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Circadian rhythms in peak expiratory flow rate in
workers exposed to cotton dust
FF CINKOTAI, TC SHARPE, ACC GIBBS
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ABSTRACT One hundred and sixty two people working in various departments of cotton spinning
and weaving mills measured and recorded their own peak expiratory flow rate (PEFR) at two
hourly intervals during Monday, Wednesday, and Thursday of the same work week, from waking
in the morning throughout the day until going to bed and a last time the following morning after
waking. The circadian rhythm in PEFR was computed by the Halberg program. The mean
amplitude of the rhythm in the group was found to be 3 3% and the acrophase fell approximately
in the middle of the waking hours. Older workers and those claiming to suffer from symptoms of
chronic bronchitis were found to have an amplitude significantly higher (4.1% and 3-9% respec-
tively) than their younger or symptom free counterparts (2.6% and 2*9% respectively; p < 0.03).
The amplitude of cardroom workers (2.4%), workers with byssinosis (2.7%), and those with
much exposure to airborne cotton dust (3.3%) and bacteria (2.9%) tended to be lower than that
of less exposed groups such as office staff (3-9%), though the difference was significant only in the
case of cardroom workers (p < 0.04). This may be due to airborne contaminants in the working
environment.

Of the many indices available for monitoring ven-
tilatory function in man, the peak expiratory flow
rate (PEFR) is probably the only index which can be
measured simply and reliably. People can be easily
taught to use a small, portable, inexpensive peak
flow meter to measure their own PEFR. The index is
thus justly popular for monitoring the ventilatory
function of asthma sufferers in the home.

Hetzel and Clark' have shown that ventilatory
function as monitored by the PEFR changes
"rhythmically" during the day in normal, healthy
adults as well as in people suffering from asthma.
From measurements of PEFR made four times daily
for seven consecutive days they found the acrophase
of this circadian rhythm to be at the midpoint of
waking hours and the bathyphase to be during
sleep in both groups. The amplitude of the change
was 8% of the mesor (average value during the day)
for normal people, whereas it was up to 25% for
asthma sufferers. Similar results have been reported
by others.25

Ventilatory function may be acutely affected by
occupational exposure to dust, especially to that of
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vegetable or organic origin. Indices of expiratory
capacity such as indirect maximum breathing capac-
ity (IMBC), forced expiratory volume (FEV),
forced vital capacity (FVC), and airway conductance
have been found to decline considerably during the
work shift, especially in workers with byssinosis
exposed to airborne cotton dust in cotton spinning
mills.6-8 Similar though less conspicuous effects
have also been observed in workers exposed to air-
borne dust in flax,9 10 hemp,"I2 jute,7 '3 and wool
mills'4 and in tobacco factories,'5 tea packing plants,
furniture factories,'6 and coal mines.'" 18 In many
cases the effects of dust exposure have been found
to override the normal circadian rhythm in FEV and
FVC that can be discerned from past surveys of lung
function in other industrial workers.6 19-21 The
information available on the circadian rhythm in
PEFR in workers exposed to dust is inconclusive.6

It has been suggested that histamine is released in
the bronchi of those with byssinosis when they are
exposed to cotton dust and that this causes bronchial
constriction, which is reflected by an acute fall in
ventilatory capacity. As this mechanism is not unlike
that believed to operate when asthma sufferers are
exposed to their allergen, byssinosis has been sug-
gested to be possibly a form of occupational asthma.
The present project was undertaken partly to test
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this hypothesis and partly to study the circadian
rhythm in PEFR in an industrial population exposed
to a dust known to affect the ventilatory system.

Methods

STUDY POPULATION
In all, 162 people-78 men and 84 women-took
part in the study: 57 worked in a mill spinning very

low grade cotton (Mill L), 49 in a mill spinning
medium grade cotton (Mill M), 28 in a shed weaving
sized cotton (Mill W), and 28 in offices near the
weaving shed (table 1). Of these, 69 were smokers,
19 ex-smokers, and 74 non-smokers; 98 had been in
their present job for longer than five years and 36
were newcomers who had worked at their job for
less than a year. Of the people employed in spinning
mills, 24 worked in a blowroom or cardroom, 29 in a
ringroom, and 53 in a winding or doubling or beam-
ing room. Cotton workers worked two alternating
shifts: morning (6 am to 2 pm) and afternoon shifts
(2 pm to 10 pm). Office staff worked from 8 am to
4.30 pm.

All participants were unselected volunteers. All
but a few people working in a particular shift in the
workrooms listed in table 1 were asked to partici-
pate and all agreed except three workers in the card-
room of Mill M and two in the cardroom and four in
the winding room of Mill L. Some refused because
they did not wish to carry the dust samplers and
others because they were not prepared to perform
lung fuction tests. Three people in the ringroom and
two in the winding room of Mill M were excluded
from the study because they were illiterate, as were
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two people in the ringroom and two in the winding
room of Mill L. A further three persons were
excluded from the study because they did not return
satisfactory records.

MEASUREMENTS
In a preliminary session a Medical Research Council
respiratory questionnaire supplemented with ques-
tions about symptoms of byssinosis and occupational
history was completed for each volunteer, who then
was carefully taught to use a mini Wright peak flow
meter and the Vitalograph.

Ventilatory indices were then monitored in each
person on Mondays, Wednesdays, and Thursdays of
a week when spinners and weavers worked a
6 am-2 pm morning shift. People were asked to
measure their own PEFR in triplicate at two hourly
intervals and record them throughout the waking
hours from the beginning of the Monday workshift
to the beginning of the Tuesday shift and from the
beginning of the Wednesday shift to the beginning
of the Friday shift. Each person was provided with a
mini Wright peak flow meter to use in the factory
and at home, a recording sheet, and a timer pinned
to the lapel to indicate the lapse of a two hour
period. All except a few participants recorded 10
triplicate PEFR measurements for each study day
and the time of day to the nearest minute when the
test was performed. A few people were prevented
from participating on a Thursday by some
unforeseen event such as illness. In such cases meas-
urements made on a subsequent Thursday were sub-
stituted. All records were stored anonymously in a
computer databank.

Table 1 Workplace, number, and personal characteristics ofparticipants

Factory Workshop No of Age: Years Number of
participants median, worked in

range mill: mean, men women smokers ex- non- symptom with with
range smokers smokers free symptoms byssinosis

but not
byssinosis

Mill L Cardroom, 10 45 0 16-8 10 0 8 0 2 3 4 3
(spinning low blowroom 19-55 0-5-42
grade cotton) Ringroom 12 43-0 22-4 4 8 8 1 3 5 5 2

19-57 4-44
Winding room 15 48-5 21-1 5 11 5 0 11 6 5 4

18-60 1-39
Doubling/ 20 46-0 19-6 4 15 4 1 14 6 9 5
beaming room 19-62 1-40

Mill M Cardroom, 14 31-5 16-1 9 5 5 3 6 6 6 2
(spinning blowroom 17-42 1-40
medium grade Ringroom 17 27-8 10-2 17 0 10 1 6 10 7 0
cotton) 17-55 04-24

Winding room 18 44-5 22-7 3 15 9 1 8 4 13 1
18-57 3-44

Mill W Weaving shed 28 28-4 8-0 20 8 13 8 7 15 13 0
(weaving sized 17-63 1-32
cotton) Office 28 30-5 6 22 7 4 17 16 12 0

27-63

Total 162 78 84 69 19 74 71 74 17
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The FEV1 and FVC were measured in triplicate
before and after the work shift on each study day
with a dry spirometer (Vitalograph). Both of these
volumes were corrected to BTPS from the ambient
temperature and pressure, read at the time of the
measurement. The forced expiratory flow rates
(FEF) after exhalation of 25% of FVC (FEF75) and
75% of FVC (FEF25) were estimated from the best
curve on the Vitalograph.
The concentration of airborne dust less "fly" in

the breathing zone was determined for each par-
ticipant during his or her entire shift on all three
study days with the Casella personal dust sampler.
The sampling head, covered by a small wire gauze to
exclude "fly," was attached to a harness (worn by
each participant) near the clavical region and the
pump was attached to the waist belt. The sampling
rate was set to .2 1 min-' and frequently checked.
The concentration of airborne dust in the general
environment of the workshop where the participants
worked was concurrently monitored with
Rotheroe-Mitchell L60 dust samplers. Five or six
such instruments were set up at a height of 1.5 m in
the workshop at selected positions that covered the
work zone evenly. The dust sample was drawn
through a wire gauze cage of 23 x 27 x 37 cm and
2 mm mesh to exclude "fly" at a rate of around 55 1
min-', which was variable and had to be frequently
checked. The samples were collected on glass fibre
filters (GF/A), which were conditioned and weighed
on a Cahn electromicrobalance before and after the
sampling. The concentration of airborne viable bac-
teria was derived from two samples of 2 minutes'
duration collected during each study shift at the
same sampling positions as those for the environ-
mental dust, the Anderson viable sampler (a six
stage, multiple jet cascade impactor) being used.
The bacteria were impacted on plates of nutrient
agar medium, which were then incubated for 24
hours at 36°C and for a second 24 hours at room
temperature, before the number of colony forming
units (CFU) was counted and the CFU/m3 air was
calculated from the rate and duration of sampling.

Results and statistical analysis

RESPIRATORY SYMPTOMS QUESTIONNAIRE
The questionnaires show (table 1) that 64 partici-
pants claimed to suffer from symptoms of chronic
bronchitis but not byssinosis (bouts of phlegm pro-
duction during recent years for periods longer than
three months at a time) and 17 cotton workers from
symptoms of byssinosis (chest tightness or breath-
lessness, or both, during the first shift of the working
week not attributable to any obvious cause). Most of
the latter workers claimed to suffer also from symp-

toms of chronic bronchitis; all of them were emp-
loyed in jobs they had held throughout their career
in the cotton industry and they were all receiving a
byssinosis pension (that is, they had been found to
suffer from byssinosis by a pneumoconiosis panel).
One byssinotic worker who had worked in a card-
room for 23 years claimed to suffer from clear symp-
toms of nocturnal asthma and displayed a circadian
rhythm in PEFR with a highly consistent but exag-
gerated amplitude (25%) that differed from all
others. For this reason he was excluded from the
study after the initial stages of statistical analysis.

EXPOSURE TO AIRBORNE DUST AND BACTERIA
All workers, except office staff, were exposed to air-
borne cotton dust. Concentrations measured in the
breathing zone ranged on average from 0.59 to
4'63 mg/m3 (table 2). As expected, dust concentra-
tions were highest in the mill where low grade cotton
was spun and lowest in the weaving shed. Card-
rooms were considerably dustier than subsequent
workrooms and concentrations in the general envi-
ronment were significantly less than those measured
in workers' breathing zones by personal sampling.
Concentrations of bacteria in the general environ-
ment varied from 1600 to 150 000 CFU/m3.

CHANGES IN FEV, FVC, AND FEF DURING
WORKSHIFT
As observed before by others, the forced expiratory
volume (FEV,) tended to fall slightly during the
work shift in cotton spinners and to remain
unchanged or rise slightly in weavers and office
workers. Changes in volumes were smaller than
those previously observed and were significant in
only a few cases (table 2). Changes in forced
expiratory flow showed no particular pattern, most
probably because of the very high variability in these
indices, especially in FEF25 (table 2). A small but
significant increase in FEF7, during work shift could,
however, be discerned in weavers and office work-
ers.

CIRCADIAN RHYTHM IN PEFR
To analyse the circadian rhythm in PEFR, the max-
imum value (PEFR') was selected from each set of
two hourly triplicate readings (the other two were
discarded) and normalised to a percentage (P%) of
the average PEFR' for the day (P% = 100 x
PEFR'/mean PEFR'). When the mean P% values
for all subjects and study days were plotted against
the time of day a distinct circadian rhythm emerged
(fig). Scattergrams for individuals, however, varied
considerably, some showing no apparent rhythm,
others a very noticeable one.
To display the underlying rhythm we attempted to
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762 Cinkotai, Sharpe, Gibbs
Table 2 Participants' exposure to airborne dust and bacteria and changes in their ventilatory capacity from the beginning to the end of
their workshifts

Factory Workshop Mean (SD) dust concentration Mean (SD) Mean (SE) change during workshift
bacteria

Breathing Workshop air concentration in FEV (I) FVC (1) FEF 75 FEF 25
zone (mgl/n3) (mg/m3) workshop air (I min- ') (I min ')

(CFU x IO-)

MillL Cardroom, 4-63(3.18) 1-34(0.18) 15.0(11-2) -0-080 -0-066 077 0074
(spinning low blowroom (0.048) (0-050) 0-70) 0-062)
gradecotton) Ringroom 1.59(1.08) 1.36(0-10) 4-5(1-1) -0-051 -0-041 -037 -0009

(0-025)' (0-037) (0.32) 0.074)
Winding room 2.73 (1-88) 2-28 (0.49) 8.18 (0-56) -0-034 -0-105 -0-60 -0-001

(0.019) 0-021)... (0.22)** (0 43)
Doubling/ 1.27 (0.67) 0-96 (0.26) 6-39 (3.42) -0-031 -0 052 0 10 -0 033
beaming room (0.23) (0.019)** (0.17) (0.43)

Mill M Cardroom, 1.71 (1-53) 1.27(0-11) 1.81 (0-77) -0-042 -0055 -0-98 0-013
(spinning blowroom (0-16) (0-015)"' (1-58) (0-076)
medium grade Ringroom 0.59 (0.23) 0.53 (0-17) 0-15 (0-07) -0-002 -0-029 0-39 0-10
cotton) (0-019) (0.019) (0.30) (0.07)

Winding room 0-83 (0-77) 0-37 (0-04) 0-31 (0.11) -0 007 -0-02 0-28 0-068
(0.014) (0.018) (0-12)' (0.053)

Mill W Weavingshed 1.39(1.24) 0.64(0.20) 0.16 (0.06) 0-063 0-004 040 0-14
(weaving (0.019)... (0.026) (0 14)** (0-06)'
sized cotton) Offices < 0-1 < 0-01 0 003 -0-005 0-40 -0-001

(0-018) (0-017) (0-14)" (0.40)

*p<005; ** p<001; ***p < 0001.
CFU-colony forming units; FEV-forced expiratory volume; FVC-forced vital capacity; FEF7, FEF71-forced expiratory flow after exhalation of 75%
and 25% of the FVC.

fit to points on a scattergram embracing all subjects
and study days a polynomial of degree n:

P% = ao + alt + a2t2 + + ait' +... + antn
or the cosine function

P% = M+-cos (w + 6),
2

where t is the time of day, a1 the polynomial
coefficients, M the mesor, A the amplitude (distance
from peak to trough), w the frequency (2 7r/24), and
6 the phase. Cosine waves were fitted by a computer
program based on Halberges cosinor analysis.2223
Polynomials were computed degree by degree (with
an SSP package24) and above an n value of 3 no
further improvement in fit was obtained except in a
few cases. Thus we chose to use cubic polynomials.
The mean cubic and cosine curves for the entire
group of participants are shown in the figure.

Neither curve follows the asymmetry of the data
particularly closely but the polynomial which regis-
ters a slightly higher peak 30 minutes earlier appears
to fit somewhat better. (This was to be expected
since it contained an extra term.) The difference
was, however, not overwhelming and therefore we
opted for the cosinor analysis, which has in the past
been used in most circadian studies.

Next we computed three cosine curves display-
ing separately the rhythm on Monday, Wednesday,
and Thursday for the entire group (table 3). As
these curves did not differ significantly, in subse-
quent analysis a cosine function based on all three
study days was found for each individual and indi-

vidual curves were combined in the Halberg pro-
gram (by averaging the coefficients of individual
curves) to yield the mean PEFR rhythm in the entire
group of volunteers and in subgroups selected
according to various personal and occupational
criteria (table 3). The mean amplitude of the PEFR
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Circadian rhythms in peak expiratory flow rate in workers exposed to cotton dust

rhythm in this industrial population was 3-3% and
the acrophase fell to the middle of the waking hours.
The mean amplitude in subgroups, selected accord-
ing to sex, age, smoking habit, years spent in the
mill, workshop, work trade, dust or bacteria expos-
ure, changes in FEV or FVC during workshifts and
whether the workers claimed bronchitic or byssino-
tic symptoms, ranged from 2-4% to 4.3% (table 3).

Cotton workers who participated in the study in a
week when they worked from 6 am to 2 pm were
found to have a circadian rhythm in PEFR with an
amplitude of 3*4% and an acrophase at 12.56 hours.
In contrast, office staff, who worked from 8.00 am
to 4.30 pm, had an amplitude of 3.9% and an
acrophase at 2.44 pm. The difference between
the two acrophases was clearly due to going to bed
and waking at different times of the day. These and
all other group rhythms quoted in table 3 were
highly significant (p < 0.001). Individually, how-
ever, the PEFR rhythm was significant at a 5% level
in only 69 out of 161 subjects. When people with
significant rhythms were grouped together, their
mean circadian rhythm showed an amplitude of
5.5% (table 3), which is not dissimilar to the 8-3%
reported by Hetzel and Clark' in a similarly
"rhythmic' group of recruits from a variable popu-
lation. There was still a significant mean rhythm in
the remaining group of apparently "non-rhythmic'
volunteers but with an amplitude of only 1-9%.

FACTORS ASSOCIATED WITH THE PEFR RHYTHM
To explore the factors associated with the PEFR
rhythm, a stepwise, multiple linear regression
analysis was carried out with an SPSS program

package.25 Age, sex, smoking habit, workroom, level
of exposure to airborne cotton dust or bacteria,

years of exposure, and presence of bronchitic or bys-
sinotic symptoms were the independent variables
used to predict the PEFR amplitude. (Some vari-
ables had a value of 0 or 1, indicating the presence
or absence of certain attributes such as respiratory
symptoms or place of work.) The variable that corre-
lated best with amplitude was selected first in the
program; then this was combined in turn with pro-
gressively less strongly correlating variables until all
variables had been included. The presence of bron-
chitic symptoms was the variable selected first in the
program and its regression with amplitude was
significant (F1,131 = 5-89, p = 0.017). Age was the
next variable selected and it too related significantly
to amplitude (F1,130 = 4-78, p = 0X031) without
appreciably affecting the earlier relationship (F1,130
= 5-32, p = 0.023). Cardroom (one of the work-
rooms) was the last variable selected that still
related significantly (albeit inversely) to amplitude
(F1,129 = 4-62, p = 0.033) without diminishing the
significance of the previous two regressions (F1,129 =
5*50, p = 0-021 for bronchitic symptoms and F1,129
= 4-98, p = 0.027 for age). Weaving shed, the next
variable brought in, did not relate significantly to
amplitude (FJ128 = 2 54, p = 0 11), neither did any
further variables, inclusion of which caused the
residual mean square to increase rather than
decrease.
Thus an increase in PEFR amplitude is

significantly associated with age (p < 0.03) and
symptoms of chronic bronchitis (p < 0.03) and a
decrease in amplitude with employment in a card-
room (p < 0.04). There is no evidence that any

other variable would have correlated with amplitude
but is excluded from the regression because of its
relationship with variables already selected. Accord-

Table 3 Amplitude and acrophase (time ofday) ofthe circadian rhythm in peak expiratory flow rate in groups of
participants selected according to various criteria (p < 0.001 for all rhythms)

Group No ofparticipants Amplitude as % ofday mean Acrophase (h, min)
(95% confidence limnits) (95%o confidence limits)

All, Monday only 162 37 (29, 4 5) 1319(12-41, 13-54)
All, Wednesday only 162 34 (2-7, 4-2) 13-14 (13-35, 1349)
All, Thursday only 162 3-1 (2.4, 39) 13-15 (12-34, 13-52)
All (except asthmatic) 161 3-3 (2-7, 3-8 13-05 (12-36, 13-31
With individually significant (p < 0-05) rhythms 69 5-5 {4-8, 6-1 13-26 (13-05, 13-47
Without individually significant rhythms 92 1-9 1-2, 2-6 12-52 11-39, 14-02\
Cotton workers 133 3-4 2-8, 3-9 12-57 12-27, 13-27
Office workers 28 3-9 3-0, 4-8 14-44 (14-05, 15.20
Male cotton workers 71 3-0 2-2, 3-7 12-58 (12-13, 13-40
Female cotton workers 62 3-8(30,4-7 12-57 (12-10, 13-35
Cotton workers > 41 y 68 4-1 (3.3, 5-0 12-44 (12-05, 13-19)
Cotton workers < 41 y 65 2-6 (1-8, 3.4 13-18 (12-23, 14-08
Symptom free cotton workers 55 29 (21, 3-8 13-35 (12-49, 14-20
Symptom free office staff 16 3-7 (24, 5-0 14-45 13-48, 15-36
Cotton workers with symptoms but not of byssinosis 62 3-9 3-1,4-8 12-39 11-56, 13-57
Byssinotic cotton workers 16 2-7 0-8, 4-7 12-15 8-37, 14 24)
Exposed to > 1 mg/m3 dust 69 3-3 2-4, 41 12-55 12-08,13-37)
Exposed to > 5000 CFU/m3 bacteria 21 2-9 1-5,4-4) 13-22 11-43, 14-38
Cardroom workers 23 2.4 1-1, 3-8) 12-52 11-01 14-27)
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764 Cinkotai, Sharpe, Gibbs

Table 4 Mann- Whitney test for difference in amplitude of the PEFR rhythm between younger and older cotton workers
and between those with and without symptoms

Group (cotton workers only) No of workers Median amplitude U value p value
(% ofday means)

Age - 41 y 65 3-43 1660 0-013
Age > 41 y 68 4-32
With symptoms 62 4-32 1689 0 037
Symptom free 55 3-40

ing to the Mann-Whitney non-parametric test (table
4) the mean amplitude in cotton workers claiming to
suffer from bronchitic symptoms was significantly
higher than their symptom free counterparts (p <
0.04), as was the amplitude in older cotton workers
compared with that of their younger colleagues (p <
0-02). The mean amplitude in female cotton work-
ers was higher than in men but this difference was
not significant. These observations agree closely
with earlier reports.'

Discussion

We had no reason to doubt that the participants
performed and recorded their PEFR in their home
effectively. Having carefully trained the participants
(who were all willing volunteers) in using the mini
peak flow meter, we frequently saw them during
working hours on the study days and encouraged
them to " blow" to the best of their ability. The three
who did not were excluded from the study. In the
great majority of cases, all values in the triplicate
readings were within 10% of the maximum value.
The participants wore their dust samplers during
work shifts without indicating any discomfort. Many
participants were badly educated; a few had difficul-
ties with the English language. Nevertheless, we
consider the data collected to be sufficiently reliable
for the present purpose.

In analysing the PEFR rhythm we chose to use the
highest value of the two hourly triplicate readings
because this fitted in well with the nature of PEFR
measurement (using mean values, however, yielded
similar results). We normalised each PEFR reading
from an individual at a given time of day to a percen-
tage of his or her average reading for the day-
which did not, of course, include readings during
sleep: the "sleep" portion of the rhythm was merely
extrapolated from waking measurements. Conse-
quently, our calculated PEFR level for a given day
falls somewhat above the true mesor for that day.
This would not, however, have influenced either the
amplitude, which is the difference between the peak
and trough of the rhythm, or the acrophase. Fur-
thermore, the way individual rhythms were combined
to yield the mean rhythm in a group influenced the
mean acrophase. Individuals with large amplitudes

contributed relatively more to the mean acrophase
than those with small ones.

In general, groups of workers exposed to high
concentrations of airborne cotton dust, such as card-
room and winding room workers, those suffering
from byssinosis, and those exposed to over
5000 CFU/m3 bacteria or over 1 mg/m3 airborne
dust (table 3), tended to display a circadian rhythm
in PEFR with amplitudes somewhat less than those
in less exposed groups such as office staff. The mul-
tiple linear regression analysis has shown that, in
addition to the presence or absence of bronchitic
symptoms and age, whether or not a person works in
a cardroom makes some contribution to the variabil-
ity in amplitude. Interestingly, factors such as the
presence or absence of byssinotic symptoms or
actual dust exposure levels did not appear to be
relevant. Nevertheless, the trend in the PEFR
rhythm (decrease in amplitude) corresponded to
that in FEV, and FVC, which fell slightly during the
work shift in dustry workrooms, especially in a card-
room (table 2), instead of rising as they should
have done according to their normal circadian
rhythm.2' Thus, as might have been expected,
exposure to cotton dust probably reduced the morn-
ing rise in PEFR, possibly for the same reasons as it
lowered the FEV, or FVC-that is, by inducing
bronchial constriction. If the morning rise was
reduced then so was the night fall in PEFR, which
was merely extrapolated from the morning rise-
hence the decrease in amplitude. We believe that
exposure to cotton dust probably accounted for the
difference between the PEFR amplitudes we ( - 55%)
and Hetzel and Clark (8.3%)' observed in groups of
participants with individually significant rhythms.
The mean amplitude of PEFR rhythm in the

group of 16 workers with byssinosis (2.7%) was
quite unlike the amplitude observed in the seven-
teenth byssinotic worker (25%), who was excluded
from the study, or the amplitudes reported in
patients with asthma in the past. Thus byssinosis in
16 out of 17 cases did not resemble asthma, at least
so far as the PEFR rhythm was concerned. The
seventeenth worker could have suffered from both
byssinosis and asthma.

We wish to thank the Cotton Industry War Memor-
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