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Clinical studies of workers exposed to
polyvinylchloride dust
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ABsTRAcr A previous study showed that exposure of workers to polyvinylchloride (PVC) dust
was associated with the presence of small rounded opacities in the chest radiograph, and also with
a small average reduction of the forced expiratory volume in one second (FEV,). Studies have
now been carried out on selected men to determine the clinical importance of the presence of
small rounded opacities and also to identify any clinical or physiological features associated with
PVC dust exposure. Among 28 men with small rounded opacities, complaints of persistent
bronchial mucous hypersecretion were more common (nine men) than among 29 men of similar
age, smoking habits, and dust exposures (one man, p < 0-01), and there was a suggestion that the
physical sign of late inspiratory crackles was more frequent among men with opacities (seven of
27 men) than the other men (two of 28 men, p < 0.06). The average lung function of men with
opacities was only trivially lower than that of the comparative group and the difference between
the groups was not significant. In further studies 13 non-smokers with the highest PVC dust
exposure and lowest FEV, (adjusted for age, height, weight, and dust exposure) were examined.
None had an observed FEV, less than 80% of the predicted value for age and height, and these
men did not differ in symptoms, signs, or lung function from non-smokers with low dust exposure
and similarly low FEV,. In a similar study of 18 smokers with the highest PVC dust exposures and
lowest adjusted FEV,, some men had an observed FEV, well below 80% of predicted values for
non-smokers, but with one exception no clinical or functional differences were found between
them and 18 smokers with low dust exposure and similarly low FEV,. The exception was again
the presence of end inspiratory crackles on auscultation, which were slightly more frequent
among men with the highest dust exposures (seven men) than among those with low exposure
(two men, p < 0.06). We conclude that these findings are consistent with the suggestion that the
radiographic abnormalities caused by PVC dust exposure are not associated with important
functional effects or clinical illness. Further studies are desirable to examine the eventual out-
come of the syndrome.

In a previous epidemiological study of 818 men
sampled from the work force of a factory manufac-
turing polyvinylchloride (PVC), an index of indi-
vidual cumulative exposure to respirable PVC dust
was found to be related to the complaint of mild
exertional dyspnoea, reduction of forced expiratory
volume in one second (FEV,), and forced vital
capacity (FVC) and to the appearance of small
rounded opacities on the chest radiograph.'
We have now studied men with small rounded
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opacities on their chest radiographs in more detail to
determine whether any clinical or functional fea-
tures are associated with these opacities. We have
also studied men with low FEV, drawn from those
with high dust exposure to identify any characteristic
clinical features which might be attributable to PVC
dust exposure.

Subjects and methods

All the subjects were selected from 818 men
examined at the factory in February 1979. An index
of dust exposure had been calculated for these men
on the basis of their occupational histories and on
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measurements of airborne respirable dust,' and
these estimates were used in selecting men for the
clinical studies. The estimates represent an index of
relative dust exposure rather than actual dust
exposure, since only present dust levels are known.

STUDY OF MEN WITH SMALL ROUNDED
OPACITIES
In the previous study one reader had recorded the
presence of small rounded opacities 0/1 or greater
on the ILO U/C scale2 on the chest radiographs of
50 men. This *ader's interpretations of the chest
radiographic appearances have been used for the
selection of men in the present study because only
his readings showed the relationship of small
rounded opacities to estimated exposure to PVC
dust. He also recorded the highest number of radio-
graphs showing these opacities. Ten of the 50 were
of category 1/0 or greater, and all these men were
invited to attend for further study, together with a
further 20 men randomly selected from the remain-
der. Seven of the men in category 1/0 or greater
agreed to take part in the survey, as did 18 of the 20
men in category 0/1. Three reserve subjects with
category 0/1 were also invited and took part. These
28 men constituted the cases for the first study. In
two of these men the reader thought irregular
opacities were also present though of low category
(0/1). The five invited men who did not attend
included four whose FEV, measured during the pre-
vious year had been more than half a litre less than
that expected for their age' and height.
The comparison group comprised men whose

chest radiograph according to all three readers
showed no small opacities of any type and they were
matched with the cases by three ranges of index of
PVC dust exposure, three ranges of age, smoking
category, and employment (current employment at
the factory, pensioner, or left for reasons other than
retirement). By matching for these variables we
were able to study effects related to the presence of
small rounded opacities, independently of the
effects of age, smoking, and dust. Twenty-nine sub-
jects in this comparison group were seen. Eight
invited men who did not attend included three
whose FEVI measured during the previous year had
been more than half a litre less than that expected
for their age and height.

FURTHER STUDIES OF SUBJECTS WITH LOW FEVy
In further studies not specifically related to small
rounded opacities, we compared the clinical and
physiological features of men with high dust expos-
ures and low adjusted FEV, with those of men with
low dust exposures and low adjusted FEV, reason-
ing that the former group would be likely to include

any men whose FEV, had been seriously reduced by
exposure to PVC dust, if such men existed, and that
the latter group would consist of men whose FEVI
was low for reasons other than exposure to PVC
dust. Any differences found between the groups
might indicate differences between the patterns of
disease caused by PVC dust and by other factors,
thus possibly enabling individuals affected by
exposure to PVC dust to be recognised.
Men were selected from the population remaining

after exclusion of men in the first study. We calcu-
lated the adjusted- FEVI by subtracting from the
observed value the value predicted by multiple
regression analysis based separately on the non-
smokers and the smokers in the population, allowing
for other factors shown in the previous study to
influence FEV, (age, height, weight, employment
status, and dust exposure).

Non-smokers
From non-smokers with an index of dust exposure
greater than 10 years x mg/m3 (an arbitrary level
used to separate those with higher exposures from
those with average exposures) the 16 men with the
lowest adjusted FEV, were selected. As a control
group 16 non-smokers with similarly low adjusted
FEV, matched for age range, were selected from
men with an index of dust exposure less than 3'5
units, a range representing low dust exposure.

Smokers
The final study included 20 cigarette smoking men
with an index of dust exposure greater than 13'5
units and lowest adjusted FEVI, and a conrol group
of 20 smoking men with an index of dust exposure
less than 8-5 units and with similarly low values of
adjusted FEV, (smokers tended to have higher dust
exposures than non-smokers).

METHODS
A medical team visited the factory and men were
seen by appointment. None of the team knew to
which study group any of the subjects belonged, nor
had the men concerned been informed of their
radiographic appearances at that time. This was
because the appearances on the radiographs had
been regarded previously, in a reading carried out
for clinical purposes, as insufficiently serious to
require notification to the individuals or clinical fol-
low up. After the present study the men were told of
their radiographic appearances and the health of
their lungs was discussed with them. One of us
(CAS) carried out a clinical examination of the
chest, recording physical signs on a standard form.
This was performed before the subject spoke about
his symptoms or medical history, to avoid bias in the
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interpretation of physical signs. Subsequently the
same observer gave each man a questionnaire on
respiratory symptoms and medical history. The form
of the questions on cough, sputum, recent exacerba-
tions of cough and sputum, recent chest illness,
breathlessness on exertion, and smoking history was
identical to that in the Medical Research Council
questionnaire of respiratory symptoms.3 The ques-
tionnaire additionally asked about personal history
of asthma, hay fever, eczema, perennial rhinitis,
pneumonia, acute bronchitis, and tuberculosis;
childhood history of bronchitis, unduly frequent
colds, tonsillitis, and ear infections; and first degree
relatives' history of respiratory disease. Skinprick
tests with mixed grass pollens, Dermatophagoides
pteronyssinus, mixed house dust, and Aspergillus
fumigatus (Bencard) were performed and read at 15
minutes. Weal diameters of 4 mm or more were
taken as positive so long as the response to a control
solution was 2 mm or less.

Forced expiratory flow volume curves were
recorded on a rolling seal spirometer and an X-Y
recorder during the breathing of air and again after
three vital capacity breaths of a mixture of 80%
helium and 20% oxygen. The curve selected for
analysis was that with the greatest sum of forced
vital capacity (FVC) and FEV,. Maximum flows at
50% and 25% of vital capacity on air (Vmax,0 and
Vmax25) and helium mixture (Vmax,oHe and
Vmax2sHe) and forced expiratory time were meas-
ured from these curves. Single breath carbon mono-
xide transfer factor (TLco) was measured in dupli-
cate with an automated spirometer system (PK
Morgan Ltd). Effective alveolar volume (VAeff) and
TLCO were calculated for each manoeuvre and the
means of the readings were analysed.
METHODS OF ANALYSIS
Tests of significance have been confined to X2 tests,
without continuity correction, for examination of
the binary variables. The continuous variables (lung
function measurements) were tested with indepen-
dent two sample t tests, equality of variances being
assumed. It is recognised that when multiple com-
parisons are made on the same groups, as in the
present case, some apparent differences will arise
purely by chance. No allowance has been made for
this or for the interrelationships of the many
response variables. As an aid to the reader in inter-
preting the differences shown or suggested, p values
less than 0-1 have been quoted in the tables. In the
study of men with small rounded opacities results for
smokers, non-smokers, and ex-smokers have been
analysed together, since the comparisons of interest
were those between all these men and control sub-
jects matched so far as possible by smoking habit as
well as other factors. Ex-smokers were not included
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in the further studies not specifically related to small
rounded opacities. Predicted values for FEV, were
based on multiple linear regression analysis with age
and height allowed for in 148 non-smokers (exclud-
ing pensioners) studied in the previous epidemio-
logical survey.

Results

STUDY OF MEN WITH SMALL ROUNDED
OPACITIES
Twenty-eight men with small rounded opacities on
the chest radiograph and 29 men without opacities
were seen. Seventeen and 20 men respectively in
these groups were current smokers, 10 and seven
men ex-smokers, and one and two men respectively
non-smokers.
Men with small rounded opacities tended to admit

to persistent phlegm production more often than
men without opacities (table 1: nine of 28 men com-
pared with one of 29 men, p < 0.01). This was
accompanied by a parallel but non-significant differ-
ence in persistent cough (nine and five men respec-
tively). Small differences in numbers of complaints
of dyspnoea and symptoms of recent chest illness,
based on the questionnaire, did not reach
significance. Childhood history of respiratory illness
and family history of recurrent bronchitis (not
shown in the table) were equally common in the two
groups. There was a suggestion that crackles heard
on auscultation in the late part of inspiration were
more frequent in men with opacities than men with-
out (seven of 27 men compared with two of 29 men,
p < 0.06).
Differences in the mean observed results of the

lung function measurements between men with and
without opacities were trivial and non-significant
(table 2). The mean difference in FEV, between the
groups was less than 200 ml, and was not significant
in these small groups. It was consistent with that
found to be related to the presence of small rounded
opacities in the previous epidemiological study.' The
FEV, values of 17 men-nine men with opacities
and eight men without opacities-were less than
80% of the values predicted for age and height
(based on 148 non-smokers in the original study
population). A few had substantial impairment of
lung function likely to be associated with symptoms,
but these men were not overrepresented among
those with small rounded opacities (one man with
opacities and two without had FEV,s less than 60%
of the predicted values).

STUDIES OF SUBJECTS WITH LOW FEV,
The 13 non-smokers with lowest adjusted FEV,
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Table 1 Numbers ofmen admitting to selected symptoms or with positive physical signs (p values less than 0.1 shown in
parentheses)

Symptoms and signs Small rounded opacities Low FEV,

Non-smokers Smokers

Opacities Opacities High Low High Low
present absent dust dust dust dust
(28) (29) (13) (12) (18) (18)

Persistent cough 9 5 1 1 10 11
Persistent phlegm 9 1 (<0-01 0 1 9 8
Persistent coughwith persistent phlegm 8 1 (<0.01 0 1 8 6
Dyspnoea (MRC criteria) 11 7 2 0 6 6

Grade II 1 2 0 0 4 3
Grade III 1 2 0 0 0 0

Period of (increased) cough and phlegm lasting
three weeks or more during past 3 years 8 9 2 3 8 6

Morethan one suchperiod 1 4 1 1 5 4
Chest illness keeping subject away from usual

activities for as much as a week during past
three years 10 6 2 1 9t 9

More than one such illness (accompanied by
increased phlegm production) 1 2 0 0 3 4

Past history of acute bronchitis, pneumonia,
or pleunsy 13 10 4 3 14 9 <0-09)

Hayfeveror perennial rhinitis 4 7 4 3 2 8 <-03)
Crackles on auscultation

Inspiratory
Early 2* 3 0 0 3 4
Late 7* 2 (<0-06) 1 0 7 2 (<0-06)

Expiratory 0* 1 1 0 0 0
All 9* 5 2 0 10 5 (<0-10)

Wheezes present 0* 0 0 0 2 5
Skinprick tests positive 5* 3 2 2 1 4

*Data from one man missing.
tlncluding one man with spontaneous pneumothorax.

and high indices of dust exposure were seen, and the
12 non-smokers with lowest adjusted FEV, and low
indices of dust exposure. None of the men with high
exposure had an FEV1 of less than 80% of the pre-

dicted value; three of the men with low exposure

had values below 80% but none below 75%. The
prevalence of symptoms was low, and there were

only small and non-significant differences between

Table 2 Lung function (means with standard deviations in parentheses): residuals (difference between observed value and predicted) for
non-smokers are shown, based on multiple regression for age and height in these non-smokers only (there are no significant differences
between the groups)

Small rounded opacities Low FEV,
Non-smokers Smokers

Cases (28) Controls (29) High dust (13) Low dust (12) High dust (18) Low dust (18)

Age (y) 52-4 (9.1) 51-3 (9.1) 46-1 (12.8) 34-3 (8.2) 508 (7.8 50-8 8-8)
Height (cm) 172-7 (62) 174-0 (690) 172-2 6-9) 177-1 8-1) 171-9 (5.1 173-2 9.1)
Dust exposure (y x mg/m3) 24-3 (20-2) 18-6 (14.5) 17-2 8-8) 1-4 (1-2) 25-9 (7.7 4-6 2-6)
Non-smokers 1 2 13 12 0 0
Current smokers and
ex-smokers 27 27 0 0 18 18

Residuals Residuals
FEV, (1) 3.0 (0-7 3.2 (0.8) 3-3 (0-5) -0.1 0-2 3-8 (0-5) 0-0 0-3) 2-2 (0-6) 2.3 0-9)
FVC(1) 41 (0.9 43 (09) 4-0 0.6) -0-1 0-4 4-9(0.7) 0-1 0-5) 3.5 3-6 0.8)
Vmax.0 /s 3-3 1.5 3-4 1-4) 4-2 1-.5 0-2 1-2 4-2 (1-4) -0-2 1-3 16 (0-8) 1-9 13,
Vmax, I/s 0-8 0.4 1-0 0.5 1-5 0.7 0-2 0-5 1-6 :0-6 0-0 0(5) 0-5 0(2) 0-6 0-4
Vmax,.Hej Vs) 4-8 *19 * 4-7 *2 * 5-6 1-3* 0-0 11 * 5-8 (1-9 0-0 1-8 2-1 11 )* 2.5 1-7
Vmax(l/s,) 1-1 0-5 * 1-2 0.6 * 1-9 0-7) 0-1 0-5 * 2-0 (0.8 -0-1 0-6 0-5 0-2)* 0-7 0.6
TLCO rmmin/mm Hg) 27-5 5- * 27-8 7-3 30-7 5-9 * -0-1 4-0 * 34-8 5-4 0-1 3-8 24-2 59 24-6 7-5
VAeff (1) 6-0 .09 * 6-1 0.9) 5-7 0.8)* -0-1 (5 * 6-4 (0-9) 0-1 0-6 5-7 (0.8) 5-6 0.9)
Data from one man missing.
FEV -forced epiratory vonume in one second; FVC-forced vital capacity; Vmax,0, Vmax25-maximum flow at 50% and 25% of vital capacity breathing
air; 'max>OH¢, Vmax,,He-maximum flow at 50% and 25% of vital capacity breathing helium mixture; TLCO-transfer factor for carbon monoxide;VAeff-eifective alveolar volume.
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these groups (table 1). The medical histories did not
suggest that these men were suffering from symp-
toms of any chronic respiratory disease.
After age and height differences had been allowed

for no important or significant differences in lung
function between these groups were apparent (table
2).

SMOKERS WITH LOW FEV,
Eighteen current cigarette smokers with low
adjusted FEV, and a high index of dust exposure
were seen, and 18 smokers with low adjusted FEV1
and a low index of dust exposure. Respiratory symp-
toms were equally common in the two groups,
though a personal history of hay fever or perennial
rhinitis was more common in the low exposure
group (eight men) than in the high exposure group
(two men, p < 0.03). There was a suggestion that
inspiratory crackles on auscultation were more
common among men with high dust exposure (seven
compared with two men, p < 0.06). Though both
high and low dust exposure groups included many
men with severe impairment of lung function of ob-
structive type, no substantial or significant differ-
ences in lung function between the groups were
apparent (table 2).

Discussion

A previous study of 818 present and past workers at
a factory making PVC had shown that estimates of
exposure to respirable PVC dust were inversely
related to FEV1 and FVC after the effects of age and
smoking had been allowed for, and were related to
the prevalence of low categories of profusion of
small rounded opacities in the chest radiographs.'
On that occasion one of three readers found that the
prevalence of these opacities was related to dust
exposure and independently to age. More recently
these relationships have been confirmed by further
independent readings of the radiographs (as yet
unpublished).

In the present studies we have assessed the clinical
importance of the above findings by examining some
of the men most likely to have been affected by PVC
dust. A good response was obtained from invited
men, but the small number of non-attenders
included some men with considerable impairment of
lung function, both in those with radiographic
abnormalities and in the comparative group. We do
not know how much this may have affected the
results, but the conclusions probably would not have
been greatly altered if it had been possible to include
these few non-attenders.
Men with small rounded opacities had an

increased frequency of productive cough and of
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crackles on auscultation, indicating that the radio-
graphic abnormalities were sometimes associated
with other minor abnormalities of the lungs. The
audible crackles tended to be of the end inspiratory
type usually associated with diseases in which diffuse
fibrosis of the lungs occurs.4 Despite this there was
no evidence that more than trivial impairment of
lung function was related to the presence of small
rounded opacities after the effects of age, smoking,
and dust exposure had been allowed for. The trivial
impairment of function that was found was consis-
tent with the results of the previous study. We do
not know whether these radiographic abnormalities
or the clinical features of affected men will change,
and further studies of such men after an interval
would be desirable.

In the studies of men with low FEV1 we wished to
discover whether exposure to PVC dust could some-
times cause an impairment of lung function over and
above the small average impairment related to dust
exposure found in the original large epidemiological
study. We chose to examine men whose impairment
of function was more severe than could be explained
by such factors as age, height and weight, and dust
exposure (in these studies no adjustment was made
for smoking habits: non-smokers and current
cigarette smokers were studied separately, with
non-smoking and smoking controls). To draw the
conclusion that exposure to PVC dust had caused
this impairment of function would require that men
so affected (who would presumably tend to be found
among those with the highest dust exposure) be dis-
tinguishable by their clinical features, from men suf-
fering from impairment of function from other
causes (who should dominate the group with lowest
dust exposures).
Among non-smokers with the lowest adjusted

FEV1 values and highest dust exposures chronic
respiratory symptoms were rare and lung function
values were within normal limits, suggesting that (in
non-smokers at least) PVC dust exposure at the
levels experienced in this factory had not caused
severe lung damage. Among smokers we found little
difference in clinical features or type of functional
defect between men with the highest dust exposure
and those with low exposure. Auscultatory crackles
of late inspiratory type may be found more fre-
quently among men with the highest dust exposure
and in men with small rounded opacities, but the
finding of crackles seems insufficient evidence by
itself on which to base a diagnosis of PVC dust
induced disease in an individual. A history of hay
fever or perennial rhinitis was more common among
those with low dust exposure, but this could be the
result of self-selection because men with such symp-
toms might take steps to reduce their exposure to
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dusty conditions.
It is not possible to recognise a syndrome induced

by exposure to PVC dust in these individuals, and
these studies provide no evidence that the excess
impairment of function in these selected smokers
was caused by exposure to dust.

In conclusion, the present studies provide further
information on the clinical importance of the effects
on the lung of exposure to PVC dust. The previous
study showed that exposure to respirable PVC dust
was related to the presence of small rounded
opacities in the chest radiograph, and to a small
average reduction of the FEV,. The present clinical
studies have shown that men with small rounded
opacities are more likely to have bronchial mucous
hypersecretion and to have late inspiratory crackles
on auscultation than men without opacities. Serious
illness or reduction of lung function have not been
shown to be related to small rounded opacities or to
exposure to PVC dust. The findings are in keeping
with what is known about the histological appear-
ances of the lungs of exposed animals and exposed
workers, where accumulations of macrophages may
be seen but fibrosis is not a prominent feature.5-7

This study was carried out with the full cooperation
of the management and work force of Imperial

Chemical Industries, to whom we are grateful for
financial support. Further details of this work are
recorded in Institute of Occupational Medicine
Technical Memorandum TMI81/8.
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