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ABSTRACT

This study determined the monthly amount, particle size distribution, and
chemical composition of particulate deposition in East Texas over a one-year period. It
also recognized the seasonal patterns of this deposition as well as its primary origins as

either mineral or organic particulate deposition.

The study recorded the monthly mass of deposition, particle size distribution, and
the chemical makeup of deposition throughout a period of twelve months at seven
sampling locations. SEM-EDS technology was used in conjunction with PCI
programming to measure the sizes of depositional particles throughout this time period

and identify their chemical composition.

The total yearly deposition recorded in this study was 22.9865 kg/ha. Of this
yearly deposition, 8.5582 kg/ha was Si deposition, 2.2923 kg/ha was C deposition,
1.4394 kg/ha was Ba deposition, 1.4679 kg/ha was Na deposition, 1.4679 kg/ha was Al
deposition, 0.3146 kg/ha was Ca deposition, 0.7846 kg/ha was K deposition, and 1.4679
kg/ha was Fe deposition. Si deposition had a monthly range of 0.1939 kg/ha — 1.5393
kg/ha, C deposition had a monthly range of 0.0262 kg/ha — 0.6871 kg/ha, Ba had a
monthly range of 0.0380 kg/ha — 0.2984 kg/ha, Na had a monthly range of 0.0330 kg/ha —

0.3619 kg/ha, Al had a monthly range of 0.0330 kg/ha — 0.3619 kg/ha, Ca had a monthly



range of 0.0022 kg/ha — 0.0958 kg/ha, K had a monthly range of 0.0190 kg/ha —0.1714
kg/ha, and Fe had a monthly range of 0.0330 kg/ha — 0.3619 kg/ha. Mean particle size
increased from January 2019-April 2019.

Particle size increased during high pollen months. Elements found in soils tended

to make up a larger percentage of the deposition during drier months.

i
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INTRODUCTION

Atmospheric deposition refers to the process in which airborne particulate matter
descends to Earth in either wet, dry, cloud, or fog deposition (Li et al., 2013). Itis also a
way in which nutrients enter forested ecosystems (the other way being soil weathering)
(Lequy, 2013; Phillips and Watmough, 2012). As wind and clouds move through the
trees, they begin to decrease in velocity, and the airborne particles are deposited on tree
leaves, understory plants, and soils. In some studies, this deposition correlated to low
concentrations of exchangeable base cations such as Mg, K, and Ca (Phillips and

Watmough, 2012).

On a very broad scale, atmospheric deposition has two sources: marine and
terrigenous (Lequy, 2013). Terrigenous sources are land based and generally include
geologically sourced particulates and soil matter. Particulates with notable dissolved
salts based on Cl, Na, and Mg are generally of marine sources, while particulates
containing dissolved K, Ca, HCO, and mineral particulates are of terrigenous sources

(Leguy, 2013).

In order to differentiate between anthropogenic particulates and natural organic

particulates, their size must be taken into account. Fungal spores and pollen are naturally



bigger and can often be observed with a compound light microscope or a scanning
electron microscope. In contrast, anthropogenic particulates like soot and smoke are
often smaller than the range of particulates that the scanning electron microscope can
observe. Additionally, natural organic particulates can be identified by their carbon-
based compounds and by-products, while anthropogenic particles can be identified by
NOx, SOy, and composite airborne ions such as nitrate, sulfate, and black carbon (Leguy,

2013).

Despite these general trends, it is important to note that deposition becomes much
more complex once it reaches the forested environment. One of the greatest challenges
of measuring atmospheric deposition in forested areas is that deposition concentrations
and compositions are altered by particulate removal through mechanical means like
wash-off events, which remove the dry accumulated deposition on leaves through
precipitation, and the uptake and release of ions and plant nutrients by the canopy itself
(Arisci et al., 2010; Li et al., 2013). Different species of trees within different canopies
raise the potential for variation due to their differing surface areas and shapes, which
provide varied amounts of nutrient uptake (Arisci et al., 2010). There is an additional
source of nutrients supplied by the deposition that has landed on the ground. In fact, as
airborne N and P values increased during one study, it was suggested that the uptake of

nutrients such as N and P by the roots increased as well (Zivkovic et al., 2017).



Many studies have used combination methods of measuring this deposition by
recording the throughfall and using the canopy budget model to identify ion exchange
fluctuations between rainfall and the forest canopy (Adriaenssens et al., 2012). This
model is a continuously evolving tool used to calculate atmospheric deposition within
forested regions. Many assumptions of this model have not been thoroughly evaluated,
so its application is currently limited and nonuniform among different studies (Draaijers

and Erisman, 1995; Adriaenssens et al., 2012).

N, an essential plant nutrient, becomes more biologically available through human
activities while nutrients such as Mg, K, and Ca become less available due to the
increasing acidity of the soil and lack of negatively charged ions retaining them in the
soil (Zak et al., 2006; Phillips and Watmough, 2012). This biologically available
nitrogen influences different tree species in different ways (Thomas et al., 2010). In a
study measuring the carbon storage of trees in response to nitrogen deposition, the results
demonstrate that there is a potential correlation among tree mycorrhizal associations and

their reactions to nitrogen deposition (Thomas et al., 2009).

One of the drawbacks to nitrogen deposition is its potential to alter competitive
relationships among plants, making the environment less sustainable for nitrogen
efficient plant species and more sustainable for nitrophilous species (McDonnell et al.,
2018). This, in turn, reduces plant species diversity, allows rare plants to be

outcompeted, and increases the potential for plant diseases to spread across large areas



with little natural immunity (McDonnell et al., 2018). Nitrogen deposition has been
observed in remote wilderness areas as well as national parks, which indicates this is not
a strictly urbanized problem and could extend throughout much of the United States and
other regions of the globe (McDonnell et al., 2018). That is why it is important to not
only record the nitrogen deposition, but also other plant nutrients such as Ca, K, and Mg.
When these are analyzed in conjunction with nitrogen deposition, it could help identify

variances in tree species diversity among forested regions.

The study characterized airborne particulate matter within East Texas forests to
possibly explain why soils in East Texas are less acidic than soils further east (NRCS,
2019). It examined deposition comprised of both mineral matter and organic particulates
(such as pollen and fungal spores). However, anthropogenic particulates (such as soot
and smoke) were not included in this study due to their small size and vulnerability to

confounding variables such as forest fires.

In many previous studies, trees intercepted particulate matter that was primarily
acidic in nature, and the resulting chemical processes reduced photosynthesis rates on the
leaves (Radnor, 1986). However, the hypothesis of this study is that particles from soils
in Oklahoma and Central Texas are potential sources for airborne mineral particulates
that are high in basic cations (Ca and K) while areas south of East Texas in the Houston
area are potential sources for mineral particulates that are high in anions (TCEQ, 2019;

NRCS, 2003).



Naturally occurring organic deposition could also comprise a substantial portion
of deposition (TCEQ, 2019). Since this deposition contains a lot of N, N deposition
could fuel aquatic algal blooms in some areas. However, algal blooms do not appear to
be present in East Texas freshwater ecosystems in significant amounts, with the most
recent report of an algal bloom occurring in the Sabine lake at a very low concentration

of 1 to 10 cells/ml on September 17, 2018 (TPWD, 2019).

Since precipitation in East Texas is prevalent throughout the year, the water could
dilute the nutrient concentrations more than it contains them, and unlike areas with
intemperate seasonal variations, such as those observed in the Zhang and Liv’s study of
the Yellow and East China Seas, it is unknown whether East Texas experiences similar
seasonal variations (with high values during the dry season and low values during the
rainy season) (Zhang and Liv, 2007). Since methods of utilizing the canopy budget
model have differed from study to study, this study will eliminate the potential for
variance by reporting the amount of atmospheric deposition collected as throughfall and

dustfall within small clearings (Adriaenssens et al., 2012).

The information in this study is useful because East Texas forests may be acting
as deposition zones that provide a unique research opportunity into how forests capture
airborne particulates that may have a positive or negative impact on ecosystems. While
this is a pilot study, it could lead to larger studies being done over more expansive areas

such as in Oklahoma, Central Texas, Arkansas, and Louisiana, and it could lead to



research into the origins of incoming particulate matter, which would indicate which

regions are losing nutrients and which ones are gaining nutrients on a regular basis.



OBJECTIVES

The overarching question addressed in this study is: ‘Is there a significant input of

atmospheric particulate deposition and nutrients in East Texas forested regions?’.

The null hypothesis of this study was:

o Ho: There is not a significant input of particulate deposition and nutrients

in East Texas forested regions.

The alternative hypothesis was:

o Ha: There is a significant input of particulate deposition and nutrients in

East Texas forested regions.

The specific objectives of this study were:

1. Determine the monthly amount of particulate deposition in East Texas over a
one year period.

2. Determine the seasonal patterns, if any, of atmospheric particulate deposition
in East Texas.

3. Determine the particle size distribution and chemical composition of the

particulate deposition in East Texas.



4. Determine the amount of mineral and organic particulate deposition in East

Texas.



LITERATURE REVIEW

Atmospheric Deposition

In the nutrient cycle, Aeolian deposition is a broad phase of atmospheric
circulation in which nutrients such as N and P are returned to the soil as either wet or dry
deposition (Zhang and Liu, 2007). In general, atmospheric deposition increases moving
from West to East in the United States of America and is impacted by prevailing winds,
precipitation, and the location of major source areas (Ruddy et al., 2006). Wet deposition
involves the deposition of particulate matter with precipitation, and dry deposition
involves the deposition of particulate matter being transported by wind and deposited by
gravity. Particle size, particle density, and wind velocity impact the transport of both wet
and dry deposition because fine grained particles are easier to transport than coarse
grained particles, less dense particles are easier to transport than denser particles, and

wind velocities impact both the speed and direction of dust transport.



Particulate Mobilization and Transport

It has been noted that different elements experience different transport rates based
on their environmental conditions and structure, which produces varied chemical
compositions of particulate matter throughout the year (Hartmann et. al, 2008). For
example, total N in one study peaked in April and September/October, but dissolved Si

(DSi) peaked in November and September/October (Hartmann et. al, 2008).

However, the two main ways that particles become mobile are 1) atmospheric
turbulence and direct wind sheer stress as well as 2) abrasion and deflation (Lancaster,
2009). Deflation refers to the removal of particles from the earth’s surface through wind
turbulence, and abrasion occurs when airborne particulates grind against rock surfaces
(Lancaster, 2009). Atmospheric turbulence and direct wind sheer stress can be
generalized as transport by wind (Lancaster, 2009). When wind transports particles, it
will pick up the finer particles first (for example, silt and clay) since they are the lightest
and most readily airborne (Lancaster, 2009). Generally speaking, the smaller the
particles, the longer they will remain airborne (Lancaster, 2009). However, the transport
of particles ultimately depends on the wind sheer stress, turbulence intensity, particle
density, vegetation cover, soil moisture, and the particle settling velocity (which depends

on particle size and density) (Lancaster, 2009).
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Particulate Deposition

Particle deposition depends on four factors: 1) wind velocity, 2) particle density,
3) vegetation cover, and 4) particle size. Low wind velocities will cause particles to
settle faster than high wind velocities, and denser particles have a higher gravitational
potential, which allows them to fall faster than less dense particles. Vegetation cover (as
well as geographic barriers) often intercepts airborne particles and significantly decreases
the wind velocity, which causes the particles to settle much faster than they would in flat,

barren landscapes.

Extreme cases of dry aeolian deposition were extensively recorded in the 1930s in
the United States. When there was sparse vegetation in the Southern Great Plains during
the dust bowl era, the soil dried out and wind erosion created large dust storms. In order
to prevent a future dust bowl, people were advised to start planting tree shelterbelts to

reduce wind velocity and catch the dustfall, thereby lessening the impact of wind erosion.

Generally, the larger particles will reach the ground before the smaller particles
once they become airborne (Lancaster, 2009). This is due in part to larger particles
having greater surface area and greater weight, which makes them more likely to strike
objects above the soil such as plants, decreasing their velocities and cause them to
eventually drop faster than their smaller counter parts. For instance, particles under 20

microns are often transported tens of km or more due to turbulent eddies keeping them
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aloft, while particles 20-70 microns are transported in temporary suspension for tens to

hundreds of m (Lancaster, 2009).

In Northern China, the deterioration of vegetation cover in recent decades has led
to not only increasing frequency of dust storms, but also increasing intensity of dust
storms (Hartmann et al., 2008). Soil C and N losses in these areas have been documented
as high as 66% and 73%, respectively (Hartmann et al., 2008). In order to ameliorate the
impact of these storms on rural and urban populations, it is important to understand how
natural barriers such as trees slow the transport rate of deposition and conserve soil

productivity.

In Figure 1, Joshua Stevens (2018) has provided a visual representation of the
dust, black carbon, and sea salt aerosols in the Earth’s atmosphere. In the desert region,
the dust production is very high due to the arid environment, lack of vegetative cover, as
well as a lack of natural interceptors such as trees or geologic barriers (NASA et al.,
2018). This could be why the desert-borne dust and the black carbon from Africa
extended across a larger area than the wildfire smoke in the Western United States during

the summer of 2018 (NASA et al., 2018).
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Figure 1. Map of atmospheric aerosol suspension and transport on a global scale (NASA,
2018).

Terrigenous Dry Deposition in Bodies of Water

Terrigenous deposition provides an input of essential nutrients to oceanic and
freshwater ecosystems that many species utilize (Al-Tanni et al., 2014). In excess, N
present in deposition could fuel algal blooms and influence the productivity and

biodiversity of existing species within bodies of water (Al-Tanni et al., 2014).
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Cloud Washout of Nutrients within Forested Areas

Normally the nutrients found in atmospheric deposition are washed out below the
cloud base during high precipitation events, but forests and other topographic barriers
such as mountains often catch airborne particulate matter and break up storms by
decreasing the wind speed traveling through the trees (Zhang and Liu, 2007). This has
been documented in cases such as in the Wieder et al. (2016) study describing the
‘Effects of Altered Atmospheric Nutrient Deposition from Alberta Oil Sands
Development on Sphagnum Fuscum Growth and C, N, and S Accumulation in Peat’. It
showed that the throughfall of daily -S, Ca**, SO4*, ortho-P, and Mg?" deposition was

higher under wooded areas than it was in open areas (Wieder et al., 2016).

Sources of Particulate Matter

Sources of particulate matter can be divided into primarily three categories: 1)
Anthropogenic sources such as industrial, urban, and agricultural areas, 2) Organic
Sources, such as pollen, and 3) Mineral Sources such as geologic and soil particle
deposition. These sources can further be classified by their origins as either marine or
terrigenous particulates (Lequy, 2013). The following sections will discuss these three

sources in greater detail.
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Mineral Sources

Mineral dust has the unique characteristic of behaving as both a source of
weatherable nutrients and a sink of trace metals and therefore performs a critical task in
biogeochemical elemental cycling (Desboeufs et al., 2014). It generally refers to dust
aerosols that originate as soil particles that become airborne and cycle through the
atmosphere, impacting both cloud processes and the radiation budget (Scanza et al.,

2014).

In a study of the input of dry deposition over the Gulf of Aqaba, it was recorded
that the Gulf received a significant amount (averaging 34.68 g/m?*/year) of mineral dust
from desert regions that border the Gulf (Al-Taani, Rashdan, and Khashashneh, 2014).
This indicates that mineral dust has the potential to travel across large, unobstructed, and
arid regions. There are some areas like this in West Texas, particularly in the Texas Hill
Country, the Chihuahuan Desert, and the Rio Grande Valley. If there is a high amount of
mineral deposition in this study, it could lead to stronger evidence of particulate transport

throughout mixed ecosystems.

The Gulf of Aqaba study also recorded seasonal fluctuations, with high amounts
of deposition occurring in the summer and lower amounts of deposition in the winter (Al-
Taani, Rashdan, and Khashashneh, 2014). Therefore, it is important to take monthly
measurements of the precipitation and throughfall in this study in order to address

seasonal changes in particulate deposition.
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Organic Sources

In one study, pollen was concentrated primarily in the spring with pine pollen
deposition alone being recorded at 17.7-27.5 kgha'year™! (Lee and Booth, 2003). Since
macronutrients are at high concentrations in pine pollen, with pollen based litterfall (plant
sourced material falling to the surface of the Earth) being 1/30 N, 1/5 P, and 1/9 K, this is
a considerable contribution to atmospheric deposition and nutrient deposition in the

spring (Lee and Booth, 2003).

Fungal spores are present in forested ecosystems as well and contribute to
atmospheric deposition. Generally speaking, there are fewer fungal spores as the distance
from the source increases (Gregory, 2009). However, there are many sources of fungal
spores throughout forested regions. In one study with a sampler 2m above the ground,
small hyaline spores were often captured, and the types and concentration of spores often
varied throughout the day, with the highest concentrations occurring in the afternoon and
the lowest concentrations occurring in the early morning (Hirst, 2009). Generally rain
washed spores from the air column, but during dry periods, the fungal spores that were
often found included Erysiphe, Alternaria, Cladosporium, rusts, and smuts (Hirst, 2009).
Polythrincium trifolii and Phytophthora infestans were also found, but did not display

this pattern (Hirst, 2009).

It has been observed that particulate deposition from pollen and fungal spores

displays a pattern based on the sampler height and the circadian rhythm of the plant or
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fungi it originated from (Aulirantio-Lehtimiki, Helander, Pessi, 1991). For instance,
Alnus pollen has been observed to have higher concentrations of deposition when the
sampler was placed at roof level instead of at a height adjacent to the ground (Aulirantio-
Lehtimiki, Helander, Pessi, 1991). However, most other types of pollen and fungal
spores did not display a significant difference between their concentrations collected at

the rooftop sampler vs the ground sampler (Aulirantio-Lehtiméki, Helander, Pessi, 1991).

Anthropogenic Sources

Heavy metal input from industrial sources of atmospheric deposition has declined
significantly over the past few decades (Tiirtscher et al., 2017). However air pollution
from nearby sources, such as agricultural areas or large cities, may contribute to the
acidity of the observed deposition and, in unregulated and unmonitored scenarios, this
could make soils more subject to nutrient leaching with pH reduction of as much as 1 unit

over 30 to 50 years (Radnor, 1986).

While industrial heavy metal deposition is one cause of soil acidification, N, a
very important macronutrient, also occurs in atmospheric dry deposition and acidifies
soils as well due to nitrification. Globally, N deposition has quadrupled since the mid-
twentieth century, when anthropogenic activities releasing N began rapidly increasing

(Déorr et al., 2010).

Nitrogen inputs from fertilizers, industrial areas, and agricultural processes

provide varied influxes of atmospheric deposition that can acidify the soil. This acidity
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reduces the levels of other plant macronutrients such as Ca, Mg, and K by leaching basic
cations and decreasing nutrient availability for plant roots and microbes, which may

eventually reduce the productivity of soils and overall plant growth (Radnor, 1986).

Contaminants in industrial air pollution may even reduce seedling development
and seed germination (Radnor, 1986). However, East Texas is not an industrial area, and
the agricultural areas that would normally contribute to acid deposition are typically
bordered by trees which reduce their wet and dry deposition transport capabilities.
However, these impacts don’t consider other compensating soil factors, such as a high
natural ability to buffer, pH, low nutrient availability and low exchangeable base content

(Radnor, 1986).
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METHODS

Study Area

From most westerly to most easterly, the study area within East Texas extended
from the Stephen F. Austin State University Real Estate Foundation’s
STMicroelectronics carbon sequestration project property near Lovelady, Texas, where
the pine forested region begins, to the project’s property in Shelby County, near the
Louisiana border. Figure 2 details site locations in reference to counties and populated
cities that had over 12,700 residents at the time of the study, and Figure 3 describes the

elevation and topography that surrounded each sampler.
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Overview of Atmospheric Deposition Collectors in East Texas Forested Regions
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Figure 2. Map of sampling sites in relation to counties and populated cities with over
12,700 residents.
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Elevation Map of Sampling Site Counties With Topography
Buffer Around Each Sampler
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Figure 3. Map of sampling points in relation to general elevation and Sm of surrounding

topography.

At the time of this project, the soils generally present in both East Texas and

Western Louisiana were similar aside from fertility. They were located in ecoregion 35,

which was the South Central Plains ecoregion according to the EPA’s level III ecoregions

classification (EPA, 2016).

Table 1 provided the latitude and longitude of each sampler in decimal degrees.

There were seven sites that were sampled monthly. Concerns about potential vandalism
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were addressed by using only gated SFASU owned properties, and placing the sampling
devices in clearings larger than 500m? within the forested areas. There was one sign
placed close to each apparatus, and two SFASU Environmental Science stickers were

placed on the poles and pails of the apparatus.

Table 1. Latitude, longitude, clearing size in square ft, and clearing shape from aerial
view of study site locations. Shape of clearing was used to determine which area formula
to use when calculating after gathering the length and width of the clearing using a
measuring wheel with an accuracy of 0.0001m per Im.

Property Location of sampler Area of Clearing  Shape of Clearing

Hilliard Creek 31.911980, - 94.208220 105,739.24m? Rectangular
Bagley Road 31.853823, -94.209266 5,031.31m? Oval
Atoy 31.761080, -95.041823 9,770.24m? Oval

Swink 31.773443, -95.221496 25,136.48m? Rectangular

Arbor Grove 31.315130, -95.302230 148,609.3 1m? Triangular
Maxwell 31.085440, -95.478244 960.36m? Oval
Stephen F. Austin Farm  31.764415, -94.657070 7197.54m? Oval

Samplers

There was one sampler at each site to collect particulate deposition. The sampler
consisted of 3.05m of vertically oriented PVC pipe connected to a Hopkins FloTool
funnel of 180mm diameter via a hose clamp of 33.3mm to 57.2mm. This airborne funnel
was fastened to the PVC pipe at approximately 2.00m above the ground’s surface and
was connected to 305cm length of clear Tygon tubing with a 25.4mm outer diameter and
19.1mm inner diameter. This tubing drained into an 18.9L pail with a fitted hole at the
top, which was caulked with outdoor/indoor silica caulking to ensure water and

weatherproofing. To avoid algal growth in the hose, any slack present in the hose was
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cut off with PVC pipe cutters. The hose was fastened to the PVC pipe via one additional
hose clamp and zip ties. In addition to this, a T-post was fastened to the PVC pipe with a
host clamp for stability, and a bird spike was fastened to the funnel via eight small zip
ties that ran through eight small holes near the top edge of the funnel (Figure 4). In order
to prevent particle loss, 147 acid washed glass marbles were placed within the funnel

over a small section of rigid hardware cloth (Lancaster, 2009).

Figure 4. Diagram of Sampler at SFA Beef Farm.
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These devices extended 2 m off the ground and were placed at least 5 m away from
large objects to ensure that these objects did not block incoming air flow. Each PVC pipe
was buried up to 0.89 m to increase stability. Plastic bird spikes were attached to the top
of each sampler to deter avian interference in sample collection (Figure 4). The
following table was created to calculate whether 18.93L would be large enough to hold

the maximum and average precipitation in the sampling areas.

In Table 2, the average monthly rainfall in mm was calculated by dividing the average
monthly volume of water collected in cm® by the area of the funnel in cm?. This value was then
converted to mm. Maximum monthly rainfall in mm was calculated by dividing the maximum
monthly volume of water collected in cm3 by the area of the funnel in cm?. This value was then
converted to mm. The monthly rainfall capacity of the pail in cm was calculated by dividing the
water capacity of the pail in cm? by the area of the pail in cm?. The pail was large enough to
hold the average monthly precipitation in these counties, but it could not hold the
maximum monthly rainfalls documented for Cherokee county, Houston county, and San

Augustine parish.
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Table 2. Rainfall statistics near sampling locations (NOAA Weather stations, 2018). The
start date refers to the first day of each county weather station’s rainfall collection period,
and the end date refers to the last date of each county weather station’s rainfall collection
period.

Locati Average Maximum  Area of Wat Monthly
C otce;Plon- n Monthly Monthly funnel Area of Pail C a‘ter ¢ Rainfall Start Dat End Dat

( Ounstyt arnsh, Rainfall Rainfall opening (cm?) 'Cgm,il E © Capacity of art bate naate

ate) (mm) (mm) (cm?) sl il (em)

Nacogdoches, TX 6.40 103.07 254.47 77.62 18.93 243.88 10/1/1947 12/24/2013
Cherokee, TX 151.57 981.40 254.47 77.62 18.93 243.88 8/1/1962  9/27/1978
Houston, TX 14.58 328.98 254.47 77.62 18.93 243.88 9/1/1996 6/1/2013

San Augustine, LA 129.58 1472.20 254.47 77.62 18.93 243.88 7/5/1947  8/26/1947

Sabine, TX 19.33 25.77 254.47 77.62 18.93 243.88 10/1/1947  12/1/1957
Sabine, LA 11.59 57.97 254.47 77.62 18.93 243.88 1/11/1940  12/1/1986
De Soto, LA 2.88 38.65 254.47 77.62 18.93 243.88 5/21/1941 4/1/1972

The tygon tubing, funnel, and pail were placed in an acid wash of 5% HCI solution
for 1 minute, and then rinsed with deionized water three times before being placed in the
field. After that, only the pails were acid washed every month after the sample was
collected. To prevent algal growth, 0.09g of CuSO4 was added to each pail. Once the
complete sampler was in its corresponding site location, the equipment was rinsed three
times with deionized water to ensure there was little risk of contamination, and two
bricks were placed on top of the pail to ensure stability while three more surrounded the

pail to ensure that it stayed in place during high wind events.

In order to solve the issue of rainwater splashing out of the devices, the funnel
was chosen to increase gravity flow into the device, and marbles were placed in the

funnel to increase particle retention. This approach offered a sturdy, scientifically
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reliable way of collecting data in these zones, and it was less likely to be targeted by
wildlife and humans in these areas since the samplers were not immediately adjacent to
any major metropolitan areas and they were too tall to be within reach of most wildlife.
Additionally, since the funnel was significantly higher than ground level and had bird
spikes, these measures not only aided in preventing animal interference, but likely
produced a higher correlation of results between sites (Lehtimiki et al., 1991). This is
because it focused on the airborne particulate matter instead of the particulate matter that

was near the ground.
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Sample Analysis

When collecting each sample, one liter of deionized water was used to rinse the
dry deposition from the marbles within the funnel (This volume of water was later
accounted for in calculations). The pail was then removed and covered before a new acid
washed pail was placed in its stead for the following month. The covered sample was
then transported to the environmental measurements lab within an enclosed vehicle to
prevent contamination. In the lab, the contents of the pails were vigorously agitated
using a mechanical stirrer to re-suspend particles, and a 400mL subsample was extracted
from each sample. The subsample was then vacuum filtered through a glass microfiber
filter to collect the particulate deposition. The electron microscope was used to identify
particle size distribution of the dry sample, and the x-ray spectrometer was used to

identify the elemental mass composition of the dry sample.

Filtration Method

The lab equipment used for initial measurement of the collected wet and dry
deposition included a drying oven set at 60°C, a biichner funnel with 2L filtering flask, Si
glass microfiber filter paper, evaporating dishes, a desiccator, an analytical balance, a

sample container carrier, and a 1L graduated cylinder.

Initial measurement was modeled after ASTM standard D1739-98, which is the

standard test method for collection and measurement of dustfall (ASTM, 2017). To
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measure the dust from the sample collected in the 18927.1cm? pail, a microfiber glass
filter with a 9-cm diameter was pre-weighed after drying on a glass petri dish in the oven
at 60°C for twelve hours and was then placed in a desiccator for two hours to cool
(ASTM, 2017). Tweezers were used to prevent finger oil contamination and the filters
were not allowed on any contaminated surfaces. The pore size of the filters was 2.5
microns.

An automatic mixer suspended the particulates in the liquid sample at a speed of 663
r/min for a minimum of two minutes. After two minutes, a subsample of 400mL was
taken in 100mL increments using a metal reusable syringe while the mixer was running.
The contents of the subsample were then filtered under vacuum through a biichner funnel,
and the filter was dried at 60°C for twelve hours or until weight remained constant to the
fourth significant digit on the analytical balance. The Calculation Formula for the
general deposition rate was as follows:

D = W/A g/m?

In which A = Cross sectional area of the sampling container and W = Total Soluble
Matter and Insoluble Matter normalized to a 30-day period in grams (ASTM, 2017).
After the total deposition was calculated, the samples underwent two types of analysis
each. For the elemental mass percentage, an x-ray spectrometer was used to identify
macronutrients (N, P, K, Ca, and Mg) and to identify the micronutrients (Fe, B, CI, Mn,
Mo, and Zn). For particle size distribution, the scanning electron microscope was used to

identify PM> s, PM1o, and TSP.

28



Electron Microscopy Analysis

The size and shape of particulates has been a widely discussed topic in the study
of particulate matter because these properties, along with chemical makeup, could help
identify the origin of the particulates, their behavior, and their potential effects on human
health (Li¢binsky, Frybort, Huzlik, et al., 2010). An efficient way of measuring the size,
shape, and chemical makeup was with a scanning electron microscope (SEM), which not

only provided this data, but also provided a visual micrograph of the particulates.

For scanning electron microscopes, the procedure for preparing the sample as well
as analyzing it varied with the type of sample under observation. The standard operating
procedure this study used was the EPA’s standard operating procedure for sample
preparation and analysis of PM 1o and PM> 5 samples by scanning electron microscopy
(EPA, 2008). Since there was not a practical method for removing the particulates from
the filters without removing the organic matter for examination, four circular subsamples
(1em diameter) were cut from each filter with a bore and analyzed under the microscope
after coating with AusPd. Aggregates were ignored unless the space between the

particles was 1 micron or larger.

While the scanning electron microscope was not the only mechanism used to
identify particulates, it was the most accessible and practical for this study. As shown in

Figure 5, mineral dust deposition generally ranges from 1-1000nm, which was within the
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scanning electron microscope’s range of observation, and larger organic particles like
pollen and spores fell within both the scanning electron microscope and the optical
microscope’s observation range (Lower, 2018). Anthropogenic sourced deposition, like
soot and smoke, were frequently out of observation range using this methodology so they

were excluded from the analysis.
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Figure 5. Size and observation range of different nanostructures, colloids and particulates
using different lab techniques. Source: (Lower, 2018).

The program used to measure the particulates captured by the SEM was Quartz
PCI. For each of the four subsamples cut from the original sample filter, eight
micrograph images were captured at different x,y stage locations, and 40 particles were
measured twice for each image. Measuring twice (vertically and horizontally)
compensated for irregularly shaped particles, and eight uniform x,y stage locations on the

scanning electron microscope were chosen to reduce bias when capturing the
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micrographs used for measuring particulates. These stage locations remained constant

throughout the data collection.

Attached to the SEM was an x-ray spectrometer, which could provide information
about the elemental percent composition of subsamples placed within the SEM. This
analysis was conducted before the sample was coated with AusPd to obtain an accurate

representation of the subsample.

Site Areas

Weather was observed closely to determine the correlation that monthly wind
velocity and precipitation had on the particle sample collected at the end of every month.
This data was taken to determine the consistency of the precipitation collected in the pail
in comparison to the precipitation recorded by NOAA. Since there was no weather
station within Shelby County, the weather data for this county was less reliable than the

other locations.

The method used to measure atmospheric deposition in this study was relatively
new, but it was chosen due to inapplicability and cost of previously used equipment in
preceding studies. An ion exchange resin collector would have only measured the
accumulated deposition over the year, which would have made seasonal differences
difficult to quantify. Additionally, the dry Frisbee method would have had a higher
potential for contamination due to the chemicals used in the materials of the collection

zone and due to the relative frailty of the apparatus itself, which was left open to animal

31



interference. Also the frisbee was more likely to lose particulates through rainwater
splashing them out of the devices in the event of a heavy storm. In order to solve the
issue of rainwater splashing out of the devices, the funnel with marbles was chosen to
increase retention into the device (Lancaster, 2009). This approach offered a sturdy,
scientifically reliable, and inexpensive way of collecting particulate data, and it was less

likely to be targeted by wildlife in these areas.
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STATISTICAL PROCEDURE

Overview

The program used to perform the statistical analysis for this data was SAS
9.4 Software in the Arthur Temple College of Forestry’s GIS lab. The independent
variables were the time and location of the samplers. The dependent variables were the
particulate concentrations, particle size distribution, and elemental composition of the
samples. This data did not follow a normal distribution so a non-parametric test was used
in its analysis (Ophthalmol, 2011). Since the samples were paired with a location, this
data was considered non-independent. Summary statistics were calculated using the proc

means mean std min max procedure.

The primary parameters observed in this study included the time, particle size
distribution, elemental composition, and weight of the particulates. The formula used to
calculate the monthly deposition rate in g/m? was D = W/A, in which A = Cross sectional
area of the sampling container’s inside diameter and W = Total Soluble Matter and
Insoluble Matter normalized to a 30-day period in grams (ASTM, 2004). The particulate
weight in g was calculated by taking the final dried weight of the filter minus the initial

dried weight of the filter after running the 400mL monthly subsample through it.

D =nr2 * (P1/Ps
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The cross-sectional area of the sampling container in m? was calculated by taking
the radius of the funnel (0.09m), squaring it, and then multiplying by Pi and the total
precipitation collected (mL) divided by the subsample volume (400mL). The deposition

rate in kg/ha per month was calculated by multiplying g/m? by 10.

For the second and third datasets (the particle size distribution and elemental
compositions), four subsamples were collected from each sample filter that held the
monthly deposition collected at one site for one month for all samples. Four subsamples

were collected from each filter sample using a clean 1cm diameter cork bore.

These subsamples were mounted on a carbon stub and placed directly into the
SEM without coating. Once an image of the lowest magnification (30X) was obtained,
an X-Ray spectrum was collected from each randomly selected subsample using the
SEM’s EDS addition. This produced a table that recorded the elemental mass
percentages for each subsample. After the X-Ray spectrum was taken, the carbon stubs
were coated with a layer of AuszPd using a sputter coater for 4 minutes. The coated
samples were placed back into the SEM, and eight stage locations were chosen to count
particles at a magnification of 300X for the particle size distribution research. Eight
additional locations on the SEM’s sample stage were chosen using stratified random
sampling to reduce bias in the particle measurements. During this analysis, the

magnification of the subsamples remained constant.
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Mixed Model Repeated Measures

The data was split into three smaller datasets: the particle weight measurements,
the elemental mass percentages, and the particle size distribution. The procedure used
was the proc mixed repeated analysis in SAS. Data was sorted and averaged using proc
sort data=name; by location. The variation was observed to be different between months,
locations and months*locations interactions so an analysis of covariance was used to
further interpret the data within the mixed model. Three different covariance structures
were compared using SAS, and the Autoregressive(1) (AR(1)) was chosen to be the best
fit for this dataset over Compound Symmetry (CS) and UN (Unstructured) because it
uses homogeneous variances, and its correlations decrease exponentially when the
distance between the parameters increases (SAS, 2020). CS and AR(1) had similar fit

test readings. Dataset three used this statistical procedure frequently.

The statistical model used for the first dataset was Particle Weight = m + Location
+ Time where Time was the coded date range of the sample, Location was the property
from which the sample was taken, and Particle Weight was weight of particulates for the
month in kgha'lyr!. These samples were related (paired) using interval data. Two factor

ANOVA was used for analysis.

The statistical model used for the second dataset was Element = m + Location +
Plot(Location) + Time where Time was the coded date range of the sample, Location was

the property from which the sample was taken, sample was the filter, Element was the
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element concentration in mass percent for each subsample, and Subsample was the
sample taken from the filter to reduce the size of the sample so that it could be read by
the Scanning Electron Microscope for Energy Dispersive Spectrometer (EDS) Analysis
and Particle Size Distribution Analysis in the third dataset. The general detection limit for
the EDS was 1000ppm, but since the detection limit per element varies based on how the
element interacts with other elements (i.e. Carbon in CO; vs Carbon in CaCQO3), the non-

detection values were recorded as zeros instead of halving the detection limit.

The statistical model used for the third dataset was Microns = m + Location +
Sample(Location) + X + Y + Time where Time was the coded date range of the sample,
Location was the property from which the sample was taken, Sample was the filter,
Microns was the particle measurements for each subsample, X was the horizontal
location on the stage, Y was the vertical location on the stage, and Subsample was the
sample taken from the filter to reduce the size of the sample so that it could be read by
the Scanning Electron Microscope for Energy Dispersive Spectrometer (EDS) Analysis
and Particle Size Distribution Analysis in the third dataset. The third dataset included
location, date, sample, subsample, X location on the SEM stage, Y location on the SEM
stage, and measured particle diameter in microns. Particulate diameter was calculated by
averaging the horizontal and vertical measurements. The X and Y locations were
determined using stratified random sampling on the filter to prevent bias. After the
summary statistics were calculated, the particulate matter was organized into size

classifications of fine (<=2.5 microns), coarse (2.5-10 microns), and larger than 10
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microns. This is in accordance with the EPA’s size classifications of fine particulate

matter, coarse particulate matter, and TSP.
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Weather Analysis
Weather Analysis was performed at each of the sites to determine the impact of
wind velocity as well as to track precipitation events throughout the sampling period at
the locations listed in Figure 6 and Table 3. The precipitation recorded by NOAA was
compared to the precipitation collected by the samplers to determine whether the
samplers were collecting an amount of rainfall that accurately represented the typical

conditions of the area.

Overview of Atmospheric Deposition Collectors and Weather Stations in East Texas and West Louisiana

Legend
A\ Westher Stations

& Sampler Locations
[ PerishesiGounties Used in Westher Station Analysis
[ sampling Counties
[ ] st Texcas Counties
B cershes
[ Parishes

This map describes the locations
of seven different atmospheric
deposition collectors in reference
to weather stations used in the
data analysis of this study.

Figure 6. Map of weather stations used near sampling points. (NOAA, 2018).
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Table 3. Table of weather stations near sampling points (NOAA, 2018). Start Date
refers to the day the weather station started collecting precipitation data, and End Date
refers to the last date the weather station collected data used as a reference in this study.

Weather Station County/Parrish State Elevation Coordinates Start Date End Date
Nacogdoches TX US Nacogdoches X 132.6 m 31.6163°, -94.643° 1947-10-01 2013-12-24
San Augustine TX US San Augustine X 89.9m 31.51921°, -94.11866° 1962-08-01 1978-09-27

Mansfield 4 NW LA US De Soto LA 98.1m 32.07119°, -93.75882° 1996-09-01 2013-06-01
Chamb%ilgg Guard Sabine TX 107m  31.46667°, -93.83333°  1947-07-05  1947-08-26
Many LA US Sabine LA 70.1 m 31.56667°, -93.48333° 1947-10-01 1957-12-01
Lovelady TX US Houston X 92 m 31.13333°, -95.45° 1940-01-11 1986-12-01
Cherokee, TX US Cherokee X 4542 m 30.98333°, -98.71667° 1941-05-21 1972-04-01

A Wind Rose Plot was obtained from each of the weather stations using publicly
available wind data obtained throughout the sampling period. It was generated by first
going to http://www.ncdc.noaa.gov/, then using their search tool to obtain the climate
data online for each of the weather stations. WRPLOT was downloaded from

www.weblakes.com, and the data was formatted to match the study.

Precipitation events were recorded and entered into an excel document. The daily
and monthly total rainfall at each of the sampling locations as well as the prominent

direction of wind that day was also recorded.
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RESULTS AND DISCUSSION

Study Parameters

The results in this study were divided into three major sections: the weight of the
monthly particulate deposition, the chemical composition of the monthly particulate
deposition, and the particle size distribution of the monthly particulate deposition. The
weight of the monthly deposition was displayed in chronological order by month. The
chemical composition section was grouped by individual elements observed in the data.
The particle size distribution section was sorted alphabetically by site name and then

chronologically by sample collection date within site.
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Summary Statistics for Particulate Weight
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Figure 7. Arithmetic means of samples collected from six sites in Stephen F. Austin
University Real Estate Foundation’s STMicroelectronics carbon sequestration project and
one site at the SFA Agriculture Center’s Beef Farm at monthly intervals over a twelve-
month period. Units are in kg/ha per month. Error bars display standard errors.

ANOVA for Particulate Weight

Mixed model ANOVA was the method used to determine the significance of each
variable of particulate weight. The model for particulate weight is PW = m + Location +
Time where Time was the coded date range of the sample, Location was the property the
sample was taken at, and PW was the particulate weight in grams. The dependent variable

in this model is particulate weight in grams, and there were two independent variables,
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location and time. Location had seven levels: one for each property in the study. Time
had 12 values representing the dates each sample collected deposition. The significance
level used for comparing P-values was 0.05. If P<0.05, then the variable was statistically
significant. If P>0.05, then the variable was not statistically significant. Location was
found to be significant at <0.0001 Pr>F. Plot(Location) was found to be slightly

significant at 0.0449. Time was found to be significant at 0.0003 Pr>F.
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Yearly Results and Observations
Algae contamination was observed three times during this study: once from the
Maxwell site sample analyzed on 07/24/2019, once from the Bagley Road site sample
analyzed on 05/24/2019, and once from the SFA Agriculture Center site sample analyzed
on 05/24/2019. This may have influenced the results of these three sites during this study
by increasing the particulate weight of the samples somewhat, as well as influencing the
particle morphology and chemical composition observed in later parts of this study.

Future studies should account for this by utilizing more CuSOs in the pails.

Pollen deposition was observed at all seven sites, which were surrounded by trees
and other flora. Since morphological pollen grain structures and larger particle sizes
associated with pollen granules were observed throughout the sampling period, clearing
size, wind, and surrounding trees may have influenced the total deposition. Mineral
deposition was also likely influenced by wind direction and speed, since it had to be
moved by wind or precipitation events to be deposited in the collection zones of the

samplers.

From October 20", 2018 to October 19™, 2019, high velocity winds over 7.00
knots primarily came from the South and Southeast (Figure 20 and NOAA, 2019). The
sites furthest north recorded the lowest total deposition in kg/ha, and the sites furthest
south recorded higher total deposition in kg/ha. Of the four counties, Nacogdoches

County and Houston County experienced the highest amount of total yearly deposition as
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well as the highest amount of winds coming from the Northwest (Figure 22, Figure 23
and NOAA, 2019). These are the two southernmost counties in this study and may have
been influenced by the high velocity winds coming from the south as well as the slower

winds coming from the north.

Louisiana’s Sabine Parish (used for Shelby county’s wind data) displayed the
highest percentage of northerly winds but had very little western or eastern winds (Figure
24 and NOAA, 2019). Shelby county had the lowest total deposition of the four counties.
Since Shelby county was in a densely forested area, the surrounding trees north and south
of the sampler may have reduced incoming wind velocity as well as the amount of

particulate matter deriving from distant sources.
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Figure 8. Total yearly particulate weight recorded at each of the sampling sites between
October 20", 2018 and October 19, 2019. Sites are displayed from westernmost to
easternmost location. Particulate weight is recorded in kg/ha per year. Six of the sites used
were in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon
sequestration project and one site was located at Stephen F. Austin State University’s Beef
Farm at the Agriculture Center.

In the first four properties observed in Figure 8, the total deposition appeared to
increase then rapidly decrease from west to east. Bagley Road’s sample had the lowest
total deposition, and deposition generally increased east and south of this site (Figure 8).
The SFA Agriculture Center experienced the highest amount of yearly deposition of the
seven sites while Hilliard, the easternmost site, experienced the second lowest amount of

yearly deposition.
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Figure 9. Average yearly particulate weight recorded at each of the counties between
October 20", 2018 and October 19, 2019. Sites are displayed from westernmost to
easternmost location as well as southernmost to northernmost location. Particulate weight is
recorded in kg/ha per year. Six of the sites used were in Stephen F. Austin University Real
Estate Foundation’s STMicroelectronics carbon sequestration project and one site was
located at Stephen F. Austin State University’s Beef Farm at the Agriculture Center.

As longitude increased, the deposition decreased with the exception of
Nacogdoches, which experienced more deposition than any of the other counties (Figure
9). One reason why Nacogdoches county may have experienced a higher total deposition
than the other sites is due to its location further south and its close proximity to a bee hive
box. Bees have been reported to increase pollen deposition in surrounding areas (Séez et

al., 2014). This could be due to pollen initially adhering to their bodies then becoming
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airborne as they move from plant to plant. Using the average monthly particle size as a
reference, pollen particles were more common at this site during the spring, when bees

are typically more active.

Additionally, there were often bulls in this pen, and cattle hair has been observed
to contain elements like B, Ba, Cu, Fe, Ca, K, Pb, Si, Na, Zn, Mg, Mn, P, and Ag
(Washburn et al., 1958). Of these, Si, Ba, Na, K, and Fe were consistently observed at
the Agriculture Center, and Ca was observed during every month aside from July 2019-
August 2019. The presence of these elements indicates that a portion of the particulate

weight observed may have been influenced by local dust generation from cattle activity.

Unpaved roads and geographic barriers may have influenced the total deposition
measured at each site. This is because unpaved roads are vulnerable to wind erosion
during dry periods as vehicles move on them, causing dust to rise off of the road, where
wind can blow it to another area. The sites closest to roads with few geographic barriers
likely had a higher input of deposition from these roads than the sites further away with
many geographic barriers, provided the wind was blowing from the road towards the
sampler. However, it should be noted that there was not a definitive way to differentiate

between local particulate matter and that from more distant sources in this study.

At the SFA Agriculture Center, there was a line of trees between the sampler and
an unpaved road 82m from the sampler, so some incoming dust from this area could have

been blocked by the vegetation. Since the Agriculture Center recorded higher levels of
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deposition than Bagley Road despite the road being further away, it stands to reason that
due to the sampler at Bagley Road having more geographic barriers including trees and a
dilapidated structure between the sampler and the unpaved road 79m from it, it
experienced less deposition from this road. The sampler at Atoy was 18m from an
unpaved road and had some forested barriers between it and the unpaved road, but for the
most part, it was less influenced by geographic barriers than the other Bagley Road and

Swink.

The sampler at Arbor Grove was 17m from an unpaved path leading into the
property and had no geographic barriers with the exception of a cattle fence. It often
experienced the most monthly deposition of the seven sites. Although an unpaved road
was located 9m from Maxwell’s sampler, it had more trees acting as barriers than Arbor
Grove did. This correlates to Maxwell often experiencing less monthly deposition than
Arbor Grove with the exception of high pollen count months. At the Hilliard property,
there was an unpaved road less than 6m from the sampler that may have contributed to
mineral deposition observed. However, the unpaved road was located north of the
sampler so it mostly received mineral deposition from this road when the winds were

blowing from the north.
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Figure 10. Arithmetic monthly mean precipitation in cm depth collected during the
sampling period of October 20™, 2018-October 19", 2019 at each sampling location. Six of
the properties used were in Stephen F. Austin University Real Estate Foundation’s
STMicroelectronics carbon sequestration project and one site was located at the SFA Beef
Farm.

High periods of recorded deposition correlated with high periods of pollen
deposition (Figure 7 and Houston Health Department, 2019). This indicates that during
the months of January-March and September-October, the recorded sample deposition
was influenced by pollen particles in the area. However, other months, such as March-
April and October-January, did not appear to correlate to high periods of pollen
deposition and may have had a higher input of mineral deposition during this time period

(Figure 7 and Houston Health Department, 2019). The four months with the heaviest
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rainfall had low recorded depositions (Figure 7 and Figure 10). This may be due to
saturated soils being less cohesive and less susceptible to wind erosion. In Figure 10,
rainfall was higher during the months of October-January and April-May, and these

months received less deposition than the drier months of May-August.

Monthly Results and Observations

Table 4. Particulate weight in kg/ha per month for samples assessing monthly
deposition between October 20, 2018 and October 19", 2019 at six of the sites in
Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon
sequestration project and one site at the Stephen F. Austin Beef Farm.

Particulate Deposition (kg/ha)

Date Range

Agriculture Facility ~ Arbor Grove  Atoy Bagley Road Hilliard Maxwell Swink

10/20/2018-11/21/2018 0.04 8.37 1.14 0.12 1.30 1.69 1.77
11/21/2018-12/19/2018 1.89 3.85 0.59 - - 1.85 3.38
12/19/2018-1/19/2019 0.79 3.50 1.45 0.31 0 1.22 1.22
1/19/2019-2/22/2019 - 4.20 8.06 1.14 1.18 2.48 3.65
2/22/2019-3/20/2019 1.77 7.35 1.96 1.65 4.05 1.65 1.34
3/20/2019-4/18/2019 2.20 5.31 0.43 0.55 0.71 3.30 0.55
4/18/2019-5/22/2019 1.53 1.10 0.04 0.35 0.20 0.51 0.08
5/22/2019-6/21/2019 1.22 2.16 0.43 0.79 0.04 0.86 0.79
6/21/2019-7/20/2019 0.39 0.51 0.55 0.31 0.98 0.63 2.40
7/20/2019-8/22/2019 291 0.98 0.55 0.63 0.47 0.94 232
8/22/2019-9/21/2019 0.39 0.51 0.28 0.39 1.18 0.12 0.24
9/21/2019-10/19/2019 7.44 2.27 7.22 0.63 5.04 12.75 1.69

For the first collection month, samples were analyzed after six days (Table 4).
During the initial drying process, the temperature was accidentally raised to 160°C
instead of 60°C. This may have transformed some of the particulates and may have

influenced the results for this part of the study. Sometime during the sampling period,
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the collection funnel at the Swink sampling site was dislodged from the rest of the
sampler. For consistency in calculations, deionized water was run through the connecting
tube instead of the funnel. Afterwards, the funnel was reattached and secured with

additional hose clamps and cable ties.

At the Hilliard property, stagnant water was observed in the collection funnel.
The source of this drainage issue (a glass marble) was removed from the hose, and
drainage capacity increased. At the Agriculture facility, the pail overflowed so its liquid
contents were observed to be greater than 18927mL. Future studies should account for

heavy rainfall potential.

The first collection month reported a large amount of deposition in kg/ha (Table
4). During this time period, the maximum particulate weight was recorded at Arbor
Grove, which was the westernmost sampling site in Houston county. These properties
reported a higher average deposition than the others observed this month. Hilliard Creek
and Arbor Grove had the highest average micron size, indicating the potential for a
higher percentage of pollen grains in comparison to the other sampling sites (Figure 11).
The Agriculture facility had the lowest average micron size and reported the lowest

amount of deposition during this time period (Figure 7 and Figure 11).

Of the three Cherokee county properties, Swink had the highest deposition rate at

1.77 kg/ha per month. Since it also had the largest clearing size of the three properties, it
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may have been subject to mineral deposition from the unpaved road leading into the

property.

Nacogdoches county had the lowest particulate weight recorded for this month at
0.0393 kg/ha (Table 4). With the smaller average particle size indicating low relative
pollen counts as well as the low wind speeds and evenly dispersed wind directions
indicating slow particulate movement, it is reasonable to concluded that this site likely
experienced a reduced opportunity for depositional transport in comparison to the other

sites (Figure 11, Figure 23, and Houston Health Department, 2019).

During the second month, samples were analyzed after two days (Table 4). The
samples from Bagley Road and Hilliard Creek spilled during transport. Hilliard had a
remaining sample of 2050mL and was analyzed for elemental analysis and particle size
analysis. Bagley Road was left out of this month’s observations due to lack of remaining

sample.

During this sampling period, the maximum particulate weight was recorded at
Arbor Grove, which is the site furthest west and south in Houston county (Table 4). It
should be noted that the particulate weight at Arbor Grove decreased significantly from

the previous month’s sampling results, and this was a low period of deposition overall.

Of the two documented Cherokee county properties, Swink had the highest
deposition rate at 3.3796 kg/ha per month and Atoy had the lowest (Table 4). This could
have been due to different landscapes surrounding the samplers.
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Nacogdoches county had the third highest particulate weight recorded for this
month at 1.8863 kg/ha (Table 4). Small average particle size may have influenced the
depositional transport at this site during this time period (Figure 11). Additionally, this
site experienced a reduced amount of deposition in comparison to areas with higher
elevations like Arbor Grove and Swink and experienced more deposition than areas with
low elevation like Maxwell and Atoy (Figure 3 and Figure 7). This indicates that
elevation/geographic barriers may have had an influence on depositional transport at

these sites during this month.

For the third month, samples were analyzed after five days (Table 4). To reduce
sample loss during transportation, each lid was securely attached to its corresponding pail
using an adhesive with polyethene coating and a cotton mesh base. This was a low

period of deposition overall (Figure 7).

Sample sites further south appeared to have higher deposition rates this month
(Figure 3 and Table 4). The maximum particulate weight during this time period was
recorded at Arbor Grove as 3.4975 kg/ha (Table 4). Maxwell, another southern sampling
site, tied with Swink for the third highest particulate weight recorded during this time

period (Table 4).

The county with the fourth highest particulate weight recorded during this time

period was Nacogdoches county at 0.7860 kg/ha per month (Table 4). Low average
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particle size of deposition may have enabled greater depositional transport in this area

(Figure 11).

Shelby county had the lowest deposition recorded for this month (Table 4). This
could have been due to filter mass lost during transport from the glass petri dish to the
disposable petri dish. In future studies, measuring the mass of the filter with the glass
petri dish before and after collecting the deposition on the filter could help prevent this.
Small average particle size may have impacted the site’s depositional transport capacity

for this time period (Figure 11).

For the fourth month, samples were analyzed after two days (Table 4). Overall,
this was a period of high particulate deposition and intermediate mean particle size,
which indicated a higher amount of pollen granules than previous months (Figure 7 and
Figure 11). Cherokee and Houston county made up the highest depositional rates (Table
4). Houston county’s location further south may have impacted its depositional transport
capacity, and both Houston and Cherokee county may have been impacted by their
location further west, where there were less trees between the samplers and more distant
sources of mineral deposition from incoming western winds (Figure 21, Figure 22 and
Table 32). This proximity to areas with less trees that may have reduced wind velocity
could have provided the samplers within these counties with more deposition than the
counties east of them, such as Shelby county, which had the second lowest particulate

weight recorded for this month (Table 4, Figure 24 and Table 32).
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For the fifth month, samples were analyzed after one day (Table 4). The
maximum particulate weight collected during this time period was at Arbor Grove (Table
4). This was a period of high total deposition and high average particle size (Figure 7 and
Figure 11). There was a correlation between high deposition rates and large clearing sizes
(Table 1 and Table 4). During this time, the properties with the three largest clearing

sizes were within the top four highest recorded depositions (Table 1 and Table 4).

For the sixth month, samples were collected analyzed after three days (Table 4).
This was a period of intermediate particulate deposition as well as large mean particle
size (Figure 7 and Figure 11). Houston county recorded the two highest particulate
weights while Cherokee county recorded the lowest (Table 4). The Houston county sites
contained ideal conditions for deposition during this time period. There was a nearby
unpaved path with few geographic barriers south of the Arbor Grove sampler and an

unpaved road near the Maxwell sampler. Also, they were the furthest south (Figure 3).

The Agriculture Center had the third highest particulate weight recorded during
this time period at 2.2007 kg/ha per month (Table 4). Since this was a period of high
pollen deposition and the densest area of trees was towards the east of the property,
pollen deposition may have significantly contributed to the amount of deposition

observed (Houston Health Department, 2019).

For the seventh month, samples were analyzed after three days (Table 4). Algae

from Bagley Road and the Agriculture Center properties was visible on the samples after
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filtration. This was a period of low particulate deposition and intermediate mean particle
size (Figure 7 and Figure 11). The county with the highest particulate weight recorded
during this time period was Nacogdoches county at 1.5326 kg/ha per month (Table 4).
Since there was an unpaved road northwest of the sampler, the northwestern winds may
have influenced this site’s mineral input, especially considering the high winds present in
this county at the time (Figure 23). Arbor Grove and Maxwell had the third highest
particulate weight recorded during this time period. Since both properties contain
unpaved roads/paths south of their samplers, these may have influenced their mineral

input during this time period.

For the eighth month, samples were analyzed after one day (Table 4). The highest
particulate weight during this time period was recorded at Arbor Grove, located at the
westernmost sampling site, and the lowest particulate weight was recorded at Hilliard
Creek, the easternmost sampling site (Table 4). This was a period of low particulate

deposition and low mean particle size (Figure 7 and Figure 11).

Since the samplers at the Maxwell, Arbor Grove, Swink, and Bagley Road sites
had unpaved roads and paths south of their samplers, they may have received mineral
input from these sources. However, these samplers are also located closer to less forested
regions west of Houston and Cherokee county and may have received more mineral input
from these areas than sites further east like Hilliard Creek, which had the lowest

particulate weight recorded for this month (Table 4).
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For the nineth month, samples were analyzed after four days (Table 4). Algae
was visible on the filter from the Maxwell property after filtration. The sample from
Swink was dropped during transport and lost some of its contents. This was a period of

low particle deposition and intermediate mean particle size (Figure 7 and Figure 11).

Since both Maxwell and Arbor Grove had unpaved roads and paths south of their
samplers and are located the furthest south, they likely received mineral input from these
paths. Out of the three Cherokee county properties, Swink had the highest deposition rate
at 2.3971 kg/ha per month. This is likely due to the large clearing size around the
sampler, the unpaved road south of it and the lack of obstacles between the road and the
sampler (Table 1). The county with the second lowest particulate weight recorded during

this time period was Nacogdoches county at 0.3930 kg/ha per month (Table 4).

For the tenth month, samples were analyzed after one day (Table 4). This was a
period of high particulate deposition and intermediate average particle size (Figure 7 and
Figure 11). Nacogdoches county and Houston county contain three of the four sites with
the highest particulate deposition for this month. In Houston county, there were
unpaved roads/paths south of both samplers so these unpaved roads may have contributed
to the depositional input during this time period. The county with the highest deposition
rate recorded during this time period was Nacogdoches county at 2.9080 kg/ha per month
(Table 4). Shelby county had the lowest particulate weight recorded for this month

(Table 4).
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For the eleventh month, samples were analyzed after one day (Table 4). This was
a period of intermediate particle deposition and intermediate mean particle size (Houston
Health Department, 2019). Out of the three Cherokee county properties, Swink had the
lowest deposition rate at 0.2358 kg/ha per month (Table 4). Mineral deposition from the
unpaved path/road south of the Houston and Nacogdoches samplers may have

contributed to their depositional inputs for this month.

For the final month, samples were analyzed after two days (Table 4). This was a
period of high particulate deposition and intermediate mean particle size (Figure 7 and
Figure 11). Out of the three Cherokee County properties, Atoy had the highest deposition
rate at 7.2150 kg/ha per month (Table 4). Nacogdoches produced the second highest

particulate weight recorded during this time period at 7.4378 kg/ha per month (Table 4).
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Mixed Model ANOVA for Particle Size Distribution

The model for particle size distribution is Microns = m + Location +
Sample(Location) + X + Y + Time where Time was the coded date range of the sample,
Location was the property the sample was taken at, Sample was the subsample taken
from the sample filter after drying, X is the horizontal location of the filter on the stage,
Y is the vertical location of the filter on the stage, and Microns is the measurement of one
particle on the filter. The dependent variable in this model is Microns, and there were
three independent variables or classes: location, sample, and time. Location had seven
levels: one for each property in the study. Time had 12 values. Sample had four levels:
one for each subsample of the filter. The significance level used for comparing P-values
is 0.05. If P<0.05, then the variable is statistically significant. If P>0.05, then the

variable is not statistically significant.
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Figure 11. Arithmetic monthly mean size of sample particles across six sites in Stephen F.
Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one site at the SFA Beef Farm. Units are in microns, and error bars are based
on standard deviation of monthly mean particle sizes across sites.

In Figure 11, the average particle size appeared to follow a bell-curve pattern.
From October 2018-February 2019, it gradually increased, then steeply peaked in
February 2019-March 2019. Afterwards, it gradually decreased again before stabilizing
around April 2019-May 2019 (Figure 11). Arbor Grove has a consistently higher mean
particle size in comparison to the other sites, and this could be due to a higher pollen

input than the other sites (Table 18).
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Larger particles in this study tend to be associated with organic sources like
pollen. January-April and September-October followed this pattern since these time
periods had higher total pollen counts (Figure 11 and Houston Health Department, 2019).
However, it should be noted that although pollen input may influence mean particle size,
a higher total pollen count for an area does not always indicate that the majority of
particles will be pollen in the sampler. If there was a lot of mineral deposition during a
month with a high pollen count, then the average particle size may be lower than a month
that had a lower pollen count but less mineral deposition. This is seen in the comparison
between October 2018-November 2018 compared to November 2018-December 2018
(Figure 11 and Houston Health Department, 2019). November 2018-December 2018 has
the higher pollen count, but it does not yield a higher average particulate size (Figure 11
and Houston Health Department, 2019).

Additionally, areas with small clearings bordered by dense trees and vegetation
were more likely to be higher in pollen particles during certain months. All of the sites
had either unpaved roads or unpaved paths within or leading up to the property. These
sites likely contain smaller, minerally sourced particles from these roads and paths as dust
became airborne with the presence of vehicles driving down the roads. The size of these
minerally sourced particles (<0.002mm-2mm) would have been impacted by a variety of
factors including distant particulate matter sources, imported materials used for unpaved
roads, and bare soils. Low velocity winds would only have been able to transport

smaller, less dense particles, while larger and denser particles would need high wind
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velocities and less geographic obstacles to move across large distances. If the soils were
very cohesive or had very dense particles, then they would likely not have moved very
quickly across large distances.

During dry months recorded in Figure 10, the amount of minerally sourced
particles may have increased due to the bare soil being less cohesive. Additionally, the
presence of unpaved roads or cleared vegetation may have decreased the average particle
size by providing more mineral particle input. Mechanical weathering in the pail over
time could have shrunk some of the dry deposition during rain events providing large
inputs of water during these time periods. Insoluble parts of the particles would likely
not dissolve during these events, but separation of dry and wet deposition is a suggestion

for future studies.

Elemental Composition of the Samples over Time

For each element, summary statistics were calculated using SAS, and a mixed
model using repeated measures was used to process the data. The covariance structure
was autoregressive. The estimation method was REML and the Residual Variance
Method was profile. The Kenward-Roger method was used for both Fixed Effects SE
and Degrees of Freedom. Date was coded as a numerical value for each analysis. Level 1
was October 2018-November 2018, 2 was November 2018-December 2018, 3 was
December 2018-January 2019, 4 was January 2019-February 2019, 5 was February 2019-

March 2019, 6 was March 2019-April 2019, 7 was April 2019-May 2019, 8 was May
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2019-June 2019, 9 was June 2019-July 2019, 10 was July 2019-August 2019, 11 was

August 2019-September 2019, and 12 was September 2019-October 2019.

It should be noted that Hydrogen and Helium were unable to be observed with the
electron spectrometer due to the absence of core electrons and the presence of only
valence electrons (Stojilovic, 2012). The units reported by the x-ray spectrometer for

elemental composition were in mass percentage.
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Summary Statistics for Si

Table 5. Arithmetic mean, standard deviation, minimum and maximum of Si sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Si

Date Range X X . . .
Arithmetic Mean  Standard Deviation ~ Minimum  Maximum
Oct 2018-Nov 2018 48.37 2.87 41.11 51.75
Nov 2018-Dec 2018 44 .85 4.40 30.07 55.50
Dec 2018-Jan 2019 47.35 4.04 27.36 57.86
Jan 2019-Feb 2019 41.97 2.76 30.46 51.72
Feb 2019-Mar 2019 21.94 3.59 5.52 44.55
Mar 2019-Apr 2019 34.80 4.08 17.05 42.25
Apr 2019-May 2019 41.57 4.61 28.73 56.39
May 2019-June 2019 41.04 3.39 29.68 51.70
June 2019-July 2019 43.60 343 28.34 52.85
July 2019-Aug 2019 43.37 4.64 31.19 53.40
Aug 2019-Sep 2019 43.65 2.97 35.10 50.50
Sep 2019-Oct 2019 29.09 2.33 22.71 34.09
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Figure 12. Arithmetic mean of Si in kg/ha sampled across seven sites over a twelve-month
period. Four subsamples were collected per sample. One sample was collected per site per
month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate
Foundation’s STMicroelectronics carbon sequestration project and one sampling site is
located at SFA’s Beef Farm.

Mixed Model for Si

The model for Si is Si = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Si was the Si concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this

model is Si, and there were three independent variables or classes: location, plot, and

65



time. Location had seven levels: one for each property in the study. Plot had four levels:
one for each subsample of the filter. Time had 12 values. The AR(1) Covariance
Parameter Estimate was 0.03288. Location was found to be significant at <0.0001 Pr>F.
Plot(Location) was not found to be significant at 0.5236. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Si deposition was recorded at a monthly range of 0.1939
kg/ha — 1.5393 kg/ha and had a yearly total of 8.5582 kg/ha deposition (Figure 12).
There was a decrease in Si deposition in kg/ha from April to July, but the mass
percentage of Si increased during these months, indicating a higher concentration of
mineral matter (Figure 12, Table 5, and Table 19). This could be due to higher
temperatures drying the soils and making them more susceptible to abrasion.

Cattle hair was observed to contain Si, but Si also has a correlation with soil
particles (Washburn et al., 1958). Higher levels of Si are associated with different clay
and primary minerals present in soils that release Si during chemical weathering (Makabe
et al., 2009). This could indicate higher levels of mineral deposition during periods with
high mass percentages of Si. However, since the filter was also made of Si composite,
this data was likely influenced by the large percent of Si in the filter. Si appeared to
remain stable with little fluctuation aside from two low peaks in February 2019-March

2019 and September 2019-October 2019.
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Summary Statistics for O

Table 6. Arithmetic mean, standard deviation, minimum and maximum of O sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of O

Date Range Arithmetic Mean Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 32.02 1.72 27.79 37.93
Nov 2018-Dec 2018 32.77 3.19 27.41 41.67
Dec 2018-Jan 2019 30.58 1.85 23.17 36.82
Jan 2019-Feb 2019 28.27 1.56 21.11 32.54
Feb 2019-Mar 2019 29.86 4.20 13.45 48.45
Mar 2019-Apr 2019 29.70 1.74 20.61 38.59
Apr 2019-May 2019 28.38 1.85 23.73 38.03
May 2019-June 2019 28.12 1.42 22.40 33.18
June 2019-July 2019 30.49 1.62 24.71 34.11
July 2019-Aug 2019 30.11 1.79 25.92 34.70
Aug 2019-Sep 2019 29.46 1.36 26.76 33.54
Sep 2019-Oct 2019 33.17 1.66 29.54 37.96

Repeated Mixed Model for O

The model for O is O = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, O was the O concentration in mass percent for each subsample, and
Subsample was the sample taken from the filter. The dependent variable in this model is
Ca, and there were three independent variables or classes: location, plot, and time.
Location had seven levels: one for each property in the study. Plot had four levels: one
for each subsample of the filter. Time had 12 levels. The AR(1) Covariance Parameter
Estimate was -0.03234, indicating next year’s data should reflect values less than this
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year. Location was found to be significant at <0.0001 Pr>F. Plot(Location) was not
found to be significant at 0.6348. Time was found to be significant at <0.0001 Pr>F. The
interaction between Location and Time was found to be significant at <0.0001 Pr>F.
Since the subsamples were briefly exposed to air, this data was likely influenced by O
absorbed by the filter rather than O deposition. The average O of all seven sites appears
to remain stable with some small fluctuation aside from two high peaks in October 2018-
November 2018 and February 2019-March 2019 (Table 6 and Table 20). However there
is a great variance between sites, which may indicate environmental factors such as a
greater concentration of pollen or anthropogenic factors such as pollution if the O is
combined with another element like N or S, neither of which were observed in this
investigation.

Pollen spores could be a source of O in these samples due to the O present in the
sporopollenin, cytoplasm, and pectin of the microspore (University of Bern, 2003). All
three of these components are composed of C, H, and O (University of Bern, 2003).
Since the outermost cell wall (exine) of the microspore is very high in sporopollenin,
which encases the spore and is largely resistant to organic acid and alkaline inputs, its

inert chemical makeup could have been preserved (University of Bern, 2003).
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Summary Statistics for C

Table 7. Arithmetic mean, standard deviation, minimum and maximum of C sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of C

Date Range . . . . .
Arithmetic Mean  Standard Deviation ~ Minimum  Maximum
Oct 2018-Nov 2018 6.85 0.16 0.00 10.06
Nov 2018-Dec 2018 11.73 0.48 6.04 23.88
Dec 2018-Jan 2019 4.66 0.96 0.00 18.84
Jan 2019-Feb 2019 7.97 0.60 0.00 16.60
Feb 2019-Mar 2019 24.33 6.26 9.44 59.37
Mar 2019-Apr 2019 12.10 2.89 7.53 35.58
Apr 2019-May 2019 6.95 0.19 0.00 14.15
May 2019-June 2019 491 0.20 0.00 10.06
June 2019-July 2019 5.84 1.52 0.00 17.27
July 2019-Aug 2019 8.11 2.20 4.07 16.56
Aug 2019-Sep 2019 5.90 1.01 3.52 12.43
Sep 2019-Oct 2019 7.13 0.70 5.09 13.66

69



0.8

0.7

0.6

0.5

04

03

0.2

1

5 N m B B I =
IR 9

Average Monthly Deposition of C (kg/ha)

=

% % o o o G o o

N & N N > & & N
O R > > > > o D O O s s
= il b & N b L & N o 3 o
¥y ¢ & P ¢ F & 9 ¢ & & &
D > i > D S S S > D &P AP
X O 2
oY Y o @ Qéo L ‘?*Q& @5\ \\){\ S N & (_)Q,Q
Date Range

Figure 13. C in kg/ha sampled across seven sites over a twelve-month period. Four
subsamples were collected per sample. One sample was collected per site per month. Six of
the seven sampling sites are in Stephen F. Austin University Real Estate Foundation’s
STMicroelectronics carbon sequestration project and one sampling site is located at SFA’s
Beef Farm.

Repeated Mixed Model for C

The model for C is C = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, C was the C concentration in mass percent for each subsample, and
Plot was the sample taken from the filter. The dependent variable in this model is C, and
there were three independent variables or classes: location, plot, and time. Location had

seven levels: one for each property in the study. Plot had four levels: one for each

70



subsample of the filter. Time had 12 levels. Level 1 was October 2018-November 2018,
2 was November 2018-December 2018, 3 was December 2018-January 2019, 4 was
January 2019-February 2019, 5 was February 2019-March 2019, 6 was March 2019-
April 2019, 7 was April 2019-May 2019, 8 was May 2019-June 2019, 9 was June 2019-
July 2019, 10 was July 2019-August 2019, 11 was August 2019-September 2019, and 12
was September 2019-October 2019. The AR(1) Covariance Parameter Estimate was
0.08013. Location was found to be significant at <0.0001 Pr>F. Plot(Location) was not
found to be significant at 0.2438. Time was found to be significant at <0.0001 Pr>F. The
interaction between Location and Time was found to be significant at <0.0001 Pr>F. C
deposition was recorded at a monthly range of 0.0262 kg/ha — 0.6871 kg/ha and had a
yearly total of 2.2923 kg/ha deposition (Table 33). C deposition appears to increase
drastically during months with traditionally high pollen counts (Table 7, Table 21, Figure
13 and Houston Health Department, 2019).

Pollen spores as well as CO; could have been sources of C in these samples due to
CO:2 in the surrounding atmosphere and C present in sporopollenin, cytoplasm, and the
pectin of microspores (University of Bern, 2003). All three of these components are
made of C, H, and O (University of Bern, 2003). Since the outermost cell wall (exine) of
the microspore is very high in sporopollenin, which encases the spore and is largely
resistant to organic acid and alkaline inputs, its inert chemical makeup could have been

preserved (University of Bern, 2003). Additional evidence that points to pollen being a
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source of C deposition is the pollen jump observed between February-April, when pollen

was observed to be very high at the seven sites.
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Summary Statistics for Ba

Table 8. Arithmetic mean, standard deviation, minimum and maximum of Ba sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Ba

Date Range - - — — ;
Arithmetic Mean  Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 8.12 1.77 0.00 13.60
Nov 2018-Dec 2018 5.16 4.22 0.00 10.76
Dec 2018-Jan 2019 8.40 2.37 0.00 11.86
Jan 2019-Feb 2019 7.46 0.81 4.93 9.98
Feb 2019-Mar 2019 391 0.85 0.00 7.80
Mar 2019-Apr 2019 6.01 1.17 0.00 7.75
Apr 2019-May 2019 6.98 2.10 0.00 11.03
May 2019-June 2019 5.67 2.58 0.00 10.28
June 2019-July 2019 6.65 3.06 0.00 12.78
July 2019-Aug 2019 7.00 3.76 0.00 11.07
Aug 2019-Sep 2019 9.16 0.66 6.38 10.76
Sep 2019-Oct 2019 5.64 0.63 3.84 7.19
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Figure 14. Ba in kg/ha sampled across seven sites over a twelve-month period. Four
subsamples were collected per sample. One sample was collected per site per month. Six of
the seven sampling sites are in Stephen F. Austin University Real Estate Foundation’s
STMicroelectronics carbon sequestration project and one sampling site is located at SFA’s
Beef Farm.

Repeated Mixed Model for Ba

The model for Ba is Ba = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Ba was the Ba concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Ba, and there were three independent variables or classes: location, plot, and

time. Location had seven levels: one for each property in the study. Plot had four levels:
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one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was 0.03444. Location was found to be significant at 0.0097 Pr>F.
Plot(Location) was not found to be significant at 0.6545. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Ba deposition was recorded at a monthly range of 0.0380
kg/ha — 0.2984 kg/ha and had a yearly total of 1.43942 kg/ha deposition (Table 33). Bais
present in soils within and surrounding East Texas and appears higher throughout months
with more total deposition (Table 4, Figure 14, and USGS, 1984). However, Ba makes up
a larger mass percentage of the sample from June 2019-September 2019, which may
indicate a higher mineral content during these months (Table 8 and Figure 14).

Hilliard, Arbor Grove, and Atoy displayed the highest values for Ba content so Ba
content appeared to be influenced by a variety of factors other than longitude location.
Average Ba content was high in October 2018-November 2018, then its content gradually
decreased until it reached its lowest point in February 2019-March 2019 (Table 8 and
Table 22). Then it peaked in March-April before gradually increasing from the level of
February 2019-March 2019 (Table 8 and Table 22). This indicates that periods of
temperature extremes or low moisture content could increase the amount of Ba observed
in deposition. Periods of low moisture content would be ideal for mineral deposition
since the soils would be dry and less cohesive. If a high wind occurs or calm winds

consistently occur, this could move particulates easily across some landscapes.
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It was noted that the Agriculture Center consistently reported high amounts of Ba
in comparison to the other sites. This may have been influenced by the presence of cattle.
Cattle are known to have Ba in the chemical composition of their hair, and it is possible

that some of this shed hair blew into the sampler (Washburn et al., 1958).
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Summary Statistics for Na

Table 9. Arithmetic mean, standard deviation, minimum and maximum of Na sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Na

Date Range : 3 . . .
Arithmetic Mean  Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 7.16 0.85 1.49 9.53
Nov 2018-Dec 2018 6.74 1.59 0.00 9.14
Dec 2018-Jan 2019 7.21 0.72 4.07 8.94
Jan 2019-Feb 2019 6.32 0.66 3.04 8.66
Feb 2019-Mar 2019 3.98 0.92 0.00 6.81
Mar 2019-Apr 2019 5.91 0.97 2.63 7.81
Apr 2019-May 2019 6.97 0.98 5.11 8.98
May 2019-June 2019 6.78 1.24 4.47 10.63
June 2019-July 2019 6.87 0.67 3.20 9.10
July 2019-Aug 2019 6.83 0.92 5.11 9.20
Aug 2019-Sep 2019 7.43 0.69 4.86 10.33
Sep 2019-Oct 2019 6.84 0.71 5.37 8.80
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Figure 15. Arithmetic mean of Na in kg/ha sampled across seven sites over a twelve-month
period. Four subsamples were collected per sample. One sample was collected per site per
month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate
Foundation’s STMicroelectronics carbon sequestration project and one sampling site is located at
SFA’s Beef Farm.

Repeated Mixed Model for Na

The model for Na is Na = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Na was the Na concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Na, and there were three independent variables or classes: location, plot, and

time. Location had seven levels: one for each property in the study. Plot had four levels:
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one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was -0.02386. Location was found to be significant at <0.0001 Pr>F.
Plot(Location) was not found to be significant at 0.2674. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Na deposition was recorded at a monthly range of 0.0330
kg/ha — 0.3619 kg/ha and had a yearly total of 1.4679 kg/ha deposition (Table 33). Nais
present in soils within and surrounding East Texas (USGS, 1984). Although the overall
deposition is low in April 2019 - Sept 2019, Na mass percentage of the sample is fairly
high, which may indicate higher percentages of mineral deposition during these months
(Table 9 and Figure 15).

Average Na content was high in October 2018, then its content gradually
decreased until it reached its lowest point in February 2019-March 2019 (Table 9 and
Table 23). Then it peaked in March-April before gradually increasing from the levels of
February 2019-March 2019 (Table 9 and Table 23). This indicates that periods of
temperature extremes or low moisture content could increase the amount of Na content
observed in deposition. Winter and Summer would be ideal times for mineral deposition
to occur since the soils would dry and become less cohesive. If a high wind occurs or
calm winds consistently occur, this could move particulates easily across some
landscapes.

It was noted that the Agriculture Center consistently reported high amounts of Na

in comparison to the other sites. This may have been influenced by the presence of cattle.
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Cattle are known to have Na in the chemical composition of their hair, and it is possible

that some of this shed hair blew into the sampler (Washburn et al., 1958).
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Summary Statistics for Al

Table 10. Arithmetic mean, standard deviation, minimum and maximum of Al sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Al

Date Range Arithmetic Mean  Standard Deviation ~ Minimum  Maximum
Oct 2018-Nov 2018 3.79 0.61 3.00 4.34
Nov 2018-Dec 2018 3.21 0.95 1.92 4.06
Dec 2018-Jan 2019 3.41 0.78 2.37 4.08
Jan 2019-Feb 2019 3.70 0.49 3.11 4.27
Feb 2019-Mar 2019 2.29 0.49 1.88 2.96
Mar 2019-Apr 2019 3.10 0.49 2.54 3.65
Apr 2019-May 2019 3.37 0.72 2.39 4.04
May 2019-June 2019 2.59 0.91 1.81 3.74
June 2019-July 2019 3.23 0.76 2.42 4.03
July 2019-Aug 2019 3.45 0.42 3.01 3.91
Aug 2019-Sep 2019 3.54 0.39 3.13 4.04
Sep 2019-Oct 2019 3.17 0.43 2.75 3.69
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Figure 16. Arithmetic mean of Al in kg/ha sampled across seven sites over a twelve-month
period. Four subsamples were collected per sample. One sample was collected per site per
month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate
Foundation’s STMicroelectronics carbon sequestration project and one sampling site is
located at SFA’s Beef Farm.

Repeated Mixed Model for Al

The model for Al is Al = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Al was the Al concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this

model is Al, and there were three independent variables or classes: location, plot, and
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time. Location had seven levels: one for each property in the study. Plot had four levels:
one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was 0.07981. Location was found to be significant at 0.0123 Pr>F.
Plot(Location) was not found to be significant at 0.3150. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Al deposition was recorded at a monthly range of 0.0157
kg/ha — 0.1676 kg/ha and had a yearly total of 0.7389 kg/ha deposition (Table 33). Al is
present in soils within and surrounding East Texas (USGS, 1984). Although the overall
deposition is low in April 2019 - Sept 2019, Al mass percentage of the sample is fairly
high, which may indicate higher percentages of mineral deposition during these months
(Table 10 and Figure 16).

Swink exhibited a higher arithmetic mean of Al content than the other properties
did throughout the year. This could be due to various unpaved areas across the property
that allowed people to drive through. Unlike many of the other properties, this unpaved
area was expansive, and a small body of water served as the primary depositional barrier
between the road and the sampler. Peaks in Al appear to occur between October-January,
March-June, and August-October (Table 10 and Table 24). This indicates that periods of
temperature extremes or low moisture content could increase the amount of Al content
observed in deposition. Winter and Summer would be ideal times for mineral deposition

to occur since the soils would dry and become less cohesive. If a high wind occurs or
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calm winds consistently occur, this could move particulates easily across some

landscapes.
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Summary Statistics for K

Table 11. Arithmetic mean, standard deviation, minimum and maximum of K sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of K
Date Range ; ; T . -
Arithmetic Mean Standard Deviation Minimum  Maximum
Oct 2018-Nov 2018 4.09 0.42 2.32 5.99
Nov 2018-Dec 2018 3.06 0.95 0.00 4.79
Dec 2018-Jan 2019 3.47 0.56 0.00 4.19
Jan 2019-Feb 2019 4.04 0.37 2.71 5.50
Feb 2019-Mar 2019 2.37 0.43 0.00 4.40
Mar 2019-Apr 2019 3.40 0.44 1.60 5.14
Apr 2019-May 2019 4.13 0.47 2.79 6.23
May 2019-June 2019 3.59 0.80 0.00 5.65
June 2019-July 2019 3.76 0.38 2.23 5.21
July 2019-Aug 2019 3.30 0.73 0.00 5.12
Aug 2019-Sep 2019 4.28 0.26 3.51 492
Sep 2019-Oct 2019 3.24 0.19 2.70 3.74

85



0.2
0.18

0.16

0.1
0.08
0.06

0.04

- I I I I
0
2 4

Average Monthly Deposition of K (kg/ha)

Date Range

Figure 17. Arithmetic mean of K in kg/ha sampled across seven sites over a twelve-month
period. Four subsamples were collected per sample. One sample was collected per site per
month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate
Foundation’s STMicroelectronics carbon sequestration project and one sampling site is
located at SFA’s Beef Farm.

Repeated Mixed Model for K

The model for K is K = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, K was the K concentration in mass percent for each subsample, and
Subsample was the sample taken from the filter. The dependent variable in this model is
K, and there were three independent variables or classes: location, plot, and time.

Location had seven levels: one for each property in the study. Plot had four levels: one
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for each subsample of the filter. Time had 12 levels. The AR(1) Covariance Parameter
Estimate was -0.1418. Location was found to be significant at <0.0001 Pr>F.
Plot(Location) was not found to be significant at 0.4115. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. K deposition was recorded at a monthly range of 0.0190
kg/ha — 0.1714 kg/ha and had a yearly total of 0.7846 kg/ha deposition (Table 33).

K is present in soils within and surrounding East Texas so there may be a link
between periods of low mineral deposition and periods of low K deposition (USGS,
1984). Low mass percentages of K deposition occurred between November 2018-
December 2018 and February 2019-March 2019, while low periods of K deposition in
kg/ha occurred during periods of low overall deposition (Table 11, Table 25 and Figure
17). This could be due to poor sediment transport during this time period. However, the
arithmetic mean of K between sites remained very consistent over the twelve sampling
months.

It was noted that the Agriculture Center consistently reported high amounts of K
in comparison to the other sites. This may have been influenced by the presence of cattle.
Cattle are known to have K in the chemical composition of their hair, and it is possible

that some of this shed hair blew into the sampler (Washburn et al., 1958).
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Summary Statistics for Ca

Table 12. Arithmetic mean, standard deviation, minimum and maximum of Ca sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Ca

Date Range . . . . ;
Arithmetic Mean  Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 2.04 0.25 0.00 3.93
Nov 2018-Dec 2018 0.41 0.64 0.00 2.72
Dec 2018-Jan 2019 0.18 0.20 0.00 2.59
Jan 2019-Feb 2019 2.00 0.46 0.00 3.00
Feb 2019-Mar 2019 1.01 0.46 0.00 2.42
Mar 2019-Apr 2019 1.42 0.69 0.00 2.63
Apr 2019-May 2019 1.36 0.62 0.00 2.81
May 2019-June 2019 0.65 0.44 0.00 2.89
June 2019-July 2019 1.30 0.29 0.00 2.84
July 2019-Aug 2019 0.46 0.77 0.00 2.72
Aug 2019-Sep 2019 2.56 0.17 2.08 3.10
Sep 2019-Oct 2019 1.81 0.11 1.49 2.19
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Figure 18. Arithmetic mean of Ca in kg/ha sampled across seven sites over a twelve-month
period. Four subsamples were collected per sample. One sample was collected per site per
month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate
Foundation’s STMicroelectronics carbon sequestration project and one sampling site is
located at SFA’s Beef Farm.
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Repeated Mixed Model for Ca

The model for Ca is Ca = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Ca was the Ca concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Ca, and there were three independent variables or classes: location, plot, and
time. Location had seven levels: one for each property in the study. Plot had four levels:
one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was -0.02459. Location was found to be significant at <0.0001 Pr>F.
Plot(Location) was not found to be significant at 0.9948. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Ca deposition was recorded at a monthly range of 0.0022
kg/ha — 0.0958 kg/ha and had a yearly total of 0.3146 kg/ha deposition (Table 33). There
was an increase in both mass percentage of Ca and total deposition in kg/ha during the
months of January 2019-April 2019 and September 2019-October 2019 (Table 12, Table
26 and Figure 18).

This Ca deposition may have been influenced by a CaCO3 influx from the North
or West (USGS, 1984 and Table 32). This may have influenced the productivity of
surrounding soils by changing the pH over time and influencing the nutrient availability
(Tsakelidou, 2008). Although the winds primarily blew from the south/southeast

throughout the year, some months displayed winds blowing from the northwest (Figure
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20 and Table 32). These months yielded a substantial amount of Ca and may have been
influenced by the calcareous soils of central Texas (Johnston, 2010).

Ca deposition is present throughout most of the year, but it appears to peak with
late summer and fall temperatures such as those between August and November. This
would be an ideal time for mineral deposition to occur since the soils would dry and
become less cohesive. If high winds or calm winds consistently occur, this could move
particulates, such as Ca rich soil particles from Oklahoma, Central Texas, and West
Texas, into East Texas forested regions and eventually cause a liming effect over time.

It was noted that the Agriculture Center consistently reported high amounts of Ca
in comparison to the other sites. This may have been influenced by the presence of cattle.
Cattle are known to have Ca in the chemical composition of their hair, and it is possible

that some of this shed hair blew into the sampler (Washburn et al., 1958).
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Summary Statistics for Zn

Table 13. Arithmetic mean, standard deviation, minimum and maximum of Zn sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Zn

Date Range Arithmetic Mean Standard Deviation = Minimum  Maximum

Oct 2018-Nov 2018 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0
Jan 2019-Feb 2019 0 0 0 0
Feb 2019-Mar 2019 0.73 0.16 0 2.71
Mar 2019-Apr 2019 0 0 0 0
Apr 2019-May 2019 0 0 0 0
May 2019-June 2019 0 0 0 0
June 2019-July 2019 0 0 0 0
July 2019-Aug 2019 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0
Sep 2019-Oct 2019 5.11 0.62 3.61 6.86

Repeated Mixed Model for Zn

The model for Zn is Zn = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Zn was the Zn concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Zn, and there were three independent variables or classes: location, plot, and

time. Location had seven levels: one for each property in the study. Plot had four levels:
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one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was 0.3805. Location was not found to be significant at 0.1421

Pr>F. Plot(Location) was not found to be significant at 0.4781. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Zn is present in soils within and surrounding East Texas so
there is no clear indicator where this element originated from (USGS, 1984). It appeared
in February 2019-March 2019, which was when the other elements were at their lowest
value, and September 2019-October 2019 (Table 13 and Table 27). This may be from the
surrounding soil or it could be due to a sensitivity in the machine after the tungsten
filament was changed. The filament was changed a day before the Sep 2019-Oct 2019
elemental analysis and two days before the Feb 2019-Mar 2019 elemental analysis, which
indicates the filament change may have impacted the ability of the machine to identify

elements.
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Summary Statistics for Re

Table 14. Arithmetic mean, standard deviation, minimum and maximum of Re sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Re

Date Range : : . . -
Arithmetic Mean Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0
Jan 2019-Feb 2019 0 0 0 0
Feb 2019-Mar 2019 0.06 0.07 0 0.96
Mar 2019-Apr 2019 0 0 0 0
Apr 2019-May 2019 0 0 0 0
May 2019-June 2019 0 0 0 0
June 2019-July 2019 0 0 0 0
July 2019-Aug 2019 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0
Sep 2019-Oct 2019 1.39 1.46 0 4.33

Repeated Mixed Model for Re

The model for Re is Re = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Re was the Re concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Re, and there were three independent variables or classes: location, plot, and

time. Location had seven levels: one for each property in the study. Plot had four levels:
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one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was 0.9905. Location was found to be significant at <0.0001 Pr>F.
Plot(Location) was found to be significant at <0.0001. Time was not found to be
significant at 0.9388 Pr>F. The interaction between Location and Time was not found to
be significant at 1.0000 Pr>F. Re is a rare metal additive used in tungsten alloys (RSC,
2019). Since tungsten filaments are used in the SEM, it is likely that this reading was not
picked up from the deposition, but the SEM itself. It appeared in February 2019-March
2019 and September 2019-October 2019 (Table 14 and Table 28). Re may have been
from the surrounding soil or it could have been detected due to varying sensitivity in the

SEM after the tungsten filament was changed.
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Summary Statistics for Ti

Table 15. Arithmetic mean, standard deviation, minimum and maximum of Ti sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Ti

Date Range ; ; . . -
Arithmetic Mean Standard Deviation Minimum  Maximum
Oct 2018-Nov 2018 0.13 0.26 0 2.44
Nov 2018-Dec 2018 0 0 0 0
Dec 2018-Jan 2019 0.02 0.03 0 0.44
Jan 2019-Feb 2019 0.02 0.04 0 0.59
Feb 2019-Mar 2019 0 0 0 0
Mar 2019-Apr 2019 0.05 0.09 0 0.67
Apr 2019-May 2019 0 0 0 0
May 2019-June 2019 0 0 0 0
June 2019-July 2019 0.08 0.16 0 1.15
July 2019-Aug 2019 0 0 0 0
Aug 2019-Sep 2019 0.03 0.06 0 0.90
Sep 2019-Oct 2019 0.09 0.14 0 0.70

Repeated Mixed Model for Ti

The model for Ti is Ti = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Ti was the Ti concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Ti, and there were three independent variables or classes: location, plot, and
time. Location had seven levels: one for each property in the study. Plot had four levels:

one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
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Parameter Estimate was 0.1045. Location was not found to be significant at 0.2150
Pr>F. Plot(Location) was not found to be significant at 0.8701. Time was not found to be
significant at 0.2455 Pr>F. The interaction between Location and Time was not found to
be significant at 0.8633 Pr>F. Ti is abundant in both nature and commercial processing
so it is difficult to determine its source (RSC, 2019). Since the monthly mass percentage
of Ti recorded was less than 0.2%, it was likely static from the SEM (Table 15 and Table

29).
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Summary Statistics for Fe

Table 16. Arithmetic mean, standard deviation, minimum and maximum of Fe sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Fe

Date Range - - — — -
Arithmetic Mean Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 7.16 0.85 1.49 9.53
Nov 2018-Dec 2018 6.74 1.59 0 9.14
Dec 2018-Jan 2019 7.21 0.72 4.07 8.94
Jan 2019-Feb 2019 6.32 0.66 3.04 8.66
Feb 2019-Mar 2019 3.98 0.92 0 6.81
Mar 2019-Apr 2019 591 0.97 2.63 7.81
Apr 2019-May 2019 6.97 0.98 5.11 8.98
May 2019-June 2019 6.78 1.24 4.47 10.63
June 2019-July 2019 6.87 0.67 3.20 9.10
July 2019-Aug 2019 6.83 0.92 5.11 9.20
Aug 2019-Sep 2019 7.43 0.69 4.86 10.33
Sep 2019-Oct 2019 6.84 0.71 5.37 8.80

98



0.4
0.35
03
0.25
0.2
0.15

0.1

- I I
: [ N
o 5
Q'\/ Y

Average Monthly Deposition of Fe (kg/ha)

Date Range

Figure 19. Arithmetic mean of Fe in kg/ha sampled across seven sites over a twelve-month
period. Four subsamples were collected per sample. One sample was collected per site per
month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate
Foundation’s STMicroelectronics carbon sequestration project and one sampling site is
located at SFA’s Beef Farm.

Repeated Mixed Model for Fe

The model for Fe is Fe = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Fe was the Fe concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this

model is Fe, and there were three independent variables or classes: location, plot, and
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time. Location had seven levels: one for each property in the study. Plot had four levels:
one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was 0.03199. Location was found to be significant at <0.0001 Pr>F.
Plot(Location) was not found to be significant at 0.8523. Time was found to be
significant at <0.0001 Pr>F. The interaction between Location and Time was found to be
significant at <0.0001 Pr>F. Fe can be found in some soils within East Texas and Central
Texas (Johnson, 2010). Fe deposition was recorded at a monthly range of 0.0330 kg/ha —
0.3619 kg/ha and had a yearly total of 1.4679 kg/ha deposition (Table 33). Although the
total deposition in kg/ha does not decrease very much in February 2019-March 2019, the
mass percentage of Fe in the samples decreases considerably during this time (Table 16,
Table 30, and Figure 19). This may be due to less mobile soil particulates in the area
during this time.

Fe was detected from only three properties: Arbor Grove in October 2018-
November 2018, Atoy in January 2019-February 2019, and Swink in January 2019-
February 2019 and May 2019-June 2019. This may be due to Fe present in nearby soils

and the lack of reduced conditions since all three samplers are on elevated terrain.
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Summary Statistics for Ce

Table 17. Arithmetic mean, standard deviation, minimum and maximum of Ce sampled
across seven sites over a twelve-month period. Four subsamples were collected per sample.
One sample was collected per site per month. Six of the seven sampling sites are in Stephen
F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one sampling site is located at SFA’s Beef Farm.

Mass Percentage of Ce

Date Range - - — — -
Arithmetic Mean Standard Deviation =~ Minimum  Maximum
Oct 2018-Nov 2018 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0
Jan 2019-Feb 2019 0.06 0.12 0 1.66
Feb 2019-Mar 2019 0 0 0 0
Mar 2019-Apr 2019 0 0 0 0
Apr 2019-May 2019 0 0 0 0
May 2019-June 2019 0 0 0 0
June 2019-July 2019 0.10 0.19 0 2.66
July 2019-Aug 2019 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0
Sep 2019-Oct 2019 0 0 0 0

Repeated Mixed Model for Ce

The model for Ce is Ce = m + Location + Plot(Location) +e where Time was the
coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Ce was the Ce concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Ce, and there were three independent variables or classes: location, plot, and
time. Location had seven levels: one for each property in the study. Plot had four levels:

one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
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Parameter Estimate was 0.01543. Location was not found to be significant at 0.5154
Pr>F. Plot(Location) was not found to be significant at 0.4390. Time was not found to be
significant at 0.5425 Pr>F. The interaction between Location and Time was not found to
be significant at 0.4681 Pr>F. Ce is commonly found in natural minerals and is used
commercially as a catalyst for various things like cigarette lighters and self-cleaning
ovens (RSC, 2019). Itis also used in flat screen TVs and lights (RSC, 2019). Since the
monthly mass percentage of Ce recorded was less than 0.2%, it was likely static from the

SEM (Table 17 and Table 31).

Summary Statistics for Trace Elements

The trace elements observed in this study include In, F, Mo, and Ru. All of these
were found in only one sample, not statically significant, and allotted for less than
<1.50% as their maximum mass percentage. The following paragraphs outline the
summary statistics for each element.

In was found in one sample during this study (Hilliard February 2019-March
2019). Among this sample’s four subsamples, the average element mass percentage was
0.38%, the standard deviation was (.75, the minimum value was 0%, and the maximum
value was 1.50%. All other readings for In recorded 0%.

F was found in one sample during this study (Atoy May 2019-June 2019).

Among this sample’s four subsamples, the average element mass percentage was 0.02%,
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the standard deviation was 0.04, the minimum value was 0%, and the maximum value

was 0.08%. All other readings for F recorded 0%.

Mo was found in one sample during this study (Hilliard February 2019-March
2019). Among this sample’s four subsamples, the average element mass percentage was
0.04%, the standard deviation was 0.07, the minimum value was 0%, and the maximum

value was 0.14%. All other readings for Mo recorded 0%.

Ru was found in one sample during this study (Agriculture Farm December 2018-
January 2019). Among this sample’s four subsamples, the average element mass
percentage was 0.01%, the standard deviation was 0.02, the minimum value was 0%, and

the maximum value was 0.04%. All other readings for Ru recorded 0%.

Repeated Mixed Model for Trace Elements

The model for In is In = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, In was the In concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is In, and there were three independent variables or classes: location, plot, and
time. Location had seven levels: one for each property in the study. Plot had four levels:
one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was -0.01543. Location was not found to be significant at 0.4129

Pr>F. Plot(Location) was not found to be significant at 0.4390. Time was not found to be
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significant at 0.4643 Pr>F. The interaction between Location and Time was not found to
be significant at 0.4955 Pr>F. With the outlier sample removed, no variables were
significant.

In is not typically found uncombined in nature, but when it is, it is often
associated with other elements such as Zn (RSC, 2019). It is common in However, it is
used in indium-tin oxide coated glass slides that are used in SEM analysis (Pluk, 2009).
Indium-tin oxide is also common in touch screen technology, flat screens, and solar
panels (RSC, 2019). Due to this element being more common in the industrial setting
rather than nature, it is likely the In in this reading was unsubstantial.

The model for F is F = m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, F was the F concentration in mass percent for each subsample, and
Subsample was the sample taken from the filter. The dependent variable in this model is
F, and there were three independent variables or classes: location, plot, and time.
Location had seven levels: one for each property in the study. Plot had four levels: one
for each subsample of the filter. Time had 12 levels. The AR(1) Covariance Parameter
Estimate was -0.01543. Location was not found to be significant at 0.4129 Pr>F.
Plot(Location) was not found to be significant at 0.4390. Time was not found to be
significant at 0.4643 Pr>F. The interaction between Location and Time was not found to
be significant at 0.4955 Pr>F. With the outlier sample removed, no variables were

significant. Combined F is very common in Nature and can be found in trace amounts
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within bodies of water and various minerals like fluorite, cryolite, and fluorspar (RSC,
2019).

The model for Mo is Mo = m + Location + Plot(Location) + Time where Time
was the coded date range of the sample, Location was the property the sample was taken
at, sample was the filter, Mo was the Mo concentration in mass percent for each
subsample, and Subsample was the sample taken from the filter. The dependent variable
in this model is Mo, and there were three independent variables or classes: location, plot,
and time. Location had seven levels: one for each property in the study. Plot had four
levels: one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was -0.01543. Location was not found to be significant at 0.4129
Pr>F. Plot(Location) was not found to be significant at 0.4390. Time was not found to be
significant at 0.4643 Pr>F. The interaction between Location and Time was not found to
be significant at 0.4955 Pr>F. With the outlier sample removed, no variables were
significant. Mo is present in soils within and surrounding East Texas so there is no clear
indicator where this element originated from (USGS, 1984).

The model for Ru is Ru=m + Location + Plot(Location) + Time where Time was
the coded date range of the sample, Location was the property the sample was taken at,
sample was the filter, Ru was the Ru concentration in mass percent for each subsample,
and Subsample was the sample taken from the filter. The dependent variable in this
model is Ru, and there were three independent variables or classes: location, plot, and

time. Location had seven levels: one for each property in the study. Plot had four levels:
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one for each subsample of the filter. Time had 12 levels. The AR(1) Covariance
Parameter Estimate was -0.01543. Location was not found to be significant at 0.4129
Pr>F. Plot(Location) was not found to be significant at 0.4390. Time was not found to be
significant at 0.4644 Pr>F. The interaction between Location and Time was not found to
be significant at 0.4953 Pr>F. With the outlier sample removed, no variables were
significant. Ru is an extremely rare metal, and is used most often in the electronic

industry (RSC, 2019).
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CONCLUSIONS

The deposition collected for this study was significantly influenced by location of
the sampler and time. Other factors that could have influenced the amount of deposition
collected were surrounding groundcover, precipitation, wind direction, wind velocity,
clearing size, pollen deposition, geologic barriers, unpaved roads, etc. Calm winds are
unlikely to carry larger particles over great distances and would be susceptible to
geologic and natural barriers such as trees reducing their velocity. However, areas with
higher wind speeds and sparse trees would be more susceptible to nonnative particulates.

In Figure 10, months with the highest average precipitation had the lowest
average particulate deposition. This could be due to precipitation events reducing the
mobility of particulates. Large precipitation events may also temporarily increase the
cohesiveness of incoming particulate matter, making particle transport more difficult.

Surrounding groundcover appeared to influence the amount of deposition in the
sampler since different types of pollen were released during different parts of the year
(Houston Health Department, 2019). Particle size data helped identify this trend. Since

pollen is associated with larger particles, particle size data was used to identify the
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relative pollen concentrations across different sites over the sampling year. Higher
average particle sizes correlated to higher amounts of particle deposition and lower
amounts of precipitation. This trend may correlate with a higher amount of dry
deposition or pollen during these time periods.

Particle size data also provided information about the potential origins of
particulate deposition during different sampling periods. Months with low mean particle
size may be indicative of distant sources of mineral deposition due to wind and
mechanical weathering altering the size and morphology of mineral matter as it moved
across the landscape. Since these months were often months with higher rates of
precipitation, this data may also be indicative of higher rates of wet deposition.

The total yearly deposition recorded in this study was 22.9865 kg/ha. Of this
yearly deposition, 8.5582 kg/ha was Si deposition, 2.2923 kg/ha was C deposition,
1.4394 kg/ha was Ba deposition, 1.4679 kg/ha was Na deposition, 0.7389 kg/ha was Al
deposition, 0.3146 kg/ha was Ca deposition, 0.7846 kg/ha was K deposition, and 1.4679
kg/ha was Fe deposition (Table 33). Si deposition had a monthly range of 0.1939 kg/ha —
1.5393 kg/ha, C deposition had a monthly range of 0.0262 kg/ha — 0.6871 kg/ha, Ba had
a monthly range of 0.0380 kg/ha — 0.2984 kg/ha, Na had a monthly range of 0.0330 kg/ha
—0.3619 kg/ha, Al had a monthly range of 0.0157 kg/ha — 0.1676 kg/ha, Ca had a
monthly range of 0.0022 kg/ha — 0.0958 kg/ha, K had a monthly range of 0.0190 kg/ha —
0.1714 kg/ha, and Fe had a monthly range of 0.0330 kg/ha — 0.3619 kg/ha (Table 33).

Mean particle size increased from January 2019-April 2019 (Figure 11).
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Total deposition displayed seasonal patterns, with higher deposition during the
Spring and Fall and lower deposition during the Summer and Winter (Figure 7). Particle
size increased during high pollen months and wetter seasons such as Spring and
decreased during traditionally drier months like Summer (Figure 11 and Houston Health
Department, 2019). This may indicate higher amounts of organic deposition during high
pollen seasons and higher amounts of mineral deposition in drier months. Elements
found in soils tended to make up a larger percentage of the deposition during drier
Summer and Winter months (Figure 10, Table 18, Table 22, Table 23, Table 24, Table
25, Table 26 and Table 30).

The highest deposition was recorded at Maxwell, and Arbor Grove maintained the
highest average deposition for six out of twelve recorded months. These two properties
are the furthest properties to the west and south. They have the least number of trees
between the plains of central Texas and their location. Peak deposition was observed
between September 2018-November 2018, and January 2019-April 2019. Peak
deposition appears to correspond to traditionally dry seasons and pollen season.

Water levels in the samplers were accounted for in the deposition calculations.
However, during some months, the pails overflowed or spilled, and this likely influenced
the calculations. Future studies should account for these possibilities by using larger
pails to hold the deposition. To reduce spilling during transport, the lids should be sealed

and spill-proof.

109



It may benefit future studies to collect an unfiltered water sample for elemental
analysis using an ICP-MS and nitric acid digestion. Due to the early disposal of sample
solution after recordings were made, this was not a viable option. The high silica content
of the filters used in this study made this option unusable because the silica would form a

gel that could interfere with the results collected.

While H and He were not recorded by the SEM-EDS technology, there is a high
probability that H was present due to its abundance in pollen granules and water. Si, O,
C, Ba, Na, Al, K, Ca and Fe were observed at >1.00% mass. Ofthese, Si, O, C, Ba, Na,
Al K, Ca, and Fe were found to be statistically significant by time, location, and the

interaction between time and location using the ANOVA Mixed Model statistics method.

Si makes up a large portion of soil particles and the glass filter used in this study
so its readings may correlate with both the filter and surrounding soils. While O and C
are present in pollen grains, they are also present in CO2, and O is present in H2O and O».
Therefore, these may have many sources other than deposition. Fe is present in some
East Texas soils. Ba, Na, Al, Ca, and K are all common in East Texas soils. Ca is also
common in Central Texas soils, which could indicate that more research into the transport

of particulates should be analyzed.

East Texas soils may have been impacted in a variety of ways by the incoming
particulate matter from different regions. O deposition from air and water may have

increased the efficiency of cellular respiration in plants while incoming C may have
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influenced photosynthesis rates (University of Missouri, 2017). Also, since soils tend to
act as C sinks, this may have allowed elements that were combined with C to remain in
the soil longer than they would have uncombined (Oertel et al., 2016). Deposition of
Micronutrients Zn and Fe as well as macronutrients Ca and K may have increased soil
fertility over time. However, CaO3 deposition may impact pH and nutrient availability
(Tsakelidou, 2008). Na deposition may have increased soil salinity when combined to
form various salts. Depending on the amount and chemical combination of Al found in
East Texas soils as well as the soil’s pH, Al could have been harmful to surrounding plant

growth, inconsequential, or beneficial (Bojérquez-Quintal et al., 2017).
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Table 18. Arithmetic monthly mean, maximum and minimum size with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate

Foundation’s STMicroelectronics carbon sequestration project and one site at the SFA Beef Farm. Units are in Microns.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Microns Microns Microns Microns Microns Microns Microns

Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD
Oct 2018-Nov 2018 447 038 3443 374 900 120 79.08 7.55 3.89 038 4575 3.70 432 038 47.56 3.89 542 0.54 213.84 1047 422 054 7819 497 558 038 86.02 5.58
Nov 2018-Dec 2018 4.10 038 5673 3.96 775 038 97.03 840 4.55 038 40.10 3.93 - - - - 447 038 4499 440 7.19 038 162.04 1141 6.5 038 159.37 10.43
Dec 2018-Jan 2019 3.57 038 6592 3.86 7.58 0.85 169.12 879 437 038 8028 599 3.67 038 5526 351 4.19 038 100.72 487 4.85 038 11593 894 510 0.38 13143 7.20
Jan 2019-Feb 2019 5.10 038 91.77 636 1139 076 8621 9.88 11.00 1.14 134.87 1198 6.83 0.76 260.14 853 630 038 77.80 7.13 7.11 038 6325 594 10.00 0.54 108.84 10.18
Feb 2019-Mar 2019 1526 0.85 144.88 16.99 30.99 1.20 86.58 22.52 18.84 1.14 79.41 19.64 1470 0.76 91.85 16.39 18.61 1.57 184.10 16.93 17.77 0.85 131.64 17.60 12.01 1.52 7197 9.16
Mar2019-Apr2019 8.88 0.85 80.57 9.78 10.00 0.76 160.28 13.10 8.68 0.54 89.10 12.14 8.18 038 77.84 11.63 8.55 038 77.76 10.73 990 0.54 153.78 13.20 846 0.38 8598 12.05
Apr 2019-May 2019 6.90 054 13881 804 651 038 6843 6.14 3.65 038 90.66 359 554 038 13032 726 595 054 5513 464 618 038 17041 729 675 038 7076 533
May 2019-June 2019 4.68 038 8352 6.8 444 038 9921 533 565 038 103.17 661 633 054 11105 647 3.71 038 80.23 391 484 038 13881 671 585 076 12745 6.78
June 2019-July 2019 422 038 9148 533 588 038 8258 577 622 038 5865 594 625 076 15033 794 441 038 4721 411 462 038 20453 745 7.60 038 136.25 894
Ju]y 2019.Aug 2019 7.59 1.08 127.69 7.96 521 0.38 12492 7.65 570 0.54 119.16 7.31 527 038 108.74 7.52 434 038 16948 7.17 582 038 11588 7.14 7.04 0.38 492.44 14.39
Aug20]9_sep 2019 590 0.76 6235 635 587 0.54 87.72 6.74 474 038 119.14 570 4.88 038 81.03 453 7.08 0.54 13898 6.75 6.43 0.54 89.01 691 492 0.38 163.93 6.17

6.48 0.85 10413 6.15 544 0.54 8091 562 568 038 6435 572 458 038 5478 423 697 120 146.07 6.94 7.09 1.14 179.03 938 501 0.76 69.28 491

Sep 2019-Oct 2019
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Table 19. Arithmetic monthly me an, maximum and minimum mass percentage of Si with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s
STMicroelectronics carbon sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Si Mass Percentage Si Mass Percentage Si Mass Percentage Si Mass Percentage Si Mass Percentage Si Mass Percentage Si

Mean Min __Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min  Max SD Mean Min Max SD Mean Min Max SD

Oct 2018-Nov 2018 49.71 4791 51.19 1.49 4581 41.11 5043 4.43 49.60 46.93 51.75 2.18 48.82 46.19 51.31 2.77 49.03 4590 51.05 2.29 4825 4505 51.68 2.83 47.35 4234 50.93 4.07
Nov 2018-Dec 2018 49.28 48.15 49.94 0.85 3851 3509 43.36 3.48 4575 41.88 49.23 3.81 - - - - 4416 4179 46.93 2.14 48.52 39.48 5550 6.85 42.88 30.07 50.80 9.29
Dec 2018-Jan 2019  47.65 42.79 53.94 4.63 32.55 27.36 35.07 3.57 53.86 48.99 57.86 3.66 49.65 4581 51.31 2.58 50.41 46.54 55.03 3.80 47.70 38.12 53.84 7.33 49.62 46.46 52.58 2.70
Jan 2019-Feb 2019  47.19 46.38 4832 0.82 34.86 31.15 3824 2.96 4593 41.56 51.72 4.49 4579 44.47 4737 136 44.17 4041 48.14 328 36.40 30.46 40.94 436 39.42 37.63 41.42 2.07
Feb 2019-Mar 2019 33.54 28.16 43.40 6.76 9.66 552 1726 5.19 30.67 2625 32.61 2.98 3830 34.25 4455 4.52 1455 1248 1672 1.84 14.66 11.84 17.62 240 1221 10.34 13.75 1.43
Mar 2019-Apr 2019 28.73 22.36 3547 536 29.58 17.05 38.15 9.52 39.29 35.08 42.25 3.32 35.53 33.03 37.56 1.87 36.40 33.27 4035 293 3584 32.60 40.16 3.21 3824 3590 41.18 237
Apr 2019-May 2019 37.44 28.73 44.58 7.21 36.23 34.58 40.49 2.85 41.57 36.81 4895 5.78 40.62 37.54 43.56 3.00 45.17 37.03 48.89 5.47 39.74 36.15 41.67 2.48 50.20 44.12 56.39 5.50
May 2019-June 2019 39.18 38.55 39.82 0.58 4291 38.61 4555 3.00 46.41 39.63 51.70 5.07 3554 29.68 3932 4.13 48.59 48.13 49.42 0.58 39.35 3295 47.72 6.18 3528 30.95 40.39 4.18
June 2019-July 2019 49.09 46.35 52.85 2.72 41.70 36.98 49.56 5.74 35.81 28.34 41.19 5.79 4554 37.92 50.83 5.83 49.60 46.87 52.29 2.22 48.06 46.41 49.46 130 3540 35.17 36.04 0.43
July 2019-Aug 2019 37.47 31.19 46.18 6.97 41.79 3727 4546 3.95 46.56 40.25 51.96 5.08 44.80 37.77 49.69 5.62 49.89 46.11 53.40 2.98 41.66 34.16 4523 5.22 41.42 38.00 4448 2.68
Aug 2019-Sep 2019  46.65 42.89 49.92 291 44.17 4272 4740 2.19 4574 41.85 49.65 3.20 42.83 40.19 46.76 3.00 38.86 35.10 44.65 4.07 42.88 4227 44.09 0.83 44.44 3932 50.50 4.60
Sep 2019-Oct 2019 2578 22.71 30.63 3.58 28.83 26.01 32.80 3.14 31.99 27.49 34.09 3.05 30.50 27.74 31.96 1.89 27.59 2592 29.38 142 2895 26.71 32.52 2.50 30.01 29.13 30.59 0.70
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Table 20. Arithmetic monthly mean, maximum and minimum mass percentage of O with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon
sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
¢ Mass Percentage O Mass Percentage O Mass Percentage O Mass Percentage O Mass Percentage O Mass Percentage O Mass Percentage O

Mean ~ Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Mm Max SD Mean Min Max SD Mean Min Max SD

Oct2018-Nov 2018 3247 3078 3431 154 3035 2779 3339 258 329 3219 3371 063 322 309 3287 08 3265 3026 3793 356 3191 2971 3291 148 3169 3027 3317 139
Nov2018-Dec 2018 3099 298 3254 117 3068 2741 3349 257 3546 2889 4167 523 - - - - 3245 2854 36.64 443 3194 3078 3379 138 3508 30.56 3947 433
Dec 2018-Jan2019  32.58  29.46 3682 3.08 2548 2317 2778 198 32.87 30.65 3487 18 3025 2898 319 127 3020 2821 3239 180 3249 2981 3538 236 3020 29.61 3LI1 0.64
Jan2019-Feb2019 3116 2953 3254 124 2284 2111 252 191 2812 2634 3097 203 3092 3014 319 078 29.80 29.25 3L18 092 2575 2269 2875 256 2928 27.96 3132 145
Feb2019-Mar 2019  24.44 2232 2858 2.84 1977 1345 3136 799 2219 1891 2505 299 2736 2455 3005 226 4293 33.06 4845 680 40.10 3552 4633 455 3225 30.14 3447 194
Mar 2019-Apr2019  21.53 2061 2382 153 261 2383 2868 216 3704 3596 3859 125 2507 2391 2646 129 3566 3334 3694 159 3597 3233 3854 261 2650 2411 2817 172
Apr2019-May 2019 2599 2373 296 252 2454 2384 2587 092 2929 2687 3144 192 2652 2464 2923 198 3095 3072 3119 020 26.68 2394 28.06 1.90 3469 30.01 3803 3.48
May 2019-June 2019  27.25 2481 2974 234 2872 272 302 156 308 2999 3215 094 2698 2674 2722 02 3026 2889 3115 096 2940 2542 3318 317 2337 2240 2433 0.79
June 2019-July 2019 31.68  29.57 3324 159 3021 26 3208 28 2619 2471 2746 115 3143 3048 3307 116 3273 3142 3411 141 3L13 3029 3230 085 30.04 2653 3152 238
July 2019-Aug 2019 2926 28.09 3238 2.09 277 2592 2926 138 3212 2943 347 223 3081 2949 3252 152 30.75 29.64 3138 076 29.03 2786 30.18 127 3111 27.71 3414 331
Aug2019-Sep 2019 31.32  30.05 3268 144 2962 2861 3053 089 3003 278 3161 158 2938 2863 3126 126 27.67 2676 29.05 101 2823 2722 2915 080 29.94 27.68 3354 252
Sep2019-Oct 2019  32.69  32.08 336  0.64 3201 2954 3415 246 3544 3227 3796 235 3419 3244 361 15 3132 3071 3183 048 3284 2984 3670 294 3370 3234 3519 127
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Table 21. Arithmetic monthly mean, maximum and minimum mass percentage of C with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics
carbon sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage C Mass Percentage C Mass Percentage C Mass Percentage C Mass Percentage C Mass Percentage C Mass Percentage C

Mean __ Min Max SD Mean _ Min Max SD Mean _ Min Max SD Mean _ Min Max SD _ Mean _ Min Max SD Mean _ Min Max SD Mean Min Max SD
Oct 2018-Nov 2018 10.06 10.06  10.06 0 8.41 7.49 9.19 074 10.06 10.06 10.06 0 3.91 391 3.91 0 0 0 0 0 10.06 10.06 10.06 0 545 498 591 038
Nov 2018-Dec 2018  10.06 10.06  10.06 0 9.87 6.50 12.01 250 10.06 10.06 10.06 0 - - - 10.06 10.06 10.06 0 6.47 6.04 691 036 23.88 23.88 23.88 O
Dec 2018-Jan 2019 2.14 0 427 174 1760 1670 18.84 0.98 0 0 0 0 0 0 0 0 10.06 10.06 10.06 0 2.83 0 8.49 4 0 0 0 0
Jan 2019-Feb 2019 10.06 10.06 10.06 0 15.07 13.54 16.60 1.25 4.52 3.19 575 1.05 0 0 0 0 4.72 4.42 498 0.23 10.06 10.06 10.06 0 1137 9.77 13.28 1.68
Feb 2019-Mar 2019  18.38 15.78 19.74 1.84 36.68 2822 59.37 1514 17.14 117 2653 6.67 1155 9.44 1475 236 3553 2211 4572 12 31.81 2543 3414 426 19.24 1731 20.77 1.59
Mar 2019-Apr 2019  10.06  10.06  10.06 0 21.44 10.19 3558 12.24 9.02 7.67 10.78 1.56 10.06 10.06 10.06 0 10.67 7.53 1495 3.16 13.38 1038 17.54 3.24 10.06 10.06 10.06 O
Apr 2019-May 2019 10.06 10.06  10.06 0 1249 10.83 1415 136 299 2.99 2.99 0 13.04 13.04 13.04 0 0 0 0 0 10.06 10.06 10.06 0 0 0 0 0
May 2019-June 2019 10.06 10.06  10.06 0 7.63 6.46 9.61 141 0 0 0 0 0 0 0 0 6.62 6.62 6.62 0 0 0 0 0 10.06 10.06 10.06 O
June 2019-July 2019 0 0 0 0 6.70 5.58 722 076 1208 9.83 1489 230 4.8 0 9.02 3.72 0 0 0 0 4.36 3.78 555 081 12.86 10.24 17.27 3.08
July 2019-Aug 2019 12.27 7.88 16.56 3.61 9.40 822 1136 141 7.02 4.48 10.56 2.58 7.66 5.83 1140 257 430 4.07 453 019 810 490 1276 332 8.00 643 1043 174
Aug 2019-Sep 2019 3.61 3.52 3.70 0.07 7.22 6.34 7.72 062 413 3.85 443 024 7.24 4.87 1243 349 6.00 5.39 720 0.83 6.04 5.22 661 061 708 58 843 122
Sep 2019-Oct 2019 10.79 6.78 13.66  3.18 5.82 5.39 6.25 035 10.06 10.06 10.06 0 5.74 5.74 5.74 0 6.37 5.28 7.27 0.88 5.62 5.09 624 048 554 554 554 0
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Table 22. Arithmetic monthly mean, maximum and minimum mass percentage of Ba with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics
carbon sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink

Mass Percentage Ba Mass Percentage Ba Mass Percentage Ba Mass Percentage Ba Mass Percentage Ba Mass Percentage Ba Mass Percentage Ba

Mean Min  Max SD  Mean Min Max SD  Mean  Min Max SD Mean Min  Max SD Mean Min  Max SD Mean Min Max SD  Mean _ Min Max  SD
Oct 2018-Nov 2018 1048 890 136 212 1.39 0 5.54 2.77 9.31 8.54 10.1 064 932 88 989 045 743 0 10.42 497 943 8.03 1055 1.04 948 8.98 9.86 037
Nov 2018-Dec 2018 9.75 883 10.28 0.63 1.92 0 7.69 3.85 2.23 0 892 446 - - - - 5.27 0 10.76 6.08 6.99 0 10.19 470 482 0 9.86 5.57
Dec 2018-Jan 2019 7.79 0 11.09 5.21 3.66 0 7.69 4.24 9.45 8.62 10.18 0.81 11.15 1032 11.86 0.76 9.84 945 1036 039 710 0 10.88 4.86 9.80 9.48 10.13  0.29
Jan 2019-Feb 2019 9.14 854 998 071 5.92 4.93 7.54 1.13 6.87 533 7.74 106 835 7.23 890 0.79 888 838 913 034 659 5.12 7.84 1.14 6.47 6.15 7.16 047
Feb 2019-Mar 2019 6.06 394 7.80 161 2.07 0 4.58 191 5.75 5.02 6.36 069 557 485 6.03 051 228 183 270 037 3.00 251 3.34 0.35 2.65 2.23 335 0.51
Mar 2019-Apr 2019 4.07 0 7.75 3.19 6.31 421 7.43 1.48 6.43 6.03 697 039 667 627 722 044 628 510 737 101 553 4.01 6.44 1.07 6.78 6.14 7.45 0.60
Apr 2019-May 2019 6.55 491 765 122 7.92 7.04 8.71 0.70 6.20 5.07 736 094 592 527 662 058 753 0 10.78 5.06 7.11 5.84 8.14 1.09 7.63 0 11.03 5.13
May 2019-June 2019 7.28 6.13 884 114 9.05 8.04 9.58 0.72 6.57 0 10.07 4.48 148 0 590 295 9.65 933 1028 043 19 0 7.76 3.88 3.70 0 9.07 4.48
June 2019-July 2019 990 809 11.66 148 4.15 0 8.69 4.80 4.72 0 10.26 549 7.89 0 12.78 550 893 752 955 095 972 9.24 10.86 0.77 1.23 0 492 246
July 2019-Aug 2019 4.25 0 9.15 493 881 8.32 9.36 0.43 7.47 0 10.58 5.03 7.24 0 10.26 4.8 969 879 11.07 105 6.86 0 9.66 4.60 4.65 0 10.14 5.41
Aug 2019-Sep 2019 9.83 936 10.76 0.64 9.40 8.78 10.12 0.69 10.05 9.23 1065 060 9.03 770 970 092 730 638 780 063 962 8.51 10.19 0.76 891 8.56 931 041
Sep 2019-Oct 2019 501 391 567 077 5.49 4.90 5.92 0.45 6.28 5.68 657 041 591 540 632 038 508 38 574 084 533 4.38 6.46 0.89 6.38 5.67 7.19 0.66
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Table 23. Arithmetic monthly mean, maximum and minimum mass percentage of Na with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate ion’s STMicroel ics carbon seq ion project and one site at the SFA Beef
Farm.
Propert;
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Na Mass P Na Mass Percentage Na Mass P Na Mass Percentage Na Mass P Na Mass Percentage Na

Mean Min Max SD  Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD
Oct 2018-Nov 2018 7.96 7.05 9.10 0.85 2.52 1.49 4.13 116 8.08 7.31 9.33 0.92 812 7.48 8.54 0.45 7.95 6.29 9.53 1.49 7.83 7.18 877 0.70 7.63 7.28 8.06 0.39
Nov 2018-Dec 2018 7.82 7.22 822 045 6.04 4.98 6.90 0.81 571 0 835 3.93 - - - 7.98 6.53 9.14 114 6.31 5.09 7.72 118 6.60 4.01 892 2.02

Dec 2018-Jan 2019 7.66 6.29 8.82 1.06 4.65 4.07 5.17 0.45 7.67 6.94 8.94 0.88 7.85 7.23 8.69 0.61 7.76 7.28 8.48 0.53 7.15 5.94 7.82 0.83 7.76 6.93 8.50 0.65
Jan 2019-Feb 2019 8.48 818 866 0.21 4.10 3.04 5.05 0.94 4.49 3.43 5.16 0.74 717 6.73 7.89 0.53 7.37 7.15 7.54 0.18 6.98 5.15 835 1.59 5.63 5.10 6.09 0.45

Feb 2019-Mar 2019 5.42 4.43 6.10 0.80 0.94 0 2.57 122 5.29 3.32 6.52 141 6.39 5.39 6.81 0.67 2.64 1.90 371 0.78 4.11 2.89 5.70 119 3.10 2.76 3.49 0.39
Mar 2019-Apr 2019 4.82 3.41 680 1.61 484 2.63 6.67 184 6.49 5.95 7.71 0.82 6.03 531 6.87 0.72 7.19 6.78 7.81 0.44 5.71 4.91 6.66 0.79 6.31 5.61 6.79 0.57
Apr2019-May 2019 7.17 5.56 866 144 621 5.47 7.30 0.81 7.28 6.56 8.98 115 6.75 5.42 7.72 0.96 7.66 6.88 8.70 0.77 6.79 511 7.92 122 6.92 6.36 7.38 0.53
May 2019-June 2019 7.30 5.13 898 164 696 5.39 8.68 158 6.85 6.56 7.04 0.21 5.63 4.47 7.10 128 6.73 6.40 7.42 0.47 7.72 6.09 10.63 2.08 6.24 4.99 8.21 139
June 2019-July 2019 7.82 7.26 835 052 695 5.43 7.68 1.06 5.73 5.51 6.09 0.28 6.33 6.01 6.89 0.39 8.08 731 9.10 0.81 8.18 7.55 8.39 0.42 5.03 3.20 5.80 123

July 2019-Aug 2019 6.34 5.62 764 089 657 531 7.84 104 7.49 6.69 8.09 0.58 7.10 5.25 9.20 162 7.29 6.77 7.70 0.40 6.68 511 7.61 110 6.32 5.29 7.05 0.79
Aug 2019-Sep 2019 8.17 7.60 934 081 7.44 6.86 7.94 0.51 8.07 7.33 8.98 0.77 7.02 6.74 7.37 0.26 5.39 4.86 5.82 0.40 7.76 6.83 827 0.64 8.18 7.36 10.33 1.44
Sep 2019-Oct 2019 6.32 5.37 7.65 1.07 7.17 6.39 833 0.89 7.20 5.73 8.80 1.36 7.06 6.59 7.26 0.32 6.21 5.92 6.33 0.19 7.02 6.81 7.53 0.35 6.92 6.22 7.86 0.76
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Table 24. Arithmetic monthly me an, maximum and minimum mass percentage of Al with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s
STMicroelectronics carbon sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink

Mass Percentage Al Mass Percentage Al Mass Percentage Al Mass Percentage Al Mass Percentage Al Mass Percentage Al Mass Percentage Al
Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD
Oct2018-Nov 2018 370 346 412 030 546 449 6.17 078 3.67 320 404 040 3.62 328 403 032 275 0 404 1.85 357 321 392 030 377 333 4.08 0.34
Nov 2018-Dec 2018 3.65 3.39 399 027 234 0 357 1.59 334 277 418 0.61 - - - - 318 296 345 021 293 0 461 204 382 237 4.54  1.00
Dec 2018-Jan 2019  3.62  3.05 435 0.55 225 0 335 1.52 411 3.8 441 027 371 354 404 023 370 321 427 044 373 297 425 058 2.78 0 3.86 1.86
Jan2019-Feb 2019  3.67 343 386 0.19 3.17 259 4.00 060 562 431 670 1.00 3.62 342 374 0.14 327 285 396 049 3.12 213 384 072 343 3.07 3.80 031
Feb2019-Mar 2019 329  2.63 447 087 0.63 0.00 167 080 264 226 348 0.58 322 290 355 027 259 227 307 034 18 158 246 039 179 153 2.01 0.21
Mar 2019-Apr 2019 2.69 226 326 049 245 140 328 078 328 268 3.60 042 330 276 412 0.58 3.05 254 340 039 322 28 379 040 3.70 324 4.09 039
Apr2019-May 2019 2.73 215 319 043 319 278 361 034 394 3.03 498 080 346 3.09 3.89 034 347 250 389 065 373 321 405 039 3.08 0 4.66  2.09
May 2019-June 2019 330 3.09 3.74 030 320 3.02 351 023 366 304 399 042 258 0 447 193 370 354 384 0.13 0.85 0 339 170 0.82 0 327  1.63
June 2019-July 2019 3.92  3.66 452 041 331 292 419 059 1.50 0 327 174 277 0 423 190 399 361 442 033 395 387 410 0.10 3.14 289 348 027
July 2019-Aug 2019 329 262 390 071 3.17 268 353 043 381 351 423 032 375 324 452 054 375 340 413 032 335 28 377 040 3.05 281 332 022
Aug2019-Sep 2019 3.63 3.12 414 042 386 359 422 026 350 278 417 0.57 349 329 368 020 335 3.07 40l 044 329 313 347 0.14 3.63 2% 459  0.69
Sep 2019-Oct 2019  2.86 232 3.74 0.62 3.08 271 3.69 046 359 3.17 389 033 323 289 3.55 035 3.14 291 333 020 3.07 252 391 063 320 272 3.70  0.40
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Table 25. Arithme tic monthly mean, maximum and minimum mass percentage of K with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage K Mass Percentage K Mass Percentage K Mass Percentage K Mass Percentage K Mass Percentage K Mass Percentage K

Mean Min Max SD  Mean Min Max SD Mean Min Max SD Mean Min Max SD  Mean __ Min Max SD Mean Min  Max SD Mean Min  Max SD

Oct 2018-Nov 2018 4.77 4.04 5.99 0.85 2.68 2.32 3.49 0.56 4.39 4.18 4.62 0.19 431 4.14 4.48 0.15 3.66 2.76 4.04 0.61 438 372 483 047 441 432 450  0.08
Nov 2018-Dec 2018 4.15 3.35 4.79 0.68 2.15 0 3.35 1.48 2.15 0 293 1.44 - - - - 3.51 2.85 4.12 069 334 254 382 056 3.04 1.95 3.74 083
Dec 2018-Jan 2019 3.97 3.77 4.12 0.16 2.73 2.11 3.34 0.52 3.75 3.60 3.98 0.17 3.03 0 4.19 2.02 371 3.37 3.92 024 348 287 391 050 359 334 408 033
Jan 2019-Feb 2019 4.48 4.30 4.82 0.23 3.42 271 4.40 0.71 3.72 3.10 4.06 0.42 433 4.17 4.48 0.13 4.00 3.76 4.16 0.17 471 3.81 550 070 3.60 3.41 391 0.22
Feb 2019-Mar 2019 3.55 2.80 4.40 0.67 1.01 0 2.05 0.85 3.38 2.56 4.39 0.77 3.69 3.63 3.77 0.06 1.18 0.90 1.73 038 1.97 176 2.06 014 179 1.61 192 0.14
Mar 2019-Apr 2019 3.10 1.60 3.78 1.01 3.00 2.10 3.59 0.69 3.10 2.84 3.25 0.18 3.99 3.80 431 0.22 3.13 2.68 3.42 035 283 268 296 011 463 418 514 0.0
Apr 2019-May 2019 4.71 3.98 6.23 1.05 3.76 3.46 4.25 0.36 4.81 4.55 5.10 0.24 3.69 3.26 3.98 0.32 3.44 2.79 3.83 045 440 390 480 043 413 359 454 045
May 2019-June 2019  4.84 3.64 5.65 0.85 371 3.40 3.96 0.23 3.41 275 3.88 0.48 3.52 2.60 4.83 0.94 3.66 3.44 4.01 025 333 237 405 075 268 0 504 208
June 2019-July 2019 4.55 4.34 4.92 0.26 3.10 2.64 3.72 0.48 3.27 2.85 3.64 0.36 3.99 3.09 5.21 0.95 4.47 4.20 4.61 019 442 421 458 017 249 223 278 023
July 2019-Aug 2019 1.27 0 2.68 1.47 343 3.31 3.54 0.09 3.75 271 4.51 0.82 3.82 3.00 4.51 0.66 4.00 3.38 512 077 346 246 414 072 336 279 392 0.56
Aug 2019-Sep 2019 4.59 4.47 4.79 0.14 433 4.19 4.53 0.16 4.53 435 4.92 0.26 4.37 3.73 4.78 0.45 3.74 3.51 4.19 031 443 411 469 027 399 368 420 022
Sep 2019-Oct 2019 3.15 2.92 3.32 0.20 3.07 2.85 3.23 0.17 3.42 3.30 3.67 0.17 3.52 3.24 3.74 0.23 2.92 2.70 3.02 0.15 3.18 282 341 025 345 336 3.65 0.14
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Table 26. Arithmetic monthly mean, maximum and minimum mass percentage of Ca with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon
sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Ca Mass Percentage Ca Mass Percentage Ca Mass Percentage Ca Mass Percentage Ca Mass Percentage Ca Mass Percentage Ca

Mean __ Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min  Max SD  Mean Min  Max SD
Oct 2018-Nov 2018 2.87 2.49 393 071 1.9 088 143 024 262 247 276 016 2.60 237 28 020 0 0 0 0 258 215 284 031 252 241 262 0.1
Nov 2018-Dec 2018 1.32 0 272 1.53 056 0 224 112 0 0 0 0 - - - - 0 0 0 0 0.59 0 234 117 0 0 0 0
Dec 2018-Jan 2019 1.24 0 259 143 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jan 2019-Feb 2019 2.70 248 3.00 026 0.51 0 205 1.03 207 156 241 036 243 227 263 015 246 238 253 006 1.89 0 274 127 191 178 200 0.10
Feb 2019-Mar 2019 1.20 0 242 138 0 0 0 0 1.35 0 220 09 205 1.71 234 028 0.5 0 093 040 098  0.87 .07 0.08 091 080 101 0.09
Mar 2019-Apr 2019 1.06 0 233 124 179 127 219 040 176 162 187 011 0.66 0 263 132 1.8 1.67 226 027 1.60 1.45 1.69  0.11 1.20 0 251 1.38
Apr 2019-May 2019 2.31 2.02 2.63 030 0 0 0 0 242 215 266 021 1.6l 0 233 1.08 0 0 0 0 1.29 0 264 149 186 0 2.81 1.27
May 2019-June 2019 2.63 2.19 289 032 L17 0 249 1.35 0 0 0 0 0.72 0 2.87 1.4 0 0 0 0 0 0 0 0 0 0 0 0
June 2019-July 2019 2.62 2.54 273 0.09 0 0 0 0 0 0 0 0 1.39 0 2.84 161 253 216 276 028 255 251 262 0.05 0 0 0 0
July 2019-Aug 2019 0 0 0 0 0 0 0 0 0.68 0 272 136 130 0 2.65 150  0.63 0 253 127 0.62 0 246 123 0 0 0 0

Aug 2019-Sep 2019 2.59 227 2.8 029 261 252 272 0.09 277 265 310 022 241 208 25 022 269 260 276 0.07 255 2.39 276 018 230 216 249 0.14
Sep 2019-Oct 2019 1.68 1.49 1.85 017 177 1.69 186 010 197 1.82 219 0.18 1.87 1.67 195 0.13 1.72 1.63 1.81 007 173 1.58 1.83 0.11 1.92  1.88 1.98 0.04
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Table 27. Arithmetic monthly mean, maximum and minimum mass percentage of Zn with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroele ctronics carbon
sequestration project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink

Mass Percentage Zn Mass Percentage Zn Mass Percentage Zn Mass Percentage Zn Mass Percentage Zn Mass Percentage Zn Mass Percentage Zn

Mean  Min _ Max SD  Mean Min _ Max SD Mean Min Max SD Mean Min Max SD Mean Min  Max SD  Mean Min _ Max SD Mean _ Min Max SD
Oct 2018-Nov 2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0 0 0 0 0 0 0 0 0 - - - - 0 0 0 0 0 0 0 0 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jan 2019-Feb 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Feb 2019-Mar 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 144 028 111 .72 220 044 1.66 2.71 1.49 0.42 1.04 2.02
Mar 2019-Apr 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Apr 2019-May 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
May 2019-June 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
June 2019-July 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
July 2019-Aug 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sep 2019-Oct 2019 448 070 378 525 544  0.18 5.27 5.68 527 096 441 659 612 052 565 6.86 455 094 3.6l 574 477 039 432 5.26 5.15 0.62 4.44 5.90
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Table 28. Arithmetic monthly mean, maximum and minimum mass percentage of Re with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration
project and one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Re Mass Percentage Re Mass Percentage Re Mass Percentage Re Mass Percentage Re Mass Percentage Re Mass Percentage Re

Mean Min Max SD  Mean __ Min Max  SD  Mean Min Max SD  Mean Min _ Max SD  Mean Min _ Max SD Mean  Min __ Max SD Mean _ Min Max SD
Oct 2018-Nov 2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0 0 0 0 0 0 0 0 - - - - 0 0 0 0 0 0 0 0 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jan 2019-Feb 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Feb 2019-Mar 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.41 0.49 0 0.96
Mar 2019-Apr 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Apr 2019-May 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
May 2019-June 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
June 2019-July 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
July 2019-Aug 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sep 2019-Oct 2019 114 1.58 0 334 033 0.67 0 133 2.44 186 0 4.33 040 081 0 161 2.12 1.47 0 3.12 166 192 0 3.33 1.63 194 0 3.84
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Table 29. Arithmetic monthly mean, maximum and minimum mass percentage of Ti with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration project and one
site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Ti Mass Percentage Ti Mass Percentage Ti Mass Percentage Ti Mass Percentage Ti Mass Percentage Ti Mass Percentage Ti
Mean Min Max SD Mean Min Max SD Mean Min Max SD  Mean Min _ Max SD Mean __ Min Max SD Mean Min Max SD Mean Min Max SD
Oct 2018-Nov 2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.61 1.22 0 2.44 0.29 0.58 0 115 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0 0 0 0 0 0 0 0 0 - - - - 0 0 0 0 0 0 0 0 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.11 0.22 0 0.44 0 0 0 0
Jan 2019-Feb 2019 0 0 0 0 0 0 0 0 0 0 0 0 0.15  0.30 0 0.59 0 0 0 0 0 0 0 0 0 0 0 0
Feb 2019-Mar 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mar 2019-Apr 2019 0 0 0 0 0 0 0 0 0.17 0.34 0 0.67 0 0 0 0 0 0 0 0 0.15 0.31 0 0.61 0 0 0 0
Apr 2019-May 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
May 2019-June 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
June 2019-July 2019 0.26 0.52 0 1.03 0 0 0 0 0 0 0 0 0 0 0 0 0.29 0.58 0 1.15 0 0 0 0 0 0 0 0
July 2019-Aug 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.23 0.45 0 0.90 0 0 0 0 0 0 0 0
Sep 2019-Oct 2019 0.29 0.33 0 0.58 0 0 0 0 0 0 0 0 0 0 0 0 0.14 0.28 0 0.55 0.18 0.35 0 0.70 0 0 0 0
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Table 30. Arithmetic monthly mean, i and minij mass p ge of Fe with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate ion’s STMi I onics carbon sequestration project and one site at the SFA Beef
Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Fe Mass Percentage Fe Mass P Fe Mass Percentage Fe Mass P Fe Mass Percentage Fe Mass Percentage Fe

Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean Min Max SD Mean __ Min Max SD
Oct 2018-Nov 2018 7.96 7.05 9.10 0.85 2.52 1.49 4.13 1.16 8.08 7.31 9.33 0.92 8.12 7.48 8.54 0.45 7.95 6.29 9.53 1.49 7.83 7.18 8.77 0.70 7.63 7.28 8.06 0.39
Nov 2018-Dec 2018 7.82 722 8.22 0.45 6.04 4.98 6.90 0.81 571 0 835 3.93 - - - - 7.98 6.53 9.14 1.14 6.31 5.09 7.72 118 6.60 4.01 8.92 2.02
Dec 2018-Jan 2019 7.66 6.29 8.82 1.06 4.65 4.07 5.17 0.45 7.67 6.94 8.94 0.88 7.85 7.23 8.69 0.61 7.76 7.28 8.48 0.53 7.15 5.94 7.82 0.83 7.76 6.93 8.50 0.65
Jan 2019-Feb 2019 8.48 8.18 8.66 0.21 4.10 3.04 5.05 0.94 4.49 3.43 5.16 0.74 7.17 6.73 7.89 0.53 7.37 7.15 7.54 0.18 6.98 5.15 8.35 1.59 5.63 5.10 6.09 0.45
Feb 2019-Mar 2019 5.42 443 6.10 0.80 0.94 0 2.57 1.22 5.29 3.32 6.52 1.41 6.39 5.39 6.81 0.67 2.64 1.90 3.71 0.78 4.11 2.89 5.70 1.19 3.10 2.76 349 039
Mar 2019-Apr 2019 4.82 3.41 6.80 1.61 4.84 2.63 6.67 1.84 6.49 5.95 7.71 0.82 6.03 5.31 6.87 0.72 7.19 6.78 7.81 0.44 5.71 4.91 6.66 0.79 6.31 5.61 679 057
Apr2019-May 2019 7.17 5.56 8.66 1.44 6.21 5.47 7.30 0.81 7.28 6.56 8.98 115 6.75 5.4 7.72 0.96 7.66 6.88 8.70 0.77 6.79 5.1 7.92 1.22 6.92 6.36 738 053
May 2019-June 2019 7.30 513 8.98 1.64 6.96 5.39 8.68 1.58 6.85 6.56 7.04 0.21 5.63 4.47 7.10 1.28 6.73 6.40 7.4 0.47 7.72 6.09 10.63 2.08 624 499 821 1.39
June 2019-July 2019 7.82 7.26 8.35 0.52 6.95 5.43 7.68 1.06 5.73 5.51 6.09 0.28 6.33 6.01 6.89 0.39 8.08 7.31 9.10 0.81 8.18 7.55 8.39 0.42 5.03 320 5.80 1.23

July 2019-Aug 2019 6.34 5.62 7.64 0.89 6.57 5.31 7.84 1.04 7.49 6.69 8.09 0.58 7.10 5.25 9.20 1.62 7.29 6.77 7.70 0.40 6.68 511 7.61 1.10 6.32 529 7.05 0.79
Aug 2019-Sep 2019 8.17 7.60 9.34 0.81 7.44 6.86 7.94 0.51 8.07 7.33 8.98 0.77 7.02 6.74 7.37 0.26 539 4.86 5.82 0.40 7.76 6.83 8.27 0.64 8.18 7.36 10.33 1.44
Sep 2019-Oct 2019 6.32 5.37 7.65 1.07 717 6.39 8.33 0.89 7.20 573 8.80 1.36 7.06 6.59 7.26 0.32 6.21 5.92 6.33 0.19 7.02 6.81 7.53 0.35 6.92 6.22 7.86 0.76
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Table 31. Arithmetic monthly me an, maximum and minimum mass percentage of Ce with standard deviation of sample particles from six sites outlined in Stephen F. Austin University Real Estate Foundation’s STMicroelectronics carbon sequestration project and
one site at the SFA Beef Farm.

Property
Date Range Agriculture Center Arbor Grove Atoy Bagley Road Hilliard Maxwell Swink
Mass Percentage Ce Mass Percentage Ce Mass Percentage Ce Mass Percentage Ce Mass Percentage Ce Mass Percentage Ce Mass Percentage Ce
Mean _ Min Max SD Mean Min Max SD Mean _ Min Max SD Mean Min  Max SD  Mean Min Max SD Mean Min Max SD Mean Min Max SD
Oct 2018-Nov 2018 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nov 2018-Dec 2018 0 0 0 0 0 0 0 0 0 0 0 0 - - - - 0 0 0 0 0 0 0 0 0 0 0 0
Dec 2018-Jan 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Jan 2019-Feb 2019 0.42 0 1.66 0.83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Feb 2019-Mar 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mar 2019-Apr 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Apr 2019-May 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
May 2019-June 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
June 2019-July 2019 0 0 0 0 0 0 0 0 0.67 0 2.66 1.33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
July 2019-Aug 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Aug 2019-Sep 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sep 2019-Oct 2019 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 32. Summary of wind data during sampling period including monthly resultant vector direction, average wind
speed, and percentage of calm winds for each county. The resultant vector direction was used to determine the
mean wind direction. Data was obtained from NOAA (2019). Freeware used for calculations was WRPLOT
View by Lakes Environmental Software.

Resultant Vector Direction  Wind Speed Percentage of Calm Winds

County Date Range
Degrees Knots %
Cherokee Oct 2018 - Nov 2018 6.00 571 12.56
Cherokee Nov 2018 - Dec 2018 309.00 6.37 15.60
Cherokee Dec 2018 - Jan 2019 341.00 6.73 11.34
Cherokee Jan 2019 - Feb 2019 77.00 6.98 12.74
Cherokee Feb 2019 - Mar 2019 35.00 6.12 13.20
Cherokee Mar 2019 - Apr 2019 129.00 6.94 10.10
Cherokee Apr 2019 - May 2019 154.00 6.16 16.24
Cherokee May 2019 - June 2019 162.00 5.69 19.19
Cherokee June 2019 - July 2019 185.00 5.53 13.59
Cherokee July 2019 - Aug 2019 155.00 5.25 4.86
Cherokee Aug 2019 - Sep 2019 115.00 4.47 23.16
Cherokee Sep 2019 - Oct 2019 127.00 535 16.39
Houston Oct 2018 - Nov 2018 0 4.68 36.82
Houston Nov 2018 - Dec 2018 354.00 5.08 34.01
Houston Dec 2018 - Jan 2019 357.00 548 2845
Houston Jan 2019 - Feb 2019 14.00 5.84 28.75
Houston Feb 2019 - Mar 2019 16.00 5.17 29.61
Houston Mar 2019 - Apr 2019 25.00 5.48 31.56
Houston Apr 2019 - May 2019 49.00 4.82 37.70
Houston May 2019 - June 2019 20.00 3.98 48.98
Houston June 2019 - July 2019 15.00 3.74 43.83
Houston July 2019 - Aug 2019 13.00 3.49 34.74
Houston Aug 2019 - Sep 2019 23.00 2.83 55.07
Houston Sep 2019 - Oct 2019 33.00 3.55 46.15
Nacogdoches Oct 2018 - Nov 2018 357.00 3.07 33.14
Nacogdoches Nov 2018 - Dec 2018 11.00 3.00 40.63
Nacogdoches Dec 2018 - Jan 2019 149.00 6.30 13.87
Nacogdoches Jan 2019 - Feb 2019 114.00 7.13 10.86
Nacogdoches Feb 2019 - Mar 2019 32.00 6.79 11.96
Nacogdoches Mar 2019 - Apr 2019 76.00 7.08 14.74
Nacogdoches Apr 2019 - May 2019 121.00 6.97 11.14
Nacogdoches May 2019 - June 2019 154.00 7.75 8.07
Nacogdoches June 2019 - July 2019 172.00 5.43 17.59
Nacogdoches July 2019 - Aug 2019 262.00 4.79 19.09
Nacogdoches Aug 2019 - Sep 2019 109.00 5.58 7.00
Nacogdoches Sep 2019 - Oct 2019 99.00 5.26 15.10
Sabine Oct 2018 - Nov 2018 6.00 3.55 18.48
Sabine Nov 2018 - Dec 2018 14.00 297 20.34
Sabine Dec 2018 - Jan 2019 8.00 3.09 22.01
Sabine Jan 2019 - Feb 2019 18.00 3.92 15.18
Sabine Feb 2019 - Mar 2019 8.00 271 25.34
Sabine Mar 2019 - Apr 2019 10.00 3.11 17.96
Sabine Apr 2019 - May 2019 4.00 2.48 20.86
Sabine May 2019 - June 2019 359.00 1.82 28.21
Sabine June 2019 - July 2019 5.00 2.75 22.93
Sabine July 2019 - Aug 2019 2.00 1.48 32.89
Sabine Aug 2019 - Sep 2019 3.00 0.99 31.51
Sabine Sep 2019 - Oct 2019 4.00 33.96 1.82




Table 33.Arithmetic mean of Si, C, Ba, Na, Al, Ca, K and Fe in kg/ha sampled across seven sites over a
twelve-month period. Four subsamples were collected per sample. One sample was collected per site
per month. Six of the seven sampling sites are in Stephen F. Austin University Real Estate Foundation’s
STMicroelectronics carbon sequestration project and one sampling site is located at SFA’s Beef Farm.

Monthly Deposition

Date Range kg/ha

Si C Ba Na Al Ca K Fe

Oct 2018-Nov 2018  0.997113 0.141208 0.167388 0.147598 0.078158 0.042053 0.084312 0.147598
Nov 2018-Dec 2018 1.036932 0.271198 0.119299 0.155829 0.074215 0.009479 0.070747 0.155829
Dec2018-Jan 2019  0.574288 0.056519 0.10188 0.087447 0.04141 0.002183 0.042086 0.087447
Jan 2019-Feb 2019  1.448665 0.275098 0.257494 0.218145 0.127712 0.069033 0.139447 0.218145
Feb 2019-Mar 2019  0.619648 0.687149 0.11043 0.112407 0.064757 0.028525 0.066936 0.112407
Mar 2019-Apr 2019  0.648771 0.225579 0.112044 0.110179 0.057766 0.026473 0.063386 0.110179
Apr 2019-May 2019  0.22626 0.037828 0.037991 0.037937 0.01835 0.007402 0.022479 0.037937
May 2019-June 2019 0.368774 0.04412 0.050949 0.060923 0.023247 0.005841 0.032259 0.060923
June 2019-July 2019 0.359389 0.048138 0.054815 0.056628 0.026589 0.010716 0.030993 0.056628
July 2019-Aug 2019  0.545223 0.101954 0.088 0.085863 0.043407 0.005783 0.041486 0.085863
Aug 2019-Sep 2019  0.193931 0.026213 0.040697 0.03301 0.015709 0.011374 0.019015 0.03301
Sep 2019-Oct 2019  1.539277 0.377279 0.298437 0.361934 0.167587 0.095775 0.171442 0.361934
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