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Human ventilatory response to washed and unwashed
cottons from different growing areas
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ABSTRACT Thirty volunteer subjects were exposed to controlled amounts of respirable dust gener-
ated by the carding of cotton in an experimental cardroom. Eighteen exposures each lasting six
hours were performed while carding unwashed and washed cottons from the three major growing
regions of the United States. Elutriated dust was analysed gravimetrically and was comparable (059
mg/mi3 + 004) for all exposures. Spirometry was recorded before and after each exposure. Califor-
nia cotton resulted in a significantly smaller fall in FEV, than cotton of the same grade from Texas
or Mississippi. All washed cottons resulted in reduced declines when compared with unwashed
cottons. For 17 subjects breathing zone personal total dust samples were analysed for airborne
endotoxin and compared with the individual's pulmonary function response. A significant cor-
relation between endotoxin exposure and acute decrease in FEV, was seen. The effect on FEV,
per nanogram of airborne endotoxin was greater for Mississippi cotton than for cotton from the
other regions. Airborne endotoxin appears to be an important determinant of acute pulmonary
effects of cotton dust. Water washing of cotton results in reduced airborne endotoxin and less
bronchoconstriction.

Certain workers employed in the processing of cot-
ton, flax, and hemp fibres develop acute and chronic
respiratory symptoms generically called byssinosis.'
In different reports the prevalence rates of byssinosis
range from 2% to 90%.2 In addition to typical symp-
toms, acute and chronic ventilatory declines have
been shown in people exposed to cotton dust.2 The
variability of human responses to the inhalation of
textile dusts has been related both to constitutional
(individual susceptibility) and environmental factors.
Increased responses to cotton dust and cotton dust
extracts have been reported in cigarette smokers3 and
individuals with atopy.4 Epidemiological and experi-
mental studies have related symptom prevalence and
ventilatory declines to airborne respirable dust lev-
els.5'- Even after accounting for dust levels, pro-
nounced differences exist between mills,5 and within
mills at different work areas.8 Workers employed in
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the earlier stages of processing, such as carding, are
more frequently and severely affected than those
employed in later stages. Preprocessing of cotton,
including water washing, can reduce both symptoms
and decreases in ventilatory function seen over a
workshift exposure.79
To define potential causes of the observed vari-

ability in responses to cotton dust, we have studied
airborne endotoxin exposures and pulmonary func-
tion responses of a group of volunteers exposed in a
model cardroom to controlled amounts of respirable
dust generated by carding standard (commercial
grade) and water washed cottons from the three
major growing regions in the United States.

Methods

Subjects were selected as previously described.'0 In
brief, adult volunteers were approached through
word of mouth and newspaper advertisements. A
short questionnaire was used to exclude those with a
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history of asthma or other medical contraindications
to participation. Screening spirometry was performed
using an Ohio 840* waterless spirometer (Ohio Medi-
cal Products Co, Lodi, NJ), with flow volume curves
recorded on FM analogue tape. Recommended pro-
cedures were followed," and subjects with a forced
expired volume in one second (FEV,) less than 80%
of predicted normal12 were excluded.
The remaining volunteers were exposed for six

hours to 1 mg/m3 of respirable (elutriated) dust from
standard Mississippi cotton. On a separate occasion
they were exposed for six hours in a dust free room.
Spirometry was performed before and after each
exposure. Thirty subjects were selected on the basis of
their ventilatory responses to these screening
exposures. Subjects showing at least a 5% fall in
FEV, after an exposure of six hours to I mg/m3 of
standard cotton dust, relative to their change in
FEV1 after no cotton exposure, were selected for
participation.
The study took place over a six week period in Jan-

uary and February 1981. All exposures were per-
formed in the model cardroom at the US Department
of Agriculture Cotton Quality Research Station,
Clemson, SC. Duplicate exposures were made to all
cottons, and the subjects were unaware of the specific
type of cotton being carded. During the study, spi-
rometry was performed before and after six hour cot-
ton dust exposures on Mondays, Wednesdays, and
Fridays. After each exposure, the cardroom was thor-
oughly cleaned, and on Tuesday or Thursday, or
both, spirometry was performed before and after the
subjects had remained for six hours in the cardroom
with no cotton being carded (control exposure). The
subjects sat in chairs placed around the periphery of
the cardroom and to ensure equal exposures each
subject moved two or three seats about every 30
minutes, so that they made a complete circuit during
the exposure. Subjects could leave the cardroom
only for short restroom breaks, and smoking was
forbidden during the exposure period.
Dust sampling was performed continuously with

four vertical elutriators (flow rate, 7 4 litres a minute)
located around the cardroom. A constant carding
rate was used. Dust concentration, determined
approximately hourly as the mean value from the
four elutriators, was maintained at the desired level
by varying the exhaust ventilation. Seventeen of the
30 subjects also wore personal samplers (MSA type
G, with an open faced cassette; Mine Safety Appli-
ance Co, Pittsburgh, Pa) for breathing zone total air-
borne dust collections.'3
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Strict low middling grade cotton was obtained
from the three major growing areas of the United
States: Mississippi River Delta, Texas High Plains,
and California San Joaquin Valley. Cotton was har-
vested in Texas by mechanical stripping, whereas in
California and Mississippi mechanised pickers were
used. All bales from a region were blended in the
usual manner. Samples of cotton from each region
were then further treated by washing with water at
60°C (140°F) on a rayon washing system, using 50
pounds of water for each pound of cotton. After
washing, a standard textile finish was applied (SSC
Finish 641; SSC Industries, Inc, East Point, Ga).
Two samples of the Mississippi cotton were subjec-

ted to washing at a higher water to fibre ratio, 65
pounds of water per pound of cotton, one at 60°C and
one at 28°C (80°F). Finally, a sample of Mississippi
cotton was washed using a wool scouring system.
The water to fibre ratio used in this system was not
estimated.
The six hour personal samples were analysed gravi-

metrically and total endotoxin content of each filter
was assessed. For the latter analysis, filters from the
personal air samplers were extracted with 10ml ster-
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Fig 1 Variability in elutriated dust exposures in a model
card room. TS Texas standard (unwashed) cotton;
TW Texas washed cotton; CS California standard
(unwashed) cotton; WCalifornia washed cotton;
MSMississippi standard (unwashed) cotton;
MLWMississippi washed cotton, low water ratio;
MHWMississippi washed cotton, high water ratio;
MWS Mississippi washed cotton, wool scouring system;
MCWMississippi washed cotton, cooler water temperature;
and MWMississippi washed cotton, all conditions.

*Mention of company names or products does not constitute
endorsement by the National Institute for Occupational Safety and
Health.
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Fig 2 Ventilatory response to standard and washed cotton
dust (mean ± SEMfor 30 subjects). (For abbreviations, see
fig 1.)

ile, non-pyrogenic water (Travenol Laboratories, Inc,
Deerfield, IL) by rocking at room temperature for 60
minutes. Sterile, pyrogen free plastic ware was used
throughout the assay. The fluid was centrifuged at
1000 g for 10 minutes and the Gram negative bacterial
endotoxin content of the supernatant fluid was
quantified in duplicate by a spectrophotometric
modification of the Limulus amoebocyte lysate gel
test (Pyrostat; Millipore Corp, Bedford, Mass).
Sample results were analysed by linear regression,
compared with a standard curve, and reported as
nanograms of US reference endotoxin.
Data were analysed by the statistical analysis sys-

tem (SAS Institute, Inc, Cary, NC) using linear
regression and analysis of variance.

Results

The overall mean dust concentration for the dust
exposures was 0 59 mg/m3, and measurements for
individual exposures were similar (fig 1). The washed
cottons resulted in less dust generation and required a
corresponding reduction in cardroom exhaust venti-
lation to maintain the desired dust concentration.

Significant decrements in ventilatory function, as
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Fig 3 Effect of various washing conditions on ventilatory
response to Mississippi cotton dust (mean + SEMfor 30
subjects). (For abbreviations seefig 1.)

measured by FEV1, were seen during exposures to the
standard (unwashed) cottons (fig 2). The ventilatory
response to California cotton, however, was
significantly less than that to either Texas or Missis-
sippi cotton (p < 0-05). Water washing reduced the
ventilatory decline over the six hour exposure period
for each regional cotton (p < 0-01). Since all subjects
were not present during each exposure day, an anal-
ysis was made using only the responses of 16 subjects
who were present during all exposures. The overall
results were unchanged.
The effect of the various washing conditions on the

responses to the Mississippi cotton was assessed.
Washing by each method resulted in a highly
significant reduction in the ventilatory decline com-
pared with the standard (unwashed) Mississippi cot-
ton (fig 3). There was no statistically significant
difference among the four washing conditions with
regard to decrement in FEV1 over exposure. Com-
pared with the other washed Mississippi cottons, the
low water ratio (50:1) washed cotton resulted in the
greatest fall in FEV1, but this difference was not sta-
tistically significant (p > 0-16). There was no
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Fig 4 Decrements in FEV, as afunction ofairborne
endotoxin exposuresfor washed and unwashed cottonfrom
California (C), Mississippi (M), and Texas (T) (17
subjects).

significant variation in the baseline morning value of
FEV1 over the series of exposures (p > 0-51).

Breathing zone airborne endotoxin levels were
determined for the 17 individuals from whom per-
sonal sampler filters were available. Water washing of
the cottons from each region resulted in a significant
reduction of airborne endotoxin. Personal filter sam-
ples obtained during exposures to cotton from Cali-
fornia, Texas, and Mississippi showed mean reduc-
tions in endotoxin content of 65%, 95%, and 96%
respectively, when washed cotton was compared with
unwashed cotton from the same geographical region.
For the Mississippi cotton, the various washing con-
ditions resulted in an 83-96% decrease in endotoxin
per milligram of airborne cotton dust.13
When analysed as airborne endotoxin levels

(ng/m3) for all washed and unwashed cottons, there
was a highly significant relation (p < 0.01) between
individual endotoxin exposures and percentage
declines in FEV, over the six hour exposure.
Although there was considerable scatter in the data
(fig 4), mean values generally showed a similar
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Table 2 Effect ofwash conditions on airborne endotoxin
levels and change in FEy1
Wash conditions* Endotoxin (ng/m3) FEV change

Unwashed 87-6 + 4-5$ -6-1 + 1.5t28; 65:1 12-5 0-8 -0-9 + 1[360;65:1 10-6 11 -1-6 0960;50:1 3-8 0-5 -1-3 00960; Wool scouring 12-9 ± 11 -0-8 ± 10
*Mississippi cotton: temperature (°C); water to fibre ratio by weight.
t((Postexposure FEVy - pre-exposure FEVl)/pre-exposure FEVI) x
100.
tMean + SEM; n = 16.

relation (tables I and 2). After accounting for the
effect of airborne endotoxin, there was no significant
difference between the cottons from the three regions
in mean decline in FEV1 during exposure (p > 0.10).Linear regression of endotoxin versus decline in
FEV, was performed separately for exposures to cot-
ton from each region. The slope of the linear
regression for the Mississippi cotton was greater than
that for the Texas cotton (p < 0-05), indicating a
larger decline in FEV1 per nanogram of airborne
endotoxin.

Discussion

We have shown significant differences in the ability of
cottons of similar grade from different growing
regions in the United States to produce declines in
ventilatory capacity over a workshift exposure. Water
washing resulted in reduced effects of cotton from
each region. The observed differences are likely to be
related to the characteristics of the cottons, since dust
concentration, subjects, and carding rate were similar
in all exposures. Although somewhat different har-
vesting methods were used for Texas cotton, there
was no significant difference in ventilatory decline
from Mississippi cotton. California cotton, however,
resulted in a significantly smaller response than either
of the other cottons.

Recent investigations have focused on the possible
Table 1 Airborne endotoxin and change in FEV1 by type ofcotton exposure
Cotton type No ofsubjects Endotoxin (ng/m3) FEV, changeexposed M
California standard (unwashed) cotton 17 23-7 + 1-9t -2-5 + 0-6tCalifornia washed cotton 16 7-3 ± 10 -0-1 + 0-6Mississippi standard (unwashed) cotton 16 87-6 4-5 -6-1 ± 1-5Mississippi washed cotton, high water ratio 16 10 6 + 1-1 -1[6 + 0 9Texas standard (unwashed) cotton 17 202-2 ± 13 2 -4-2 + 1 2Texas washed cotton 16 108 ± 2-1 -1-3 ± 0-6Control 17 - -0-8 + 0-6
*((Postexposure FEV, - pre-exposure FEV,)/pre-exposure FEVy) x 100.fMean ± SEM.
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role of microbiological contamination in the
aetiology of respiratory disease in textile workers."4
Cinkotai et al and Haglind et al correlated airborne
viable Gram negative bacteria with symptoms of bys-
sinosis in cotton mills.'5 16 They found a poor cor-
relation between airborne endotoxin and symptoms,
but did not measure ventilatory changes. Another
study found that including baled cotton Gram nega-
tive bacterial counts with gravimetric elutriated dust
in an exposure index produced an improved cor-
relation with FEV, shift change in cotton textile mill
workers. 17

In our study the unwashed California cotton
resulted both in lower airborne endotoxin and smaller
ventilatory declines than the other standard cottons,
despite equivalent gravimetric dust exposures as mea-
sured by vertical elutriator. After washing, decreases
in endotoxin content of cotton dust from each region
correlated with lesser declines in FEV1. No significant
mean effect remained after endotoxin content
differences of the regional cottons were taken into
account. A difference was suggested, however, when
linear regression analysis was performed separately
for cotton from each region.

Endotoxin as measured by Limulus amoebocyte
lysate assay appears, in the present study, to account
for much of the variation in acute effects of cottons
from different regions. The biological activity of cot-
ton dust in causing ventilatory declines is correlated
with airborne endotoxin levels. When these levels
were decreased either naturally (as with the California
standard cotton) or by washing, biological activity
tended to follow this decrease.

Inhalational exposure to endotoxin causes an
increase in the number of leukocytes on respiratory
membranes in animals and man."4 Leukocyte
recruitment on the nasal mucosa has been shown in
people occupationally exposed to cotton dust. 18
Helander et al investigated the pulmonary effects
of endotoxins derived from bacteria known to
contaminate cotton in animals.'9 They found pro-
nounced differences in the recruitment of leukocytes
to the respiratory tract by various endotoxins derived
from these bacteria, and related these differences to
the specific fatty acid content of the endotoxins.
Millner et al have reported qualitative and quan-
titative differences in bacterial contaminants of cot-
tons from different growing regions.20 It has been
suggested that the different potency of regional cot-
tons in producing ventilatory declines may relate to
differences between the endotoxins with which they
are contaminated.2'
An additional explanation for our observed

differences in the biological activity of cottons from
various growing regions relates to our use of total
personal dust samples for the endotoxin assay. These

samples represent total airborne dust, and not just the
smaller fraction capable of depositing in the lung. The
ratio of elutriated to personal gravimetric dust was
similar in all exposures, however, making this
explanation less plausible.
At present, airborne endotoxin appears to be an

important independent measure of cotton dust bio-
logical potency, as indicated by acute ventilatory
declines, when compared with standard gravimetric
measures alone. The finding of a reduction in acute
responses after exposure to dust from washed cotton
may help to clarify the relative roles of the various
cotton contaminants. The restoration of the bron-
choconstrictor effects from exposure to washed cot-
ton which had been experimentally recontaminated
with purified bacterial endotoxin would support the
role of this substance in producing acute declines in
ventilatory function in cotton workers. The relation,
if any, between airborne endotoxin and other effects
of cotton dust, such as irreversible ventilatory
impairment, remains to be clarified.22

Requests for reprints to: Dr EL Petsonk, 944
Chestnut Ridge Road, Morgantown, WV 26505,
USA.
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