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ABSTRACT

Wind erosion of soils, roads, and other bare land surfacesis a major source of fugitive dust in the
Southern High Plains of Texas. Little is known about the relationship of the characteristics of the source
of thisfugitive dust and PM s, and PM 1o concentrations. A dust generation, analysis and sampling
system has been developed in Lubbock (LDGASS) to relate the properties of sediments with PM, s and
PM 0. In this study, we evaluate the effect of sample clay and calcium carbonate content on PM 5 and
PM 1 generated from the samples. Eight soils from three sites located on the Southern High Plains were
selected for this study. Dust particle concentrations were measured with DataRam and MiniVol dust
monitors and dust particle size distributions were measured with alaser particle sizer in LDGASS.
Particulate matter concentrations increased with soil clay content for the PM ;o data set from the MiniVol
dust monitor, but did not significantly increase (P<0.05) for PM 1o and PM 5 as measured with
DataRAMs. However, PM, 5 and PM 1o emissions were significantly increased as carbonate content
increased. PM 5 was highly correlated with PM 1 concentration (R=0.92) and composed about 27% of
the total PM 0. Dust particle size distributions also were significantly affected by soil clay and carbonate
content. The median particle size decreased as clay and carbonate content increased. Significant
variation in dust emissions also was found within the same farm field, mapped as the same soil unit.

INTRODUCTION

Solid particles suspended in the air by different processes and from different source materials are
called dust. The largest dust particles from soil erosion by wind range between 0.02 and 0.1 mmin
diameter. Because of their exceptionally low settling velocity, even under low wind speeds, fine dust
may be transported great distances and kept suspended in the atmosphere for a very long time (Gillette,
1981). Dust emissions from wind erosion are a significant component of the atmospheric aerosol in
regions of highly erodible soils (Gatz, 1995; Matsumura et al., 1992). A particle is suspended in the air
when the vertical lift of wind acting on the particle overcomesits weight. Frequently, human activities
and the force of the wind give rise to suspended dust in the atmosphere. Dust created in thisway is
caled “fugitive dust” (Pewe, 1981).

The Columbia Plateau of Washington State, the San Joaquin Valley, the Owens Valley of
California, and the Southern High Plains of Texas and eastern New Mexico are among the areas
significantly affected by fugitive dust in the US. In the San Joaquin Valley agricultural operations are
the major source of fugitive dust, while in the Columbia Plateau and the Southern High Plains of Texas
wind erosion isthe main source (Gill et al., 1999).

Because field evaluation of fugitive dust presents serious difficulties (Nickling and Gillies, 1989),
considerable effort is now directed toward devel oping equipment and techniques to generate and analyze
aerosol PM 1o emissionsin the laboratory. In this study, we used the Lubbock Dust Generation, Analysis
and Sampling System (LDGASS) (Gill et al., 1999; Singh, 1994; Zobeck et al., 1997) developed by the
USDA-ARS Wind Erosion and Water Conservation Research Unit in Lubbock, Texas. The LDGASS
includes a dust generator module that applies kinetic energy to a dust source sample to simulate aerosol
emissions by wind erosion. This system is capable of generating fugitive dust, measuring particle



characteristics of the generated dust in situ, and collecting PMo and PM 5 particul ate aerosol samples.
This paper will present an evaluation of the effect of soil clay and calcium carbonate (CaCOgz) content
on aerosol PM 1o and PM s production as determined by the LDGASS for eight soils from the Southern
High Plains near Lubbock, Texas.

METHODS

Initial versions of the LDGASS involved a rotating drum-type dust generator and have been
described by Zobeck et al. (1997) and Gill et al. (1999). We have modified this system by using a
smaller, tubular dust generation chamber in place of the rotating drum found in the latter system
(Figure 1).

Figure 1. The Lubbock Dust Generation, Analysis and Sampling System.

Kinetic energy is applied by gravity to a dust source soil sample to generate dust. The dust
generator is built from a1-mlong, 7 cm square aluminum tube (Figure 1-A). At the extremes, the square
tube has removable caps that are kept in place by elastic fasteners. An electric motor (Figure 1-B),
connected perpendicularly at the longitudinal center of the tube, oscillates the chamber 180 degrees from
avertical position 27 times per minute (at 13.5 rpm). Since the soil sample adheres to the extreme of the
tube by the centrifugal force in effect while the tube is oscillating, this dust source material is carried
from a bottom to atop position in the tube and, at this point, the tube oscillation stops. The soil sample
then falls to the bottom of the tube. The kinetic energy gained by the fall of the soil sample acts on it
when the sample impacts the bottom of the tube and a dust plume is generated. The dust is drawn out of
the chamber by air flowing through a 1.5-cm diameter orifice toward a dust transport pipe (Figures 1-C)
connected at its longitudinal center. A vacuum situated at the end side of the system (suction side)
originates the airflow. Air enters the system through one of two 2.54-cm diameter openings in the square
tube (Figures 1-D). The centers of the openings are situated 10 cm from the longitudinal extremes of the
generator tube. A simple valve mechanism using a marble ensures that air enters only from the upper
extreme when the source material impacts the bottom, generating dust.



Airflow exits the dust generator and enters the transport section. While flowing through the dust
transport pipe, the particle size distribution of generated dust is determined by laser diffraction
spectroscopy. A Malvern model 2600 is the laser diffraction particle sizer used for this analysis (Figure
1-E). The Malvern model 2600 (Figure 1-E) includes an optical helium-neon laser light scattering-based
particle measurement unit and a computer program that performs particle size analyses. The laser
particle size distribution analysis of the dust plume at any given time during arun is made through a
perforation in the transport pipe while the dust is being transported by the airflow. The perforation in the
19-mm diameter transport pipeis 15.6-mm diameter located 50 cm from the exit of the dust generator
and 35 cmto theinlet of a settling chamber section. Suction from the vacuum makes this point a source
of fresh air into the flow rather than a source of dusty air out of the transport pipe, which prevents the air
in the laboratory from being contaminated by the dust. The laser diffraction data are stored on a personal
computer. Stored data can then be downloaded and later analyzed to determine the particle size
distribution of the dust generated from a given soil sample.

Dust flow isthen directed to a 45-cmtall airtight settling chamber with a 30-cm square base and
a20-cmtall pyramidal top (Figures 1-F). On one of its sides, the settling chamber has an observational
window. Dusty air enters the settling chamber at its top and then is sampled at a constant flow rate by
various fine dust monitors. Sampling inlets are distributed inside the settling chamber in symmetrical
locations to ensure similar sampling conditions. One of the inlets for aMiniVol PMo sampler is
attached to aremovable side, which is sealed airtight with stainless steel toggle clamps. The MiniVoal is
an impactor-type gravimetric instrument for monitoring PM 1o and gaseous pollutants. Airborne
particulate matter (PM 1o and PM,5) samples were also obtained by using DataRam dust monitors
(Figure 1-J). The DataRAM dust monitor is a high-sensitivity impactor-type nephel ometric monitor
whose light scattering sensing unit is optimized to optically measure in situ airborne particul ate matter
(Monitoring Instruments for the Environment, Inc. 1995). DataRam instruments provide real-time mass
concentrations of particles. Dusty air exits the settling chamber at the center of its bottom cross section
through a 2.54-cm diameter pipe.

Most of the coarse particles suspended and transported by the airflow deposit in the settling
chamber. In addition, after the settling chamber, airflow passes through a cyclone separator (Figures 1-
G) which collects most of the dust particles leaving the settling chamber. Zobeck (1989) gives a
description of this cyclone. Airflow finally ends at the vacuum, which is kept outside the laboratory.

Airflow is controlled by valves (Figures 1-H) and measured with a flowmeter connected at the
end of the piping system on the suction side. Reported airflow rates in this document for the LDGASS
correspond to those flow rates measured at this point of the system. With the commercial vacuum that
was used during this study, the maximum airflow rate that can be reached is near 500 I/min when the air
filter in the vacuum is clean.

A preliminary study was performed to select agricultural soils with combinations of carbonate
and clay content. Two levels (low and high) of soil clay content and two levels (low and high) of soil
CaCO;3 content were evaluated. Levels of clay content were < 20% for low and > 20% for high. For
CaCOs3 content the low level was < 3% and the high level was > 3%. In addition, three sites or locations
within selected soils were sampled to assess soil variability within afield.

Sites within the selected soils were sampled in atriangular pattern with at least 50 m of
separation among them. A small bulk soil sample was taken within the top 5 cm of the soil surface to
determine soil texture and CaCOj3; content. A modified Bouyoucos method was used to determine
particle size distribution (Bouyoucos, 1951). The sand fraction was separated by wet sieving. Sand was
separated into very fine (0.05 to 0.10 mm), fine (0.10 to 0.25 mm), medium (0.25 to 0.5 mm), coarse (0.5
to 1 mm), and very coarse (1 to 2 mm) subfractions. Soil texture classes were designated according to
definitions of the USDA classification system (Soil Survey Staff, 1993). The acid neutralization method
was used to determine calcium carbonate equivalent (US Salinity Laboratory, 1954).

Particle size distribution and CaCO;3 equivalent for the selected agricultural soils are show in
Table 1. Selected soils were of the series Acuff (Fine-loamy, mixed, superactive, thermic Aridic



Table 1. Particle size distribution and calcium carbonate (CaCOs3) content of selected agricultural soils
in Texas.

Soil . . Sand subfractionst . CaCO3 Texture
series  Ste Sd St Clay—Ge=c—y—F vF S8t equivaent  Classt
---------------------------- S ————— %

Low CaCOs level, low clay level
Amarillo 1 810 63 127 00 0.6 82 651 261 2.0 0.2 fd
(Amn) 2 705 116 179 01 05 6.2 602 329 15 0.3 vfdl
3 743 108 148 00 06 6.7 609 319 1.4 0.2 vid

Low CaCO;s level, high clay level
1 471 248 281 00 04 46 419 530 11 0.7 scl
Olton (Olt) 2 490 238 272 00 06 52 434 508 11 0.7 scl
3 446 280 274 01 05 50 432 512 1.0 0.7 cl
1 477 251 272 00 08 58 412 522 11 05 scl
Acuff (Acfl) 2 432 309 260 01 08 6.3 428 50.0 0.8 0.9 I
3 499 240 262 02 10 7.7 443 46.8 1.1 15 scl
1 412 275 313 01 05 73 458 463 11 0.8 cl
Acuff (Acf2) 2 392 298 31.0 00 06 7.3 432 488 1.0 0.7 cl
3 433 244 323 00 08 76 451 46.5 1.3 0.8 cl

High CaCOg; level, low clay level
Gomez 1 84 10 136 01 0.2 88 69.6 21.3 13.6 3.6 Ifs
(Gm2) 2 814 29 157 01 02 85 700 211 55 6.2 fd
3 788 37 175 01 02 88 69.1 217 4.8 6.9 fd

High CaCO; level, high clay level
1 420 254 326 00 0.2 48 520 430 1.3 12.1 cl
Drake(Drkl) 2 495 261 243 02 0.2 54 539 404 0.9 6.6 scl
3 369 306 325 02 02 46 476 473 1.1 13.0 cl
1 388 328 284 04 09 7.2 440 475 31 cl
Drake (Drk2) 2 344 373 284 05 09 6.1 337 588 0.8 55 cl
3 576 205 219 08 13 9.2 506 380 1.1 6.8 scl
1 427 291 281 01 02 75 531 391 1.0 10.3 cl
2 469 238 293 02 03 6.7 594 334 1.2 9.9 scl
Drake(Drk3) 3 50.8 194 298 01 03 74 582 34.0 1.5 11.6 scl

T VC =very coarse, C = coarse, M = medium, F = fine, VF = very fine; 1 fd = fine sandy loam,
vfd = very fine sandy loam, scl = sandy clay loam, cl = clay loam, | = loam, Ifs = loamy fine sand.

Paleustoll), Amarillo (Fine-loamy, mixed, superactive, thermic Aridic Paleustalf), Drake (Fine loamy,
mixed, superactive, thermic Aridic Haplustept), Gomez (Coarse-loamy, mixed, active, thermic Aridic
Calciustept), and Olton (Fine, mixed, superactive, thermic Aridic Paleustoll). A large sample of about
110 liters of soil aggregates from 2.01 to 19.0 mmin diameter also was obtained from each site within a
soil. Soil aggregates of the indicated size were separated from soil sampled within the top 5 cm of the
soil surface. Aggregate separation was done at the field by using a compact rotary sieve (Chepil, 1962).
The soil aggregates were collected only when soils were apparently dry. Soils were fallow when
sampled, with the exception of the Olton soil that was cultivated with cotton. Soils were located in the
Southern High Plains near Lubbock, Texas.

Obtaining small fractions representative of the bulk gross sample in grain size distribution and
the relative fraction of its constituents is essential to derive reliable results from the bulk sample (Allen,
1981). For thisreason, arotary sample divider was used to obtain uniform soil aggregate sub-samples
for five replications of each combination of soil and site. Allen (1981) describes various sample
dividers, including the rotary sample divider or spinning riffler. The sampler divider uses avibratory



feeder that provides a constant flow rate of soil aggregates from a mass feed hopper to arotating set of
collecting glass bottles. Soil aggregates that did not pass through an 8 mm sieve were crushed to avoid
clogging of the splitter’s opening to the glass containers. Soil aggregate samples from the splitter’s
containers were weighted and carefully placed into the dust generator.

Each one of the 24 combinations of eight soils and three sites (Table 1) was replicated five times.
Asaresult, 120 individual tests were made with the LDGASS. The airflow rate as measured at the -
suction side of the system was set to 200 I/min. A mass of 25 g of aggregates (2.01 to 19.0 mmin
diameter) was used to generate airborne dust. Rotation of the dust generator caused source sampleto
impact its bottom 27 times per minute from afall distance of 1 m (the length of the dust generator
chamber). The dust generator was agitated 30 min for each test.

Average aerosol PM 1o concentrations in 30 min were obtained with DataRAM-A and MiniVol
instruments within the settling chamber. Both recorded and gravimetric PM o concentrations were
provided by DataRAM-A. Average PM, 5 concentrations in 30 min (recorded and gravimetric) were aso
obtained with DataRAM-B. DataRAMs were “ zeroed” before each run and set to provide 180 real-time
measurements in 30 min. Before each run, clean glass fiber filters were placed on the impactors of the
DataRAMSs. Also, clean pre-weighted polycarbonate filters (37-mm diameter), equilibrated at <30%
relative humidity, were used with the DataRAMSs to collect a sample of aerosol. Similarly, airborne
PM 0 was sampled on a clean pre-weighted polycarbonate filter (47-mm diameter) by the MiniVol
instrument.

The laser diffraction particle sizing instrument (Malvern) collected particle size distribution data
of created dust plumesin transit to the settling chamber. Before atest was initiated, the Malvern
gathered a background measurement of the light scattered by particul ate matter already present in the air
of the laboratory. The Malvern was set to provide 60 measurements of particle size distributions during
the 30 minute test period. The instrument also provided derived particle diameters and distribution
statistics. The Malvern used a 100-mm lens and was set for a*“particlein air” type of experiment and
model independent analysis mode.

Prior to each test the system was cleaned, the desired airflow rate in the system was set, and a
soil aggregate sample from the rotary sample divider was placed into the dust generator. The vacuum
and the dust generator were activated. Airborne dust analysis by the dust monitors was started. The
instruments were stopped when they collected data for 30 min (the Malvern automatically stopped when
60 measurements were gathered). After atest, standard protocols were followed to post-weigh
polycarbonate filters with sampled PM 1 or PM,5 and to clean dust monitors.

Only average gravimetric concentrations of PM o and PM 5 calculated from the particulate
matter collected on the analytical filters of the dust monitors were used for statistical analyses. Given
that PM 19 and PM 5 data grouped by clay and CaCOs levels were not normally distributed and the
variances were not equal, Z-tests (Iman and Conover, 1989) were performed to compare their respective
means. Analyses of variance were performed to analyze the data when the datawere normally
distributed. Data transformations were tried to improve equality of variances when they were not equal.
When analyses of variance showed significant effects for the sources of variation, the treatment means
were separated by the Tukey’ s studentized range test. Degree of association and functional relationships
among variables were evaluated through correlation and multiple linear regression analyses.

RESULTSAND DISCUSSION
Differences Among Soils

Figure 2 shows the gravimetric aerosol PM 1o and PM 5 concentration data sets averaged by soil.
Notable differences were observed in PM 1o measurements among MiniVol and DataRAM-A
instruments. PM 1, concentrations varied from 25.4 to 67.1 mg/m° and from 16.1 to 43.8 mg/m® for data
setsfrom MiniVol and DataRAM-A, respectively. The differences, however, were proportional in all
soils. Averages by soil and site combinations (24) showed a Spearman correlation coefficient (r) of 0.97
among PM 1o as measured by DataRAM-A and MiniVol. PM ;o data sets were not normally distributed,
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Figure 2. Aerosol PM ;o and PM, s concentrations as measured by the MiniVol and
DataRAMs dust monitors.

therefore, Spearman correlation coefficients (Iman and Conover, 1989; SAS Institute Inc., 1990) were
performed to find the degree of association among these variables. The average proportion of PMj as
measured with DataRAM-A in relation to PM;o as measured with the MiniVol for the 120 observations
was 66%. Average proportion by soil varied from 64% for the Acuff2 soil to 71% for the Gomez soil.

Paired t-test results showed significant differences (a = 0.05) among overall means for DataRAM-A and
MiniVol aswell as by soil means. We believe the devices produced different results due the different
impactor designs. The DataRam impactor is afiberglass filter mounted in a plastic holder. The
MiniVol uses an Apiezon grease covered Teflon impactor.

Also PM; 5 as measured by DataRAM-B was proportional in relation to PM o as measured by
DataRAM-A and MiniVol in al soils (Figure 2). Spearman correlation coefficients among PM ;s and
PM 0 as measured by DataRAM-A and MiniVol were 0.92 and 0.87, respectively. Therangein PM2s
concentrations was from 3.0 to 11.3 mg/m®. The overall average proportion of PM,s in relation to PM g
as measured with DataRAM-A was 27%. The Acuffl soil had the lowest proportion (25%) and the
Amarillo showed the highest proportion (29%).

Soil Clay and CaCO3; Content Effects

A general trend was observed for aerosol PM;o and PM, 5 concentrations to increase as soil clay
and CaCOs content increased (Figures 3 and 4). Statistical analyses of soil clay and CaCO;
combinations are presented in Table 2. The effect of soil CaCOs content on aerosol PM ;o (as measured
with both DataRAM-A and MiniVol) and PM. s concentrations (as measured with DataRAM-B) was
clearly significant (a =0.05) asindicated in Table 2 and Figure 3. Soil clay content, on the other hand,
produced significant (a = 0.05) effects for the PM 1 data set for the MiniVol but no significant effects
for PM 10 and PM, 5 data sets from DataRAM-A and DataRAM-B, respectively (Table 2 and Figure 4).
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AsP-valuesin Table 2 and Figures 3 and 4 indicate, differences among levels of soil CaCO; content
produced greater differencesin dust generation than differences among levels of soil clay content. Gill et
al. (1999) reported that a calcareous Drake soil produced a higher PM ;o concentration than an Amarillo
soil of the same soil texture. They suggest that alower binding energy in highly calcareous aggregatesin



Table 2. Derived P-values from Z-tests and analyses of variance of the data.

Source of variation PM 19 PM 19 PM5s
(DataRAM-A) (MinivVOL) (DataRAM-B)
Clay content groupt 0.06 * 0.35
CaCO; content groupt * * *
Soil group * * *
Soils Within Carbonate L evels
Soil within high clay level group * * *
Sail within low clay level group * * *
Soil within high CaCOgs level group * * *
Sail within low CaCO; level group * * *

Soil within high clay-high CaCO3

group
Soil within high clay-low CaCOs * * *

group

SitesWithin Soils
Site within Amarillo soil 0.31 * 0.29

Site within Acuff1 soil * 0.29 *
Site within Acuff2 soil * * *
Site within Drakel soil * * *
Site within Drake2 soil * * *
Site within Drake3 soil * * *
Site within Gomez & Arch soil * * *

* * *

Site within Olton soil
* Significant effect (P-value < 0.05).

the silt fraction of the Drake soil resulted in much less stable aggregates than those of the Amarillo soil,
and that this fact might have favored their easier dissagregation into fine dust. Also, theincreasein
aerosol PM 1 concentration with increases in soil clay content has been previously reported. Zobeck et
al. (1999) observed a general increase in airborne PM 1o concentration as the clay content in agricultural
soils of the Southern High Plainsincreased. PM 1o concentration for a clay soil, however, was the lowest
because the soil aggregates were very resistant to abrasion. Stetler et al. (1994) and Stetler and Saxton
(1995) a'so have pointed out the higher potential of fine textured soils to generate dust when disturbed
or eroded by wind.

Soils Variability

Analyses of variance were performed to evaluate variation among soils. Data sets grouped by
soils were reasonably normally distributed. Equality of variances tests among soils indicated that most
of the time the variances were equal for the data set from DataRAM-B (PM;s), but most of the
individual comparisons showed the variances were different for PM o data sets (DataRAM-A and
MiniVol). These two data sets were transformed with reciprocals to improve the equality of variances.
Analyses of variance for soilsin general showed significant differences (a = 0.05) among them as
indicated in Table 2. Even when soils were grouped by levels of clay content, CaCO3; content or level
combinations of clay and CaCQOs, the P-values were in all cases < 0.05 (Table 2), which denotes a
significant variability among the soilsinvolved in this study. Ranking of soils according to the overall
mean PM 1o or PM 5 concentration was identical for the three data sets, but they were separated slightly
differently by the Tukey’ s studentized range test. Soil mean PM 1o concentrations for the DataRAM-A



data set and results of their comparison are shown in Figure 5. The observation that soils with high
CaCOgslevels had larger means than soilsin the lower CaCOg; level illustrates the greater effect of
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Figure5. Soil means comparison for LDGASS PM g (from DataRAM-A) data set. Means with the
same letter are not significantly different at o = 0.05. H and L indicate high and low, respectively.

CaCO;3 on aerosol PM 1o concentration than that of clay.

Analyses of variance performed by soil showed that most of the time the effect of site on fine
dust emission was significant (P < 0.05) (Table 2). With the exceptions of Amarillo and Acuffl sails,
the effect of site on dust generation was significant for the three data sets. The soil with the least
variation was Amarillo where the site effect was not significant for data sets from both DataRAMs.
These results indicate that the variation in fine dust emission within fields mapped as the same soil unit
was large. The high variation present among soils and within soils significantly increased the interna
variability when the data were grouped by clay and by CaCOs. Despite that fact, the effect of soil CaCO3
content on PM 9 and PM 5 concentration was significant for the three data sets.

Particle Size Distribution of Generated Dust Plumes

The median particle size of generated dust clouds increased with running time. Both soil clay and
CaCO; content affected particle size distributions and corresponding median diameters. A general trend
was observed for the median particle size to decrease as soil clay and CaCOj3 content increased. Figure 6
illustrates these trends through two representative tests. Five particle size distributions, including the
first (1 min) and the last (30 min) ones, of individual tests for Amarillo and Drakel soils are presented in
graphs on the left side of Figure 6. Graphs on the right show the median particle size for al the particle
size distributions measured by Malvern in the 30 min of running time for those tests. The Amarillo soil
had low clay and CaCO;3; content and the Drakel soil had high clay and CaCOs content. Larger median
particle sizes were observed at al times for the Amarillo soil, which shows arapid increase in median
particle sizein the first 10 min, then the increase becomes very small till the end of the test. On the other



hand, the Drakel soil, with smaller median particle sizes, shows a more gradual increase but remains

more constant through the test.
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Figure 6. Changesin aerosol particle size distribution and medium diameter with running time for soils
with low clay and CaCOj; content (Amarillo) and high clay and CaCos content (Drakel).

Table 3 shows the means comparison results as obtained with Tukey’ stest. Average median
particle size for the first record was significantly different (a = 0.05) among levels of clay but not
among levels of CaCOs. Means of average particle size for al recordsin 30 min were significantly
different among levels of both clay and CaCO; factors. Conversely compared to results for the first
record, average median particle size for the last record were significantly different among levels of

CaCOg3 but not among levels of clay.

Trends in particle size distribution in Figure 6 might partially explain this opposite result among
first and last records. Contrary to what is observed with Amarillo soil, particle size distributions for

Drakel soil show in increase with running time in the fraction of fine dust. The cumulative fraction of
particles less then 25 umfor instance, isthe largest at the 30 min. Particle size distributions for Amarillo

soil are representative of the particle size distributions obtained from soils with low CaCOj3 content,
while those for Drakel soil were representative of soils with high CaCOs; content. As a consequence,
significant differences among means were found for low and high levels of CaCO; for the average and

last record median particle size.



Table 3. Means comparison for median particle size by clay and CaCOs levels.

Average median particle size (um)

Level of factor First record Average L ast record
Low clay level 65.12 d' 104.19a 122.24 a
High clay level 59.43 b 96.26 b 117.96 a
Low CaCO;s level 60.76 a 101.39a 12287 a
High CaCO; level 60.84 a 95.80b 116.10b

H Means with the same letter by columns within clay and CaCOs levels are not
significantly different at a = 0.05 (Tukey’ s test).

Gill et al. (1999) aso observed a smaller mean particle size for a calcareous Drake soil than that
for an Amarillo soil of the same texture (fine sandy loams). The PM o fraction of the total amount of
airborne dust was aso larger for the Drake soil. However, they made two measurements within the first
5 minutes of sample agitation (from 0.5 to 2.0 min and from 3.0 to 4.5 min of the running time) and a
decrease was observed in the mean particle size for the second measurement in relation to the first one
(the rotating drum dust generator was used).

CONCLUSIONS

Significant differences were found among measurements of PM 1o concentration made by
DataRAM and MiniVoal instruments. DataRAM PM 1o measurements were on average 66% of
measurements made by the MiniVol. M easurements between instruments, however, were proportional
with a Spearman correlation coefficient of 0.97. PM, 5 concentrations obtained with a DataRAM were
also proportional to PM o production. The overall average proportion of PM, s in relation to PM o as
measured by a DataRAM was 27%. Spearman correlation coefficients of 0.92 and 0.87 were found
among PM, s and PM o as measured by a DataRAM and aMiniVol, respectively.

Theincrease of aerosol PM 1o and PM s concentrations with the increase of soil CaCO3; content
was significant for the three datasets. The increase of particulate matter concentrations with the increase
of soil clay content was significant for the PM 1 data set from the MiniVol dust monitor, but was not
significant for PM o and PM 5 as measured with DataRAMSs. Differences in soil CaCO; content
produced greater differencesin aerosol PM1o and PM, 5 concentrations than the differencesin soil clay
content. Soils with high CaCOj3; content produced the largest aerosol PM 1o and PM, s concentrations. The
within soil variability as well as the variation among soils were significant.

Particlesin the generated dust plumesincreased in size with running time. Soil clay and CaCOs
content significantly affected the median particle size (average for the 30 min of running time), and
consequently, the dust particle size distributions. The median particle size decreased as the soil clay and
CaCOs content increased.
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