
531

The Effect of Cotton Grade, Variety, and Growing Location on
the Dust Generated in a Model Card Room’
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ABSTRACT

The influence of cotton grade, growing location, and genetic variety on the amount of cotton dust
generated while processing cotton in a model card room has been examined. Even though data
collected from 140 bales were considered, an analysis of variance based on a standard linear additive
model could not be made because the samples available were unbalanced with respect to the inde-

pendent variables. The data were therefore evaluated by determining whether any deviations in the
amount of dust emitted by individual bales from that of the average measured on all bales of the
same grade of cotton could be attributed to growing location and/or variety. In general, the results
suggest that cottons grown in the eastern U. S. A. produce somewhat less dust in the card room for a

given grade of cotton than the U. S. A. average; and cottons grown in the arid areas of the west,
somewhat more than average. Quantitatively, deviations from the U. S. A. average ranged from
-146 to +145 &mu;g/m3, a spread that is almost inconsequential when compared with the 3.5 times

greater range observed among bales of a single grade of cotton grown in a single state. Variety effects
were even smaller than state effects. Many factors other than growing location and variety were
observed to have large effects on the measured dust concentrations.

Introduction

A model card room, designed to measure airborne
dust concentrations while processing individual bales of
cotton, began operating at the School of Textiles, North
Carolina State University, late in 1973 [6]. Results

of several studies conducted in the card room, involving
experimental groups of bales with well-defined and con-
trolled experimental variables, have already been re-

ported [5-9~. No general analysis of the data, how-
ever, has heretofore been attempted. It was thought
worthwhile, therefore, to determine whether cotton

grade, variety, and growing location in themselves have
any identifiable effect on the measured dust levels.

During the time interval considered (February 27, 1974,
through December 31, 1976) 178 bales of cotton were
processed. Of these, 38 involving experimental or un-
known varieties of cotton were deleted from the analy-
sis.
As described earlier [6~, the normal procedure for

evaluating cotton in the model card room is to examine
at least two bales of each item by processing one bale on
two consecutive days, a half bale each day. Some large

bales are run in three parts on three consecutive work-

ing days. The replicate bale is then processed in a
similar fashion sometime later. By following this pro-
cedure, it is possible to determine the variability within
and between replicate bales. In the data analysis.
utilized here, no effort was made to assess the variabil-
ity between bales, because previous studies have led to
the conclusion that the variability between bale parts is
greater than that between bales ~6, 7]. The error vari-

ance for testing significant effects was therefore the
variance between bale parts (i.e., the within-bale vari-
ance). A total of 140 bales were processed in 305 runs,
an average of 2.2 runs per bale. The results reported
herein are based on run averages rather than bale aver-

ages ; as a result a bale run in three parts exerts 50%
greater weight in the reported average than a bale run
in two parts.

Data Analysis 
’

Independent variables considered were the state S in
which the cotton was grown, its variety V, and its
classer’s grade G, omitting the color index. In lhis

system, for example, grade&dquo; 4&dquo; includes all the strict low
middling grades from &dquo;white&dquo; to 

&dquo; tinged&dquo;&horbar;<.<., grades
41-44. The cottons included in the analysis were

1 Presented in part at the Special Session on Cotton Dust at the
1980 Beltwide Cotton Production Research Conferences, St. Louis,
Missouri, January, 1980.
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grown in 13 states and consisted of ten varieties and five

grades (3-6 and 8). Under ideal conditions the most
direct approach to analyzing the influence of the inde-
pendent variables would be to carry out an analysis of
variance using a linear additive model with interac-
tions. Since the data at hand were not part of a com-
prehensively-planned experiment, however, they repre-
sented a very unbalanced design, as may be seen from
the display in Tables I, II, and III. Thus this ap-
proach could not be used.

In order for a linear additive model to be employed to
determine simultaneously the influence of state, variety,
and grade, data must be available for all the cross-classi-
fication cells. In other words, the experimental design
must be complete and balanced. For example, refer-
ring to Table I, it would not be appropriate to compare

’ 

the mean value of the dust concentrations measured for
the bales grown in Arkansas (329 #lg/m3) with the mean
value for the bales grown in Georgia (371 #lg/m3), be-
cause the former includes measurements made on one

bale of grade 3 cotton and three bales of grade 4 cotton,
while the latter includes results from lower quality cot-
tons : one bale of grade 4, three bales of grade 5, and
four bales of grade 6. In addition, the influence of
variety, if any, will further complicate the analysis,
since all four bales of AR cotton were Deltapine, while
the GA cotton consisted of four bales each of Coker and
McNair (Table III). Thus it is evident that a direct
comparison of category means by states, varieties, or
grades cannot be made unless: 1) the experimental de-
sign is balanced--i.e., all cells are filled (making a com-
plete factorial design); 2) certain cells, selected in a
carefully chosen way, are left open (making a fractional
factorial design) ; or 3) means are&dquo;adjusted&dquo; to common
levels of the other two categories (which for all practical
purposes cannot be done for qualitative variables unless
the design is balanced). Another complication is that
no adjustment was made for such factors as steaming,
time of harvest, harvesting method, use of defolients,
etc.

TABLE I. Number of bales processed and average dust concentrations measured with the Vertical Elutriator Cotton
Dust Sampler (VE) arranged by growing location and cotton classer’s grade.
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TABLE II. Number of bales processed and average dust concentrations measured with the Vertical Elutriator Cotton
Dust Sampler (VE) arranged by variety and cotton classer’s grade.

For informational pruposes, dust concentration means
for categories-i.e., by state, by variety, and by grade-
and for two-factor cross categories are given in Tables I,
II, and III. It is re-emphasized, however, that no sig-
nificance can be attached to the ranking of the means
listed in these tables without qualifications such as those
cited above.

Deviation of Responses from Those
Based on Cotton Grade

Even though a direct factorial analysis of the data
was not possible, some useful results of sufficient general-
ity, though somewhat limited in scope, can be derived
by employing alternative techniques of analysis. In

the alternative approach used here, it is assumed that
dust levels are determined by the cotton grade, and that
any deviation from the dust concentration expected on
the basis of grade can be ascribed to growing location or
variety. This concept is similar to that utilized in in-

terlaboratory testing, in which one purpose of the test
is to determine whether measurements made in any of
the laboratories deviates significantly from the average
made in all laboratories [1]. In the present applica-
tion, the expected dust concentration for any bale of

cotton is assumed to be the average measured for that

grade regardless of growing location or variety. An

analysis is made to establish whether any deviations
from the average can be ascribed to growing location
and/or variety. The procedure for making such an
analysis is as follows:

Let y.,o, represent each observed response, with in-
dices s, t1, and g representing the state of origin, variety,
and grade, respectively. Index i refers to the individual
observations made on each bale. Since responses were

always averaged over i, this index will henceforth be
dropped. In this notation, a missing location, variety,
or grade index indicates that the response is averaged
over that index. The average dust concentration mea-
sured on all bales of each grade of cotton y, is indicated
in Tables I, and II. With the exception of grade 6, y,
increases with increasing grade number, as has been ob-
served earlier [3, 4]. Grade 6 is an exception, because
it is based on measurements made on only four bales,
all grown in one state (Georgia), and therefore cannot
be expected to be truly representative of the dust con-
centration generated by grade 6 cottons grown in all
states. A plot is then made for each state (or variety)
of the average dust concentration measured for that
state y,, (or variety y,,) for grade g versus the average
x, (~y,) measured on all bales of grade d. Such a plot
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TABLE III. Number of bales processed and average dust concentrations measured with the
Vertical Elutriator Cotton Dust Sampler (VE) arranged by growing location and variety.

for the cotton grown in Texas is shown in Figure 1. A

least squares regression line of the following form is then
fit to these data: 1 .

where 392 is the grand average 9 (z) of all dust concen-
trations (,ug/m3) measured with the Vertical Elutriator
Cotton Dust Sampler (VE), and j refers to a particular
state s or variety v index. By including the grand mean
i = 392 in the equation, aj becomes the expected value
of y; adjusted to a common dust concentration of 392
~8/ma.

If the data for a given state or variety do not deviate
from the grade averages, the slope b; would be 1.00, and
a; would be 392. Thus, to determine whether the dust
measurements for a specific state or variety deviate sig-
nificantly from the average dust concentration gener-
ated by all bales of the same grade of cotton grown in
the U. S. A., it is only necessary to place confidence in-
tervals on a and b utilizing conventional regression
analysis techniques.

FIG. 1. Plot of the average dust concentration y,o measured on
all cottons grown in Texas for each grade g versus the average dust
concentration xg measured on all bales of classer’s grade g. (Note:
Adjusted mean a, or a, is calculated value expected, while process-
ing cotton grown in a specific state (or of a given variety) of a
grade which would generate a U. S. A. average of 392 p.gjma.)
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Results and Discussion

DEVIATIONS OF MEASURED FROM EXPECTED DUST
CONCENTRATIONS 

_

Results of this analysis are shown in Tables IV and V
and Figures 2 through 5. Values of a; and b; and their
confidence intervals are plotted, respectively, in Figures
2 and 3 for individual states and in Figures 4 and 5 for
individual varieties. The average deviation Ay of the
measured dust concentrations from the grade means x,
is listed in the last column in Tables IV and V. This
value is generally given by

As shown later, Equation 2 is inappropriate for cal-
culating Ayi if the slope of the regression equation is

significantly different from 1.00. In these situations
the deviations Any were calculated as the weighted
average of the deviations from the grade means xy-
i.e. :

where ni, is the number of observations in the state or

TABLE IV. Deviations of measured cotton dust concentrations from grade means by states.

a Dimensionless.
b If confidence interval on slope b does not include 1.00, ay is calculated from Equation 3. This calculation was made for AL (2w

= ±27), AR (2c = ±4), and NM (20 = t27). Because of the large confidence intervals, Ay for AZ was also calculated in this way
(20 = ±63).

a Significant at 95% confidence level.

TABLE V. Deviation of measured cotton dust concentrations from grade means by variety.

. Dimensionless.
b If confidence interval on slope b does not include 1.00, 4, is calculated from Equation 3. This calculation was made forDeltapine

(20 = ~34), Tamcot (2<r = ~74), and Stripper (2<r - ~S3).
o Significant at 95% confidence level.

. ,J .
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FIG. 2. Adjusted mean dust concentration (constant term &dquo;a&dquo;
of regression Equation 1) and number of bales of cotton processed
from each state. Regression equations could not be calculated
for LA, NC, and TN, since only one grade of cotton was processed
from these states. For these states actual results are shown.
Confidence intervals are at the 95% level. (See Note, Fig. 1)

Fm. 3. Slope &dquo;b&dquo; of regression Equation 1 and number of bales
of cotton processed from each state. Confidence intervals are at
the 95% level. Regression equations could not be calculated for
LA, NC, and TN, since only one grade of cotton was processed in
these states.

variety category j of grade g. Confidence intervals

(CI) on Ay were calculated from the relationship

where op is the pooled within-grade standard deviation
of the bales involved, and n is the total number of dust
concentrations measured-i.e., 1;njø summed over g.
States and varieties for which b; was significantly differ-
ent from 1.00, thus requiring Ay; to be calculated from
Equation 3, were Alabama, Arkansas, New Mexico,
Deltapine, Tamcot, and Stripper.

FIG. 4. Adjusted mean dust concentration (constant term &dquo;a&dquo;
of regression Equation 1) and number of bales of cotton processed
of each variety. Regression equations could not be calculated for
Lockett and Westburn cottons, since only one grade of cotton was
processed of these varieties. Confidence intervals are at the 95%
level. (See Note, Fig. 1).

FIG. 5. Slope &dquo;b&dquo; of regression Equation 1 and number of
bales of cotton processed of each variety. Confidence intervals
are at the 95% level. Regression equations could not be calcu-
lated for Lockett and Westburn cottons, since only one grade of
cotton was processed of these varieties.

Regression equations could not be calculated, of

course, for those states and varieties represented by only
a single grade of cotton. For these categories the
deviation from the expected means was calculated from
Equation 3 based on the single cotton grade involved.
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INFLUENCE OF GROWING LOCATION

As shown in Table IV and Figure 2, cottons grown in
NC, OK, TN, SC, AL, and MS generated dust concen-
trations slightly lower than the average produced by the
same grade of cotton grown in all states. Although the
differences were small, ranging from 59 to 146 ~g/m’,
they were significant. Dust concentrations of cottons

grown in LA, AR, GA, and CA did not differ signifi-
cantly from the average concentration of cottons of
similar grades grown in all states, while dust concentra-
tions of cotton grown in the arid, dusty western states
of TX, AZ, and NM were slightly higher. Mittal et al.

[8] have noted that trash samples from cottons grown
under arid conditions tend to have relatively high inor-
ganic contents-an observation that suggests that the
higher dust concentrations generated by such cottons
may be due to a relatively higher content of mineral
matter from the soil. High mineral contents would
probably not reduce the cotton grade but would show
up as &dquo;cotton dust&dquo; measured by the VE. Such be-
havior could explain the observations reported herein
that cottons grown in western states tend to generate
higher dust concentrations than would be expected on
the basis of cotton grade. It is perhaps of some interest
to note that the &dquo;raw&dquo; unadjusted means by states y,
shown in Table I follow the same pattern as do the ad-

justed means reported in Table IV.
Even though a rather elaborate scheme has been

utilized to compare results on the basis of a common

grade of cotton, pitfalls abound which make some infer-
ences very suspect. For example, the state showing the
lowest raw and next-to-lowest adjusted dust concentra-
tions is Oklahoma. From Table III it can be noted
that 9 of the 13 bales from OK were Westburn variety.
Of these, three were steamed. No other steamed bales
were included in the bales evaluated here. Hence, the
low dust concentrations associated with the processing
of OK cotton could be indicative of the fact that steam-

ing reduces the dust-generating potential of cotton more
than it upgrades the classer’s grade.
Another misleading conclusion is illustrated by the

collection of bales grown in Alabama. Eight of these
12 bales were processed as part of an investigation de-
signed to study the influence of time of harvesting. The

four bales picked late (Nov 25, 1974) were downgraded
from 4 to 5 because of grass content; these generated an
average dust concentration of 280 Mg/m8 (instead of the
grade average x5 of 430 Mg/m8) . The four bales picked
early (Oct 11, 1974) consisted of two bales of grade 3
and two bales of grade 4. Dust concentrations mea-
sured for these bales averaged 330 Mg/m8 (close to the
expected values of 336 ~g/m3 based on x3 = 329 and X4
= 342 I’g/m3). To further confuse the situation, two
bales of Coker cotton of grade 4 grown in 1974 produced
a dust concentration averaging 495 Ag/M3 (much higher
than the average for grade 4 of 342 Mg/m8) . Two bales

of the same variety of cotton grown in the same field the

following year were one grade lower in quality (grade
5) yet generated only about half as much dust (258
,Ug/M3). As a consequence of these anomalies, the plot
of observed versus expected dust concentrations based
on grade for AL has a negative slope, as shown in

Figure 6.

Fit 6. Plot of the average dust concentration y, measured on
all cottons grown in Alabama for each glade a versus the average
dust concentration x, measured on all bales of clamr’s gmde 1.
(See Note, Fig. 1).

Although cottons from no other state have such ex-
treme anomalies as those from AL, these data, as well
as the OK data cited above, should serve to caution the
reader that it is di~cult, if not impossible, to predict
and associate any deviations in dust concentrations ob-
served from that expected on the basis of cotton grade
directly with growing location or variety. Many other
uncontrolled factors may also be exerting overriding
influences. Indeed, the range in dust levels measured
on a single grade of cotton grown in a single state can
far exceed the differences observed between grades and
between states. As shown in Figure 1, dust concentra-
tions measured on grade 5 cotton grown in Texas ranged
from 207 to 1094 lAg/ml--six times greater than any
state effect.

Table IV and Figure 3 show that the confidence inter-
vals for b do not include 1.00 for AR, AL, and NM, and
that the interval for AZ is extremely large. The ob-

served/expected dust-concentration relationships for
cottons from these states were therefore examined in
more detail. The reasons for the inverse correlation

(i.e. negative b) for the cottons grown in AL have al-
ready been discussed. As shown in Figure 7, the high
value of b for AR (5.33) is obtained because only grades
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FIG. 7. Plot of the average dust concentrations ysg measured on
all cottons grown in Arkansas for each grade g versus the average
dust concentration xo measured on all bales of classer’s grade g.
(See Note, Fig. 1).

3 and 4 cottons are represented. The means of these
two grades are very closely spaced, and both are below
the grand average of 392 ~g/m3. The resulting regres-
sion line is very steep and leads to a misleading value
for a. The situation for NM is similar. For this rea-

son, the adjusted means Ay for these states were calcu-
lated from Equation 3. Although the confidence in-
terval for b for AZ includes 1.00, its range is extremely
large because a wide range in dust concentrations was
observed for the grade 4 bales (from 290 to 701 ¡.¿g/m3).

Included in the bales analyzed were a group of 10
bales of Deltapine 16 cotton from five states (two each)
all grown in the same crop year. All bales were grade
4 except for the two bales grown in Oklahoma, which
were grade 3. A separate analysis of variance of the
dust concentration data obtained from these 10 bales
showed that there was a significant difference in the
dust generated from bales grown in different locations.
These results are summarized in Table VI and show

the ranking of the dust measurements to be in the same
order as that given in Tables I and IV except for the
CA-MS inversion. This difference is not significant in
the 10-bale analysis. Since the cotton grown in OK is
a better grade than the other cottons in this group, it is
not surprising that the smallest quantity of dust was
generated by this cotton. Although the remaining bales
were all the same grade and variety of cotton, the
amount of dust emitted varied by a factor of 2 to 1.

Still, as pointed out above, cottons grown in the same
field in AL in two consecutive years also varied by a
factor of 2 to 1, again demonstrating that it would be
futile to generalize about the effect of growing location
on the dust-emitting characteristics of cotton, even if
the grade and variety are the same.

TABLE VI. Vertical Elutriator cotton dust concentrations of
Deltapine 16 cotton grown in five locations (all grade 4 except
bales grown in OK which were grade 3).

a All significantly different at 95% confidence level except for
bracketed results, which were not significant at 90%.

INFLUENCE OF VARIETY

The most striking varietal effect shown in Tables II
and V and Figure 4 is the reduction of 260 #o&g/m3 in
dust concentration measured on four bales of Westburn
cotton of grade 5 (expected value 430 #o&g/m3; observed
value 183 #o&g/m3.) This reduction is associated with
the steaming of these bales, as discussed earlier.
Other statistically-significant changes are decreases in

dust concentrations compounded with those expected
for the Stoneville and Coker varieties, and increases for
the Lockett, NcNair, and Stripper varieties. All of
these changes are less than 100 #o&g/m3. The Stripper
cotton yielded a value significantly higher than the
grand average of 392 #o&g/m3, but the corresponding slope
was less than 1.00. A closer look at this type of cotton,
as illustrated in Figure 8, shows that the dust generated
by this variety of cotton for grades 4 and 5 is consider-

FIG. 8. Plot of the average dust concentration y9o measured
on all Stripper variety cottons for each grade g versus the average
dust concentration xo measured on all bales of classer’s grade g.
(See Note, Fig. 1).
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ably greater than the corresponding averages of all
cottons of these grades. For below-grade cotton (i.e.,
grade 8) the measured dust concentration is slightly less
than the grand average. Since the confidence interval
on b does not include 1.00, Ay for the Stripper cottons
was calculated from Equation 3.

It is interesting to note that the order of the adjusted
means Ay listed on Table V is identical (except for one
inversion) with the raw means y, listed in Table II.

The range in deviations from grade averages, Ay, as-
sociated with the varieties included in the study (ex-
cluding the Western samples, some of which were

steamed) is 175 pg/m3 (from -79 to +96 pg/ml).
The range in deviations associated with growing loca-
tion is 291 ~g/m3 (from -146 to +145 ~g/m3). Thus
in the bales examined, growing location introduced

greater variations in the amount of dust generated for
bales of given grade than did variations in variety.
Brown et al. [2J have concluded that the composition of
electrically-precipitated cotton dusts were affected more
by growing location than by variety. Mittal el al. [8J
point out, on the other hand, that variety may play an
important role in the chemical composition of cotton
dust.

TRASH CONTENT AND DUST CONCENTRATIONS MEA-
SURED ON OTHER SAMPLERS

The inferences discussed above are borne out equally
well, in principle but not in detail, by measurements
made with other samplers. It would be redundant,
therefore, to tabulate these additional data. To illus-
trate the similarity, however, correlation coefficients

between measurements made on the VE and those on
the other samplers are indicated below.

One of the other functions of the model card room is

to provide wastes and trash from each bale processed
for use in other studies [5-8]. Shirley Analyzer mea-
surements are also made on each bale in order to deter-
mine whether such measurements can be used to pre-
dict either its dust-generating potential or its trash

content. Although detailed analyses of the relation-
ships between dust emission, trash contents, growing
location, variety, and grade have not been made, there
are many similarities in the observed data, as indicated

by the correlation coefficients listed below:

A most striking observation concerning trash mea-
surements was an almost complete reversal in the dust-
trash relationship between OK and NM cottons. While
the dust emitted from cottons grown in Oklahoma is the
lowest of any state, ~he total wastes and Shirley trash
and nonlint content of the OK cottons are exceeded by
only two other states. New Mexico cottons, which
have the highest dust emissions, have the lowest total
wastes, Shirley trash, and Shirley nonlint content. The

significance of these observations remains to be ex-
amined.

Summary and Conclusions
An attempt has been made to determine whether

growing location, variety, and classer’s grade influence
the amount of dust emitted while processing cotton in
a model card room. To answer this often-asked ques-
tion, it was considered worthwhile to analyze the re-
sults collected from the processing of 140 bales of cotton
over a period of 3 years. As commonly experienced
when data are collected randomly over a long time
period, a coherent analysis can be difficult because the
data are unbalanced with respect to the set of indepen-
dent variables of interest. In the present study the
data available do not include all varieties from all states,
each with a complete range of grades. Thus it is not

possible to determine the independent effects of the
three independent variables examined, and measure-
ments averaged over individual growing locations, vari-
eties, and grades cannot be compared directly.
An analysis was therefore made based on the assump-

tion that the dust concentrations are completely deter-
mined by the classer’s grade. Any deviation of the
dust concentration measured on a specific sample from
that of the average of all bales of the same grade was
therefore ascribed to some other factor, such as the
state in which the cotton was grown and/or the variety.
As expected, the dust concentration measured in the
card room was found to increase as the quality of the
cotton processed went down (from 329 #g/m’ for mid-
dling cotton, grade 3, to 756 ~g/m’ for below grade cot-
ton, grade 8). The exception noted for grade 6 cotton
should be excluded, because the four bales examined
were grown .in only one state and were too few to pro-
vide a representative average.

This analysis indicates that the dust concentrations
generated while processing cottons grown in severe
states and of certain varieties deviated significantly from
those expected on the basis of grade alone. In general
the results suggest that cottons grown in the eastern
U. S. A. produce less dust in the card room for a given
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grade of cotton than the overall U. S. A. average, and
cottons grown in the arid areas of the west generate
more dust than the average. Quantitatively, the range
of state average deviations from the U. S. A. average
was f rom -146 to +145 pg/ml, a spread that is quite
small when compared with, for example, the range of
207 to 1094 ~g/m3 observed among bales of cotton of
grade 5 grown in a single state (Texas). Some devia-
tions from grade averages were associated with cotton
varieties, but the range was even smaller than the
effects associated with growing location. Neglecting
the extreme effect of steaming, deviations for varieties
ranged from -79 to + 96 ~g/m3.
Although the trends cited above hold true in general,

there were many anomalies and exceptions. For ex-

ample, it was observed that the harvesting time might
completely change the dust-grade relationship. Har-

vesting method might also have the same effect. The

relationship could also be reversed when one variety of
cotton was grown in the same field in two successive

years. The steaming of cotton could also change this
relationship. Thus many factors other than growing
location and variety can influence the results, and ex-
treme caution must be exercised in their interpretation.

Finally, although one-might expect that the examina-
tion of data from a group of 140 bales would be a large
enough collection to assess the influence of growing loca-
tion, variety, and grade on the dust concentrations gen-
erated during processing, it was found that many of
these effects were obscured by other overriding, uncon-
trolled factors.
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