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ABSTRACT

The origins and deposition of nitrate in dust traps in Mojave Desert are examined in this thesis.
Two main hypotheses are tested: (1) most of the dust in the traps comes from local soil, implying
that the nitrate content is primarily derived from the soil; and (2) wet deposition is the primary
source of nitrate found in the environments, implying that precipitation processes play an
important role in nitrate accumulation. To test these hypotheses, we collected data from 11 dust
trap from locations in of the US Geological Survey's long-term investigation of dust composition
and influx rates. Dust and soil samples were analyzed for ions to determine their origins and the
contributions of local vs distant sources. Our findings show that the fraction of soil-derived nitrate
(fsoitNO3) is consistently low at all traps, hardly reaching 0.03, whereas the atmospheric nitrate
percentage (famNO3") is usually close to or equal to 1. This shows that atmospheric sources play a
substantial role in the nitrate levels detected in dust traps. Nitrate contributions are also
significantly influenced by sedimentary and geological settings, such as the distinctions between
alluvium and playa regions. Playas, which are composed of silt and clay, may have higher nitrate
concentrations than alluvial plains, indicating that external dust inputs are significant. The second
hypothesis's results show that nitrate deposition in the study area is primarily from dry sources,
with dry deposition values ranging from 0.68 to 10.84 NOs/kg/ha/yr, averaging 4.12
NOs/kg/ha/yr, and wet deposition values averaging 1.09 NOs/kg/ha/yr. This observation
challenges the hypothesis that wet deposition is the primary source of nitrate. The dominance of
dry deposition is further supported by low amounts of precipitation and a weak correlation between
precipitation and dust deposition. This study concludes that although local soil has a role in nitrate
levels in dust traps in the study site, it is not the primary source, external sources and dry deposition

account for the majority of nitrate in the dustpan
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1. INTRODUCTION

1.1 Background

The formation of soil in semi-arid regions is significantly shaped by various forms
of sediment deposition, aeolian processes, and internal transformations. This includes distal
sediments captured by surface runoff, the accumulation of solid material from the atmosphere,
dissolved compounds in precipitation, and the transformation of organic and inorganic matter by
physical and biologic processes. In an examination of three alluvial piedmonts in the Sonoran
Desert near Tucson, Arizona, McAuliffe (1994) identified intricate patterns of geological
landforms. These patterns emerged from the landscape’s erosion and the intermittent build-up of
alluvial deposits, leading to stark contrasts in soil ages and profiles. Similarly, Nettleton et al.,
(1975) conducted research on soil and landscape within Nevada’s Lake Lahontan drainage basin
and adjacent alluvial fans near Phoenix, and the Mojave Desert in California. Their findings
revealed diverse soil ages and classifications related to sediment accumulation. While surface
sediment transport is important, soils found inarid and semi-arid environments also
exhibit pedogenic characteristics caused by the deposition of atmospheric material and the
infiltration of water, which can cause leaching of soil ions, including nitrate, while also inducing
biologic activity that can both produce and consume nitrate and other water soluble ions (Ducloux
et al.1995).

Due to aridity, desert soils can release various sized particles into the atmosphere that can,
depending on wind currents, be transported locally or across vast distances, before being deposited.
This particle emission from soil is primarily a result of processes that depend on the soil particle
size (mass) distribution. The first process is surface creep, where particles ranging from 0.5 mm
to 1 mm in diameter simply move along the surface by the wind because they are too large to be
lifted into the air but can collide with and dislodge other smaller particles. Saltation refers to soil
particles that are propelled by wind in a layer just above the ground’s surface. These particles are
typically middle-sized soil particles (0.1-0.5 mm in diameter) and the impact of saltating grains
can dislodge even smaller soil particles that can be suspended in the air, a process called
sandblasting. Finally, suspension occurs when very fine silt and clay particles, and organic matter,

(particles < 0.1 mm in diameter) are lifted into the air by wind. All these processes are initiated
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when the wind’s shear stress overcomes the resistance of surface materials to detachment and
subsequent transport Shao et al., (1993) and the entire phenomenon is known as wind erosion. The
extent of wind erosion is influenced by factors such as soil moisture, surface roughness, grain size,
and organic content of the soil. The particle size distribution generated during these wind events
depends on wind speed and recent wetting and drying events. Likewise, the size distribution of the
deposited dust will also depend on wind speed but also on distance from the source region. In this
context, “dust” refers to the mechanical suspension of surface material, mainly soil particles, into
the atmosphere and can transport elemental and ions contained in the soil.

Since the elemental composition of soil particles often differs between particles sizes, the
elemental and ion composition of dust may differ from bulk soil composition from which it was
derived. Studies have shown that both source soil and transported dust samples maintain consistent
refractory elemental ratios, such as Fe/Al, P/Al, and P/Fe that act as a tracer for where the dust
originates. In contrast, Guieu et al., (2002) observed that soil samples from dust-generating
regions in the Sahara have a wider variety of elemental concentrations than the elemental
concentrations found in transported Saharan dust. Huang et al., (2010) noted water-soluble salts
were found in dust aerosols, within the source region were altered during transit. Thus, the
transport of ions and elements via dust entrainment and deposition may be more complex than the
simple translocation of soil particles.

The accumulation of chemical compounds derived from dust deposition can have an impact
on ion leaching long after their deposition, altering soil nutrient dynamics. According to
Rosenstock et al. (2019), excessive leaching of base cations from soil continued because of
previous sulfur accumulation, even though sulfur deposition had significantly decreased. Between
1994 and 2005, this study found that the decrease in soil water calcium (Ca) concentration was
more pronounced than the reduction in magnesium (Mg), and this was attributed to a decrease in
atmospheric Ca deposition. Changes in the atmospheric inputs of these elements can have an
impact on the low exchangeable pools of Ca and Mg in soils impacted by long-term deposition
(Rosenstock et al., 2019) . The atmospheric conditions also greatly influenced the formation of salt
deposits in desert regions (Alvarez et al., 2016; Pérez-Fodich et al., 2014). Soil slat development
processes in desert regions such as the Mojave Desert can be better understood by defining the

rates and sources of ions, particularly nitrate, throughout the region.

12



Any accumulation and preservation of nitrate in soils is heavily influenced by the
processes in the nitrogen cycle. One of the main mechanisms influencing biogeochemical cycles
on Earth is the chemical conversion of nitrogen (N) compounds in the troposphere (Gruber &
Galloway, (2008). Nitrogen makes up 78% of the atmosphere's overall mass, but it is biologically
inert. For biological systems to remain functional, special chemical or biological mechanisms have
evolved to convert N2 into more useful forms of N (reactive nitrogen ) like nitrates, nitrites, and
ammonium by processes called nitrogen fixation (Gruber & Galloway, (2008). In natural
ecosystems one of the main processes responsible for new nitrogen inputs is atmospheric
deposition, which can be further divided into dry deposition and wet deposition. Dry deposition is
the uptake of reactive gases by surfaces, such as nitric acid (HNO3(g)), or gravitational settling of
atmospheric material such as dust that may contain N compounds like nitrate and ammonium. Wet
deposition is when soluble compounds, such as dissolved nitrate, is deposited to the surface as rain,
fog, or snow. Therefore, for N deposition to be effective, N2 needs to convert into reactive and
soluble compounds such as HNO3(g), dissolved NOs or particulate matter such as nitrate aerosols,
by the chemistry of reactive nitrogen.

Reactive nitrogen compounds are a group of key chemical components in the atmosphere,
governing atmospheric reactions in both the troposphere and the stratosphere (Crutzen, (1979)) ,
and acting as links in global biogeochemical cycles (Galloway et al., 2004). They are present in
the atmosphere mainly in the form of nitrogen oxides (NOx = NO + NO>) as a consequence of
both natural and anthropogenic processes (Logan, (1983)). NOx can be converted to nitrate (NO3’)
aerosols or nitric acid (HNOz") (Finlayson-Pitts & Pitts, 2000) or other species via homogeneous
and heterogeneous reactions in the atmosphere. Gaseous nitrogen and its fixation by atmospheric

oxygen are the first step in the nitrogen cycle in the troposphere.
02+ N2=> 2NO R1

The above reaction takes place at very high temperatures and could be aided by the
automobile engines combustion or through the energy from lightning. Nitrogen monoxide, or NO,
is the primary type of nitrogen oxide that is first introduced into the atmosphere. Subsequently,
NO responds quickly in multiple ways. Because of the comparatively high quantity of Oz the

quickest pathway in the troposphere is through its reaction with ozone (R2). Immediately after the
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formation of NO, it undergoes photolysis (R3) using UV photons ( < 430 nm) and regenerates
NO (Hall & Blacet, 1952) .
NO + O3 =>NO2 + O R2

A null cycle that takes place in less than a minute between NO2 and NO and gives no yield effect
to Oz always happens in the daytime. Thus, the new reaction between the two species gives rise to
a chemical family called NOx. Hence, a fraction of NO> formed in R2 above reacts with O in the

troposphere to form Os.

NO2 + hv => NO +O R3
O+02+M=>03+M R4

where M can be any chemical species in the troposphere.
The loss of NOx signals the end of the catalytic cycle in the daytime by its oxidation to HNOs by
OH radical.

NO2 + OH + M =>HNO3 + M R5
Due to the absence of OH radical in the nighttime, a different set of reactions takes place to form
HNO3™ For NOx to be lost at night, NO is first oxidized by Oz. Into the nitrate radical

NO2 + O3 => NO3z + O R6

The formation of NO3z™ which has different values depending on the location can vary from few
ppt in remote areas to thousands of ppt in polluted areas because of emission of burnt fossils. NO3
in this set of reactions can serve as a nighttime sink for some volatile organic chemicals (VOCs)
through the addition as well as H atom abstraction reactions.

NOs + RH ==> HNO3 +R R7
NOg" reacts with NO2™ equilibrating with gaseous dinitrogen pentoxide N2Os.
NO3 + NO2 <=> N20s R8

N20s is an important source of nitric acid in the nighttime reaction because of hydrolysis on wet

surfaces and aerosol particles that can be deposited through wet and dry deposition.
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Surface
N20s5(g)+H20 ======> 2HNO3 R9

Thus, conversation of nitrogen oxides (NOX) into other reactive nitrogen compounds plays
a significant part in the nitrogen cycle, impacting global biogeochemical processes and
substantially contributing to the deposition of nitrate to the Earth’s surface.

Another important source of nitrate is nitrification is a key process in the nitrogen cycle.
Nitrification is the oxidation of ammonia/ammonium to nitrate by microorganisms and regulates
ammonium and nitrate levels in soil. Soil nitrification can be influenced by the climate, soil
characteristics, and soil microbes. Rainfall is known to affect soil nitrate content (Gu & Riley,
(2010)) suggesting that precipitation plays a mediating role in soil nitrification. Generally speaking,
nitrification in soil is thought to occur in two stages: ammonia is oxidized to nitrite by ammonia
oxidizers, and then nitrite-oxidizing bacteria convert it to nitrate.

According to Martens-Habbena et al., (2009) ammonia-oxidizing bacteria and ammonia-
oxidizing archaea are involved in nitrification. Nitrification involves two steps: ammonia oxidizing

bacteria like Nitrosomonas reduce NH4" to hydroxylamine, which is then transformed to NO2
NH4*+1.50,—NO2 +H20+2H" R10
while NO>" is converted to NO3™ by nitrite-oxidizing bacteria like Nitrobacter
NO2+ 0.5 O2—NO3 R11

Nitrate can be lost by denitrification or plant uptake once it has been generated by
biological fixation or deposited from the atmosphere to the surface of the desert. The primary
method of nitrogen (N) loss in terrestrial ecosystems, known as biological denitrification, is
brought about by the continued reduction of NOs to NO2~, NO, N20, and N (Stevenson, 1982).
Due to the low organic matter content, low water content, reduced populations of microbes, aerobic
nature, and neutral to basic pH values in desert soils, there is little or no denitrification in the desert
regions. Similarly, low plant cover in desert environments reduces plant uptake of NOs™. These
factors may contribute to the high nitrate concentrations often recorded in arid soils. And since
arid soils are a significant source of dust, soil nitrate transport and deposition may occur during

dust storms.
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1.2  Significance of the study

Global ecosystems are partially shaped by atmospheric deposition, which functions as a
dynamic interface between the atmospheric and terrestrial ecosystems. The complex web of
interactions arising from the complicated interplay of chemical species transported by the
atmosphere has a profound impact on soil formation processes. Soil formation involves a mass
balance between inputs and losses integrated across geological timeframes (Amundson, 2004).
Input sources such as atmospheric deposition and nitrification may contribute significantly to the
nitrate levels in the desert regions. Arid regions have less water availability, which limits nitrate
leaching from soils, in contrast to humid climates where chemical weathering and high
precipitation cause dissolved ion losses (Amit et al., 1993; Ewing et al., 2006; Quade et al., 1995).
In addition, salt and dust deposition from the atmosphere and local substrate sources encourage
the net accumulation of nitrate in arid regions (Reynolds et al., 2006). Understanding these
different sources is essential for appropriately evaluating the geochemical properties of desert soils.
To comprehend the geochemical properties of soils, it is critical to distinguish between these two
sources (Vitousek et al., 1999).

The Mojave Desert is a crucial ecosystem in which atmospheric deposition may play an
important role in soil formation. This region's dust sources, atmospheric deposition rates, chemical
compositions, however, are not fully understood, despite the possible importance of these
phenomenon. This gap hinders our capability to properly comprehend the processes of soil
pedogenesis in this arid area. Although it is evident that atmospheric deposition is important in the
process of the arid soil formation, there are still uncertainties regarding the nitrate composition,
and origins of the nitrates found in the arid soils deposited. Our inadequate knowledge of the
processes and amounts of atmospheric deposition, as well as the degree of nitrate solubilization
from the dust once it reaches the soil, is especially concerning. As a result, determining the nitrate
composition, and origins of nitrates that are deposited from the atmosphere is crucial to
comprehending the formation of soil in arid regions generally as well as the dominant process
governing soil development in desert regions (McFadden et al., 1987; Reheis & Kihl, 1995). Soil
development processes in the Mojave Desert will be better understood by describing the sources

of nitrate throughout the study site of Mojave Desert.
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1.3 Study Site

The driest and most sensitive of the North American deserts is the Mojave Desert (Figure 1).
The desert spans over 50,000 square miles, mainly in California, with some areas in Nevada, Utah,
and Arizona. It has the Sierra Nevada Mountains to the northwest, the San Miguel and San
Bernadino Mountains to the west, the Sonoran Desert to the southeast, the Colorado Plateau to the
east, and the Great Basin to the north (Fig. 1.1). The desert is named after the Mojave (or Mohave),
an indigenous people who have resided in the desert for thousands of years. This desert is
characterized by extreme heat, with precipitation mainly occurring in the fall and winter, limited
rainfall in the summer, and the presence of specific plant species (MacMahon & Wagner, 1985) .
As indicated by Dwyer et al., (1966) and further affirmed by (USGS, 2000) reveals that annual
precipitation ranges from 34 to 310 mm, with the winter season accounting for about 60 to 90%
of the total amount. Despite the scarcity of water and the heat of the desert, over 15 million people
live in various cities, such as Las Vegas, NV and Barstow, CA in the Mojave Desert. As the climate
and land use change, the land becomes drier, and more disrupted, which may increase dust
emission (Duniway et al., 2019).

e Carson City

® Sacramento Colorado

@ San Francisco
® San José

) New
California Mexico

Arizona

L8 Angesy ® Phoenix

# San Diego

Figure 1.1: The study area; Mojave Desert
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1.4 Problem Statement

Research conducted by the United States Geological Survey (USGS), including studies by
(Reheis et al., 1995), highlights the significant role of aeolian dust in the development of soils
across the Mojave. In a comprehensive five-year study of dust collected from 55 locations in
southern Nevada and California, Reheis & Kihl, (1995) revealed regional differences in dust
deposition rates, particle sizes, and compositions. These variations are influenced by climate, dust
source characteristics, and human activity. Silt and clay deposition rates vary, with the highest
average observed in southwestern California at 30 g/m2/year. The dust flux is affected by mean
annual temperature, source characteristics, and precipitation, with alluvial sources contributing
more dust than playas. Corroborating these findings, Reheis et al., (2002) noted that modern dust
composition is influenced by alluvial sediments, calcareous playas, Owens Lake’s
anthropogenically affected playa, and emissions. Preliminary findings by Reheis, (1997) indicate
that salt-rich dust from Owens Lake playa is deposited over significant distances, extending at
least 40 km north and south of the playa.

Mojave soils are rich soluble ions such as calcium, chloride, sulfate, and nitrate (Voigt et
al., (2020)) but the contribution from atmospheric deposition is largely unknown. The USGS
studies focused on measuring minerals, metals, (Reheis et al., 1995) and slightly soluble
compounds like CaCOs (Reheis et al., 1992) but no quantification of water soluble ions. In arid
regions such as the Mojave Desert, where limited rainfall and high temperatures prevail,
atmospheric inputs play a crucial role as a primary source of certain ions like nitrate. Consequently,
atmospheric deposition may significantly impact soil chemistry and biology. To comprehensively
understand soil chemistry and nutrient cycling in deserts like Mojave, it is essential to discern the
relative contributions of soil-derived and atmospheric nitrates. This study addresses this
knowledge gap by focusing on nitrate levels in Mojave Desert deposition and soils. Given nitrate’s
role in nutrient cycling, it represents a particularly significant ion. Our investigation aims to verify
whether atmospheric sources substantially contribute to the nitrate pool in Mojave soils and visa-
versa, whether Mojave soils are contributing significantly to atmospheric nitrate deposition. We
achieve this by comparing nitrate levels in vesicular soil with those observed in atmospheric
deposition across the region. Consequently, this thesis aims to verify this origin by comparing
nitrate levels in the vesicular soil with those in atmospheric deposition within the region. I therefore

pose the following scientific questions that will guide our hypothesis:
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1.5 Scientific questions

1. What percentage of the nitrate that are caught in the dust trap come straight from the
ground?

2. How does the dust trap's nitrate content change in response to precipitation?

3. Cansome areas or circumstances be found where the amount of nitrate that accumulates

in the trap because of wet deposition is significant?

We proposed two hypotheses to guide our research which are diagramed in Figure 1.2
1. Most of the dust in Mojave dust traps is from soil derived dust, indicating that the nitrate
content in dust is primarily derived from the soil itself.
2. In most habitats wet deposition is the primary method of nitrate deposition, suggesting
that wet deposition processes are the primary source of the nitrate found in the Mojave

dust traps.
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Figure 1.2: NOx and NOy Sources and Atmospheric Cycling. This figure shows the key sources
and atmospheric mechanisms involved in the cycling of NOx and NOy. The chemical reactions
that transform NOx into NOy species such nitric acid (HNOs") and nitrate (NO3") are shown
alongside important sources such as aircraft, biomass burning, and industrial emissions. The
diagram also illustrates how different microbial activity (nitrification) and atmospheric processes

contribute to the formation of nitrate.
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2. NITRATE IN DEPOSITION DERIVED FROM SOIL

First Hypothesis: The majority of the dust in the dust trap is from the dust in the soil, indicating

that the nitrate content is primarily derived from the soil itself.

2.1 Background for Hypothesis 1

Previous research has provided a number of lines of evidence that much the material mass
found in dust collection pans distributed across the Mojave is derived from local and regional soil
particles (Reheis & Kihl, 1995). The USGS collected atmospheric materials (dust) samples and
sieved them to different particle size fractions and determined that the mineralogical and major-
oxide composition of dust trap samples were similar to those of local sand and some silt, while
clay and certain silt particles may have traveled from distant sources. Similarly, Reheis et al., (2009)
utilized elemental and crustal composition analyses to infer compositional similarities between
local soils and modern dust samples in southwestern United States deserts, particularly resembling
vesicular (Av) soil horizons. Geochemical analyses of contemporary dust samples have identified
four primary sources: (1) alluvial sediments rich in elements such as Hf, K, Rb, Zr, and rare-earth
elements, (2) playa deposits characterized by calcareous dust containing Sr associated with Ca, (3)
the Owens Lake region, a human-induced playa contributing elements like As, Ba, Li, Pb, Sh, and
Sr, and (4) anthropogenic and/or volcanic emissions including As, Cr, Ni, and Sb. Furthermore,
Owens Lake and mining operations in the Cerro Gordo district stand out as significant contributors
to the composition of dust in Owens Valley, particularly containing elements such as As, Ba, Li,
and Pb (Reheis, 1990; Reheis et al., 1995, 2002). A comprehensive analysis spanning from 1991
to 1994, conducted at seven sites within Owens Valley, underscores the dominance of playa
surfaces as the principal source of dust in the area (Reheis, 1997). Additionally, a comparative
examination between the iron and major-oxide compositions of modern dust and the A and B
horizons of Kyle Canyon soils reveals striking similarities, suggesting a plausible local soil origin
for pan dust (Reheis et al., 1992). The USGS researchers ultimately concluded that in the Kyle
Canyon soils, TiO> (titanium dioxide) and ZrO (zirconium dioxide) levels, as well as their ratios,
are higher in surface horizons and modern dust than in deeper soils and parent material. In 1999,
the measured dust flux ranged from 3.9 to 12.7g/m?/yr with an average rate of 8.8 g/m2/yr (Reheis,
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2003). In other words, most of the major elements in material found in the dust collectors could be
attributed to the wind entrainment and subsequent deposition of local or regional soil particles, or
“dust deposition”.

In addition to major element analysis, the USGS group (Reheis, 1997) analyzed the trap
material for some soluble species in an effort to assess the soil contribution in deposition. In the
soils of the Kyle Canyon fans, calcic horizons and calcretes are formed by the dissolution of CaCO3
from eolian dust and calcareous parent material, which is then precipitated as large layers,
pedogenic CaCOs that fills the matrix, and forms clast coatings. The development of opaline or
amorphous silica is facilitated by the release of silica ions from the replacement of aluminosilicate
grains, which also plays a vital role in the translocation of clays and the oxidation of iron. However,
the analysis of soluble species was exclusive to determining the samples' electrical conductivity
(EC), which gives an overall measurement of the ions in the dust that are soluble in water, without
providing information on the concentrations of specific ions, including nitrate.

Several studies have looked at the distribution of ions in Mojave Desert soils. Marion et
al., (2008) observed the highest concentrations of cations (K*, Ca?*, and Mg?*) in surface soils,
while several anions (CI, NOs, and SO4*) increased at around a meter deep. These studies
indicated that the differences in the nutrient accumulation patterns between cations (K*, Ca?*, and
Mg?*) and anions (NOs™ and SO4%") are most likely due to anions' increased mobility compared to
cations. There has been high variability of nitrate concentrations within profiles of Mojave desert
soil. Hunter et al., (1982) found the nitrate-N inventory in the upper meter of soil beneath desert
pavement is exceptionally high, ranging from 8900 to 12,750 kg ha-1, and is among the highest
documented for subsurface (1-30 m depth) inventories (Graham et al., 2008). Deep cores from an
uncultivated desert alluvial fan revealed two large volumes of coarse soil with high, unpredictable
nitrate levels (20-208 mg L—1 NOz-N) at depths of 2.7 to 7.3 meters (Marrett et al., 1990). The
origin of these high levels of Mojave nitrates, whether predominately nitrification or atmospheric
deposition is still an open question. However, none of the studies conducted in the Mojave area
focused on nitrate concentrations in surface soils, which the main layer participating in dust
production, which limits the ability to quantify the soil nitrate contributions to atmospheric nitrate
deposition.

Nitrate dry deposition refers to the absorption at the earth's surface (soil, water, or

vegetation) atmospheric deposition of gas phase HNOz™ or particulate nitrate. The term "dry
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deposition™ describes the process of removing particles through diffusion, impaction, interception,
or gravitational settling when they collide with hydrological or terrestrial surfaces. According to
Driscoll & Martins, (2019), it constitutes 20-30% of all atmospheric deposition, but is difficult to
measure and nitrate deposition rates are poorly constrained, and is highly reliant on vegetation
features and meteorological conditions. The dry deposition of particles is governed by three
primary mechanisms, each dependent on the particle size:

1. Brownian Diffusion: For particles less than 0.1 pum in diameter, the deposition velocity
(V.d) is dictated by Brownian diffusion. For particles measuring 0.001 pum, (V.d) may
attain values up to 1 cm/s.

2. Gravitational Settling: Particles exceeding 5 um in diameter exhibit high deposition
velocities (V.d)—on the order of several cm/s—primarily due to gravitational forces.

3. Turbulent Processes: Particles within the intermediate size range of 0.1 yum to 5
pum experience the lowest deposition velocities, which are influenced by turbulent
processes such as interception and impaction. These processes are comparatively less

effective at particle removal.

The relative relevance of each of these physical processes is determined by the particle's
proximity to the surface. According to Tegen & Fung, (1994) and Zhao et al., (2014), the distance
from the source regions increases the relative importance of dry deposition.

Before being deposited on the ocean or land surface, chemical species and other particles
can travel thousands of kilometers after entering the atmosphere (Carlson & Prospero, 1972;
Prospero & Carlson, 1972). The displacement of these particulates is subject to a confluence of
variables, which include but are not limited to, the dynamics of wind and atmospheric instability,
the physicochemical attributes of the dust grains, and the gravitational descent rates. These rates
are inherently dependent upon the mass and geometrical form of the individual particles. Once
there, they aid in the formation of soils (Glaser et al., 2013; Muhs et al., 2012; Yu et al., 2015) . A
lower rate of gravitational settling causes smaller particles to settle at a slower rate and travel
longer distances in the atmosphere, but larger-sized particles (>10 pum in diameter) are typically
deposited closer to the source (Querol et al., 2019). Research findings have shown that atmospheric
depositions are important sources of nutrients in tropical ecosystems (Chadwick et al., 1999; China
et al., 2018; Xu-Yang et al., 2022).
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This background information can be summarized in the context of my hypothesis 1. First,
abundant geochemical evidence shows that most of the solid material collected in the Mojave dust
traps is derived from regional desert soils. Secondly, Mojave soils, like other extremely arid
environments, are anomalously rich in nitrate relative to temperate soils. Third, entrainment of soil
by wind throughout the Mojave can be deposited via dry deposition relatively close to the dust
origin. Therefore, there is a logical progression leading to hypothesis 1: That nitrate found in the

Mojave dust traps is from the dry deposition of nitrate rich dust derived from Mojave soils.

2.2 Methods for hypothesis 1

The dust-trap sites (Fig 2.2) used in the present study are comprised of a subset of regional
sites from Reheis and Kihl, (1995) and sites in Owens Valley (Reheis, 1997). Initially, 46 sampling
sites were established across southern Nevada and California, including one site with five dust
traps. These sites were supplemented by nine more in 1985, resulting in a total of 55 sites. Annual
sampling continued until 1989. Most sites were located at least 0.75 km away from roads or trails
to minimize interference, although some dust traps were tampered with and subsequently
abandoned (Reheis & Kihl, 1995). Sampling persisted at 37 of these sites with many sites being
upgraded to two dust traps in 1989. Additionally, a new site was added every two years until 1999.
Currently, a subset of 14 sites is sampled twice a year to monitor seasonal changes in dust
deposition and out of this, this thesis only makes use of 11 Trap sites for the study (Table 2.1). The
design of the dust traps is described in detail in (Reheis & Kihl, 1995). This study examined the
topmost dust-enriched soil layers at eleven sites with dust traps. The surface deposits at most of
these sites, which are on alluvial fans or volcanic plateaus of different ages, have a desert pavement
with an Av horizon underneath that came from dust. The gravelly desert pavement was taken away,
and then soil samples were collected by the USGS between the depth of 0-4 cm deep under the
pavement or the ground close to each of the dust traps and a spit was sieved to isolate the sand
(<2000 mm) and silt/clay size fractions The anion composition of the dust traps themselves was

also previously measured (Michalski, unpublished data)
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Figure 2.1: Adapted from (Reheis et al

2009). A map displaying the principal cities, playas
prevailing wind directions, and sample locations. Regional groups of dust trap sites are shown by

colored dashed lines: Amargosa and two southern sites (no line), Southeast Nevada (green)
Eastern Mojave (gold), North (blue), Owens Valley (red), and Southeast Nevada (green)
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2.3 Preparation of soil samples

Water soluble ions were extracted from the soil samples and analyzed using established
techniques. The samples were first placed in 15ml vials for initial measurement before being
transferred to 30ml vials. 25ml DI water was added to the samples to dissolve the soluble salts. To
ensure thorough mixing, the Vetox machine was employed to vigorously blend the soil sample and
water for approximately 3-5 minutes until a homogeneous mixture was attained (Fig 2.2).
Following mixing, to separate the sediment from the water, the mixed sample was centrifuged for
15 minutes, and the supernatant was decanted and was carefully filtered out using 0.2 micro pore
filter paper using a vacuum filter. The anions in the samples were identified based on the retention
time and quantified using ion chromatography (IC). Most of my research efforts was dedicated to
setting up and learning the new IC system acquired by the EAPS department, interfacing it with a
high capacity autosampler and conducting quality control experiments to limit between sample
carry over, establish limits of detection, and establish calibration accuracy and precision. A range
of calibration standards, from 1 ppm to 100 ppm, were employed to determine the concentration
with accuracy. The software calculates the specific anion concentrations by measuring the peak
area under the time versus conductivity intensity curve. To minimize measurement uncertainty and
validate the accuracy of the measurement, this calibration makes sure that anion peaks are

identifiable at low concentrations and avoids column saturation at large concentrations.
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Figure 2.2: depicts the sequential steps of the experimental procedures of soil samples. (1)
Weighing the soil samples using an analytical balance; (2) Mixing the samples with the help of a
vortex mixer to guarantee homogeneity; (3) Centrifuging the samples to separate soil particles
from the liquid phase; and (4) Filtering the samples with a vacuum filtration system to eliminate
any leftover particulates in the extracted solution.

Full details of the IC methodology and development can be found in Chapter 4 of this
Thesis.

Table 2.1: Mojave dust trap site locations and descriptions Adapted from (Reheis et al., 2009).
This table details traps and sources, including site IDs, local substrate compositions, geographical
coordinates (latitude and longitude), altitudes, and area clusters.

Traps/Source  Site ID Local Substrate Lat. (N) Long. (W) Altitude Area cluster
T10 Wet playa Amargosa Flat  Limestone 36.52 116.11 805 Amargosa/other
T26 Dry playa McCoy Mountains Metamorphic + Mixed 33.74  115.93 190 Amargosa/other
T28 Alluvium Kelso Dunes Rholite + Granite 3495 11561 921 E Mojave

T29 Wet playa Cima Volcanoes Basalt 3526  115.73 1257 E Mojave

T30 Dry Playa Lower silver lakes Rholite + Granite 3532 116.12 290 E Mojave

T33 Wet playa Tecopa South Metamorphic + Mixed 35.31  116.14 366 Amargosa/other
T34 Wet playa Tecopa East Limestone 3597 116.23 525 Amargosa/other
T44 Alluvium Bellehelm Rholite + Granite 38.15 116.63 1815 North

T63 Playa Haiwee Reservoir Metamorphic + Mixed 36.22  117.95 1262 Owen Valley
T27 Alluvium Cadiz Lakes Rholite + Granite 3442  115.29 403 E Mojave

T46 Alluvium Reveille Valley  Rholite + Granite 38.18 116.42 1760 North
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2.4  Test for First Hypothesis

The first hypothesis posits that most of the dust collected in the dust trap originates from soil,
thereby suggesting that the nitrate content within the dustpan is primarily derived from the soil.
To test this hypothesis, | determined the micrograms of nitrate in the dust collected that could have
come from soil using the mass of atmospheric deposition (dust) (Rhesis et al 1995) and the NO3
concentrations in adjacent soils and ratio that to the total NO3™in the dustpan, giving the fraction
of nitrate in the dust originating from soil (fsciNO3s").

fsoitNO3™ = UgNOs™ (dust from soil)
HgNOs™ (Trap)

The total micrograms of nitrate in the dust trap (ugNOz™ (Trap)) have been previously
measured by Michalski (unpublished data). The formula that calculates the micrograms of dust

NOs" that possible could come from soil is:

_ i ugNO03—(sc) ugNO3—(sand) A,
LgNOs™ (dust from soil) = dust (g)(f(sc).g(T+ f(sand).w) Eqn: 2:2

Dust (g) is the mass of the dust sample in grams in each of the traps and f(sc) and f(sand)
are the mass fraction of silt and clay and sand in the dust sample, respectively. Whereas pg NOs’
(sc) and pgNOz(sand) is the mass of NO3s™ per gram of the silt and clay and sand in the adjacent
soils. | measured the nitrate mass content in parts per million (PPM = ugNO3/ml) in the water-
soluble extracts of both silt-clay (sc) and sand components of the soil sample from the different
locations using the IC and ml refers to the milliliter of the extraction solution (25 ml). Nitrate soil
concentrations were quantified as [1gNOs7/g of soil through a calculation involving the nitrate

extraction concentration (C1g/ml), the volume extraction volume in ml, and the soil weight in grams.

MgNOs/g soil = Extraction vol(ml) X pgNO3z/ml Eqgn: 2.3
Weight of soil

The pgNOs of both the silty-clay and sand (in trap from soil) was determined using the
hypothesis assumption that all material in the trap (trap mass (g)) was derived from soil (Eq. 2.2)
From this data, Eq.2.1 was used for determining soil fsiNO3", a value that must fall between zero
and 1. If the fs0iNOs ~ 1 then the approximately all the traps NO3s™ can be attributed to soils and
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the data supports hypothesis 1. If, on the other hand, fiNOs ~ 0 then almost none of the traps
NOs" can be attributed to soils and the data refutes hypothesis 1 and shows that some deposition

source other than soil (dust) deposition is the source of the NO3" in the dust pans.
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Figure 2.3: Comparison of nitrate levels in soil of various textural class. This table shows the
nitrate concentrations in surface soil samples at two different textural class: 1-3 cm (sc) and 1-3
cm <2000u, measured in ugNOs3™/g soil. at the site. The error bar represents the percentage error.

2.5 Results for Hypothesis 1 test

The results show NO3™ concentrations in silt/clay and sand are different, that they differed
between location, and that all the fsoiNO3™ were ~ 0. Different patterns emerge from the statistical
examination of soil nitrate content at different depths. Nitrate concentration (1 gNOz/g soil) at the
0-1 cm layer ranged from 0.6 to 41.8, with an average of 13.2 and a standard deviation of 11.3.
Nitrate content varies widely between 1 and 3 cm depth, with a minimum of 2.9, a maximum of
81.4, an average of 26.8+29.6, roughly twice the average NO3™ concentration of 0-1cm. Nitrate
concentrations in the 1-3 cm depth for particles smaller than 2000 microns (sand) range from 2.2
to 87.4, with an average of 23.3 and a standard deviation of 27.6. Nitrate fraction analysis provides

further insight into the variations in nitrate, in addition to soil nitrate concentrations. The soil
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nitrate fraction (fsoiiNO3") has an average of 0.01, a range of 0.00 to 0.03, and a standard deviation
of 0.01. The atmospheric nitrate percentage (famNOz3") is consistently high, with an average of 0.99,
a range of 0.97 to 1.00, and a standard deviation of 0.01. These results point to variations in nitrate
fractions and distribution, which are crucial for comprehending soil formation and nitrogen cycling

in arid ecosystems like Mojave.

2.6 Discussion of results

Table 2.2: This table shows the weight of dust, fractions of sand and soil/silt/clay, and nitrate
concentration in dust collected from various traps. Key variables include dust weight (g), fractions
of sand (f(sand)) and soil/silt/clay (f(s/c)), microgram nitrate content per gram of soil/silt/clay
(LgNOz7/gs/c) and sand (HugNOs/g sand), microgram nitrate from soil (ugNOz™ dust from soil),
microgram nitrate collected in the trap (ugNO3" trap), and the fraction of nitrate derived from soil
(fsoil NOS_)-

UENO3
dust
Dust ugNO3/g weNO3 from  vgNO3  fsoil fatm

welght fsand sand  f(s¢) /‘mic soil  trap NO3 NO3
130 0.16 12.00 073 59.00 58.00 1400.00 004 0596
240 020 87.00 063 5800 130.00 23500.00 005 095
440 0.11 R0.00  0.70 8100 Z270.00 210000 0.13 087
210 020 21.00 069 7300 130.00  1300.00 0.10 0,90
1.80 0.23 18.00 065 300 11.00 1000.00 0.01 099
240 0.16 10,00 077 5.00 13.00 3200.00 0.00 1.00
1.10 024 230 070 1600 1500 26000 0.05 095
1.30 ()28 3.20 063 1700 16.00 210,00 008 092
240 027 220 063 730 1200 2600.00 0.00 1.00
370 0.17 8.10 073 490 1800 2800.00 001 099

| 0,53 027 2700 063 420 530 150000 0.00 1.00
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Figure 2.4: The figure compares nitrate (NOz") concentrations in soil samples at three different
depths: 0-1 cm, 1-3 cm (sc)silt-clay, and 1-3 cm <2000u (sand), measured in pugNOs3/g of soil.
Nitrate in Soils Size Fractions. The error bar represents the percentage error.

Due to varying surface features, nitrate leaching in dry desert environments varies greatly
(Walvoord et al., 2003) . Surface characteristics can impact the transport and retention of nitrates,
therefore regions with low nitrate content, such as the Cadiz lakes (T27), may have less nitrate
leaching. However, because this study only looked at nitrate concentrations in the 0-3 cm soil
depth, it does not provide enough data to completely estimate the extent of nitrate leaching. Figure
(Fig 2.4) illustrates nitrate concentrations at three different depths: 0-1 cm, 1-3 cm (silt-clay), and
1-3 cm (sand) across various locations. It shows that nitrate levels are generally lower at the 0-1
cm depth compared to the deeper layers. For instance, at T29 (playa), the nitrate concentration at
0-1 cm is significantly lower than at 1-3 cm (silt-clay) and 1-3 cm (sand), indicating leaching at
the surface. Similarly, T26 and T30 (playa) show higher nitrate concentrations at deeper depths.
There are considerable similarities between my findings and those of Graham (2008), who used
chloride as a conservative solute tracer to interpret water flux in arid soils. Marrett et al., (1990)
similarly reported NO3 values ranging from 54 to 208 mg/LNOz™-N. At depths of 2.6 to 5.7 meters,
most of these elevated values were found in samples that were rather shallow. Remarkably, NO3
concentrations also became apparent at depth, with thicker layers appearing between 8 and 12

meters down. In addition, Walvoord et al., (2003) presented an intriguing mechanism related to
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NOs™ dynamics. According to their hypothesis, NO3 leaches from the soil pool into the subsurface
reservoir, which extends just beyond the reach of plant roots. Different soil size fractions have
varying nitrate concentrations, suggesting that soil depth and composition may have a major
impact on nitrate distribution, with leaching being relevant in the near-surface regions.

2.6.1 Nitrate Distribution in Soil (0-1 cm Depth) Across Size Fractions

The variability in nitrate concentrations across different soil size fractions underscores the
influence of soil composition and depth on nitrate distribution. Figure 2.4 illustrates the impact of
leaching on soil nitrate levels at various depths. In the 0-0.5 cm soil layer, nitrate concentrations
are notably lower, possibly due to leaching of highly soluble nitrate. Conversely, depths of 1-3 cm
show higher nitrate levels, suggesting evapo-concentration of nitrates as they leach downwards
through the soil. Specifically, the 1-3 cm (sc) fraction ranged from 81.4 ugNO3-/g to 7.3 pgNO3-
/g, compared to 9.7 ugNO3-/g and 5 ugNO3-/g at 0.1 cm depth across sampling points T27 to T29.
The distribution shows that 1-3 cm (sc) contributed 53.45% and 1-3 cm sand contributed 46.55%
to the total pgNOs content of the soil, with a p-value >0.05 indicating no significant difference,
likely due to similar soil depths sampled. T29 (Cima Volcanics), which features desert pavement,
a surface where at least 65% of the soil is covered by clasts (Anderson et al., 2002; Wood et al.,
2002) showed higher nitrate levels than T27 (Cadiz Lakes). The differences may be attributed to

variations in geological characteristics and sedimentary deposits (D’Odorico et al., 2007) .

2.6.2 Soil Nitrate as a Function of Location:

The data suggests that alluvium and playa significantly influence nitrate contributions
within these catchments. As depicted in Figure 2.4, both Trap 26 and Trap 29, which demonstrate
the highest contributions, and Trap 27 and Trap 46, which contribute the least, share some features
in common. This is connected to the amount of dust released by these soils due to the composition
of their soil particles. The term “playa” refers to the flat bottom of an enclosed basin, which
intermittently transforms into a shallow lake (Blank et al., 1999) and (Shaw & Thomas, 1989).
Contemporary observations reveal that lakes in arid and semi-arid regions are increasingly
impacted by climatic changes and anthropogenic activities, leading to the desiccation of aquatic
environments and the exposure of lakebeds (Tao et al., 2015). Gill (1996), Middleton & Goudie
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(2006), Prospero et al., (2002), Washington et al., (2006) identifies these desiccated lakes as
significant sources of atmospheric dust emissions. Playa surfaces, with slopes less than 0.2 meters
per kilometer and composed predominantly of silty clays Rosen (1994) notes, are highly
susceptible to aeolian erosion. This susceptibility is evidenced by elevated nitrate concentrations
in trap sites on playas compared to those on alluvial plains. Alluvial plains, formed through
sedimentation within floodplain soils, consist of gravel, sand, and minor quantities of silt and clay
deposited by fluvial processes (Leah et al., 2018) .

Figure 2.4 shows that 80% of traps in the playa areas have higher nitrate levels than those
in the alluvium, which might be due to playa mainly consisting of silt and clay or due to intense
nitrification that occurs in playa but not is found in alluvium. It has been estimated that
anthropogenic playa sources contribute 85% of global anthropogenic dust emissions (Zucca et al.,
2021). However, discrepancies arise when comparing nitrate from atmospheric depositions in the
dustpans at the study sites. Some alluvium sites (e.g., T44) show high nitrate concentrations at
certain soil depths, potentially due to atmospheric deposition from nearby playas or proximity to
cities with high anthropogenic emissions of nitrogen oxides (NOx). The higher nitrate
concentrations observed in playa traps (e.g., T26, T29, T30) compared to alluvium traps (e.g., T44,
T27) support the idea that dust from fine-textured soils (silt and clay) in playas contributes
significantly to nitrate levels. The eolian origin can be clearly seen in the silt and clay fractions of
sandy soils Dan et al., (1969). The influence of eolian dust on the composition of local soil is
dependent on multiple factors, such as proximity to dust sources and the current atmospheric
conditions that determine the paths of dust storms (Bodenheimer et al., 2019; Chester et al., 1996;
Engelstaedter et al., 2006). Wind-driven sand has played a key part in shaping large portions of
the soil formation through the process of rock weathering (Greeley & Iversen, 1985), contributing
significantly to soil formation over time (Pye, 1987). The textural differences between playas and
alluvial plains influence the dust mass and size fractions, with playas having higher proportions of
finer particles that contain nitrate that are more easily transported and deposited as dust. This is
evident from the data showing higher nitrate concentrations in playa environments, which are
primarily composed of silty clays and are highly susceptible to aeolian erosion.

Playas constitute significant nitrate sources in areas where they are widespread (Gill,
1996) . While playas generally produce high nitrates from arid surfaces, exceptions exist (e.g., T33,

T34, and partly T10 with low nitrates). These wet playas contain and emit more nitrates and other
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elements due to higher water tables (<4m) (Reynolds et al., 2006; 2009) .This data is consistent
with instances observed in the United States' Great Basin: Mono Lake and Owens (dry) Lake (Gill,
1996) have shown that human activity in arid and semiarid environments causes desiccation of
saline lakes and playas, resulting in wind erosion and significant aeolian processes. Grass Valley
playain Nevada Young & Evans, (1986) noted substantial subaerial fine particle deposition during
winter, and Summer Lake in Oregon (Langbein, 1961) highlighted considerable water level
fluctuations in closed lakes in dry and semiarid regions, making them vulnerable to dust production

and wind erosion.

2.6.3 Fraction of fsoil as a function of location:

The results (Table 2.2) suggest that the nitrate content in the dust trap is not predominantly
from soil sources, which contradicts the hypothesis that the bulk of the dust in the dust trap is
obtained from the soil. The fraction of soil-derived nitrate (fsoiiNO3z") is consistently low throughout
all samples, never exceeding 0.03, or 3%, implying that at best only a small proportion of the
nitrate in the dust traps comes from the soil. The atmospheric nitrate percentage (famNO37), on the
other hand, is typically close to or equal to 1. This trend demonstrates that atmospheric sources
contribute significantly to the nitrate levels measured in dust traps. The idea that external, non-soil
sources have a considerable impact on the nitrate content is further supported by the fact that
samples with large dust weights and significant nitrate concentrations in the traps (T34, T28) yet
show minimal soil-derived nitrate. The results of this study contradict our first hypothesis by
showing that most of the nitrate content in the dust traps does not originate from soil sources. In
contrast to the atmospheric nitrate fraction, which had an average value of 0.99, the soil-derived
nitrate fraction continuously showed low values, never going above 0.03. This significant
difference emphasizes how atmospheric sources mostly contribute to the nitrate concentration
found in the dust traps. Additionally, the study demonstrated a high degree of variation in nitrate
concentrations among various soil size fractions and depths, supporting the idea that atmospheric
sources account for most of the measured nitrate levels. These results suggest a shift in focus to

investigate wet deposition as a probable major mechanism of nitrogen deposition at the study site.
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3. NITRATE WET DEPOSITION IN MOJAVE DESERT

Hypothesis 2. Wet deposition as the primary method of N deposition in most ecosystems,

suggesting that wet deposition processes are the primary source of the nitrate found in the trap.

3.1 Introduction

Millions of tons of nitrogen dioxide and other nitrogen compounds are annually released
into the atmosphere in the United States as a result of both anthropogenic activities like burning
fossil fuels and industrial processes, as well as natural processes like soil resuspension and volcanic
activity (Galloway et al., 1982; Nriagu & Pacyna, 1988).These nitrogen compounds return to the
surface of the Earth through wet and dry atmospheric deposition. Nitrate removal from the
atmosphere is mostly accomplished by wet deposition, which includes precipitation such as rain,
snow, and fog Zhao et al., (2015). This nitrate deposition in the atmosphere affects soil
development.

The term nitrogen “wet deposition" describes the process by which precipitation, such as
rain, sleet, or snow, removes reactive nitrogen from the atmosphere (Burns,2003; Clow et al, 2002)
(fig. 3.1). According to Yan et al. (2021), this process plays an essential role in regulating the
concentration of nitrogen in the atmosphere. There are two main methods of wet deposition. The
term "rainout” or "in-cloud scavenging" Hov (1987), describes the scavenging of aerosol particles
that are associated with pre-existing cloud droplets or ice crystals inside the cloud, or they can be
acting as condensation or freezing nuclei. Washout, also known as below-cloud scavenging, occurs
when aerosol particles or soluble gases collide with falling droplets. During wash-out, uptake of
gases and/or particles may happen during the downward conveyance of the droplet to the earth's

surface in the form of rain, snow, cloud ice, hail, etc.
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Figure 3.1: shows the Conceptual framework of wet deposition in the study site. Adapted from
(Zhang et al., 2021) The main mechanism shown include 1. Cloud water formation,2. Gaseous
pollutant in the atmosphere. 3. Particulate pollutant in the atmosphere. 4. Nucleation scavenging
collisions. 5. Dissolution and Evaporation .6. Chemical interactions in Cloud Water. 7. Below-
Cloud Scavenging. 8. Chemical Reactions in Rain and Snow

3.2 Methods for Hypothesis 2

To measure the deposition of atmospheric components and track the chemistry of
precipitation, the US National Atmospheric Deposition Program (NADP) was founded in the late
1970s. The chemical composition of precipitation is greatly impacted by air pollutants, especially
NOx, mostly in areas with high precipitation Keresztesi et al.(2020); Guerzoni et al. (1997);
Halstead et al.(2000).

The amount of wet deposition is proportional to both the volume of precipitation and the

location of the deposition site relative to emission sources. An essential aspect of this process is

36



the collection and transportation of gases and particulates from the atmosphere by rain, snow, and
fog (Tanaka, 2000). Quantification of wet deposition is typically achieved through the deployment
of collection apparatus in open fields, designed to capture rain or snow over periods ranging from
several days up to one month. To ascertain the fluxes of wet nitrogen (N) (here defined as
atmospheric reactive nitrogen (NHs and NOQy)) deposition, ( Zhang et al., 2021) measured the
concentrations of Wet N deposition fluxes within the collected precipitation are multiplied by the

precipitation volume, employing the following equations:

Cw = i(capi) /ZH:PL'
i=1 = ...

where the concentration of each individual sample, Ci, is weighted by the quantity of rainfall

Egn:3.1

measured for each sample, and Cw is the volume-weighted mean concentration (mg N/L)

computed from the n precipitation samples throughout a month or a year.

Dpw =2 Egn:3.2

100

where Pt is the total quantity of all precipitation events (mm), 100 is a unit conversion factor, and
Dw is the wet/bulk deposition flux. This is a unit conversion factor that allows the conversion of
the total amount of all precipitation events (mm), (Pt) from millimeters to kilograms per hectare

(kg/ha). Essentially, it helps standardize the units for comparison.

3.3 Test for Hypothesis 2:

To test this hypothesis, | will compare the dry and wet deposition data to see if they're
equal. Dry deposition is calculated as the difference between total (trap) and wet deposition. The
nitrate from total atmospheric deposition is calculated using the formula:

mmolNO3
(collection time )x(pan area) x1000

mmoINOz m?/yr = Eqn: 3.3

where the collection time ranges from 1.9 to 2.1 years, pan area is 0.05 m? and 1000 is the

correction factor to convert it to mmol/m?/yr.
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fwetbep = NO3'WetDep rate/ NOs TotalDep rate; the fraction of where NO3'WetDep rate is the
NADP wet deposition rate in mmol NOsm?/yr

If the data shows that wet deposition is comparable to dry deposition, this will imply that
wet deposition is the predominant source of nitrate deposition. If differences are found, they could
be due to precipitation influencing the concentration. In such a circumstance, | will correlate the

total deposition to precipitation data from PRISM to further evaluate this relationship.

3.4 NADP Sites in the Study Area and Years of Operation

The NADP monitoring sites in the research area provide vital information on nitrate
deposition patterns across the study area. The Death Valley National Park-Cow Creek site (CA95)
operated at an elevation of 125 meters from February 8, 2000, until May 31, 2005. Operating at an
elevation of 2066 meters. Red Rock Canyon site (NVO0O0) operated at an elevation of 1137 meters
from January 22, 1985, to December 10, 2002. The Bishop site (CA34) operated at an elevation
of 1252 meters from March 4, 1980, until June 22, 1982. The Joshua Tree site (CA 67) has an
elevation of 1239 and was established on September 19, 2000, and it is still operational.

Table 3.1: shows the Nitrate deposition values (NOs/kg/ha/yr) for wet (NADP) and (dry) dust
sources, with corresponding fractions. Dust Traps are chosen and average values of them were
taken depending on their proximity to NADP monitoring sites.

Total
Wet Dep. Dry. Depo. Fraction Fraction
Site  Trap (NO3 Dep.(NO3 NO; Std.  from from

Name ID Traps  /kg/halyr) /kg/hal/yr) /kg/ha/yr) Dev  wet dry
Las 50,47,28

Vegas NVO00 ,18,16 2.39 3.03 541 5.97 0.44 0.56

Death 15,13,10

Valley CA95 ,14,11 0.90 2.08 298 4.01 0.30 0.70
68,67,62

Bishop CA34 ,63,64 0.83 0.31 1.14 1.80 0.73 0.27
30,31,29

Joshua ,28,27,2

Tree CA67 3 0.26 10.84 11.10 4.99 0.02 0.98

38



The NOskg/ha/yr wet deposition from NADP is compared to the site's dust concentration
of kg N/ha. However, the kg N/ha value was converted to NO3z'kg/ha/year using the molecular

weight ratio.

molecular weight of nitrate

Conversion factor = _ :
molecular weight of nitrogen

Applying the resultant conversion factor to a given value of Nitrogen will yield an
equivalent value in NOs for easy comparison.

Table 3.1 presents the fractions of nitrate deposition from wet (NADP) and dry (dust)
sources at various sites. The dust traps used in this study were strategically chosen based on their
proximity to NADP monitoring sites. Notably, the amount of nitrate from dry deposition is
consistently high across all sites, with values ranging from 0.68 to 10.84 NOz"/kg/ha/yr averaging
4.12 NOs/kg/halyr. In contrast, the nitrate fractions from wet deposition are lower, averaging 1.09
NOz7/kg/ha/yr and ranging from 0.26 to 2.39 NOs/kg/ha/yr. This stark contrast suggests that dry

deposition is the predominant source of nitrate deposition at these sites.
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Figure 3.2: Distribution of nitrate wet deposition across United States Adapted from (NADP);
This map illustrates the spatial distribution of nitrate wet deposition (kgNOs/ha/yr) in the
United States. Different deposition rates, ranges from 0.23 to 2.39 kg NOs/ha/yr
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These results contradict the hypothesis that wet deposition makes up most of the total
nitrate deposition. This study shows that dry deposition is the primary form of NO3™ deposition in
arid environments. This finding is consistent with observations of nitrogen (N) deposition in the
western United States made by Fenn et al. (2003) and Li et al. (2016). Their findings demonstrate
that nitrogen deposition, which comprises diverse nitrogenous chemicals such as nitrate, varies
over the region, ranging from 1 to 4 kg/ha/year to 30 to 90 kg/hal/year. Similarly, Zhang et al.
(2021) observed that the western United States has low wet N deposition, ranging from 0.02 to 1.5
kg N/ha/yr. These results, converted to kgNOz/halyr as explained earlier.

Annual Precipitation: 1999

(Map created 1€ Oct 2019)

Annual Precipitation (in.)
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Figure 3.3: The precipitation levels in inches are displayed on this map (PRISM Climate Group,
1999), which shows the yearly precipitation over the United States for the year 1999. The range of
colors shows different amounts of precipitation, ranging from dark brown (less than 4 inches) to
dark purple (more than 160 inches). The study site locations are indicated by red dots.
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Figure 3.4: Relationship between annual rainfall and total dust deposition in the study site. The
scatter plot shows the relationship between annual rainfall(mm/yr) and total dust deposition
(mmol/m2/yr).

There was no comparison between wet deposition and dry deposition which gives an
insight that precipitation might be the influencing the concentration of the dry deposition, to check
if this is true, we used the precipitation dataset from PRISM and with QGIS 3.36, these datasets
were integrated into a PRISM map (fig 3.3). An innovative method for precipitation analysis was
created at Oregon State University called PRISM (Parameter-elevation Regressions on
Independent Slopes Model). It uses point data, digital elevation models (DEM), and geographic
information to construct gridded estimates of several climatic parameters, beginning with
precipitation and eventually expanding to include temperature, snowfall, and other variables (Daly
et al., 1994, 1997). PRISM is a methodically validated technology that uses parameter-elevation
regressions on distinct slopes to adapt for and properly represent unique topographic and climatic
variables. From the United States to Canada and beyond, this method guarantees strong mapping
accuracy in a variety of geographical areas. However, PRISM is subject to limitations, particularly
when predicting climate parameters over large elevation ranges using little observational data.

These uncertainties are addressed using localized adjustments and validation against accessible
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data points, allowing PRISM to efficiently model complicated climatic scenarios (Taylor & Daly,
2004).

The result show that study area is characterized by low precipitation (from less than 0.001In
(0.0254mm/yr) to 1.2In (30.48mm/yr)), Research by Al-Momani et al., (2002) and Tuncer et al.,
(2001) indicate that in arid regions with erratic rainfall, dry deposition predominately constitutes
the main source of atmospheric deposition. Our results align with this claim, reflecting a regional
average precipitation of approximately 4.4 inches/yr. These results are consistent with the
conclusions drawn by Peretti et al., (2020) and Zhang et al., (2018), that fluctuations in
precipitation influence the patterns of wet deposition across diverse geographical locations.
Furthermore, the degree and direction of the linear association between the dust deposition and
precipitation data was assessed using correlation analysis. This was done by using Pearson
correlation coefficient formula below: This analysis hopes to establish whether precipitation and
dust deposition are significantly correlated, so shedding light on whether the total deposition was

mostly from precipitation.
_ n(Txy) - (Ex)(Xy)
V [nZx2 - (5x)2] [ nZy? - (Zy)?]

where X is the precipitation data and y are the dust deposition data.

r

Thus, though the amount of nitrate in the two states used in the correlation may differ as a
result, the result is expected to provide valuable insight in the observed relationships. By
determining the correlation coefficient's strength and nature, we can make conclusions regarding
the predominant form of nitrate deposition in the study areas.

The result (fig 3.4) indicates that there exists a weak negative correlation between the two
variables with a p- value of < 0.05. This answers the question that precipitation is most probably
not the source of nitrate in the region.

The troposphere's nitrogen oxides (NOx) are known to be generated by industrialization,
fuel combustion, and other human activities that release nitrogen into the atmosphere. NOx can
easily undergo a number of chemical reactions to produce nitric acid (HNO3z). The HNO3™ can
subsequently be integrated into atmospheric particles, which explains why nitrate deposition is
elevated in areas near cities such as NVV0O near Las Vegas, and Joshua Tree that has several cities

close by including Los Angeles that is 173 miles far from it with a population of 642,000 and
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13,000,000 respectively in 2020 census exhibits high nitrate deposition. A 50% reduction in
overall NOx emissions is expected to result in a 37% decrease in total NO3-deposition, with a
combined 74% efficiency in wet and dry deposition (Butler et al., 2005).

This finding is consistent with (Elliott et al., 2007), who measured that the spatial and
temporal distribution of nitrate in wet deposition at 33 National Atmospheric Deposition Program
- National Trends Network sites in the northeastern and midwestern United States is primarily
influenced by nearby stationary source emissions, such as electric generating units. Furthermore,
(Barrie & Sirois, 1986) shows that nitrate deposition is higher in urban regions than in rural ones
demonstrating the significance of regional variations in nitrogen deposition Sickles & Shadwick,
(2007).

The results provided show that industrial and urban emissions have a substantial influence
on nitrate deposition, especially in arid regions with minimal precipitation and peculiar

atmospheric conditions.
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Figure 3.5: Wet and Dry nitrogen deposition across the United States. Data derived from the
NADP. The map depicts locations with variable nitrogen deposition levels, measured in kg N/ha,
showing places with higher deposition, particularly in the Midwest and parts of California.
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Total Deposition

Figure 3.6: Total nitrogen deposition across the United States. Data derived from the NADP. The
map depicts locations with variable nitrogen deposition levels, measured in kg N/ha, showing
places with higher deposition, particularly in the Midwest and parts of California.

To further understand nitrate deposition in the study area, | compared my observations with
the modeled results from the National Atmospheric Deposition Program (NADP). The analysis
utilized data collected from the NADP National Trend Networks (NTN) and unpublished data
from Michalski. The dust trap data, which were in proximity to the NTN sites, were averaged to
obtain representative values for comparison with the NTN data (Table 3.1). The observational data
comprised NADP wet deposition values, atmospheric dust deposition values, and total deposition
values (the sum of wet and dry deposition). Additionally, the fractions of total deposition attributed
to wet and dry sources were calculated. These observed values were then compared to the modeled
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nitrate deposition values provided by NADP to account for areas where monitoring stations were
not available. The modeled data from the Community Multiscale Air Quality (CMAQ) model were
used to fill in spatial gaps and provide information on chemical species not measured by routine
monitoring networks.

When compared to the NADP’s modeled values, the results indicated that the modeled
observations were approximately 0.5 kg N/ha, 1 kg N/ha, and 2 kg N/ha for wet, dry, and total
depositions, respectively. However, converting these values with molecular ratios still resulted in
relatively low values. In contrast, the measured nitrate deposition in my study recorded averages
of 1.17, 5.88, and 7.05 NOs/kg/ha for wet, dry, and total depositions, respectively.

Significant differences are shown when comparing the modeled and observed nitrate
deposition values. When compared to my observations, the modeled values from NADP
underestimate nitrate deposition. These variations highlight the significance of localized precise
measurements while evaluating nitrate deposition. The findings imply that, while modeled data
might fill in spatial gaps, relying only on models without adequate ground-measurements can

result in nitrate deposition underestimations.
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4. INSTRUMENTATION

4.1 Introduction to lon Chromatography

Technical Note: This section of the thesis elaborates on the principles of ion chromatography, its
application in analyzing soil samples, and the encountered challenges along with their respective

solutions.

4.2 Overview of ion chromatography (IC) and its applications

An instrument called ion chromatography (IC) separates polar molecules or ions in a
solution according to the size and charge of each group. After being pumped through an ion-
exchange analytical column, the anions in each full soil supernatant sample solution are absorbed
onto the column due to ionic interactions with the column resin. This is followed by the elution of
the anions from the column and back into solution with a carbonate mobile phase. As the mobile
phase moves through the column, the anions elute at different times, varying the conductivity of
the solution. Instead of desorbing back into solution all at once, the anions elute at different times.

A conductivity detector is then used to measure the change in conductivity. The retention
period is the period between the sample injection into the column and the anion's detection. The
unique anions are subsequently identified by correlating each anion retention time with
conductivity detection. The biogeochemistry lab's IC equipment was modified to use two
analytical columns, one serving as a guard column to separate the sulfate, nitrate, and chloride in
each soil solution. The IC equipment was mostly modified to run exclusively in analytical mode.

The analytical mode compares the sample conductivity to standards mixed to known
concentrations and uses a determined volume of soil sample solution to pump onto the analytical

column to determine the concentrations of each anion.

4.3 lon Chromatography System components

The ion chromatography system in the Biogeochemistry Lab includes a liquid eluent, high-
pressure pump, sample injector, guard and separator column, chemical suppressor, conductivity
cell, and data-obtaining desktop. A standard solution is used to calibrate the ion chromatography

equipment before running a sample. The data from the sample is compared to the standard to
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identify and measure the ions present. A chromatogram (a plot of detector output vs. time) is
produced by the data gathering system, typically a computer with chromatography software.

Generally, there are six stages of lon Chromatography analysis:

6. Data Analysis

Conductivity | 5. Detection

1. Eluent ﬁ
Delivery Separator

Column
Pump j:l

[ ]
—
\

Injection
Valve

Sample

2. Sample

Injection
Sample Loop

Figure 4.1: ( Dionex Aquion lon chromatography manual, 2016 ). The figure displays a schematic
diagram illustrating the components and structure of an ion chromatography system.

43.1 Eluent

The eluent (or mobile phase), a liquid that carries the sample ions through the ion
chromatography system. The Dionex Aquion delivery system is isocratic, meaning that the eluent
does not change its composition or concentration during the run. The eluent is pushed by a pump
through an injection valve that ensures accurate and consistent sample volumes. The eluent choice
depends on various factors, such as the sample type and the separation column. Hydroxide or
carbonate are the most widely used eluents as the eluting anions. They have different properties

that are explained below.

4.3.2 Carbonate Eluent

Carbonate eluent has been the conventional choice for anion analysis. It is a water-based

solution of carbonate and hydrogen carbonate salts that allows adjusting the total ionic strength
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and the ratio of monovalent (HCOz3") to divalent (CO2’) ions to achieve the best retention time and
selectivity among monovalent and multivalent sample ions. When carbonate eluent flows through
the suppressor, it produces carbonic acid (H2COs"). Carbonate eluents typically have an eluate pH
of around 4 due to the presence of carbonic acid, resulting in a conductivity of 10-20 pS-cm™. At
low PH, analytes that have turned into strong acids like nitrate (NO3z") will split up completely,
thus, the pH of the eluate affects the rate of splitting of weak acids. For instance, only about 20%
of acetic acid splits up at this pH, and since only split-up ions cause electrolytic conductivity, a lot
of it reaches the detector without giving any signal.

To prepare the eluent, freshly drawn, deionized lab water that has a specific resistance of
18.2 megohm-cm (low conductivity) must be used. Deionized water should not be stored in glass
or plastic containers, as this will make the conductivity to quickly increase, and the eluent quality
will be reduced. The sodium hydroxide used must be very pure. To achieve the lowest possible
back-ground conductivity, the hydroxide eluents must be made from 50 weight percent NaOH or
KOH without carbonate.
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4.3.3 Eluent Pump

Secondary pump head
Secondary Outlet check valve
pump head
Primary pump head
Waste valve Priming valve
Inlet check valve
Pressure
transtucer

Figure 4.2: shows the secondary head pumps and their parts in an ion chromatography system.

The Dionex Aquion is equipped with a serial double piston pump that simplifies pumping
in the eluent. The flow rate can be adjusted to a minimum of 0.00 ml/min or between 0.05 and 5.00
ml/min. However, for optimal performance, it is recommended to set the flow rate between 1.2
(4mm column) and 0.3 ml/min (2mm column). To turn off the pump, set the flow rate to 0.00

ml/min.

4.3.4 Sample Injection

A sample loop is filled with a liquid sample, either manually or via an autosampler. Upon
activation, the Dionex Aquion injects the sample into the eluent stream. The eluent and sample are
then driven by the pump through the guard and separator columns, which are tubes made of
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chemically inert material and filled with a polymeric resin. The guard column functions to remove

contaminants that could potentially damage the separator column.

Injection valve flow schematics
LOAD POSITION INJECT POSITION

Sample In W Sample In W
-
F )

To Column

\!
b N

To Waste From Pump To Waste From Pump

Figure 4.3: Injection Valve Flow Schematics:( Dionex Aquion lon Chromatography, 2016) The
diagram depicts the flow routes of the injection valve in both the load (left) and inject (right)
positions, indicating how the sample enters the chromatography system.

During the loading phase, the sample solution enters the sample loop, while the eluent is
directed towards the column. The sample loop within the chromatography system is designed to
hold the sample in preparation for injection. Meanwhile, the eluent, serving as the solvent,
bypasses the sample loop and travels directly from the pump, through the valve, and into the
column. Samples proceed from the automated sampler line or syringe, pass through the valve, and
fill the sample loop.

When the injector is switched to the inject position, the eluent propels the sample from the
loop into the column for analysis. At this stage, the injection valve is filled with the eluent.
Following the sample loading and the toggling of the injection valve to the inject position, the
eluent flows through the sample loop in the injection valve. Subsequently, the mixture passes

through the suppressor, guard, and separator columns.
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The mixture then enters the cell via the suppressor, where analytes are detected, and their
signals are transmitted in digital form to the Chromeleon software. After exiting the cell, the
mixture is rerouted back to the suppressor, which acts as the regenerant chamber’s water source.

Finally, the flow is directed to waste disposal.

4.3.5 Separations

After exiting the guard column, the sample ions are directed to the analytical or separation
column. Sample ions are separated in the separation column as the sample and eluent move through
the column. To achieve this separation, the Dionex Aquion makes use of ion exchange
chromatography. In this procedure, various sample ions move through the ion chromatography (1C)

column at different rates based on how they interact with the ion exchange sites.

4.3.6 How the column work

Figure 4.4: Mechanism of lon Exchange in the Suppressor Column (A practical guide to ion
chromatography, 2007). This figure demonstrates the ion exchange mechanism that occurs in the
suppressor column. Sample ions bind to the charged groups of the stationary phase with different
binding constants and are eluted in sequence by the eluent ion.
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The main function of the analytical column is to separate the sample ions. Regardless of
column type, they all contain charged packing material with ion exchange groups to aid in the
separation process. In anion chromatography, the ion exchange groups are positively charged and
made up of quaternary ammonium compounds (R-N+), with one of the groups being a carbon
chain covalently bound to the resin. During the exchange reaction with the ion exchange groups,
the sample ions separate as they move down the column due to their different binding constants.

4.3.7 Suppression

The eluent and sample ions go through a suppressor after leaving the column. By
decreasing the eluent's conductivity, this apparatus improves sample ion detection. The suppressor
slows the ions to varied degrees, depending on their properties, forcing them to reach the
suppressor sequentially. Before reaching the detector, the suppressor transforms the eluent and

analyte ions.

Figure 4.5: Schematic drawing of the ion exchange process in a membrane-based anion
suppressor; (A practical guide to ion chromatography, 2007)
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4.3.8 How Suppressor works

The eluent has a high conductivity since it contains a sizable amount of salt. To detect
changes in eluate conductivity induced by ions at considerably lower concentrations than the eluent,
the amount of dissolved ions in the eluent must be significantly reduced after the column. In other
words, the suppressor's job is to reduce eluent conductivity. Suppression also increases the analyte
ion signals. The eluent in the membrane suppressor is neutralized by continuous flow ion exchange
across an ion exchange membrane, which reduces background conductivity. The eluent flows
within a membrane tube, while the regenerant, a 5-50 mM acid, flows in the reverse direction
outside the tube. When anions are separated with an alkaline eluent, a cation exchange occurs
across the membrane: Na* or K" ions from the eluent are replaced by H* ions from the acid
regenerant. Donnan exclusion, a form of electrostatic repulsion, prohibits anions in the eluate and

the regenerant anion from passing through the membrane.

4.3.9 Detection

A conductivity cell measures the chemical conductance of sample ions as they exit the
suppressor and generate a signal depending on a chemical or physical property of the analyte. The
detector monitors the electrolytic conductivity of the eluate, and the suppressor serves two
functions: it reduces the background of the eluent and increases sensitivity for sample ions. The
detector signals can be analyzed manually using recorder charts or automatically using an
integrator or a computer-based data-acquisition system with appropriate chromatographic software.
The conductivity cell sends the signal to a data collection system, such as the Thermo Scientific™
Dionex™ Chromeleon™ 7 Chromatography Data System, which identifies the ions based on
retention time and quantifies each analyte by integrating the peak area or height. The data is
quantified by comparing sample peaks in a chromatogram to those produced by a standard solution.
The results are shown as a chromatogram, and the amounts of ionic analytes are automatically

computed and summarized.

4.4  Challenges and Solutions in using IC

Several challenges were faced when retrieving the data. The following is a summary of these

difficulties and the solutions used to address them.
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4.4.1 Short Retention Times

Causes:

o Rapid flow rate
o Use of improper eluents

e Column contamination

Resolution

e Prepared a new eluent, specifically the AS22 Eluent Concentrate (Sodium
Carbonate/Bicarbonate Concentrate) from Thermo Fisher Scientific.
o Conducted a thorough column cleanup as follows:
1. Prepared a 500 mL cleaning solution with 200 mM HCI in 80% acetonitrile.
2. Disconnected the suppressor and directed the effluent to waste.
3. Set the pump flow rate to 1.0 mL/min and separated the guard column from the
analytical column.
4. Rinsed both columns with deionized water for ten minutes.
Cleaned each column individually with the acetonitrile-HCI solution for no less than
sixty minutes.
6. Rinsed the columns with deionized water for an additional ten minutes.
7. Conditioned the columns with eluent for at least sixty minutes before resuming

standard operations.

4.4.2 Inadequate Separation of Phosphate and Sulfate Peaks

Cause:

o Contamination of Sodium carbonate by Sodium hydroxide

Resolution:

e Prepared fresh eluents, sourced from Thermo Fisher Scientific, to ensure technical

accuracy and purity.
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4.4.3 Sample Carryover

Issue:

o Remnants of previous samples were detected in subsequent samples due to carryover in the

autosampler rack.

Resolution:

o Extended the duration for which the sample probe remained in the rinse station.
e Thoroughly flushed the injection loop with at least 8 mL of deionized water before

introducing the next sample, ensuring the elimination of residual traces

4.4.4 Excessive Pressure and Pressure Spikes During Injection

Issue:

o Excessive pressure and pressure spikes were observed during the injection process.

Resolution:

o Systematically replaced and maintained the seals of the pump head

45 Autosampler

4.5.1 Integration of Autosampler to IC

To automate the collection of individual anion peaks, an autosampler is integrated into the
IC system. The autosampler model ASX 560 can efficiently gather 90 distinct samples within a
25-hour timeframe. A standard ASX 560 Autosampler comprises essential components such as the

Z-Drive Assembly, Rinse Station, Arm, Standard Vials, Sample Vial Rack, and Sample Tray.
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Figure 4.6: This figures shows the front view of the Autosampler and its components.The
autosampler interfaces with the IC via connection cables. These cables include 1.823 meters of
serial cables, linking the Z-Drive, Z-Drive motor, Sample Probe, and Injection Valve of the IC
through the pump.

4.5.2 Automated sampling Process

The autosampler is programmed to initiate a sequence where, upon activation, the sample
probe relocates to the rinse station and is lowered for rinsing. The pump is then activated and
remains operational for approximately 120 seconds, aimed at cleansing the sample probe from any
previously collected samples. After 120 seconds, the pump is deactivated, and the sample probe
moves to the next tube. Subsequently, at the 5.5-minute mark, the pump is once again activated,
running for about 210 seconds. This process facilitates the delivery of approximately 4 ml samples

to the analytical column in the IC via the pump, as outlined earlier.
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4.6 Results and Discussions

The objectives of the preparative mode are to accurately determine anion concentrations and
to ensure efficient collection of fractions. Collection efficiency is achieved when a peak
is completely separated from the ion chromatography system. A calibration curve was established
using a series of standard solutions containing known concentrations of sulfate, nitrate, and
chloride to calibrate both the concentration determination and peak retention times. In the analysis
of anion concentrations, the preparative mode’s efficacy in discerning anion concentrations was
evaluated.
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Figure 4.7: illustrates the chromatogram peaks. The chromatogram of the check standards is shown
on the top panel, with the retention time peak indicated. The bottom panel displays the calibration
standard's chromatogram, confirming the results' uniformity and reproducibility.

Standard solutions were prepared at concentrations of 1 ppm, 5 ppm, 10 ppm, and 100

ppm to ensure a wide calibration range (Fig 4.10). This approach ensured the conductivity peaks

of anions were detectable at low concentrations and that the column capacity was not exceeded,
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which would prevent effective separation at higher concentrations. The mixed standard solution
was introduced onto the columns, and separation was achieved without peak overlap, even at off-
scale peak heights. The successful detection of anions at low concentrations suggests that this
preparative method is suitable for analyzing samples with low anion content.

Precision was determined by injecting an appropriate standard solution four or more times
and evaluating peak heights or peak areas. This procedure evaluates the repeatability and
consistency of measurements made in the same settings. Higher precision is indicated by lower
relative standard deviations (RSDs), which display how close these measurements are when
repeated under the same condition. For instance, the precision for 100, 50, 10, 5 and 1 ppm are
+0.33, £1.05, £0.80, £0.17, +£0.60 respectively. Conversely, accuracy indicates the degree to which
these measurements correspond with the true or accepted values. It represents the level of accuracy
of the measurements. Accuracy is determined by examining numerous different standards and
comparing the calibration curve results to known concentrations (actual value). The degree of
consistency between these results and the true values aids in assessing the ion chromatography
system's accuracy. A calibration curve is generated using a range of different standards, such as
1,5,10, 50, 100 ppm which is fitted with linear regression with a slope and R? as shown in fig 4.8.
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Figure 4.8: Calibration curve for different ppm levels of nitrate calibration standard solutions

A greater precision of the data is indicated by the calibration standards results, as all
coefficients of determination (R?) approach 1. Moreover, the calibration results demonstrate a
strong correlation with the data, evidenced by an average standard deviation of 1.25 and an
uncertainty of 0.47. The coefficient of determination measures how effectively the calibration
model (linear regression) describes deviations from ion concentration data.

A high R? value (almost 1) indicates that the calibration curve correctly depicts the
correlation between known concentrations and observed responses. A low R? value (near to zero)

indicates that the calibration curve may not effectively represent this correlation.
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5. CONCLUSION

In conclusion, this study's results cast doubt on the hypothesis that soil is the main source
of nitrate in dust deposition in southern Nevada and California as portrayed by most USGS
publications. While soil-derived dust makes some contribution to nitrate levels, the results show
that other factors, such as atmospheric deposition and anthropogenic activities, also play important
roles. The substantial variance in nitrate concentrations between traps and depths highlights the
complexities of nitrate contents in this study site. Different sediments such as playas and alluvial
plains have a substantial impact on nitrate distribution. Cima Volcanics (T30) has higher nitrate
levels, due to previous lake deposits and scarce desert pavement, whereas Cadiz Lakes (T27) has
lower levels, possibly due to vegetation and soil composition influencing nitrate uptake and
leaching. The fraction of soil-derived nitrate (fsoilNO3") is consistently low throughout all samples,
never exceeding 0.03, implying that only a small proportion of the nitrate in the dust traps comes
from the soil. The atmospheric nitrate percentage (famNO3), on the other hand, is typically close
to or equal to 1. With atmospheric deposition and human activity playing a major role in increasing
nitrate levels, the variations in nitrate concentrations between the soil and atmosphere further
emphasize the influence of external factors and environmental factors.

Further, considering the minimal yearly precipitation in the study site, the study shows that
wet deposition is not the main source of nitrate observed in the dust traps across most of the habitats
tested. This is shown by the weak correlation found between nitrate deposition and Mean Annual
Precipitation (MAP) and the wet nitrate deposition data from NADP, which suggests that rainfall
has very little effect on nitrate levels.

Overall, the findings suggest that nitrate content at the study site is influenced by small
quantities from both soil and wet atmospheric inputs. However, a significant portion may originate
from nitric acid in dry atmospheric deposits, although this hypothesis is not supported by direct
data or evidence in this thesis.
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