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prevalence is not dependent on the dust concentra-
tion. As previously with byssinosis, the next step
was to find the relationship with time-weighted dust
measurement. The regression line (Fig. 3 solid line)
found was:

% bronchitic =

542 + 0-06 x (time-weighted dust measurement)

with a correlation of +0-15, showing slight depend-
ence which might be due to the increase with respect
to age.

The prevalence of bronchitis in the 191 controls,
used by Lloyd Davies (1971), can be regressed
against their ages to give the following line:

% bronchitic = —1-2 + 0-30 x (age)
with a correlation of +0-5.

Using this control regression the probability of
each cotton worker having bronchitic symptoms at
his age was then calculated as though he was an
engineering worker. From these estimated prob-
abilities the control (broken) regression line in Fig. 3
was constructed. It is not significantly different from
the observed, and this confirms the lack of con-
tribution of cotton dust exposure to the prevalence
of bronchitis.
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FIG. 3. A comparison of the prevalence of bronchitis in
cotton operatives with that in Lancashire males.

Dust exposure, smoking, and ventilatory function

The results described in Part I of this paper indicated
that the FEV,., expressed as a percentage of the
value predicted for height and age was a more
sensitive indication of disability due to byssinosis
than the FVC. Of the 1140 workers for whom
relevant dust concentrations were available, 16
failed to record reliable values for FEV,.,, leaving
1 124 readings for analysis. Because of the effect of
smoking on the FEV,., the workers were divided
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into three groups for the purposes of this analysis—
non-smokers, smokers, and ex-smokers. The rela-
tively small number of ex-smokers (48) and the lack
of information about how recently they had given
up and why makes this group unsuitable for reliable
analysis.

The regression lines for time-weighted dust
exposure against percentage expected FEV,., are
shown in Figure 4. The equations for the non-
smokers and for the smokers are given as a footnote
and the correlations for these lines are not good
(—0-08 and —0-13 respectively). None of the lines
starts at 1009 for zero exposure to dust, indicating
that the straight line regressions are probably not the
best way of representing the relationship. Table 4
gives the analysis of variance for these regression
lines. This indicates that the slope of both lines is
significantly different from zero. But although the
smokers had significantly lower FEV,., values than
the non-smokers at all dust levels, the slope of the
two lines was not significantly different.

Dust exposure, smoking, and symptoms of byssinosis
Using the same method, regression lines were
constructed to see whether the three groups, non-
smokers, smokers and ex-smokers, behaved in the
same way when analysed for the effect of time-
weighted dust concentrations on the frequency of the
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FIG. 4. Effect of smoking on pulmonary ventilation
(FEV,.,) at different levels of time-weighted dust
exposure.
‘Non-smokers’:
FEV,., (Observed) .
m A = 99-00 — 0-035 x (TWDM)
r= —008
‘Smokers’:
FEV,., (Observed) .
m % = 94-68 — 0-083 x (TWDM):

r= —013
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TABLE 4

ANALYSIS OF VARIANCE APPLIED TO REGRESSIONS OF
VENTILATORY CAPACITY (FEV;.,) ON TIME-WEIGHTED
DuST MEASUREMENT FOR SMOKERS AND NON-SMOKERS

(see Fig. 4)
Source of variation Sum of D.F. | Significance
squares
Slope of overall line
through both groups 3761-50 1] p <0001
Difference between,
between group slope
and within group
slope .. .. 8585-93 1| p <0001
Difference between 542-44 1 | Not
slopes within groups significant
(r > 0-05)
Residual 373443-07 | 1072
Total 386332-93 1075

symptoms of byssinosis. The three regression lines
are shown in Fig. 5, with the equations for smokers
and non-smokers as a footnote. Again the small
number of ex-smokers for whom the information
was available are omitted from the subsequent
analysis. Neither regression plotted as a straight line
passes through zero and the correlation, although
closer than that for dust concentration against reduc-
tion in FEV,.,, is not very good. Although this
suggests that the true regression may not be linear
the analysis of variance (Table 5) shows that the
slopes of both lines differ significantly from zero and
that the slope for smokers is significantly steeper
than for non-smokers. Non-smokers show an in-
creasing incidence of byssinosis with increasing ex-
posure to dust measured by the time-weighted dust
concentration. In smokers the overall frequency of
byssinosis is higher and the rate of increase with
increasing exposure is greater than in non-smokers.

Discussion

In this study an attempt has been made to relate the
frequency of byssinotic symptoms and other symp-
toms and signs of chronic respiratory disease to the
level and duration of exposure to cotton dust. In the
mills where measurements were made it was possible
to make a reliable estimate of the current level of
exposure of all but 48 of the 1 188 workers studied.
These 48 worked in blowrooms and cotton chambers
where too wide a range of dust values was obtained
to be used as a basis for analysis. Elsewhere it seems
that the dust concentrations were reliable because a
positive correlation is shown between the dust con-
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FIG. 5. Effect of smoking on prevalence of byssinosis at
different time-weighted dust exposure levels.
‘Non-smokers’:
% = 1-57 + 023 x (TWDM): r = 0-27
‘Smokers’:
% = 576 + 030 x (TWDM): r = 0-25

centration and the frequency of symptoms of bys-
sinosis. This correlation was considerably increased
by making allowance for the duration of exposure
using time-weighted dust concentrations. The method
assumes that the contribution of a year of exposure
at a given dust concentration 20 years previously is
the same as the contribution of a year’s exposure to
the same concentration at the time of the study. It
also assumes that one year’s exposure at a concentra-
tion of 2 mg/m® has the same effect as 2 years at
1 mg/m®. Such assumptions have been used in

TABLE 5§

ANALYSIS OF VARIANCE APPLIED TO REGRESSION OF
PREVALENCE OF BysSINOSIS ON TIME-WEIGHTED DuUST
MEASUREMENTS FOR SMOKERS AND NON-SMOKERS

(see Fig. 5)
Source of variation Sum of D.F. | Significance
squares
Slope of overall line
through both groups 7-2765 1| p <0001
Difference between,
between group slope
and within group
slope .. .. 0-9659 1{ p <0001
Difference between
slopes within groups 11-0253 11 p <0001
Residual 96-7334 | 1085
Total 116-0011 1088
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estimating the maximum safe levels of exposure for
asbestos workers (British Occupational Hygiene
Society, 1968). Provided they are correct and that the
regression is linear, it is possible to calculate the
maximal safe levels for exposure to cotton dust. The
acceptable dust level agreed by the Joint Standing
Committee to the cotton industry is 0-5 mg/m? of
cotton dust less fly. Assuming a working life expo-
sure of 40 years, approximately 109, of subjects
would suffer from symptoms of byssinosis. The
majority of these cases would have only early
symptoms.

It has already been shown in Part I of this paper
that the symptoms of bronchitis correlate signi-
ficantly with those of byssinosis and that smoking
affects the frequency of symptoms of byssinosis and
bronchitis as well as causing a fall in FEV,.,. By
using the time-weighted dust concentrations it has
been possible to show that the extent of dust expo-
sure does not show a positive correlation with the
frequency of bronchitic symptoms when due allow-
ance is made for age.

By dividing the workers into smokers and non-
smokers and eliminating the ex-smokers, it has been
possible to show that smoking increases the loss of
ventilatory function (FEV,.,) at all levels of dust
exposure. This occurs without increasing the loss
produced by different levels of dust exposure.
Smokers show a greater incidence of byssinosis at
all levels of dust exposure. Smokers also show a
greater tendency to develop byssinosis with in-
creasing dust exposure than non-smokers. The linear
regression lines both suggest an appreciable incidence
of byssinosis at 0 dust exposure (non-smokers 1-6%;
and smokers 59(). This may be due to an overlap of
symptoms with bronchitis but it also suggests that
the regression should be a curve. Using a straight line
relationship in non-smokers, it is possible to recal-
culate the acceptable level for a 40-year working
exposure. A level of 0-37 mg/m?® or a cumulative
total of 14-9 mg yrs/m?® would be expected to result
in a 59 incidence of byssinosis. The same dust level
would produce just over 109 byssinosis in smokers.
Ex-smokers were excluded from these calculations
because of the small numbers and because of the
anomalous findings. In Part I of the paper ex-
smokers were noted to have a higher frequency of
severe byssinosis than even the heaviest smokers,
suggesting that workers with severe chest symptoms
tend to give up smoking. This is consistent with the
findings of the Royal College of Physicians Com-
mittee on smoking (1971):

‘the commonest reasons given are risks to health,

many minor and immediate effects such as cough,

repeated colds, and breathlessness being more
prominent than the ore remote risks of lung
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cancer and other serious illness. Most smokers

need to experience symptoms from smoking or to

be convinced of its ultimate dangers to be per-

suaded to abandon the habit on grounds of

health . . .’
Tentative regression lines have been inserted for ex-
smokers in Figures 4 and 5. Ex-smokers appear to
show a greater deterioration of ventilatory function
with increasing dust exposure but they are not as
severely disabled as smokers at low levels of ex-
posure. The negative slope of the regression in Fig. 5
possibly indicates that at lower levels chest troubles
are attributed to smoking and therefore the worker
with chest disease gives up smoking; at higher dust
levels he might attribute the disease to dust and
therefore continue smoking.

Further study is needed to establish whether the
assumptions made in using the time-weighted con-
centration as an estimate of cumulative dust ex-
posure are valid. It may then be possible to fit more
valid regressions to represent the effect of cumulative
exposure on the incidence of byssinosis.

Mill management and operatives have been most helpful
and without their co-operation the survey could not have
been made. Our thanks are given to the British Textile
Employers’ Association, the National Union of Textile
and Allied Workers, the Amalgamated Weavers’ Associa-
tion, and the Amalgamated Association of Operative
Cotton Spinners and Twiners for their support.

The planning of the survey was carried out by Dr. T. A.
Lloyd Davies, now Chief Medical Adviser to the Depart-
ment of Employment, with the help of Professor R. S. F.
Schilling and the late Dr. C. B. McKerrow. The dust
estimations were made by the Industrial Hygiene Section
of the Chemical Branch of HM Factory Inspectorate.
Miss M. E. Laister, Miss P. Ballinger, and Mrs. S. Smith
assisted in the organization of the examinations in the
mills. The extended consideration of smoking was due to
questions raised by Mr. J. H. Locke.
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