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Abstract

A unique set of soil samples was collected as part of the Fugitive Dust Characterization Study. The study was carried
out to establish whether or not source profiles could be constructed using novel analytical methods that could
distinguish soil dust sources from each other. The soil sources sampled included fields planted in cotton, almond,
tomato, grape, and safflower, dairy and feedlot facilities, paved and unpaved roads (both urban and rural), an
agricultural staging area, disturbed land with salt buildup, and construction areas where the topsoil had been removed.
The samples were collected using a systematic procedure designed to reduce sampling bias, and were stored frozen to
preserve possible organic signatures. For this paper the samples were characterized by particle size (percent sand, silt,
and clay), dry silt content (used in EPA-recommended fugitive dust emission factors), carbon and nitrogen content, and
potential to emit both PM 3 and PM, 5. These are not the “novel analytical methods” referred to above; rather, it was
the basic characterization of the samples to use in comparing analytical methods by other scientists contracted to the
California Air Resources Board. The purpose of this paper is to document the methods used to collect the samples, the
collection locations, the analysis of soil type and potential to emit PM g, and the sample variability, both within field
and between fields of the same crop type.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Both annual average and 24-h PM/, standards are
exceeded at most measurement locations in California’s
San Joaquin Valley, with the highest concentrations
measured during fall and winter. Chow et al. (1992b,
1993, 1996) show that suspended fugitive dust is a major
PM,y and a significant PM, s component during the
summer and fall in the San Joaquin Valley, though dust
contributions are much lower during the winter.

*Corresponding author. Fax: +1-530-752-4107.
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(L.L. Ashbaugh).

Significant contributors to the PM;, geological frac-
tion are believed to be: (1) paved and unpaved roads
(including unpaved shoulders) and unpaved parking lots
and staging areas, (2) agricultural operations such as
land preparation, cultivation, and harvesting, (3) wind
erosion of fallow land, (4) animal husbandry in feedlots
and dairies, and (5) road and building construction
(Ahuja et al., 1989; Houck et al., 1989, 1990).
Contributions from these fugitive dust sources to PM,
and PM, s measured at receptors need to be estimated to
assign priorities to emissions studies and to determine
the degree to which dust emissions must be controlled.

Saturation studies near San Joaquin Valley fugitive
dust sources (Chow et al., 1997; Blanchard et al, 1999;
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Flocchini et al., 1994; Watson et al., 1997) show that the
zone of influence around a specific emitter, such as an
unpaved road, is typically <100m. Beyond this
distance, the PMq contribution from the specific dust
source blends in with dust contributions from many
other sources.

Source profiles with elemental, ion, and carbon
abundances are sufficient to distinguish geological
PM,, contributions from those of non-geological con-
tributors such as motor vehicle exhaust, vegetative
burning, coal burning, residual oil combustion, indus-
trial emissions, and even among certain industrial dusts.
Chow et al. (1992a,b) identified cement dust as a
surrogate for construction owing to its high calcium
abundance. Freeman et al. (1990, 1991) separated gold
ore dust from overburden dust by the unique metal
content in the ore. Much of the geological material in
the San Joaquin Valley results from alluvial deposits
that originated in the Sierra Nevada and Coast Range
and have mixed and deposited over centuries to form a
relatively homogeneous mixture of mineral compounds
and elements. The currently measured species are
insufficient to distinguish contributions of different soil
sources across a wide range of contributions. Elemental,
ionic, and carbon characterization are necessary, but are
insufficient measurements when resolution of fugitive
dust contributions is required.

In an exploratory attempt to search for new methods
that might be able to distinguish soil sources from each
other, the California Air Resources Board carried out
the Fugitive Dust Characterization Study beginning in
1997. Forty-eight soil samples were collected in fall 1997
from a variety of sources in the San Joaquin Valley, and
sample aliquots were prepared for a wide range of
analyses by different scientists. Samples were character-
ized for soil texture and potential to emit PM;, and
PM, 5. This paper documents the samples that were
collected, the methods by which they were prepared, and
the analytical methods that were applied to them for soil
texture, dry silt content, PM;y and PM, s Index, and
nitrogen and carbon content. It also documents the
variability of the samples, both within the same sample
type and between sample types. It is not an objective of
this paper to resolve source types or construct source
profiles, but to document the collection methods and
locations and the basic soil characteristics of the samples
collected.

2. Methods
2.1. Source type selection
The types of soil sources to use in the study

were selected during a workshop held in spring 1997.
The sources needed to represent a variety of soil types

in the San Joaquin Valley that could emit fugitive
dust, as described above. Dust sources were assigned
priorities based on the amount of land dedicated to the
dust-generating activity and the amount of dust
expected to be generated by that activity during the fall
period when atmospheric dust concentrations are high-
est. The sources identified included agricultural fields,
dairies and feedlots, paved roads, unpaved roads,
staging areas, and construction sites. The workshop
resulted in a list of 50 soils to be selected for study.
Table 1 shows the list of soils selected by the work-
shop participants.

Several types of agricultural fields were identified as
particularly important: cotton, tomatoes, almonds,
grapes, and safflower. These fields were thought to be
important because of the soil-disturbing operations
performed on them and the number of acres in the
San Joaquin Valley. Samples were to be collected in the
fall after the harvest and after the land was disked in
preparation for the next crop, if applicable.

Paved roads are known to be sources of fugitive dust,
so both urban and rural roads with high and low traffic
density were selected for sampling. It is important to be
able to distinguish between dust generated by agricul-
tural activities and traffic on unpaved roads near
agricultural fields, so soil samples were collected from
unpaved agricultural roads adjacent to fields that were
also sampled. Because the dust composition may be
different at a staging area than in an adjacent field due
to operation and maintenance of heavy vehicles, a
staging area was also selected for sampling.

Finally, construction sites may emit fugitive dust with
a different composition than other areas since the top
layer of soil is often removed prior to construction.

2.2. Specific site selection

Based on the guidance provided in Table 1, specific
sites were selected to collect soil samples. The site
locations are shown in Fig. 1 and Table 2. The table also
shows the soil type. In a few cases, the soil type was not
defined; in those cases the soil type is designated by the
soil texture as measured for this study. The agricultural
fields were selected based on prior experience, and were
fields that had been visited previously to perform air
sampling. Some of the fields were sampled in triplicate to
test the representativeness of the sample collection
method. Each of the agricultural unpaved road samples
was collected adjacent to fields that were also sampled.
Two construction sites were selected in Fresno and
Madera counties. Two areas of disturbed land with salt
buildup were selected in Kern and Kings counties.
Public unpaved roads were sampled in Corcoran,
Kettleman City, and Lost Hills.

Samples were collected in triplicate at three cotton
fields, one tomato field, and one almond orchard.



Table 1

List of soil types selected for study
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Source Profile ID Sample ID Location in San Specific Sample rationale
Joaquin Valley location

Cotton

FDCOT FDCOTI1 FDCOTI1A East-central Field 1 Determine the variability of
FDCOTI FDCOTIB Fresno County sampling and analysis methods.
FDCOTI FDCOTIC
FDCOT2 FDCOT2A East-central Field 2 Determine whether the within-field
FDCOT?2 FDCOT2B Fresno County variability exceeds the between
FDCOT2 FDCOT2C field variability.
FDCOT3 FDCOT3A South Kern Field 3 Determine within and between-
FDCOT3 FDCOT3B County field variability in another part of
FDCOT3 FDCOT3C the SJV.
FDCOT4 FDCOT4A West Kings Field 4 Determine variability with
FDCOTS FDCOTS5A County Field 5 different soil types.
FDCOT6 FDCOT6A Field 6

Tomatoes

FDTOM FDTOMI1 FDTOMIA East-Central Field 1 Determine the variability of
FDTOMI1 FDTOMI1B Fresno County sampling and analysis methods.
FDTOM1 FDTOMIC
FDTOM2 FDTOM2A East-central Field 2 Determine variability with
FDTOM3 FDTOM3A Fresno County Field 3 different soil types.

Almonds

FDALM FDALMI1 FDALMIA South Kern Field 1 Determine the variability of
FDALMI FDALMIB County sampling and analysis methods.
FDALMI1 FDALMIC
FDALM2 FDALM?2 West-central Field 2
FDALM3 FDALM3 Fresno County Field 3
FDALM4 FDALM4 N. Fresno Co. Field 4

Grapes

FDGRA FDGRAI1 FDGRAI West-central Field 1 Determine variability for different
FDGRA2 FDGRA2 Fresno County Field 2 fields.
FDGRA3 FDGRA3 Field 3

Safflower

FDSAF FDSAF1 FDSAF1 West-central Field 1 Determine variability for different
FDSAF2 FDSAF2 Fresno County Field 2 fields.
FDSAF3 FDSAF3 Field 3

Cattle

Dairy FDCTDI1 FDCTDI1 East Kings Dairy 1 Determine differences between
FDCTD2 FDCTD2 County Dairy 2 different animal operations.

Feedlot FDCTF1 FDCTFI South Kern Co. Feedlot 1
FDCTF2 FDCTF2 West Kings Co. Feedlot 2

Paved road

Urban FDPVRI FDPVRI East-central Road 1 Determine differences between
FDPVR2 FDPVR2 SJv Road 2 different roads.
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Table 1 (continued)
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Source Profile ID Sample ID Location in San Specific Sample rationale
Joaquin Valley location
Rural FDPVR3 FDPVR3 East-central SJV Road 3
FDPVR4 FDPVR4 West SJV Road 4
Unpaved road
Agricultural FDUPRI FDUPRI East-central Road 1 Determine differences between
FDUPR2 FDUPR2 SIv Road 2 different roads. Look for some
FDUPR3 FDUPR3 West SIV Road 3 that have had suppressants applied
in the past.
Public/residential FDUPR4 FDUPR4 East-central SJV Road 4
FDUPRS FDUPRS West SJV Road 5
FDUPR6 FDUPRG6 Road 6
Staging area FDSTALI FDSTALI East-central SJIV Stage 1 Determine difference from
unpaved road.
Disturbed land
Salt buildup site FDDISI FDDISI East-central SJV Land 1 Windblown dust.
FDDIS2 FDDIS2 West SJV Land 2
Construction
Grading/ FDCONI FDCONI East-central SJV Lot 1 Determine difference from roads
earthmoving phase FDCON2 FDCON2 West SJV Lot 2 and staging areas.

All samples are obtained from within the domain surrounding Fresno.
Each sample consists of at least 5kg obtained from five separate locations at each site.

Paved road samples are of at least 100 g.

Samples from unpaved roads and staging areas are obtained by sweeping loose surface material into a dustpan.

Samples from paved roads are obtained by vacuuming.

These samples were collected to investigate within-field
variability using all the analytical methods. Single
samples were collected at three additional cotton fields,
two additional tomato fields, and three additional
almond fields. Three separate safflower fields and
vineyards were also sampled. These samples were used
to investigate the between-field variability of soils.
Finally, two or three samples were collected from
disturbed land with salt buildup, rural paved roads,
agricultural unpaved roads, and public residential paved
roads to investigate the variability of these fugitive dust
sources.

2.3. Sample collection

All soil samples were collected using procedures
described by US EPA (1995a,b). A total of at least 1—
1.5kg of soil was collected at each site except the paved
road sites, where it was impractical to collect such a
large sample. Each sample was deposited into a 3.6-1
glass jar with a Teflon-sealed lid. Additional samples
were placed into plastic bags and sealed. At each site a
separate sample was collected and stored in a moisture
can for moisture analysis. The condition of the soil

surface was noted, along with the type of irrigation
system used on the field. A crop history was also
obtained for the previous 5 years.

Each of the agricultural field sites was visited after
all harvesting and land preparation activities had
taken place, but before winter rains began. A center
point for each sampling location was identified and
recorded relative to an easily identifiable reference
corner of the field, and using a handheld GPS unit. To
avoid potential sampling bias, the exact spot for
collecting the sample was selected by tossing an object
over the shoulder, then designating the center point
wherever it landed. From the center point, five sub-
samples were collected; one at the center point and one
each at 100 m north, south, east, and west of the center
point. Each sub-sample was collected using a flat-bladed
shovel by scraping the top 2-3cm of soil from the
surface of the field. All sub-samples were deposited into
a bucket, then combined at the center point and
thoroughly mixed prior to storage.

The unpaved road samples were collected using a
dustpan and broom. A 1-m area was marked in the road
and all loose dust was swept into the dustpan and
deposited into a bucket. This procedure was repeated



L.L. Ashbaugh et al. | Atmospheric Environment 37 (2003) 1163-1173

'FDCONT®

FDUPR1

FDCTF2®
FDTOM3.

1167

county boundaries
major roads

=il ._FDPVRZ

FDCOT1@epALM2

SFDGRA1 v—J

q:DG
)2 3

~—®FDPVR3

._FDP‘va_1

50 100 Kilometers

Fig. 1. Locations of sample collection sites.

until sufficient soil and then all

was
sub-samples were thoroughly mixed and stored as
described above. A similar procedure was carried out
at the almond orchards. A 1-m area was scribed in the
soil and all loose dust was collected from the surface.

collected,

Five sub-samples were collected as in the agricultural
fields.

The paved road samples were collected using a small
Hoover™ vacuum cleaner. The sample was collected
from the road surface only, not the shoulder. If a
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Table 2
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Soil sample locations and classifications

Sample ID Source County Latitude Longitude Soil classification
FDCOTIA Cotton Fresno 36°34'30" 120°05'12" Chino fine sandy loam
FDCOTIB Cotton Fresno 36°34'41" 120°05'13" Chino fine sandy loam
FDCOTIC Cotton Fresno 36°34'43" 120°05'09" Chino fine sandy loam
FDCOT2A Cotton Fresno 36°15'28" 119°59'45” Cerini clay loam
FDCOT2B Cotton Fresno 36°15'44" 119°59'47" Cerini clay loam
FDCOT2C Cotton Fresno 36°15'45" 120°00'14” Cerini clay loam
FDCOT3A Cotton Kern 35°12/27" 119°16'42" Copus silty clay
FDCOT3B Cotton Kern 35°12'05" 119°17'14” Copus silty clay
FDCOT3C Cotton Kern 35°12'08" 119°16'20" Copus silty clay
FDCOT4A Cotton Kern 35°08'59"” 119°01'22" Lokern clay

FDCOTS5A Cotton Kings 36°08'05" 119°58'56" Westhaven loam
FDCOT6A Cotton Kings 35°57'42" 119°39'08"” Tulare clay

FDTOMIA Tomato Fresno 36°47'15" 120°26'18" Panoche silty clay
FDTOMI1B Tomato Fresno 36°47'17" 120°26'00” Panoche silty clay
FDTOMI1C Tomato Fresno 36°47'11" 120°25'48" Panoche silty clay
FDTOM2A Tomato Fresno 36°18'19” 120°05'24" CLAY

FDTOM3A Tomato Fresno 36°08'33" 120°07'10" Sandy clay loam (UCD)
FDALMIA Almonds Kern 35°29'52" 119°09'31” Driver coarse sandy loam
FDALMIB Almonds Kern 35°29'47" 119°09'31" Driver coarse sandy loam
FDALMIC Almonds Kern 35°29'40" 119°09'12” Driver coarse sandy loam
FDALM2 Almonds Fresno 36°35'28" 120°03'50" Loamy sand (UCD)
FDALM3 Almonds Kern 35°39'27" 119°53/39” Kimberlina fine sandy loam
FDALM4 Almonds Merced 37°20047" 120°43'25" Dinuba sandy loam
FDGRALI Grapes Fresno 36°38'51” 119°49'05” Hesperia fine sandy loam
FDGRA2 Grapes Madera 36°53°03" 120°04'03" Sandy loam (UCD)
FDGRA3 Grapes Fresno 36°33'36" 119°39'49” Hanford fine sandy loam
FDSAFI Safflower Kings 35°58'43" 119°39'41"” Tulare clay

FDSAF2 Safflower Kern 35°11'37" 119°15'39” Zalvidea sandy clay loam
FDSAF3 Safflower Kern 35°09'09" 119°01'22" Oldriver loam

FDCTDI1 Dairy Tulare 36°07'13" 119°31'13” Organic

FDCTD2 Dairy Fresno 36°30'54" 119°43'04" Organic

FDCTF1 Feedlot Kern 35°30'02" 119°06'30” Organic

FDCTF2 Feedlot Fresno 36°15'10" 120°15'53" Organic

FDPVRI1 Urban Paved Road Kern 35°22'57" 119°02'47" Paved road

FDPVR2 Urban Paved Road Fresno 36°48'30" 119°51'38" Paved road

FDPVR3 Rural Paved Road Kern 35°36'07" 119°18'41” Paved road

FDPVR4 Rural Paved Road Tulare 36°09'00” 119°30'27” Paved road

FDUPRI1 Ag Unpaved Road Fresno 36°34'45" 120°05°05” Unpaved road

FDUPR2 Ag Unpaved Road Kings 35°58'38" 119°39'41” Unpaved road

FDUPR3 Ag Unpaved Road Kern 35°12/08" 119°16'22" Unpaved road

FDUPR4 Pub/Res Unpaved Road Kings 36°05'51" 119°35'09” Unpaved road

FDUPRS5 Pub/Res Unpaved Road Kern 35°36/52" 119°41'35" Unpaved road

FDUPRG6 Pub/Res Unpaved Road Kings 36°00'34” 119°58'03" Unpaved road

FDSTAL1 Staging Area Kings 36°08'02" 119°58'56" Unpaved road

FDDIS1 Disturbed Land Salt Buildup Kings 35°50'20" 119°39'44"” Disturbed land

FDDIS2 Disturbed Land Salt Buildup Kern 35°09'05" 119°01'19” Disturbed land
FDCONI Construction/earthmoving Fresno 36°43'32" 120°03'32" Construction

FDCON2 Construction/earthmoving Madera 36°56'27" 120°03'26" Construction

shoulder line was marked, the sample was collected from
shoulder line to shoulder line. The length of roadway
vacuumed depended on the surface loading, and was
selected to collect a sample large enough to divide
among the analysts.

The disturbed soil sites, i.e. the agricultural staging
area, construction areas and areas with salt build-up,
were sampled in a manner as similar as possible to the
agricultural fields. Because animals were present on the
dairies and feedlots, samples from those facilities were
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obtained by collecting surface material only near the
corral fence.

The soil samples placed in glass jars were kept frozen
at —20°C until they were prepared for shipment to other
scientists for analysis. Immediately after preparation,
the samples were returned to cold storage. The samples
placed into plastic bags were used to characterize the
soils by texture, carbon and nitrogen content, and dust
potential emission index.

3. Analysis

All soil samples were characterized by analyzing for
moisture content, particle size distribution, dry silt
content, nitrogen and carbon content, PMq index, and
PM, s index. Moisture content was calculated by
weighing the sample before and after drying at 110°C
for 24 h. The soil particle size distribution was obtained
by a combination of wet sieving and pipetting, as
recommended by the American Society for Testing and
Materials (ASTM, 1984). The results of this analysis
provided the percent sand (particles 50-2000 pm in size),
silt (2-50pm), and clay (<2pm) in the soil for
completely disaggregated particles. The carbon and
nitrogen content were measured using a combustion
method at the Division of Agriculture and Natural
Resources (DANR) Analytical Laboratory at UC
Davis. The PM,, index and PM,; 5 index were measured
using procedures described by Carvacho et al. (2001).

Table 3 shows the soil characteristics for soil texture,
particle size distribution, dry silt content, PM;o index
and PM; 5 index and carbon and nitrogen content. The
soil textures, based on their placement on the soil
triangle, are also shown in Fig. 2. The symbol on Fig. 2
depicts the type of soil sampled. The PM,, index and
PM, 5 index are a measure of the soil’s potential to emit
PM o or PM;, s, respectively. They are strongly related to
the soil’s sand or clay content, as described in Carvacho
et al. (2001).

The cotton soils spanned the full range of soil textures
as shown in Fig. 1. They also showed a wide range of
carbon and nitrogen content, as shown in Fig. 3. The
tomato fields sampled had relatively high clay content,
and were in the low to middle range of C and N content.
The almond fields had low clay and high sand content,
but had some of the highest C and N content of all the
soils sampled, possibly due to leaf litter buildup. The
almond soils from Merced and Fresno Counties had
lower C and N than the samples from Kern County. The
grape soil samples had low C and N, and were low in
clay content. Safflower fields, like cotton, spanned a
wide range of clay content, and also had high variability
on the soil texture triangle. There was insufficient
material to analyze the paved road samples for soil
texture. The agricultural unpaved roads had predomi-

nantly the same texture as the fields next to them,
although FDUPR3 had considerably higher sand
content than the adjacent cotton field. It also had much
lower carbon and nitrogen content than the field next to
it. FDUPRI1 had a texture similar to its adjacent cotton
field, but higher nitrogen and similar carbon content.
FDUPR2 also had a texture similar to its adjacent
safflower field, but higher nitrogen and carbon content.
The construction area and public/residential unpaved
roads had low carbon and nitrogen contents compared
to the other soils. The paved roads, both rural and
urban, were on the high range of both nitrogen and
carbon content. The disturbed land with salt buildup
and the staging area were mixed, but had generally
middle to low nitrogen and carbon content.

The PM,, and PM, 5 indexes are strongly related to
the sand or clay content of the soil, as shown by
Carvacho et al. (2001). The PM;, (PM,s) index is
intended to indicate the maximum amount of PM;,
(PM, s5) dust that could be created by disturbance of the
soil without disaggregating soil particles. Thus, a high
index indicates a soil that may be a high emitter of
airborne dust if the soil is disturbed.

Other analyses applied to these soils at other facilities
included scanning electron microscopy, microbiological
assessment, elemental composition, and organic compo-
sition (by a variety of analyses). The results of these
other analyses are described elsewhere.

4. Discussion

Some groupings can be made in these soil samples
based on crop type, possibly because of better growing
conditions for certain crops on certain soils. Soils
cropped to cotton tend to span a wide range of soil
textures, and soils cropped to safflower span a slightly
less wide range. Tomatoes are grown primarily in high
clay soils, while grapes and almonds are found in sandy
soils. Road dust tends to be sandier than the agricultural
soils, even for agricultural roads adjacent to fields. This
may be due to removal of fines by traffic, leaving the
unpaved road enriched in sandier material, or it may be
due to addition of sand to improve traction.

The variability of the soils within fields and between
fields was evaluated by calculating the relative average
deviation from the mean, defined as the average
deviation of the measurements divided by the mean
expressed as a percentage. Table 4 shows the results of
this calculation for the five fields sampled in triplicate,
the four types of field crops sampled in at least three
separate fields, and the five soil types sampled at only
two locations (or where there was sufficient sample for
analysis from only two locations). In general, the within-
field variation was higher than expected even for the soil
texture measurement. This probably reflects real soil
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differences from one part of a field to another. The most
consistent measure of soil characteristics seems to be the
PM o and PM,; 5 indexes. For three of the five fields, the
clay content was quite consistent, showing a relative
average deviation of <10%, but the other two were over
20%. The dry silt content was next in consistency, while

Clay (%)

S Silty Clay
Loamy Sandy Clay \° Clayloam | pam
Sand ¢’
e » \ Loam
Sand ¢ © Slit
Loam

Sandy Loam
<+— Sand (%)

Silt

Fig. 2. Distribution of soil textures collected for the Fugitive
Dust Characterization Study. C=cotton, F=safflower, T =to-
mato, A=almond, G=grape, N = Construction/earthmoving,
D=disturbed land/salt buildup, S=staging area, U= Urban
paved road, RP = Rural paved road, AR = agricultural unpaved
road, UP = public unpaved road.
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percentage of silt, percentage of sand, and nitrogen and
carbon content were less consistent within fields.

The between-field variability was higher than the
within-field variability, as might be expected. Here it can
be seen that the cotton fields spanned a wide range of
soil types, with a high variability in all three soil texture
parameters. Tomatoes seem to be grown in a consistent
range of silt content, while almonds and grapes are
grown in a consistent range of sandy soils. Nitrogen and
carbon content of cotton and almond soils show a wide
variation, with a slightly narrower, though still wide,
range for tomatoes and grapes. Only the PM;, index
measurement was relatively consistent for each of the
field types (except cotton, which had the widest range of
soil textures).

For the sites with only two samples, the variability
was generally quite large. Disturbed land with salt
buildup and public/residential unpaved roads showed
very consistent sand content, but most other measures
were highly variable. This may reflect different locations
in the San Joaquin Valley, or it may be due to very a
limited number of samples. There was insufficient
sample to test the variability of dry silt content for four
of these soils.

The overall variability of all samples ranged from 28—
30% for the PM;, and PM, 5 indexes to 70-85% for
carbon and nitrogen content. The soil texture measures
varied 40-65% among all soils sampled.

Carbon and Nitrogen content
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Fig. 3. Carbon and Nitrogen content of sampled soils. The unpaved agricultural roads

measurements by the lines shown.

are linked to their adjacent field sample
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Table 4

Variability of soil measurements within fields and between fields

Site Y% % Y% Dry silt PM,, index PM, 5 index Y% Y%
Sand Silt Clay content (%) (mg/g) (%) (mg/g) (%) nitrogen carbon

Within-field variability

Cotton 1 8.2 20.1 23.6 21.4 5.7 7.4 14.1 19.7

Cotton 2 18.0 11.5 6.4 8.6 11.2 13.6 15.3 11.3

Cotton 3 66.8 23.6 29.1 26.8 18.8 17.7 28.7 30.4

Tomatoes 22.3 1.4 8.1 5.5 1.0 3.9 1.6 2.6

Almonds 2.3 16.5 8.2 9.5 6.5 7.5 16.0 17.3

Between-field variability (three or more fields)

Cotton 55.4 26.6 40.8 34.3 24.7 22.9 48.6 68.0

Tomatoes 34.1 6.6 17.3 5.5 11.3 15.3 21.4 39.0

Almonds 5.5 24.6 34.0 22.6 11.6 7.5 38.8 46.1

Grapes 8.9 19.8 54.6 252 9.7 9.7 18.0 23.8

Between-field variability (two samples only)

Construction/ 57.3 41.4 84.1 61.7 32.1 33.5 28.7 69.9

earthmoving

Disturbed land salt 22 16.0 21.8 — 13.3 17.3 12.3 23.0

buildup

Rural paved road 20.2 27.2 52.3 — 21.5 20.6 67.6 110.3

Ag unpaved road 56.1 64.6 73.7 — 35.9 27.7 42.3 98.9

Pub./res. unpaved road 2.4 21.6%  18.2 — 6.3 7.5 19.9 22.5

Overall variability (all samples)

All samples 448 42.5 63.2 50.6 30.5 28.5 71.8 85.2

The analyses conducted here were not intended to
separate soil sources from one another, but were
intended to document the basic soil characteristics to
aid in later analyses. The soil samples collected spanned
a wide range of soil types that was consistent with other
samples collected in the San Joaquin Valley as part of an
ongoing study for the USDA. Although some groupings
of soil type by crop type was observed, it is not possible
to distinguish fugitive dust from these sources on that
basis. More important is the documentation of these
characteristics for further analysis using other techniques.

5. Summary

The Fugitive Dust Characterization Study was carried
out in 1997 to collect and analyze a wide range of soils in
an attempt to construct source profiles that could be
used to distinguish one soil type from another. The
objectives of the sample collection were met by
collecting 48 soil samples from a wide range of sources.
Five sets of triplicate samples were collected to test the
variability of samples collected in close physical
proximity. Samples were collected from six different
cotton fields, three different tomato fields, four different
almond orchards, three different vineyards, and three
different safflower fields to test the variation within and

between crop types. Additional samples were collected
from paved and unpaved roads, both rural and urban,
from an agricultural staging area, from two different
dairies and feedlots, from disturbed land with salt
buildup, and from construction sites. The samples
represent a wide range of sources in the San Joaquin
Valley.

In general, the variability of samples was higher as
more different soil types were included in the analysis.
That is, the variability of fundamental soil character-
istics, including soil texture and carbon and nitrogen
content, was lower for samples collected within the same
field than for samples collected in different fields of the
same type, and both of these were generally lower than
for all samples combined.
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