur-
poses in the production of nitric acid. Large asbestos
packings, mainly crocidolite, were used to pack the
joints in the incinerators which combusted ammonia
into nitrogen oxides. Maintenance work on the 79
incinerators was continuous. Considerable amounts
of asbestos dust were generated in the warm dry
atmosphere of the incinerator hall when old, dry
packing material was renewed. Nitric acid was syn-
thesised at the plant in 47 30m high outdoor granite
towers which were plugged from top to bottom with a
mixture of asbestos and waterglass.
The workers who packed the joints and in particu-

lar those who prepared the packing material in the
so called "fibre hut" were exposed to high concen-
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trations of asbestos dust. Both serpentine and
amphibole asbestos was used for this purpose. All
other production and maintenance workers at the
plant were indirectly exposed to asbestos. Reliable
dust measurements at the plant were first carried out
after 1970. According to the employees, working con-

ditions had improved a great deal by that time. Con-
sequently, these measurements cannot be considered
representative of the working conditions in previous
years.

In addition to the exposure to asbestos dust the
workers at the plant were also exposed to chemical
agents such as nitrous gases, nitric acid vapours, and
ammonia.

STUDY POPULATION
The study cohort comprised of men who had been
employed at the nitric acid plant at any time from its
beginning in 1928 until 1970 and who were eligible in
1979-80 when the first examination took place. The
following groups of workers were included:

(A) twenty men who had mainly been employed in
the fibre hut and who had experienced very heavy
asbestos exposure;

(B) twenty men who had been heavily exposed
when working regularly plugging the joints in the
nitric acid towers, and who had also partly been in the
fibre hut;

(C) forty seven process operators from the nitric
acid towers with mostly indirect exposure;

(D) twenty eight process operators from the incin-
erator hall with mostly indirect exposure; and

(E) thirty eight other maintenance workers from
both the nitric acid towers and the incinerator hall
with both moderate and indirect asbestos exposure.

In the present study groups A and B have been
combined as a heavily exposed subcohort, and groups

C, D, and E as a lightly exposed subcohort. For the
heavily exposed group no lower limit ofexposure time
was chosen, whereas only men with one year or longer
exposure times were included in the lightly exposed
group.

Subjects who were to be included in the study were

mainly traced through personnel lists provided by the
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plant. For the earliest years, some were also traced by
interviewing some of the men who remembered their
previous fellow workers.

CLINICAL EXAMINATION
All workers eligible were given a clinical examination
at the department of occupational medicine of Tele-
mark County Hospital. The examination comprised a

medical history and an occupational history with spe-
cial emphasis on exposure to asbestos. Spirometry
was registered on a recently calibrated Vitalograph
with the subject standing upright. Respiratory symp-
toms were recorded by means of a translated Medical
Research Council questionnaire on chronic bronchi-
tis.5 A 40 x 40cm chest x ray film in frontal, lateral,
and 450 oblique views of all subjects was taken at the
county hospital's department of radiology where the
films were read by experienced radiologists.
Smoking habits were recorded at the clinical exam-

ination. For the purpose of this study, those who had
smoked regularly for at least one year were regarded
as smokers. Smokers who had stopped smoking more
than one year before the first examination were

regarded as ex-smokers.
Cohort members who were eligible have been fol-

lowed up with yearly examinations from 1979-80 to
1985.
Gulsvik has investigated the prevalence of respira-

tory symptoms in a 6% sample of subjects aged
between 15 and 70 from the city of Oslo.6 The results
of that investigation were used as external reference
material for the present study. A recording of lung
function in an asymptomatic group of subjects from
the same Oslo study was also used in calculating age
and smoking specific predicted spirometric values.
The statistical analysis of differences in the preva-

lence of respiratory symptoms and the frequency of
lung function disturbances was based on the Mantel
Haenszel test.7

Results

There were 153 men eligible for the study. Table I
describes the heavily and lightly exposed subcohorts

Table 1 Mean age atfirst examination, mean age atfirst exposure to asbestos, duration ofasbestos exposure, and smoking
habits in the study population. (Ranges in parentheses)

Smoking habits
Age at first Age at first Duration of
examination asbestos exposure exposure Current Ex- Never

smokers smokers smokers
Group Mean SD Mean SD Mean SD (%) (%) (%)

Heavily exposed group 62-9 9-9 27-7 9-2 5-3 7-1 62-5 25 0 12-5
(n = 40) (38-87) (15-52) (0 2-31)

Lightly exposed group 62 3 9-3 31 2 10-5 13-9 10-7 46-9 37-2 15 9
(n = 113) (32-85) (16-57) (1-43)
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Non-malignant asbestos diseases in workers in an electrochemical plant

Table 2 Prevalence (%) ofasbestos related disorders in the study population at the initial examination in 1979-80.(1) and at
the end ofafour tofive yearfollow up period (2)

All asbestos related
Lungfibrosis + pleuralplaques Pleuralplaques only findings

Group 1 2 1 2 1 2

Heavily exposed group (n = 40) 47-5 57-5 12-5 25-0 60-0 82-5
Lightly exposed group (n= 113) 10-6 12-4 12-4 24-8 23-0 37-2
All 20 3 24-2 12-4 24-8 45-1 49-0

in terms of mean age, mean age at first exposure to
asbestos, mean duration of exposure, and smoking
habits. The total duration of exposure was consid-
erably shorter in the heavily exposed group where
current smoking was also more prevalent; 62-5%
compared with 46-9% in the lightly exposed group.

Table 2 presents the prevalence of asbestos related
lung disorders among the study population observed
at the initial examination and accumulated during the
follow up period. The heavily exposed group had
higher rates of lung fibrosis alone or in combination
with pleural plaques, whereas the rates of "pleural
plaques only" were similar in the two groups. Radio-
logically visible asbestos related disorders were
observed in 98 (64-1 %) of the 153 study subjects dur-
ing the follow up period. Figure 1 shows the age
adjusted prevalence of asbestos related disorders in
the different groups of workers at the end of the fol-
low up period. The 20 heaviest exposed workers
(group A) who had mainly been employed in the fibre
hut had a prevalence of lung fibrosis alone or in com-
bination with pleural plaques and of pleural plaques
only of 55-6% and 13-5% respectively. The corre-
sponding figures for the 28 process operators from the
incinerator hall (group D) were 6-1% and 9-4%
respectively.

Lu[ g fibrosis F3
Pleural plaques 0

As shown in fig 2, there was a higher prevalence of
asbestos related disorders among workers first
employed at the plant between 1930 and 1949 than
among workers first employed between 1950 and
1970. The only prevalence which showed any relation
to the duration of exposure to asbestos was for those
with lung fibrosis in the light exposure group (fig 3).

Table 3 presents the prevalence of respiratory
symptoms adjusted for age and smoking habits in
relation to the radiographic findings in the study pop-
ulation compared with the external reference popu-
lation.6 Before this comparison and the comparison
of spirometric values, 15 study subjects with other
current non-asbestos related lung diseases were
excluded. Comparison with the external reference
population was made only with study subjects aged
under 70 (< 70), whereas all age groups were included
in the internal comparison (> 70). There were more
respiratory symptoms in the group with lung fibrosis
than in the other groups and in the study population
as a whole compared with the external reference pop-
ulation, but most of the differences were not statisti-
cally significant on the 5% level.

*M: 12 1
0'

Group A B C D E
(n=20) (n=20) (n=47) (n=28) (n=38)

Fig Age adjusted prevalence ofasbestos related chest
x rayfindings in different groups in study population at end of
follow up. For explanation ofgroups A-E, see text.

1 23L
<1930 930-9 1940-9 1950-9 ;01960

Year of first exposure

Fig 2 Prevalence ofasbestos related chest x rayfindings in
relation to time offirst asbestos exposure. 1 = lungfibrosis in
lightly exposed group; 2 = pleural plaques in lightly exposed
group; 3 = lungfibrosis in heavily exposedgroup;
4 = pleuralplaques in heavily exposed group.
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<5 5-9 10-19 a2O Heavily Lightly
Duration of exposure (years) exposed exposed

Fig 3 Prevalence ofasbestos related chest x rayfindings in
relation to duration ofasbestos exposure. For explanation of
1-4, seefigure 2.

Figure 4 shows the percentages of subjects with
positive answers to three or more of the questions on

respiratory symptoms in the heavy and light exposure
groups and for the different smoking categories.
Among the lightly exposed never smokers, 5-6%
reported three or more symptoms whereas the corre-
sponding figure for the heavily exposed current
smokers was 28-8%.
Table 4 shows the prevalence of subjects with FVC

and FEV1 under 90% and 80% of predicted and with
FEVY/FVC x 100 (FEV%) under 70 in each of the
groups and in relation to the radiographic findings. In
addition to the 15 men with current non-asbestos
related lung diseases, one man with a technically
insufficient spirometry was also excluded before this
comparison. There was a statistically significant
excess in the prevalence of FEV1 under 80% of pre-
dicted and FEV% under 70 in the group with lung

Fig 4 Percentages ofsubjects with three or more positive
answers to questions about respiratory symptoms in heavily
and lightly exposed subcohorts and in relation to smoking
habits.

fibrosis compared with the group with normal chest
x ray films. In this regard, no statistically significant
differences could be observed between the lightly and
heavily exposed groups.

Figure 5 shows the development of the mean

observed and predicted values (in BTPS) for FVC and
FEV1 in relation to the radiographic findings for the
91 subjects who were followed up for four or more

years from the first examination. None of the
observed values was below the predicted minus two
standard deviations. The observed mean FVC shows
a steeper fall than predicted in all groups, whereas
the same pattern is only present among those with
normal chest x ray films for FEV1.

Table 5 presents the age adjusted prevalence of
crepitations at chest auscultation. The group with
pleural plaques only or in combination with lung
fibrosis and the group with lung fibrosis only both

Table 3 Age adjusted and smoking adjustedprevalence (%) ofrespiratory symptoms in the study population (I-III)
compared with an external reference population (IV)

I
Lungfibrosis + pleural 11 III IV
plaques Pleural plaques only Normal chest x rayfilm Reference

population
<70 >70 <70 .70 <70 ,70 40-69

Symptom (n = 23) (n = 33) (n = 27) (n = 33) (n = 64) (n = 72) (n = 3851)

Cough usually in the morning 49.0"'.* 42.8 27-5 22-1 21-0 25-1 30 2
Cough usually during the day 13-9 12 2 16-4 13 3 5 8 6-8 13-4
Phlegm when coughing 30 8 27-0 26-8 21-6 15-4 17-5 27 7
Breathlessness grade 1 608"' Iv 52-1 22-0 304 38-1 30 3 21-6
Breathlessness grade 2 39.711, IV 26-2 9-6 14-1 28-7'v 30 7 16-0
Breathlessness grade 3 9-5 109" 3 0 2-5 4-5 5 3 8 1
Breathlessness grade 4 4 9"' 4 0"' 0 0 0 0 3-0

*Two sided p value < 0 05 compared with the group with the given roman numeral.
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Non-malignant asbestos diseases in workers in an electrochemical plant 625
Table 4 Percentages ofsubjectsfrom the study population with FVC andFEV under 90% or under 80% ofpredicted and
FEV1/FVC x 100 (FEV%) under 70 at the initial examination

FVC FVC FEVy FEV1 FEV%
Group < 90% <80% < 90% <80% < 70

(1) Lung fibrosis + pleural plaques (n = 29) 55-2 31-0 62.1m* 41.41 34-5m
(II) Pleural plaques only (n = 34) 500 14-7 500 23 5 17-6
(III) Normal chest x ray film (n = 74) 45 9 20-3 37-8 20-3 16-2

Heavily exposed group (n = 34) 41-2 14 7 50 0 26-5 29-4
Lightly exposed group (n= 103) 47-6 23-3 44-7 252 19-4

*Two sided p value < 0-05 compared with the group with the given roman numeral.

Table 5 Age adjusted prevalence (%) ofsubjectsfrom the study population with crepitations registered at chest auscultation

Pleural plaques + lung
Pleural plaques only (n = 36) fibrosis (n = 32) Lungfibrosis only (n = 4) Normal chest x rayfilm (n = 81)

585 69.1* 67.2* 4045

*Two sided p value < 0-05 compared with the group with normal chest x ray films.

show a statistically signifi
compared with the grou
films.

During the follow up p
of the study subjects die
given in table 6. In additi
the table, one man who
1982 and another who de
were still alive at the end

Discussion

With the study from a U
conducted by Lilis et al,
study provide evidence foi
malignant asbestos relate
workers with frequent inc
The cross sectional chai

15-0
12

FVC F-__
4-0

icant increase in crepitations resulted in uncontrolled selection. Probably a larger
ip with normal chest x ray proportion of subjects with asbestos related injuries

died before the study took place than study subjects
)eriod from 1979 to 1985 31 without such injuries. Such selection may have led to
d; their causes of death are a reduced prevalence of asbestos related disorders,
ion to the cases of cancer in respiratory symptoms, and disturbances in lung func-
developed nasal cancer in tion.
veloped lung cancer in 1985 There was a positive relation between the estimated
of 1985. degree of exposure and the prevalence of asbestos

related chest x ray abnormalities (fig 1), whereas no
such relation was observed between the duration of
exposure and the prevalence of such disorders (fig 3).

Jnited States chemical plant From the occupational histories of the study subjects
1 the results of the present it is known that some of the workers with the heaviest
r an appreciable risk of non- exposures had the shortest exposure times, and this
d diseases among chemical may partly explain this last feature.
lirect exposures to asbestos. The number of subjects with radiologically recog-
racter of the study may have nised asbestos related disorders increased during the

follow up period (table 2). In addition to some true
incident cases, some apparent incident cases may also

1 2 1 2 be due to the fact that the oblique view xray films
'~~~----e were taken at a later occasion than at the initial exam-

ination in some cases.

FEV1 ` **4
1-

---4

Fibrosis ±

pleural
plaques

Pleural
plaques
only

Normal
chest
x ray films

Fig 5 Mean observed spirometric values (in
BTPS) and mean predicted values --i in relation to
radiographic findings at initial examination (1) and at the
end ofafour to five yearsfollow up period (2).

Table 6 Causes ofdeath among 31 cohort members who
died during the observation periodfrom 1980 to 1985

Cause ofdeath No

Cardiovascular diseases 16
Lung cancer 2
Pleural malignant mesothelioma 2
Stomach cancer I
Pulmonary asbestosis I
Infectious lung diseases 2
Other infectious diseases I
Chronic right heart failure I
"Sudden death" 3
Unknown 2

.---q.
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The lower prevalence of asbestos related disorders
with later date of first exposure may partly be due to
improvement of working conditions in the later years
and partly to long latency of asbestos related dis-
eases.8 9

In some studies an increased prevalence of respira-
tory symptoms and of impairment in lung function
has been observed among subjects with pleural
plaques only.'0-'4 Though there is a non-significant
tendency, the present study does not provide any
strong evidence for increased prevalence of respira-
tory symptoms among study subjects other than those
with lung fibrosis.

In common with a Swedish study of asbestos
cement workers'5 the present study shows a raised
prevalence of respiratory symptoms among all asbes-
tos exposed subjects regardless of their radiographic
findings. For the present study population, however,
possible confounding from exposure to other lung
irritating agents must also be considered.
When manual workers are compared with the gen-

eral population the comparability is influenced by a
healthy selection of workers. Together with the cross
sectional character, this phenomenon has probably
influenced the results regarding the prevalence of
respiratory symptoms and lung function impairment
in the present study.

During an observation period from 1953 to 1980 a
study of workers from the same plant showed an
increased incidence of lung cancer with 17 cases
observed and 3-8 cases expected4 and four cases of
pleural and one case of peritoneal malignant meso-
thelioma. The present follow up has provided three
more cases of lung cancer and two of malignant
pleural mesothelioma.
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