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The Distribution of Gram Negative Bacteria and Endotoxin on Raw
Cotton Components*

J.J. FISCHERA, P.R. MOREY®{ and K.K. FOARDE*
ASchool of Medicine, University of North Carolina, Chapel Hill, NC27514; BNational Institute for Occupational Safety and Health, Environmental
Investigations Branch, 944 Chestnut Ridge Road, Morgantown, WV 26505

The botanical composition of representative raw cottons from seven different growing regions was determined by manual removal and
identification of all trash components greater than 50 um in size. The number of gram negative bacteria (GNB) and the amount of endotoxin
present in each of the separated raw cotton components were quantified. Low middling cotton contained significantly more bract-leaf trash
than that found in higher quality cottons such as those in the middling grade division. Significantly more GNB and endotoxin were found in
botanical trash components as well as lint of raw cotton derived from the southwest and southeast growing regions as compared to similar
botanical components from far west cottons. For representative raw cottons from the 1980 USA crop we determined that 67% of the GNB and

89% of the endotoxin resided on white lint itself, from which all particulate larger than 50 um in size had been removed manually.

Introduction

Gram-negative bacteria (GNB) and the endotoxin compo-
nent of their cell walls are among the many biologically
active agents in cotton dusts that may cause adverse health
effects in man.” Endotoxin present in cotton dusts derived
during cotton processing probably causes mill fever in both
the textile and nontextile cotton industries. Studies from
the model cardroom at Clemson, S.C., indicate that the
decrease in FEV; over the work shift correlates best with the
amount of endotoxin present both in raw cotton and its
respirable dusts.”’ Ourlaboratory has been engaged in study-
ing the microbial contaminants found on representative
raw cottons from different USA growing areas. During suc-
cessive crop years from 1976 to 1980, studies have been made
onraw cottons, including a wide range of grades collected at
United States Dept. of Agriculture-Agricultural Marketing
Service (USDA-AMS) Classing Offices. A collection (N =
296) of classers’ samples of all available grades of the 1980
American Upland cotton crop was studied for total content
of GNB and endotoxin. We reported that raw cottons from
the far west contained significantly less GNB and endotoxin
than those from certain other geographical regions.® The
current paper reports the results of analyses where botanical
trash was removed by hand from 70 of the raw cottons
studied in Reference 3. The separated cotton components
then were analyzed for their GNB and endotoxin contents.

Previous studies from this laboratory have shown that
amounts of GNB on cotton depend upon climatic condi-
tions.”” Raw cotton derived from cotton plants harvested
late in the autumn contains significantly larger numbers of
GNB and higher levels of endotoxin than cotton collected
early in the harvest season. In one study the GNB content in

*Mention of company names or products does not constitute
endorsement by the National Institute for Occupational Safety and
Health.

tPresent address: Honeywell Indoor Air Quality Diagnostics, 1985
Douglas Dr. North, Golden Valley, MN 55422-3992.

raw cotton of one grade group increased from 0.7 million per
gt08.7 million per g when October and December harvested
materials, respectively, were compared.” The endotoxin
content of the October harvested cotton was 1.1 ug per g
compared to 8 ug per g for December cotton. We also
examined the GNB and endotoxin contents of the botanical
trash componentsina few raw cottons from the 1979 crop.?
Larger amounts of GNB on a2 number per unit weight basis
were found in the seed and in the bract-leaf trash than in the
unsorted raw cotton. It is significant that the cleaned white
lint (devoid of trash particles >50 um size) from these cotton
samples still contained large amounts of endotoxin. In the
current study we have estimated the residual microbial con-
taminants present on the cleaned white lint from a represen-
tative number of raw cottons collected from all major USA
growing regions.

Materials and Methods

Collection of Materials

From a larger group of 296 classers’ raw cotton samples
previously described,® 70 raw cottons from the 1980 crop
were chosen. The 70 cottons were representative of the
common USDA-AMS grades for 1980 from each of the five
major growing regions in the United States, namely, the
sou%hwest, southeast, south central, south Texas and far
west. Special collections of common grades were obtained
also from the growing areas around Abilene and Lubbock,
Texas. These latter two collections thus were subregional
and both were located in the USDA-AMS southwest zone.
The exact number of specimens analyzed from each region
orsubregion was as follows: southwest N=9, Abilene N=9,
Lubbock N =9, southeast N = 11, south central N =9, south
Texas N = 10, and far west N = 13. Grades 31,41,42 and 51
were represented in all regions. The other representative
grades varied from region to region.

Botanical Analyses

All particles of trash greater than 50 um in size were removed
manually from cottons and were identified by microscopic
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TABLE | \
Botanical Composition (% Wt.) of 70 Upland Raw Cottons
From the 1980 Crop by Grade Division

Raw Cotton Components”

USDA-AMS Grade

Division and Bract- Total Stained
Number of Samples Leaf Stem Seed Bark Trash® Lint
Strict

Middling 0.24c¢ 0 1.18 0.01 1.47b 0.11b
N=5

Middling 0.57bc 0.23 0.80 0.04 1.69b 0.24ab
N =22

Strict

Low Middling 0.95ab 0.08 117 0.11 2.46b 0.28ab
N =21 t

Low Middling,

Strict Good 1.48a 0.20 1.44 0.09 3.44a 0.41a
Ordinary

N =22

Average of 0.93 0.16 114 0.07 2.45 0.30

70 Cottons®

AMeans in vertical columns not followed by the same letter are different
according to the Duncan’s mean separation test at the 5% level of signifi-
cance. Means in vertical columns without letters are not significantly differ-
ent at the 5% level of significance.

¥Total trash includes pericarp and weed materials, in addition to leaf, bract,
stem, seed, and bark components.

®Clean lint represents 97.25% of average raw cotton sample weight.

examination as to botanical origin (see reference 6 for tech-
niques). They were classified as bract-leaf, stem, seed, bark,
pericarp, grass, wéed, and other trash components. Lint
devoid of gross trash particulate was separated into stained
(brown, tan, yellow or green) and white or cream (herein
referred to as cleaned lint) fiber. Definitions of cotton plant
components have been given previously.“® For sake of brev-
ity, data on stem, bark, pericarp, grass, and weed trash have
been excluded from most tables since these materials com-
prise only a small amount of the foreign matter in the 70 raw
cottons examined.

Microbiology

Plant trash components and lints were weighed, suspended
in sterile water, sonicated and vortexed. Suitable serial
dilutions of extracts of lints and plant parts were made in
water, and an aliquot of a tenth of a mL ‘was spread on
appropriate media. Cultures were made on trypticase soy
agar with vancomycin and cycloheximide added and incu-
bated at 25°C for GNB.

Endotoxin was estimated by a modification of the micro-
titer technique for the Limulus polyphemus amoebocyte
lysate test.”” Samples were extracted using endotoxin-free
water. Serial tenfold dilutions were used to estimate the
titration end point. This endotoxin-like activity was meas-
ured against an E. coli endotoxin standard obtained from
Associates of Cape Cod (Woods Hole, MA). The source of
the endotoxin material in the cotton is from many different
GNB, and the use of an E. coli standard gives only a rough
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quantitation of the amount present. The microtiter method
is a modification of the original Limulus test (see reference
7), and the method permits the detection of endotoxin in
concentrations as little as 0.0125 ng per mL. Twenty ul. of
sample extract (or dilution) was added to 20 uL of Limulus
amoebocyte lysate in a microtiter plate and incubated at
37°C for 60 min. Ten uL of 0.2% toluidine blue was added,
and gelation was read by tipping the plates after 5 min.
Positive and negative controls were included.

Results

Table 1 shows the botanical composition on a percentage
weight basis of the 70 Upland raw cottons in which trash
particles manually were separated from lint. Raw cottons
are listed according to assigned USDA-AMS grade. di-
visions. In general, cottons from the poorer grade divisions
(low middling, strict good ordinary) contain greater amounts
of bract-leaf, total botanical trash, and stained lint than
cottons from better grades. It is interesting to note that
while the amount of leaf and bract trash rises from about
0.25% in the best grade division studied to 1.5% in the
poorest grades, the amount of the other major trash compo-
nents with the exception of stained lint in these raw cottons
does not vary significantly between grades. The average
botanical composition of the 70 analyzed raw cottons is
listed at the bottom of Table 1. Thus, on average, bract-leaf
and seed trash represent about0.9 and 1.1%, respectively, of
the weight of the 70 raw cottons examined. Stained lint
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accounts for only 0.3% of sample weight, whereas cleaned
white or cream colored lint represents the bulk (97.25%) of
the average raw cotton samples mass.

Table 11 shows the average number of GNB (log GNB per
g) present in each of the sorted botanical components of the 70
raw cottons. Whereas cleaned lint contains only log 4.92
GNB per g, stained lint, bark and bract-leaf are contami-
nated by levels in excess of log 6 GNB per g. Other botanical
trash materials are somewhat less contaminated with GNB.
The 70 unsorted raw cotton samples contained an average
GNB content of log 5.87 per g. This was almost one log
higher than the level of GNB found on cleaned lint. The
second line in Table Il gives the correlation coefficient
between the GNB content of each cotton component and that
of the corresponding unsorted raw cotton sample. The

bacterial content of both cleaned and stained lints and that
of most trash components was positively and significantly

correlated with levels of GNB measured in unsorted raw
cottons. Note that about 70% of the variation in GNB con-
tent among unsorted raw cottons can be explained by varia-
tion residing in the cleaned lint fraction (r*=0.72). Based on
the average percentage weight content of each cotton trash
component (Table 1) and its average degree of contamina-
tion by GNB (Table 11, first line), the final line of Table 11
gives the amount of GNB (in percentage of the total) esti-
mated to be contained or carried on each trash or lint frac-
tion. Thus, cleaned lint can be seen to account for most of the
GNB in the examined samples. In this case, the great sample
weight of clean lint (97.25% of raw cotton mass) far out-
weighs the relatively low degree (log 4.92 per g) of GNB
contamination. By contrast, the more highly contaminated
bract-leaf fraction comprises 0.93% of average raw cotton

sample weight, and thus accounts for only 18.5% of the
bacteria present in raw cottons.

The average endotoxin content of botanical components
of raw cottons is given in Table 111. Highest levels of endo-
toxin occurred on stained lint and on bark trash. Cleaned
lint was contaminated least with endotoxin. With the excep-
tion of bark, endotoxin contents of all botanical compo-
nents were positively and significantly correlated with that
of unsorted raw cotton samples. Over 50% of the variation in
endotoxin content among unsorted raw cottons can be
explained by variation residing in the clean lint fraction (r*=
0.52). Based on the average percentage weight content of
each botanical component (Table 1) and the average extent
of its contamination with endotoxin (Table 111, first line),
calculations show that cleaned lint contains 89.1% of the
endotoxin present in these raw cottons. The bract-leaf frac-
tion contributes only 4.3% to the total endotoxin, while
other botanical components are responsible for even smaller
amounts of raw cotton endotoxin.

Table 1V shows the content of endotoxin in major botani-
cal components of the 70 raw cottons examined. In general,
there is little or no difference in endotoxin content on botan-
ical components of raw cottons when the middling through
strict good ordinary grade divisions are compared. On the
other hand, bract-leaf, seed, and cleaned lint from strict
middling cotton contains significantly less endotoxin than
poorer grade divisions. Significant differences in microbial
contamination of other botanical trash materials such as
bark, stem, and pericarp components were not observed
when strict middling through strict good ordinary grade
divisions were compared (data not shown). The number of
GNB on cotton components by grade divisions follows the

TABLE li
Gram Negative Bacteria Present in Sorted Botanical
Components of 70 Raw Cottons

Cotton Component

Microbial Bract-

Parameter Leaf Stem

Stained Cleaned
Seed Bark Lint Lint

Average number of

GMB (Log N per g) 6.38 5.65

on cotton component
from 70 samples

Corr. Coef. between
GNB content of
cotton component
and GNB content of
unsorted raw
cotton®

% of total GNB

derived from each 18.5 0.6

cotton component®

0.76*** 0.35™*

583 6.14 6.30 4.92%

i

0.77** 027 054 0.85™*~

6.4 0.8 6.0 66.9

AThe average number of GNB in the 70 unsorted raw cottons was log 5.87 per g.
B« xx xxx = Correlation coefficients significant at 5%, 1%, and 0.1% levels,

respectively.

CTotal GNB in cotton as determined by multiplying the average % wt. content of each
botanical trash or lint component (Table |) and average number of GNB present on

each of these components.
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TABLE Il
Endotoxin Present in Sorted Botanical Components of
70 Raw Cottons

Cotton Component

Microbial Bract-

Parameter Leaf Stem

Stained Cleaned
Seed Bark Lint Lint

Average endotoxin

content (log ng per 3.67 3.52

g) on cotton
component from 70
samples

Corr. coef. between
endotoxin content

of cotton component
and endotoxin content
of unsorted raw \
cotton®

% of total endo-

toxin derived from 4.3 0.5

each cotton
component®

0.62**  0.33"

3.29 3.97 4.01 2.974

0.57*"* 0.26 0.38*~ 0.72***

2.2 0.6 3.0 89.1

AThe average content of endotoxin in the 70 unsorted raw cottons was log 3.09 ng

perg.

Bx wx +++ = Correlation coefficients significant at 5%, 1%, 0.1% levels, respectively.

CTotal endotoxin in cotton was determined by multiplying the average % wt. content
of each botanical trash or lint component (Table 1) and the average content of
endotoxin present on each of these components.

same pattern as illustrated for endotoxin in Table 1V (data
not shown). '

The botanical composition of raw cottons separated
according to geographical origin and the degree to which
botanical components are contaminated by endotoxin are
shownin Tables Vand V1. A minimum of9 and a maximum
of 13 samples were examined for each geographical region.
The variability in bract-leaf, seed, total trash, and stained
lint contents within each region was so great that significant
differences in the content of botanical trash components by
region were not found (Table V). It is evident that cotton
components from the far west contained lesser amounts of
endotoxin than that found on similar components from
other geographical regions (Table VI). This is especially
evident for the cleaned lint fraction where endotoxin levels
are at least one half of a log order less than those present on
lint from other regions. It is interesting to note that cleaned
lint from the southwest and southeast regions contained the
same or greater amounts of endotoxin as found on the
bract-leaf trash from far west samples. The number of GNB
on cotton components separated according to geographical
origin follows the same pattern as illustrated in Table V1for
endotoxin (data not shown).

Discussion

In this paper we have described botanical and microbial
analyses carried out on 70 raw cottons collected from seven
USA cotton growing regions or subregions in 1980. Cotton
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samples chosen for analysis from each region were from
representative grades only, and as such, extremely high qual-
ity and poor grades such as good middling, below grade, and
yellow-stained samples were not examined. Our analyses
then should be representative, at least for the 1980 crop year,
of the types of botanical and microbial variables that can be
expected among the typical raw cottons available for use by
the cotton textile industry.

Bract is a major botanical component of trash found in
raw cotton and is thought to be the major vegetable compo-
nent of raw cotton dust.” As a result of analyses carried out
on a group of 71 raw cottons from the 1977 crop, it was
found that poorer grade divisions such as low middling
contained significantly more bract-leaf trash (e.g., 2.02% by
wt.) than higher quality grades such as middling (bract-leaf =
0.40% by wt.).®” Similar results also were obtained in the
current study with 1980 crop raw cottons. Significantly more
bract-leaf trash was found in the low middling (1.48%) ver-
sus the middling (0.57%) grade division. The USDA-AMS
grade division classification system for raw cottons continues
to provide an accurate and simple guide for determining the
bract-leaf content of raw cotton samples. Progressively
greater amounts of this botanical trash component occur as
one numerically ascends the grade division quality ladder
from strict middling to low middling (Table 1). While the
USDA-AMS system of classifying cottons by grade division
also can be used to predict total botanical trash levels and
amounts of stained lint, it is an unsatisfactory indicator of
other botanical variables in raw cottons, such as amounts of
seed and bark trash (Table I).

Am. Ind. Hyg. Assoc. J. (47) July, 1986



The geographical region from which raw cottons were
obtained, at least for common grades as analyzed in this
study, did not appear to influence the bract-leaf content of
the sample (Table V). Variability within each of the seven
growing regions was sufficiently great that significant differ-
ences in bract-leaf content, or the content of any other type
of botanical trash material, were not observed. Thus, raw
cottons from the Abilene and Lubbock areas, both within
the overall southwest USDA-AMS region, contained widely
divergent amounts of bract-leaf trash (an average of 0.69 vs.
1.329%, respectively, Table V).

Bract-leaf, stem, stained lint, and other cotton botanical
components, on average, contain somewhat more GNB and
endotoxin than that found on cleaned lint from which all
particulate greater than 50 um in size was removed (Tables 11
and 111). However, because botanical trash and stained lint
fractions account, on average, for just under 3% of the total
cotton mass, the contribution of cleaned lint to the overall
GNB and endotoxin contamination of raw cotton is over-
whelming. Based on the data in Tables 11 and 111 it may be
concluded that about 67% of the GNB and 89% of the
endotoxin in samples of raw cotton studied are present in or
on the lint itself or on the fine trash particles that we could
not remove from fiber surfaces. Results of correlation analy-
sis between GNB or endotoxin contents on cotton compo-
nents and unsorted raw cottons also lead to the same conclu-
sion. Highest coefficients of determination (r?) were found
between the cleaned lint and the unsorted raw cottons
(Tables 1I & 111). Damage to maturing lint by premature
freezing orinsect attack are among some of the environmen-
tal factors that can lead to the contamination of fiber by
GNB and their endotoxins.*®

The suggestion that almost 90% of the endotoxin in raw
cotton is found in or on the lint has some implications with
regard to possible approaches for making available raw
material with the lowest possible amount of bioactive,
potentially byssinotic agents. Endotoxin is recognized as a
potential bioactive agent in raw cotton.” If, after removal of
all foreign matter greater than 50 um in size, the bulk of
endotoxin still remains associated with the fiber, then it is
questionable if mechanical cleaning at the gin or in early
stages of textile processing will significantly decrease amounts

TABLE IV
Endotoxin (Log ng per g) in Sorted Components
Of Upland Cotton by Grade Division

Cotton Component*

USDA-AMS Bract- Cleaned Stained
Grade Division Leaf Seed Lint Lint
Strict Middling 2.69b 2.28b 1.88b 3.33a
Middling 3.47a 3.29a 2.92a 4.16a
Strict Low Middling 3.78a 3.20a 3.14a 4.08a
Low Middling,

Strict Good Ordinary 4.00a 3.62a 3.11a 3.93a

AMeans in vertical columns not followed by the same letter are
different according to the Duncan’s mean separation test at the
5% level of significance.
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TABLE V
Botanical Components (% wt.) of 70 Raw Cottons
According to Geographical Regions

Cotton Component®

Geographical region Bract- Total Stained
and number of samples Leaf Seed Trash Lint
Abilene, N=9 0.69 1.23 2.08 0.50
Lubbock, N =9 1.32 1.09 3.08 0.39
Southwest, N =9 0.75 0.98 2.22 0.36
Southeast, N = 11 0.84 0.97 2.05 0.24
South central, N=9 1.13 1.29 2.86 0.18
South Texas, N = 10 1.19 0.94 2.49 0.27
Far west, N =13 0.64 1.42 2.47 0.19

AMeans in vertical columns are not significantly different at the
5% level of significance according to the Duncan’s mean sepa-
ration test.

of this microbial material below a certain-baseline level.
Thus, in preliminary experiments it was found that the use of
seven gin gleaners did not significantly lower the endotoxin
content of cotton below that attained by two cleaners."”
Removal of endotoxin by solubilization, e.g., in water wash-
ing"” would seem to be the best alternative to mechanical
cleaning. Alternatively, it is possible that some form of the
mechanical cleaning of fiber may be effective in removing
microdust (<50 um) attached to fiber surfaces, and micro-
dust may contain significant amounts of endotoxin. It
should be noted that in our studies we manually removed
trash particles down to a size of only about 50 um, and we
did not attempt further lint cleaning. Further experiments
are needed both to confirm that the bulk of endotoxininraw
cotton is located on the lint, and to determine if microdust
present on fiber surfaces contains significant amounts of
endotoxin.

We could not demonstrate any significant differences in
amounts of botanical trash components and stained lint
between representative grades of raw cottons from each of
the seven growing regions listed in Table V. Although this
may have been due to the small number of samples (N=9 to
13) examined from each region, it is interesting that regional
differences in levels of microbial contamination among the
cottons of the same grades were found (Table VI). Bract-
leaf, seed trash and stained lint from the southwest (includ-
ing Abilene and Lubbock) and the southeast, for the most
part, contained significantly higher levels of microbial con-
taminants including endotoxin (Table VI) than far west
samples. Cleaned lint from the far west also contained lower
amounts of endotoxin than that found on cleaned fiber from
other growing regions. Lower numbers of GNB, gram posi-
tive bacteria, and fungi, and a consistently reduced level of
endotoxin are also characteristic of intact raw cottons from
the far west versus those from other USA growing regions.®
The underlying cause of regional variation in microbial con-
tamination of cotton cannot be ascribed to botanical com-
position, since in this study regional differences in the con-
tent of plant trash materials were not observed (Table V).
Differences in numbers of GNB and amounts of endotoxin
found in raw cotton, however, previously have been reported
to be caused by such climatic variables as the occurrence of a
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TABLE Vi
Endotoxin Content (log ng per g) of Sorted
Cotton Components by Geographical Region

Cotton Component”

. Bract- Stained Cleaned
Region Leaf Seed Lint Lint
Abilene 4.11a 3.97ab 4.66a 3.76a
Lubbock 3.82ab 3.26bc  3.98ab 3.09ab
Southwest 3.80ab 3.26bc  4.19ab 2.89bc
Southeast 4.01ab 4.45a 4.44a 3.41ab
South central 3.35b¢c  2.80cd 3.65ab 2.74bc
South Texas 3.81ab 3.14c 3.94ab 2.97b
Far west 2.90c 2.24d 3.20b 2.18¢

AMeans in vertical columns not followed by the same
letter are different according to the Duncan’s mean

separation test at the 5% level of significance. ,

freeze in which immature capsules are damaged, and exten-
sive weathering of cotton plants in the field prior to har-
vest.”) Since mitigation of a potential contaminant at its
source generally is accepted to be the most effective means of
contaminant control, it would appear that further study to
define those environmental-climatic conditions associated
with minimal contamination of cotton by GNB and their
endotoxins is needed.
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