


VENTILATORY CAPACITY AND COTTON DUSTS

at the factory baled and is first fed through
"breakers"; these correspond roughly to the carding
machines of the cotton mills and are the principal
dust producers in the sisal spinning and weaving
process.

The factory has been described by Stott (1958).
On account of the high degree of co-operation
expected from the African workers, a more elaborate
plan was used than in the case of the studies in
Uganda. Two groups of 10 workers were chosen.
Group A were men who had recently come to the
factory and were working on buildings outside and
had not previously worked in the factory. Group B
were the men normally working in the dustier parts
of the factory. Men in Group A were tested first on
a day when they were working outside and again on

another day when they were working inside the
factory on the dustier processes as substitutes for the
men in Group B. Group B were tested both during
a normal day's work and also on a day when they
were at the factory but were not inside the mill. In
addition, both groups did a series of tests on a day
before the main experiment in order to learn how to
do the tests, so that errors arising in the main experi-
ment through a learning effect could be reduced as

far as possible.

Physiological Results.-Table 1 shows that in
Group A, while they were "out-of-dust", there was

a rise of I.M.B.C. during the course of the day
which was significant, while during the day on which
they were "in-dust" there was a fall of I.M.B.C.
which might have been due to chance. However,
due to the reverse trends on the two days the dif-
ference in slope of the rate of change of I.M.B.C.
during the day was statistically significant. In Group
B, "out-of-dust", there was no appreciable change
during the day, but "in-dust" there was a small
reduction which was not significant, and there was

no significant difference between the slopes of the
rate of change in and out of dust. We must con-

clude that there was no clear evidence of an acute
effect of the dust in these two groups. The tests
made with the low inertia recording spirometer led
to the same conclusion.

Dust Concentrations.-Table 2 shows that the total
dust concentration near the "breakers" was similar
to the cotton textile mill, but there was no coarse

dust so that the concentration of medium dust was

about seven times as great, and fine dust three times
as great as in the cotton mill. Also the concentration
of medium and fine combined is more than three
times that in the average card-room of coarse mills
in Lancashire, while the fine dust concentration is
five times as great. Thus, as this sisal factory

investigation was technically satisfactory both in
dust sampling and in the physiological studies, we
conclude that sisal dust in this part of the process is
virtually free of the active component present in
cotton dust. The percentage of protein in the fine
and medium dust is much lower-about one-third to
one-quarter-than that in cotton dust of the same
size, but the total protein in the medium and fine
dust is similar in the textile and sisal mills. During a
small part of the experiment the ventilating system
of the mill was not running.
D. A Jute Mill in England.-Jute comes mostly

from Pakistan and India and is the fibre lying between
the bark and the woody core of two species of
Tiliaceae: Corchorous Capsularis and Olitoriuis.
After harvesting, the reeds are steeped in stagnant
water for some days or weeks. During this retting
process, which is similar to that used for sisal, the
fleshy parts of the plant decompose leaving the
fibres intact; they are then cleaned, dried, graded,
and baled. The bales arrive at the spinning mills
where the process used is similar to that employed
in sisal. The processes of opening the bales, mixing
the appropriate grades of fibre, and feeding them
through the spreader and on the breaker card to
form the sliver, produce most of the dust.
Our investigations were made in two stages in a

jute mill in England. In the first stage two of us
(R.S.F.S. and S.A.R.) interviewed 21 of the 30
employees working in the preparing and spinning
sections of the mill. At this interview on a Friday a
preliminary measurement of I.M.B.C. was recorded
and an inquiry about symptoms of chest tightness
made. In the second stage, on the following Monday,
one of us (C.B.McK.) made two I.M.B.C. measure-
ments-one at the start of the shift (between 7-45
and 8 45 a.m.) and one at the end (between 3-45 and
5.15 p.m.). In this second stage, 18 of the 21 subjects
seen on the Friday were present, together with two
other people, making a total of 20 subjects. In
view of our past experience, we considered it un-
necessary to make a separate study of these people
on a day out of dust.
Dust measurements in the area of the spreader,

the cards, and the spinning frames were made during
the second stage. It happened that on this day, due
to a temporary failure of part of the ventilating
system, the dustiness was considerably higher than
usual, as indicated by a comparison with similar
dust measurements made later in the same week
when the ventilating equipment had been repaired
(see Table 4).

Physiological Results.
STAGE I.-None of the 21 employees interviewed

gave the characteristic history of tightness of the
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chest on Mondays, reported in cotton mills; six
reported occasional tightness unrelated to work,
but occurring with changes in the weather. These
men also had symptoms of bronchitis, but were

working in the dustier parts of the process.

STAGE II.-Table 3 shows I.M.B.C. before and
after the shift on the Monday with the employees
divided into two groups: those exposed to the less
dusty (Group A) and dustier (Group B) jobs. In
those working in the less dusty jobs there was an
average increase of I.M.B.C. from 114-7 to 116-3
I./min. Those in the dustier jobs showed a fall from
113-9 to 113-5 1./min. Neither of these changes is
statistically significant. There is also no clear
relationship between the symptoms of tightness and
change of I.M.B.C. Those in Group A had worked
an average of 10 years in the factory, and those in
Group B 14 years. The close agreement of average
T.M.B.C. recorded in Stage I and Stage II is evidence
of how little this test is dependent on the observer
when care is taken with the technique and standardi-
zation of the spirometer. We conclude that in this
mill and in the concentrations of dust to which the
employees were exposed, there is no important effect
of the dust on the ventilatory capacity during a day.

Dust Concentrations.-Table 4 shows the dust
concentrations at the spreaders, the cards, and the
spinning frames during Stage IL and two days later.
It shows that on the day of the investigation the dust
levels were unusually high. There is also relatively

TABLE 3
CHANGE OF INDIRECT MAXIMUM BREATHING CAPACITY

more fine dust near the spreader and cards than in
the spinning section of the mill. The concentration
of fine dust is greater than that in the sisal factory in
Kenya, and about three times as great as in the cotton
textile mill in Uganda where a significant fall of
I.M.B.C. was observed. The percentage of protein
in the fine and medium jute dust is about 10%,
and about the same as that in the sisal dust, and
about half the typical value for cotton dust. The
explanation is presumably the same as in the case
of sisal, i.e. a wet retting process removing the
soluble materials.

Discussion
The average I.M.B.C. of the African workers is

at least 20 1./min. lower than would be expected
for Europeans of the same age. The difference can
be explained partly by their small size (about 2 in.
shorter sitting height), but this would only account
for about 12 I./min.; the remainder is at present
unexplained.
The acute effects on lung function of the dusts in

cotton mills in Europe might be caused by bacterial or
mould action on the cotton between the time it is
baled in the producer countries and opened months
or years later in the mills. The low humidity in the
bales (about 8 %) and the absence of any increase in
smooth muscle contractor activity of the cotton
dust even when kept at relatively high humidity and
temperature (Nicholls, 1962) make this hypothesis

DURING A SHIFT IN A JUTE MILL

I.M.B.C.

Subject Age Sex Occupation Tightness Friday Stage I Monday Stage 11 Difference

Before After

C.B. 28 F _- - 78-3 76-7 -1-6
G.H. 49 F Drawer 0 47 533 6178-4
M.M. 25 F Drawer 0 119 123-5 121-0 -2-5
D.B. 38 M Drawer 0 105 104 3 111-3 -70
H.J. 17 M Doffer 0 173 162-0 171-7 -+97
M.P. 61 M _- - 95-7 93 7 -2-0
F.T. 33 M Spinner 0 135 130 7 135-7 +5-0
T T. 17 M Doffer 0 148 149-3 148-0 -1-3
R.W. 28 M Drawer 0 127 135-0 127-0 -8-0

-Group A _______- ______ Mean -- 122-0 114.7* 116-3 1-16
D.A. 41 M Waste carder + 67 65 7 68-0 +2-5
G.B. 26 M Carder 0 117 95-7 112 3 -166
N.I. 30 M Splitter 0 113 129 3 127 7 -16
J.K. 18 M Spreader 0 131 128-0 124-3 -3-7
C.L. 30 M Preparing 0 143 141-0 139-7 -1-3
S.N. 35 M Splitter + 131 134-3 135-7 -14
1-LQ. 46 M Opener + 44 51-0 40 0 -11-0
J. T. 28 M Carder 0 148 146 0 144-3 -1 7
M.T. 19 M Spreader 0 158 158-3 150-7 -7-6
R.T. 49 M Waste carder + 108 103-7 107 3 +3-6
H.W. 48 M Opener + 101 100 3 98-3 -4 0

Group B/ Mean 114 6 113-9 113-5 -0-4

*Mean of the seven individuals who were also tested on Friday was 122-6 I./min.
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TABLE 4
DUST CONCENTRATIONS (mg./lOOm.3) IN JUTE MILL

Department Coarse* Medium* Fine* Total (all sizes) Constituents

During stage II Spreader - 46 (7) 33 (12) Protein
(mean of two 4-5-hour 214 (34) 125 (46) Cellulose
samples) 370 (59) 112 (42) Mineral

630 270 <900 (100) Total

Cards 17 (10) 21 (12) Protein
43 (25) 96 (57) Cellulose
110 (65) 53 (31) Mineral

89 (20) 170 (40) 170 (40)j 429 (100) Total

Spinning 8 (7) <4 (<27) Protein
87 (72) 11 (>73) Cellulose
25 (21) 0 Mineral

539 (80) 120 (18) 15 (2) 674 (100) Total

During two days after Spreader 25 2 (10) 3 (14) Protein
stage II 10 (50) 8 (38) Cellulose
(one !8-hour sample) 9 (40) 10 (48) Mineral

|______________ 314 (88) 21 (6)1 21 (6)f 356 (100) Total

Cards 14 (10) 5 (19) Protein
73 (53) 11 (42) Cellulose

56 50 (37) 10 (39) Mineral

291 (64) 137 (30)1 26 (16)1 454 (100) Total

Spinning 8 6 (12) <1 (17) Protein
29 (56) 2 (33) Cellulose
17 (32) 3 (50) Mineral

213 (79)1 52 (19)1 6 (2)! 271 (100) Total

*For definitions, see text.
The figures in brackets are percentages.

improbable. In Uganda the cotton is spun shortly
after picking, and now that we have shown that
the cotton dust there produces acute effects in the
African employees similar to those seen in the
workers in Lancashire, this decay hypothesis is even
more improbable.
We think the findings in the Uganda textile mill

show the real need to install effective dust control in
new cotton mills wherever they are built, because it
seems highly probable that byssinosis will appear
wherever the dust levels persistently exceed the
provisional figures suggested by Roach and Schilling
(1960) and where the labour stays long enough to
acquire the disease. In the developing countries
there is a natural trend to collect a skilled labour
force with a low turnover, and this will increase the
probability of the disease appearing. We were un-
successful in an effort to investigate further the cause
of the very low I.M.B.C. of the young man of 22
working in the textile mill. It is possible that he is
an example of a high individual susceptibility to the
dust. M. McDermott (1958, personal communica-
tion) has observed marked differences in suscepti-
bility in normal subjects when studying the effect of
mill dust on the lung airways resistance.

It might be argued that the demonstration of an
effect of the dust during a day does not prove that

byssinosis, a disease which usually takes years to
develop, will result from prolonged exposure to
such conditions. Evidence on this is still far from
complete. It is not known whether those who show
the greatest change of ventilatory capacity during a
day are also those who eventually develop symptoms
of the disease and disability with permanent reduc-
tion of ventilatory capacity (Schilling, 1959). How-
ever, the observation that a fall of ventilatory capacity
during a shift only occurs in those working in parts
of the cotton and flax mills where there is a relatively
high prevalence of byssinosis, and does not occur in
sisal and jute mills where byssinosis is rare,
even though the dust concentrations are high,
makes it probable that a change of ventilatory
capacity during a day is a useful index of the
byssinosis hazard of a natural fibre dust.
From a single sampling instrument on one day it is,

of course, not possible to get a precise measure of
the dustiness in the textile mill, but it may be advis-
able to investigate the dust conditions further as our
figure for total dust is four times the provisional safe
figure suggested by Roach and Schilling. The pro-
portion of medium and fine to total dust in the
Uganda textile factory is rather lower than that
reported for Lancashire mills.
The demonstration of an acute effect of the cotton
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dust on the African worker adds to the evidence
that chronic bronchitis is not closely linked with the
condition of byssinosis in its early stages, because
chronic bronchitis is rare among Africans (Paul,
1961). But it is, of course, probable that bronchitis
does contribute to the disability caused by the
disease in its later stages and especially in those
highly industrialized countries where bronchitis is
common.
The language difficulty prevented our making any

useful inquiries about symptoms in Uganda, but
many Africans wear a scarf over the face in the
dustier parts of the ginneries, and when "fifi" is
ginned, it is the custom to supply ginger to the
employees to relieve the upper respiratory dis-
comfort. In Kenya direct questioning of the African
and European employees did not reveal any symp-
toms suggestive of byssinosis in the sisal factory.
We think it would be unwise to conclude from

our studies that ginning "safi" is without any acute
effect. There are many reasons why we may have
failed to detect it. Not many men work in the
dustiest parts of the factory and there may be
considerable differences in the dust in different parts
on account of the good thermal ventilation. Many
men spend much of the time outside the factory.
However, because the work is casual and seasonal,
and "fifi" is only ginned for a very short period each
year, and because a majority of the ginneries have
been rebuilt and are now well ventilated it seems
improbable that byssinosis is occurring at present in
the ginneries in Uganda. However, it would be
interesting to collect airborne ginnery dust for bio-
assay to see whether it does contain less pharmaco-
logical activity, weight for weight, than dust from
the cotton mill.
The absence of any significant effect of the sisal

dust is reassuring, especially as the concentration of
the fine dust was about three times that in the cotton
textile mill. Nicholls (1962) reports a weak smooth
muscle contractor activity in the dust collected under
the "breakers" in the sisal factory, but too little is
known yet of the dose-response relationship of
these biologically active natural fibre dusts to
interpret the animal bio-assay of the dust quantita-
tively in man. Our results in the sisal factory do not
exclude there being a small effect. The low protein
content of the airborne dust is not unexpected in
view of the wet retting process which would be
expected to remove soluble matter, including much
of the smooth muscle contractor substance which is
readily soluble. The small amount of coarse dust
relative to the medium and fine in this factory, as
compared with a typical cotton mill, shows the
increase of information obtained by fractionating

the airborne dust when comparing mills processing
different types of fibre.
The absence of any significant effect in the jute

mill confirms the work of Mair et al. (1960). The
dust concentrations in the jute mill on the day our
studies were made were rather greater than in the sisal
factory. The observation of a small rise in I.M.B.C.
during the shift in those working in the less dusty
parts and a small fall in those working in the dustier
parts may indicate a very small effect of the dust
which would be in accord with Nicholls' report
(1962) of a very weak contractor activity in jute dust.
We believe that these studies demonstrate the

usefulness of applying simple tests of ventilatory
capacity and of measuring the dust gravimetrically
in three sized components to compare the relative
health hazards of processing different types of
natural fibres. It is also encouraging to find that the
ranking of the types of fibres in decreasing order of
hazard-cotton> flax> sisal >jute-is similar to that
found in the bio-assay of the dusts from these mills
and factories.
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willingly given by many individuals, including the
employees who took part in the tests. We are very
grateful to them. We wish to acknowledge the great
help given by the Managers and Staff of the Factories
and Mills, who made facilities available for doing the
tests and arranged for power supplies for the dust
sampling. We wish to thank the Commissioners of
Labour in Kenya and Uganda for their help. We thank
Mr. P. D. Oldham for advice in planning and for the
statistical analysis. We also wish to thank Mrs. M.
McDermott for providing a special battery-operated
timer for the spirometer, and Mr. A. W. Hyett for con-
struction of the dust samplers.
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