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89 ml/year. The variation in annual decline is made
up of two components, first, the variation in measur-
ing FEV on an occasion and, secondly, the variation
of the actual annual decline between subjects. For
the 344 subjects whose FEV was measured at least
on visits 1, 2, 5, and 6, the standard deviation about
the regression on time was 114 ml and the variation
between subjects after eliminating the former varia-
tion had a standard deviation of 61 ml/year. From
this it can be calculated that about half of the varia-
tion in annual decline found in the survey arose from
the variation in measuring the FEV. Precautions
were taken to keep the technical error as low as
possible; each subject was seen by the same observer
on the same day of the week and at approximately
the same time of day on each visit. The standard
deviation about the regressions of 114 ml is within
the range of other studies; e.g., McKerrow and
Rossiter (1968) found a value of 82 ml and Fletcher
et al. (1970) one of about 150 ml. Therefore no con-
siderable improvement could have been achieved
except by following the workers for a longer period.

Although the mean annual decline in FEV did not
differ significantly between either age groups or
length of exposure groups (Table 1), the mean for
age group 20-24 was higher than for the other age
groups and also the 0-4 year exposure group has a
higher mean than those exposed for longer. In fact
the eight subjects in cotton mills aged 20-24 and with
less than five years’ exposure had a mean annual
decline of 126 ml/year compared with 35 ml/year for
those of the same age but longer exposure, and
65 ml/year for older subjects with less than five years’
exposure. Since within the age group 20-24 a level
ventilatory capacity and not one declining with age
would be expected (Lawther, Brooks, and Waller,
1970) and the 20-24 year group had a significant
(P < 0-01) decline in FEV, this finding emphasizes
the need for a prospective study of a group of new
entrants to the industry.

From Table 7 there is a difference in mean FEV
of 0-20 1. for females and 0-26 1. for males between
those with byssinosis grade 2 and those without
byssinosis. The mean length of exposure was 22 years
so that the difference in FEV levels could have been
achieved by a trend in annual decline of 10 ml/year.
The survey was not designed to detect such a small
difference since at the planning stage the evidence
then available was of a larger difference in FEV
between those with and without byssinosis. Since
then evidence of a smaller difference of the same
order as was found in this survey has been published
by several workers (Lammers et al., 1964; Batawi et
al., 1964 ; Mekky et al., 1967). The difference in mean
FEV between non-bronchitics and bronchitics of
grades 2 and 3 (Table 7) is in the opposite direction
to the difference in annual decline in FEV and con-
sequently little weight may be attached to the latter

difference. The absence of any appreciable relation-
ship of annual decline with FEV/FVCY; is in con-
trast to the results of Fletcher et al. (1970) who found
that annual decline was much higher in those subjects
with a lower FEV/FVCY%,.

Of the two man-made fibre mills, one (mill 13)
gave a low mean annual decline but the other (mill 4)
gave a value slightly above average (Table 3).
Workers in both mills had previously been exposed
to cotton; 10 out of 38 of those in the annual decline
study from mill 4 had worked with cotton within
five years of entering the survey, and for mill 13 the
proportion was 41 out of 44. Thus, if those in mill 13
had previously worked in a very dirty mill a possible
explanation for their low mean decline might be
that they were recovering from this experience. How-
ever, the mean standardized FEVs appear to make
this unlikely. For mill 13 the means were 2:24 and
3-15 1. for females and males respectively, for mill 4,
2-20 and 3-02 1., and for the whole ‘annual decline’
population 2-23 and 3-12 1.

The card tenters, strippers and grinders, and
drawframe tenters had higher mean annual declines
than the speedframe tenters, and although the first
three jobs were more dusty there was nevertheless no
overall relationship between annual decline and dust
level. This suggests that there is something other than
the current dust levels expressed as mass concentra-
tion causing the difference between these jobs. Most
of the workers had been employed for more than
10 years and therefore they would have been exposed
before the introduction of approved dust control
guards on carding engines (Ministry of Labour 1957,
1960, 1961). In this earlier period they would have
been exposed to higher dust levels, particularly those
working nearer the carding engines. A possible inter-
pretation of our finding is therefore that the differ-
ence in annual decline between the above jobs is a
residual effect from earlier conditions. However, if
this interpretation is correct it is surprising that the
mean standardized FEVs for all four jobs are within
0-05 1. of the mean.

Cigarette smokers had a mean annual decline
19 ml/year more than non- and ex-smokers. This
difference was significant and comparable with a
mean difference of 15 ml/year reported by Higgins
et al. (1968) and of 18 ml/year found by Fletcher
et al. (1970).

The relationships between Monday fall in FEV
and the different dust components for the non and
grade } byssinotics enable an examination to be
made of the contribution of the different size grades
of dust to the acute change in FEV, but the cor-
relations between these different size grades lower
the sensitivity of this examination. The component
with the lowest correlation with Monday fall is fly
(r = 0-308) but after allowing for fly, the variability
accounted for by the inclusion of fine dust is signi-
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ficant only at a low level (P < 0-1). Thus the evidence
that the dust particles less than 2 mm in length are
contributing to the acute change is significant only
at this level. From consideration of the sizes of the
upper airways it is to be expected that the fine dust
would cause the greatest effect and therefore that the
relationships between Monday fall in FEV and the
respirable or fine dust fractions would be the more
generally applicable over conditions where the dust
composition was markedly different from that per-
taining in this survey. For the subjects contributing
to these relationships the dust concentrations were
such that 18 % of the total dust was respirable and
429, was fine.

In cotton mills there is an increased acute fall in
FEV even in those not complaining of chest tightness
on a Monday but the change is on average larger in
those with byssinosis. Thus it can be conjectured that
a high Monday fall in FEV indicates a susceptibility
to develop byssinosis. Batawi et al. (1964) pointed
out that the value of Monday fall would be enhanced
if it could be used to detect those likely to develop
byssinosis with permanent disability and that a pros-
pective study was necessary to determine this point.
The results of this study provide an answer to only
half their question since because of the lack of
accuracy of the annual decline in FEV it was not
possible to deduce whether workers with a high
Monday fall are at risk of developing chronic changes
in their respiratory ability. However, it was demon-
strated that those workers who apparently developed
byssinosis during the survey had the higher values of
Monday fall in FEV.

We are greatly indebted to the managements, workers,
and welfare staffs of all the mills. Without their co-
operation the survey could not have been made. The
British Spinners’ and Doublers’ Association, the United
Textile Factory Workers’ Association, and the National
Union of Textile and Allied Workers also gave us
valuable support.

Dr. J. C. Gilson and Professor R. S. F. Schilling were
involved in the planning of the survey and we are grateful
for their advice and encouragement throughout. We are
indebted to Dr. P. J. Nicholls who measured the bio-
activities of the dusts and to Mr. A. W. Hyett who
designed and made the dust sampling equipment.

We also wish to thank Professors R. E. Lane and T. S.
Scott of the Department of Occupational Health of
Manchester University for their help; Dr. T. A. Lloyd
Davies, now Chief Medical Adviser, Department of
Employment for his support; the Medical Research
Council for a grant to M.K.B.M.; and finally the tech-
nicians and other helpers who were involved in the day
to day operation of the survey.
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