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Abstract Risks associated with dust hazards are often underappreciated, a gap between the knowledge pool
and public awareness that can be costly for impacted communities. This study reviews the emission sources and
chemical, physical, and biological characteristics of airborne soil particles (dust) and their effects on human
and environmental health and safety in the Pan-American region. American dust originates from both local
sources (western United States, northern Mexico, Peru, Bolivia, Chile, and Argentina) and long-range transport
from Africa and Asia. Dust properties, as well as the trends and interactions with criteria air pollutants, are
summarized. Human exposure to dust is associated with adverse health effects, including asthma, allergies,
fungal infections, and premature death. In the Americas, a well-documented and striking effect of soil dust is
its association with Coccidioidomycosis, commonly known as Valley fever, an infection caused by inhalation
of soil-dwelling fungi unique to this region. Besides human health, dust affects environmental health through
nutrients that increase phytoplankton biomass, contaminants that diminish water supply and affect food (crops/
fruits/vegetables and ready-to-eat meat), spread crop and marine pathogens, cause Valley fever among domestic
and wild animals, transport heavy metals, radionuclides and microplastics, and reduce solar and wind power
generation. Dust is also a safety hazard to road transportation and aviation, in the southwestern US where
blowing dust is one of the deadliest weather hazards. To mitigate the harmful effects, coordinated regional

and international efforts are needed to enhance dust observations and prediction capabilities, soil conservation
measures, and Valley fever and other disease surveillance.

Plain Language Summary Soil particles suspended in the air, commonly known as dust, impose
substantial risks to many sectors of society, including human health, environmental health, transportation

safety and the general economy. This work focuses on the dust effects in the Pan-American region, where the
knowledge is rather fragmented, but impacts are costly. Dust in the Americas either comes from local sources
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or is transported by winds from Asia and Africa. Human exposure to dust can cause adverse health effects, such
as asthma, Valley fever, and even death. Dust affects the environment by supplying nutrients to ecosystems,
contaminating water and food, spreading pathogens, microplastics, heavy metals and radionuclides, and
reducing solar and wind power generation. Dust is also one of the deadliest weather hazards particularly in the
southwestern United States. Finally, the measures to mitigate these harmful effects include coordinated dust
prediction and early warning, soil conservation, and public health surveillance.

1. Introduction

Airborne soil particles, commonly referred to as dust, pose myriad risks to human and environmental health and
transportation safety around the world. Dust is emitted by mechanical processes such as natural aeolian processes
(wind erosion), and fugitive processes from human activity (e.g., vehicles, land use practices). It is a form of
airborne particulate matter, regulated as an air pollutant in categories of PM,, and PM, ; (particulate matter
smaller than 10 and 2.5 pm in diameter, respectively). A classic, thorough description of dust and dust deposits
was provided by Pye (1987). Dust deposits nutrients, such as phosphorus (P) and iron (Fe), that stimulate marine
and terrestrial productivity, as in the Amazon Basin (Barkley et al., 2019; Goudie & Middleton, 2006; Knippertz
& Stuut, 2014; Mills et al., 2004; Prospero et al., 2020; Yu et al., 2015). However, exposure to dust particles is
associated with adverse health effects (World Health Organization, 2021), in particular, cardiovascular mortality
(Crooks et al., 2016) and respiratory diseases (Tobias et al., 2019) including asthma (Kanatani et al., 2010), and
health effects such as Valley fever (Coccidioidomycosis), an infection caused by inhalation of soil-dwelling fungi
believed unique to the Americas. The Valley fever disease is partly under scrutiny because of its mysterious
spread—the US Centers for Disease Control and Prevention (CDC) reports that incidence rates of Valley fever
increased by 800% between 1998 and 2011 (CDC, 2013)—in the same regions frequently impacted by dust
storms (Tong et al., 2017). Dust storm frequency and Valley fever incidences are strongly correlated, more so than
other known factors, in two major endemic centers, Maricopa and Pima Counties of Arizona in the US Southwest
(Tong et al., 2017, 2022). Outside the US Southwest, the information of Valley fever incidence rates or trends
is limited and incomplete, since regular reporting systems are not in place (Hector & Laniado-Laborin, 2005;
Sarafoglou et al., 2020).

The socioeconomic impacts of dust storms extend beyond public health consequences. Dust storms are well
known ground transportation safety hazards (Ashley et al., 2015; Lader et al., 2016; J. Li, Kandakji, et al., 2018;
Van Pelt, Tatarko, et al., 2020). Behind extreme heat and flooding, windblown dust is the third largest cause of
weather-related fatalities in Arizona, where 157 people have died and 1,324 were injured in dust-caused accidents
between 1955 and 2011 (Lader et al., 2016). Small, short-lived, and local-scale dust storms are responsible for
most fatal dust-related highway accidents but are notoriously difficult to detect and predict (Lader et al., 2016).
Regarding air transportation, dust is a hazard and growing concern in both military and civilian aviation
(Baddock et al., 2013). Dust storms reduce the recreational values of landscapes (Hand et al., 2016), decrease the
performance of solar and wind power plants (Polo & Estalayo, 2015), and spread agricultural (Gonzalez-Martin
et al., 2014) and human pathogens (Goudie, 2014), all of which harm local and regional economies. Loss through
wind and water erosion of soil nutrients costs U.S. agriculture 8—10 billion dollars every year (Troeh et al., 2004).

The health and economic burden of dust storms will likely be amplified by climate change and adjustments in
land and water use practices (Bell et al., 2016). In the 1930s, the United States (US) experienced one of the
worst environmental catastrophes in its history, the “Dust Bowl,” a period of many large dust storms caused by
extended drought, high winds, and poor land management (J. A. Lee & Gill, 2015). Dust storms buried farms
and forced hundreds of thousands of farmers to abandon their homes and migrate to cities and the West Coast
(Worster, 1979). Lessons learned from the Dust Bowl apply today, not only for soil conservation (Sarafoglou
et al., 2016) but also for public health. The Dust Bowl greatly amplified the human health effects of windblown
soil dust. Brown et al. (1935) carried out in Kansas the first US public health study of dust storms, concluding
that “dust ... was exceedingly irritating to the mucous membranes of the respiratory tract, and in our opinion was
a definite contributory factor in the development of untold numbers of acute infections and materially increased
the number of deaths from pneumonia and other complications.” The term ‘“dust pneumonia” was coined
(Gates, 1938) to reference the dreaded and mysterious respiratory illness to which many persons living through
the Dust Bowl were exposed: “dust bronchitis” entered the medical literature as a related and perhaps more
appropriate condition (Toomey & Petersilge, 1944). More recently, “haboob lung syndrome” was discovered and
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named by physicians in the zone of the past Dust Bowl (Panikkath et al., 2013) to refer to acute lung disease/
pneumonia, sometimes fatal, developed in otherwise healthy people within a few days of unprotected exposure
to a modern-day dust storm.

Climate models foresee a drying trend in the late 21st century over the subtropics (Cook et al., 2015; Prein
et al., 2016; Schubert et al., 2004; Seager et al., 2007). This aids speculation of more frequent dust storms and
even another “Dust Bowl” in the coming decades (Romm, 2011). Using multi-model output under the Repre-
sentative Concentration Pathways 8.5 scenario, Pu and Ginoux (2017) project that dust activity will decrease in
the northern Great Plains but increase in the southern Great Plains in the coming decades over North America.
Further, water use practices have diverted water away from lakes and rivers, drying out these water bodies, which
leads to increased dust production from now-dry lake beds, with Owens (dry) Lake in California being one of
the best-known examples in the Americas (J. Wang et al., 2018). Desiccated by water diversion to Los Angeles,
Owens (dry) Lake has long produced substantial levels of particulate matter that often exceed air quality stand-
ards set by the US Environmental Protection Agency (EPA) through the National Ambient Air Quality Standards
(NAAQS) (Cahill et al., 1996). Similar desiccation of the Salton Sea and Great Salt Lake is underway, along with
expected increased dust emissions from these drying lake beds (Goodman et al., 2019). In addition to raising
PM to unhealthy levels, dust emissions also impact budgets of gaseous criteria air pollutants including ozone
(Dentener et al., 1996; Usher et al., 2003). Besides local sources, the Pan-America region is subject to long-range
dust transport from Africa and Asia, a process sensitive to climate change (Prospero et al., 2021).

Despite the high stakes, risks associated with dust hazards are often underappreciated (Middleton, 2018, 2020),
particularly so in the Americas. Compared to regions in the “Global Dust Belt” with major dust sources (Africa,
the Middle East and Asia), the Americas, and especially South America, have received less attention in global
dust studies. The body of knowledge of windblown dust of the Americas is fragmented and based largely upon
anecdotal, regional studies and reports from individual investigators. This lack of coherence and context was
recognized when the World Meteorological Organization (WMO) formed the international Sand and Dust Storm
Warning Advisory and Assessment System (SDS-WAS) in 2007 at the urging of 40 WMO member countries
(WMO, 2015), and again, by request of the UN Secretary General for a Global Assessment of Sand and Dust
Storms (UNEP, WMO, and UNCCD, 2016). Key national and inter-governmental public health and climate
assessments neither mention nor adequately discuss dust hazards. The gap between the knowledge pool and
public awareness can be costly for affected communities. For instance, while Valley fever is increasingly recog-
nized in the United States, similar diagnostics and reporting systems are limited or non-existent outside the US,
even though the first known case was reported in Argentina in 1892 and coccidioidomycosis has been found
across Mexico into Central and South America (Sarafoglou et al., 2020).

The present work aims to compile a comprehensive list of the health and safety effects of dust hazards in the
Americas for several purposes. First, current understanding of these effects is reviewed and analyzed, and gaps in
knowledge are identified for future research and public health and safety policy making for the region. Second,
we consolidate scattered information into an inventory so that researchers and policy makers can better compre-
hend the global, regional and local context for dust as a health and safety hazard. Section 2 reviews the local and
remote sources of dust and its chemical, physical, and biological characteristics. The effects of dust on human and
environmental health are presented in Sections 3 and 4, respectively. The safety concerns of dust are addressed in
Section 5. Other critical issues are discussed in Section 6. In Section 7, we summarize the measures to mitigate
dust effects through early warning, soil conservation, public awareness and public health surveillance. We discuss
the global effects and existing gaps in knowledge and practices in Section 8 and conclude in Section 9.

2. Dust in the Americas

Dust particles in the Americas originate from local sources (Gillette & Hanson, 1989; Ginoux et al., 2012;
Prospero et al., 2002; Yin & Sprigg, 2010) and from long-range dust transport across the Atlantic and Pacific
Oceans (Prospero et al., 1981, 2014, 2020, 2021; Husar et al., 2001; Raga et al., 2021; VanCuren & Cahill, 2002).
Sources of windblown dust important to Pan America are depicted in Figure 1. General locations of major dust
areas as well those receiving long-range transported dust are discussed herein.
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Figure 1. Present-day sand and dust storm sources across Pan-America (source: United Nations Convention to Combat Desertification, Vukovic, 2019; Vukovic
Vimic, 2021). The colors represent Sand and Dust Storm Annual Index from low (0) to high intensity (1).

2.1. Long-Range Dust Transport

Long-range transport of dust through the atmosphere plays an important role in the evolution of soils downwind
on a global scale. The discovery of African dust transport to the Americas and the Saharan Air Layer (SAL)
has been summarized by Prospero et al. (2021). An estimated average of 64 Tg of aerosols composed mainly of
desert dust affects North America each year (Yu et al., 2012). Dust emitted from the Saharan desert and Sahel
impacts the Americas, especially across the Caribbean, throughout the year. During boreal winter, African dust
is transported primarily over the Southern Greater Caribbean and Northern South America. The more intensive
dust episodes occur during boreal spring and summer over most of the Caribbean Islands, the Gulf of Mexico,
and Southeastern US (Prospero & Mayol-Bracero, 2013; Prospero et al., 1981). Asian dust, especially from the
Taklamakan and Gobi deserts, is emitted year-round, but the western coast of North America and the Hawaiian
Islands feel greatest impact in boreal spring (Fischer et al., 2009; Parrington et al., 1983; Zhao et al., 2008).
Long-range transport of African dust supplies nutrients (Fe, P) that fertilize the Caribbean, South America and
the Amazon Basin, North America and the Hawaiian Islands (Yu et al., 2019). Further, atmospheric deposition
of dust has built soils, as in Bermuda and portions of Hawaii, Florida, Caribbean islands, and South America
(Chadwick et al., 1999; Mubhs et al., 2007; Prospero et al., 1987; Swap et al., 1992, 1996).

Although agricultural fertilization by this transported dust is considered a positive, the negative health effects are
not. Dust transported from Africa frequently elevates airborne PM,, to unhealthy levels according to the World
Health Organization (WHO, e.g., 15 pg/m? for 24-hr average) with measured increases of PM, ; in the Carib-
bean, parts of North America, including South Florida and Texas, and South America (Bozlaker et al., 2019;
Prospero, 2001; Prospero et al., 2014). Dusts transported from Africa and Asia increase background PM concen-
trations that exceed acceptable levels in parts of western North America (Fischer et al., 2009), and lower air qual-
ity on the US east coast, including New England (DeBell et al., 2004). For an extreme example, the plume from
a large Asian dust event traveled into North America in 1998, leaving a chemical fingerprint of deposited dust
inland to the state of Minnesota (Husar et al., 2001). The “Godzilla” African dust event during 13—18 June 2020,
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one of the largest and strongest SAL in the past 50 years, was sufficient to increase PM to levels that allowed
researchers to view the unusually strong associated environmental signatures (Pu & Jin, 2021; Yu et al., 2021).
The dust plume related with the SAL was tracked in detail by geostationary and polar orbiting satellites through-
out much of the episode. Typically, SAL profiles reveal an easily identified brown haze off the northwestern
African coast, where the more significant events show dust that eventually dilutes, barely recognized as it prop-
agates through the Caribbean Islands. But in the “Godzilla” case, the SAL and its associated African dust plume
contained mineral quantities within the dust that acted and persisted as a tracer on its westward journey through
the Greater Caribbean, Gulf of Mexico and South Central US. The plume then turned toward the Southeast US
coast and back over the Atlantic basin—an estimated 10,000 km excursion.

Some content of long-range transported dust from Asia and Africa is in the form of microbes, trace metals, and
other pollutants (Bozlaker et al., 2019; Prospero et al., 2005; D. J. Smith et al., 2012). While long-range trans-
ported PM and local-or regional-sourced PM concentrations in cities are comparable, the health consequences
of distant sources of windblown dust lack comparable attention. Yet, anecdotal evidence exists that long-range
dust events have triggered increased respiratory illness and hospitalization, which will be further discussed in
Sections 2.4 and 3.5.

2.2. Pan-America-Sourced Airborne Dust

Local dust sources in the Americas generally fall into two categories: (a) natural sources from wind erosion
over deserts, and (b) anthropogenic sources from soil disturbed by human and animal activities (Gillette &
Passi, 1988; Ginoux et al., 2012; Prospero et al., 2002). Figure 1 represents the average intensity of dust sources
that can be exposed to wind erosion in all seasons, but not necessarily with the same potential to produce sand
and dust storms.

In North America, dust sources are distributed predominantly in northern Mexico and the western US. They are
generally driven by convective (mesoscale) or non-convective (synoptic scale) windstorms (Novlan et al., 2007;
Rivera Rivera et al., 2009). Major SDS sources in Mexico include the Baja California Peninsula (Morales-Acuiia
et al., 2019) and the Chihuahuan Desert (Baddock et al., 2011, 2016, 2021; Rivera Rivera et al., 2010). Large
areas of the US Great Basin, Mojave Desert, Colorado Plateau, the Sonoran Desert of Arizona, the former “Dust
Bowl” region in the southern High Plains, the Red River Valley of North Dakota, and northern Montana are noted
for their frequent blowing dust episodes (Ravi et al., 2011). The Canadian Prairies were also known dust sources
during the Dust Bowl period, due largely to the problem of anthropogenic land use, which has been improved
significantly in particular since the 1990s (Fox et al., 2012). The U.S. portion of the Chihuahuan Desert, from
far southeastern Arizona across southern New Mexico into west Texas and across the border into Mexico, is
one of the most dust-prone regions in the Western Hemisphere (Prospero et al., 2002), from which the U.S. and
Mexico trade soil (Figure 2). Considerable dust is blown from dry lake beds (playas) in North America, such as
the Great Salt Lake playas (Nicoll et al., 2020), the Owens lakebed in east-central California (Cahill et al., 1996;
Reheis, 1997), the Salton Sea in southern California (Frie et al., 2019), and Paleolake Palomas in Chihuahua,
Mexico (Baddock et al., 2021). Satellite remote sensing and local field observations further reveal that dust
sources in many of these regions are associated with land use (Kandakji et al., 2020; J. A. Lee et al., 2012; P. Li,
Liu, et al., 2018). The Columbia Plateau in the inland Pacific Northwest of the US is affected frequently by
windblown dust associated with agriculture (Sharratt & Collins, 2018; Sharratt & Lauer, 2006). Abandoned
fields becoming dust sources (Colson et al., 2016; Hyers & Marcus, 1981) are an economic issue in western
North America with drought-limited water supply and warming climate. Dust sources may emerge from military
training, extensive in the Western US (Belnap et al., 2007; Urban et al., 2018), from highway rights of way, as
on the Colorado Plateau (Nauman et al., 2018) and from fine particles in mine excavations and waste piles, such
as over the Tri-State Mining District of Oklahoma, Kansas and Missouri which, during extreme weather condi-
tions, in one case contributed up to 10% of annual Pb mass flux to a lake 18 km distant from the source (J. Li &
McDonald-Gillespie, 2020).

South America has five particularly large, active dust production areas: (a) the main source, the Salar de Uyuni, a
large salt flat located in a closed basin in the Bolivian Altiplano (Gaiero et al., 2013; Ravi et al., 2011); (b) along
the west coastal Atacama Desert extending from northern Chile to southern Peru—an occasionally (fewer than
1-3 dust events per year) active area with thick dust clouds that bring abundant dust into the equatorial South
Pacific Ocean (Reyers et al., 2019); (c) an area known locally as the Arid Diagonal, from west and central Bolivia
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Figure 2. Biographical distribution of coccidioidomycosis patient isolates across Pan-America. (left) geographic regions
of different phylogenetic lineages based on patient origin of the sequenced Coccidioides isolates—thus, infection location

is unknown. (right) Collapsed phylogenetic tree representing sequenced genomes from published and some unpublished
sequence data, including C. posadasii (CP) isolates from Arizona in red, CP from Texas/Mexico/South America in pink, CP
from Venezuela and Guatemala in yellow, and C. immitis lineage in blue (reproduced from Barker et al., 2019).

into Argentina, including the lee-side of the Andes (Milana & Krohling, 2017; Pérez-Ramirez et al., 2017); (d)
the central and west side of the Las Pampas region, and (e) Argentina's Patagonian Desert, a frequent dust gener-
ator (Cosentino et al., 2019; Shao et al., 2013) that contributes dust to Antarctica (Bullard et al., 2016; McConnell
et al., 2007). Some of these sources exhibit annual regularity, as with the Salar of Uyuni or the dry shores of the
Rio Pirai, Rio Grande, Rio Parapeti and Rio Pilcomayo in Bolivia (May 2013). Another source, the Mar Chiquita
lake in Argentina arises from large decadal water level fluctuations (Carabajal & Boy, 2021; Troin et al., 2010).
Seasonality in the Patagonia region is pronounced. The most active dust source is the dry bed of lake Colhué
Huapi, with abundant, thick dust clouds reported several times a year (Gassé & Torres, 2019). In general, abun-
dant rains in winter and spring result in accumulation of sediment and wind-erodible soil to entrain in summer.
Other sources in this region include riverbeds active at the end of the austral winter and tidal lakes (Gassé &
Stein, 2007; Gasso et al., 2010). Important contributors to local airborne dust are the strong katabatic winds and
occasional polar fronts that reach the lee of the Andes. As in North America, grazing on semiarid land appears to
have increased dust deposition rates between 19th and 20th centuries (Field et al., 2011).

Satellite remote sensing observations are key to characterize the major transport paths and to establish
source-receptor relationships (Baddock et al., 2021; Mahler et al., 2006; Yin et al., 2007). Broad-swath imagery,
from polar-orbiting instruments such as the US National Aeronautics and Space Administration (NASA) Earth
Observing System MODerate resolution Imaging Spectroradiometers (MODIS) and the National Oceanic and
Atmospheric Administration (NOAA) Visible Infrared Imaging Radiometer Suite (VIIRS), offer the spatial and,
to a less extent, temporal coverage needed to track major dust plumes across oceans and continents (D. Kim
et al., 2019; Yu et al., 2019). Instruments in geostationary orbits, such as NOAA's Advanced Baseline Imager
(ABI), may sample a region many times per hour to identify local, often small scale, dust sources otherwise
obscured as a plume expands or is engulfed with other plumes. These instruments usually distinguish mineral
dust from other aerosols based on source location, plume morphology and color, and/or coarse particle size.
Multi-angle imaging of optical manifestations of particle shape can help identify dust (e.g., Kalashnikova &
Kahn, 2006). As dust size distributions are generally dominated by super-micron particles, infrared imagers
such as the Atmospheric InfraRed Sounder (AIRS) on NASA's Aqua satellite can track global dust transport
(DeSouza-Machado et al., 2006). The spatial distribution of dust storm sources is illustrated in Figure 1, derived
from the Sand and Dust Storms Source Base-map (https://maps.unccd.int/sds/) of the United Nations Convention
to Combat Desertification (UNCCD). The map represents gridded (geo-referenced) information on the distri-
bution, intensity and variability of sand and dust sources drawn from soil texture properties, soil moisture, soil
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temperature, enhanced vegetation index (EVI) and land cover from the Moderate MODIS EVI and MODIS Land
Cover from 2014 to 2018 (Vukovic, 2019; Vukovic Vimic, 2021).

2.3. Chemical and Physical Characteristics of American Dust

Dust is a complex matrix of mineral particles with chemical coatings, gases, water with dissolved chemical
species in equilibrium with the particulate coatings, and many forms of organic matter. The exact characteristics
of a given dust particle are controlled by mineral parent material, climate, time, and associated life forms (Weil
& Brady, 2016). Mineral particles that make up soil are grouped into three diameter classes: sand (coarsest of the
particles, 54-2000 pm in diameter), silt (2-53 pm in diameter), and clay (less than 2 pm in diameter). Although
most dust is silt and clay in weathered soils, in some circumstances such as dry lakebeds (playas), dust particles
may be composed of the tests of aquatic metazoans and plankton (Bristow & Moller, 2018). Physical characteris-
tics of individual dust particles are used to identify their source location (G. Wang et al., 2017).

Individual dust particles also carry a chemical signature of mineralogy, weathering products, and adsorbed surfi-
cial coatings formed during dust genesis. These natural chemical signatures can be used to identify dust source
regions (Frie et al., 2019; G. Wang et al., 2017; Z. Wang et al., 2019; White et al., 2015). Metals are also intro-
duced into the soil surface from deposition of cosmic dust (Benna et al., 2015). In general, concentrations of
crustal elements such as Ba, Fe, Mg, and Mn are greater in dust than in the parent soil, due to greater surface
area-to-mass ratios of the smaller particles and the calculated enrichment ratios (Beamer et al., 2012; Trapp
et al., 2010; Van Pelt, Shekhter, et al., 2020). In addition to the natural coatings on particles, anthropogenic heavy
metals from many sources may cause greater enrichment ratios of, for example, As, Cd, Cu, Cr, Ni, Pb, and Zn in
the dust, relative to the soils of provenance, and are a concern for human and environmental health (Balabanova
et al., 2017; Beamer et al., 2012; J. Li & McDonald-Gillespie, 2020; Nicoll et al., 2020; Rasmussen et al., 2013;
Trapp et al., 2010; Van Pelt, Shekhter, et al., 2020). As expected, anthropogenic metals in dust are more promi-
nent in urban and industrial areas than in rural areas (Eleftheriadis & Colbeck, 2001).

Mining and smelting are primary sources of anthropogenic metals in dust. These contaminants may arise from
actual mining activities to create dust, such as Ore crushing, smokestack emissions, smelting and erosion of
slags (Csavina et al., 2012; Entwistle et al., 2019), but dust from unprotected tailings on the surface present the
specter of legacy contamination that far outlasts the actual mining activities (Dong & Taylor, 2017; Garcia-Vargas
et al., 2014; J. Li & McDonald-Gillespie, 2020; Ono et al., 2016). Waste and debris can be carried by water or
gravity into a wind-erodible landform, such as the surface of a playa, where the associated metals become part
of the emitted windblown dust (Gill et al., 2002). B. Chen et al. (2016) modeled impacts on atmospheric metals
from a copper smelter, and others (Garcia-Vargas et al., 2014; Van Pelt, Shekhter, et al., 2020) have documented
the spread of smelter-associated soil dust—spatial patterns of contamination are determined by the distance from
the smelter, dominant direction of wind flow, and topographic influences. Other sources of atmospheric metal-
lic contamination are petrochemical industries (Rodriguez-Espinosa et al., 2017), wear of vehicle components
associated with transportation (Councell et al., 2004), and erosion or suspension of agricultural soils to which
fertilizer materials have been added (Azzi et al., 2017; Dharma-Wardana, 2018; Gong et al., 2019; X. Wang
et al., 2020).

Agricultural operations in semi-arid and arid environments are another potent dust source (Katra, 2020). Soil
dust particles emitted from agriculture (mainly during tillage) can affect downwind cities (see Conen et al., 2011;
Kaiser et al., 1992; O’Sullivan et al., 2014; Steinke et al., 2016). Management of these agricultural soil systems
affect the chemical properties of the dust. In addition to the fertilizer materials just noted, many different forms
of organic carbon are emitted from agricultural soils (Padilla et al., 2014) that are natural components of the soil
matrix. Biochar added to soils may result in the elemental carbon emission with fugitive dust (Ravi et al., 2016).

2.4. Biota in Dust

Microbes found in dust include algae (Tesson et al., 2016), arachaeans (Wehking et al., 2018), bacteria, viruses
(Gonzalez-Martin et al., 2013), and fungi (Frohlich-Nowoisky et al., 2012). Direct count analyses of topsoil
from various desert environments show that bacterial and viral populations range from ~103 to 107 per gram
(Gonzalez-Martin et al., 2013). Fungal populations typically occur at ~10° per gram (Karpovich-Tate, 2000).
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Bacteria are present in wind eroded sediments in which the overall composition is determined by soil type
and management, as well as dust particle size (Gardner et al., 2012). Many bacterial pathogens in dust storm
samples have been identified that include Acinetobacter calcuaceticus, Bacillus circulans, Bacillus licheniformis,
Brevibacterium casei, Corynebacterium aquaticum, Gordonia terrae, Kocuria rosea, Neisseria meningitidis,
Pantoeaagglomerans, Pseudomonas aeruginosa, Ralstonia paucula, Staphylococcus epidermidis, Staphylococ-
cus aureus, as previously reviewed (Griffin, 2007). Cyanobacteria, ubiquitous in surface crusts of desert soils and
playa sediments, produce cyanotoxins hazardous to humans and animals (Metcalf et al., 2012).

Fungi multiply by spores that can be transported on winds to new environments, their survival dependent on the
time of day they are released (Lagomarsino Oneto et al., 2020). Fungal spores can be aerosolized and remain
viable in biomass burning and be transported thousands of kilometers in smoke (Mims & Mims, 2004)—and
viable within plumes of windblown dust (Hector et al., 2011). Elmassry et al. (2021) found significant differences
in abundance and type of bacteria and fungi between calm and dust storm days in West Texas (Lubbock). Aero-
solized fungi are important pathogens in the environment (see Sections 3.4 and 3.5 herein). Some fungi are potent
plant pathogens (D. Kim et al., 2019) that hitchhike long distances on intercontinental dust (Toepfer et al., 2011).

Microbes have been documented to travel across and between continents attached to dust particles (Favet
et al., 2013; Katra et al., 2014; Rosselli et al., 2015). Viable bacteria and fungi associated with the arrival of
African dust have been reported over the US Virgin Islands and northern Caribbean (Griffin et al., 2001, 2003),
with 10% of the identified microorganisms categorized as opportunistic pathogens for humans, discussed further
in Section 3. Similar results reported for Barbados (Prospero et al., 2005) suggest that the long-range transport
of microorganisms could be linked to climate variability (e.g., El Nifio—Southern Oscillation). Rodriguez-Gomez
et al. (2020) found that concentrations of viable bacterial and fungal propagules in the Yucatan Peninsula
(Mexico) were higher in summer than in winter, particularly during African dust intrusions, with up to 500%
higher-than-average PM, ; and PM,, concentrations (Ramirez-Romero et al., 2021). Adachi et al. (2020) and
Souza et al. (2019) identified different types of microorganisms and large prokaryotic diversity near Manaus
(Brazil) in particles consistent with dust sources in Africa.

Finally, soil-dwelling, multi-cellular organisms and their propagules are transported on and with dust. Studies
in wind tunnels reveal that aquatic metazoans may be eroded from dry sediments and remain viable in the trans-
ported dust (Pinceel et al., 2015; Rivas et al., 2018). In the natural environment, wind events are credited with the
transport of the Artemia franciscana cysts (Parekh et al., 2014), several species of rotifers (Langley et al., 2001)
and crustacean zooplankton communities (Lopes et al., 2016). Nematodes, soil-borne plant parasites, have been
documented to spread on wind-borne sediments in natural and agricultural ecosystems (de Rooij-van der Goes
et al., 2014; Vanstone et al., 2008). Wind transport of soils from dried river floodplains is suspected in the spread
of Triops longicaudatus (tadpole shrimp), a pest of wetland crops such as rice, into the US states of Missouri and
Illinois (Ridings et al., 2010; Tindall et al., 2009). Insects as large as locusts have been transported across the
Atlantic to the Caribbean and South America in Africa dust clouds (Rosenberg & Burt, 1999).

Although the intense UV radiation at altitudes often encountered in transcontinental transport results in high rates
of mortality for many organisms, resistant cyst and spore forms allow some species to thrive in microbial popu-
lations in many areas of the world (A. D. Allen et al., 2015; Hara et al., 2015) and in human pathogen transport
(Eveleth, 2013). A study in the Atacama Desert in northern Chile, one of the driest and most UV irradiated places
on Earth, found that bacteria and fungi remained viable in wind-transported dust (Azua-Bustos et al., 2019).
Microbes can survive in the smoke plumes from wildland fires (Kobziar et al., 2018). They can serve as ice nucle-
ation agents in clouds (Amato et al., 2015; O’Sullivan et al., 2016). Jenkins and Underwood (1998), on the other
hand, have found transport of zooplankton by anemochory (wind dispersal of organisms) limited and unlikely
over 1 year at two sites near Springfield, Illinois, US. Further research is needed to understand the environmental
factors controlling dispersal of dust-borne organisms.

Transport of harmful microorganisms by dust plumes pose potentially substantial health risks in urban areas
near or downwind to dust source areas. Although a body of evidence shows that soil dust particles can enhance
the concentration and diversity of microorganisms in urban regions (Garrison et al., 2006; Griffin et al., 2007;
Kellogg & Griffin, 2006; Kellogg et al., 2004; Schlesinger et al., 2006), the need remains to characterize them
and their potential health consequences. Cities downwind of arid or semiarid zones, including those in the path of
dust plumes on intercontinental journeys, are susceptible to dry and wet deposition of microorganisms that have
passed through complex environments. Medium-to-large cities in Americas and elsewhere built on or surrounded
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by arid or semiarid zones (Marone et al., 2020; Mazar et al., 2016) should be monitored for opportunistic path-
ogens carried by dust (among them, Phoenix, Las Vegas, Albuquerque, Las Cruces, El Paso, Tucson, Denver,
in the U.S., Monterrey, Chihuahua and Torreon in Mexico, Riohacha in Colombia, Mendoza and San Juan in
Argentina).

2.5. Microplastics in the Dust

Dust and windblown events play important roles in dispersion and transportation of microplastics. Microplas-
tics, or small plastic particles and fibers (<5 mm) generated during the decomposition of mismanaged waste,
have been detected ubiquitously in terrestrial, freshwater, and marine systems, as well as the atmosphere. Due
to their small size, light weight, and synthetic nature, they are very susceptible to wind entrainment. A recent
study showed that 98% of deposit samples from protected areas in the U.S. contained microplastics (Brahney
et al., 2020). Atmospheric transport is a major pathway of microplastics to be redistributed and deposited in envi-
ronments, including remote regions (Evangeliou et al., 2020), mountainous regions, and protected areas. It was
estimated that the amount of plastic deposition could reach >1,000 metric tons in western U.S. protected lands
annually (Brahney et al., 2020).

The sources of atmospheric microplastics include re-suspension from ground surfaces, vehicle tires, and brakes,
and sea surface aerosols in marine and ocean environments are a microplastic sink (S. Allen et al., 2020; Brahney
etal., 2021; Munyaneza et al., 2022). Re-emission from agricultural fields is another contribution factor as waste-
water biosolids are widely used as fertilizer and plastic mulch is often added to soils to increase temperature while
retaining moisture (H. Zhang et al., 2021). Dust from the biosolids-applied fields is enriched with microplastics
and per- and polyfluoroalkyl substances (PFAS) (Borthakur et al., 2022). Inhalation of airborne microplastics
can cause inflammation in airways and bronchi, as well as breath irritation and oxidative stress in lung tissues
(Brahney et al., 2021). Moreover, chronic exposure to microplastics may lead to injury and death (Prata, 2018).
Plastic pollution is one of the most pressing environmental concerns in the 21st century. It is estimated that the
plastics accumulated from the mismanaged waste may be increasing 2- to 10-fold on the decadal time scale
(Brahney et al., 2021). Compared to that of marine and ocean plastics, our knowledge of atmospheric microplas-
tics is relatively limited. Research gaps exist regarding their sources, dispersion, and accumulation mechanisms,
and, more importantly, on how windblown dust events affects their transport and deposition particularly concern-
ing the impact on environmental, ecological, and human health (Borthakur et al., 2022; Y. Zhang et al., 2020).

2.6. Interactions With Air Pollution

Dust affects multiple criteria air pollutants regulated by the US EPA such as particulate matter (PM) and its fine
(PM, ;) and coarse (PM,;) components, as well as gaseous pollutants such as sulfur dioxide (SO,), ozone (O,),
and nitrogen oxides (NO, = NO + NO,) (Cwiertny et al., 2008; Dentener et al., 1996; Usher et al., 2003). Dust
may react with criteria air pollutants via gas-particle reactions, also known as heterogeneous reactions (Abbatt
et al., 2012). The efficiency of these reactions depends on several factors including the reacting gas, dust miner-
alogy, and meteorological conditions, most notably, relative humidity (Cwiertny et al., 2008; Mitroo et al., 2019;
Tang et al., 2016; Usher et al., 2003). In some cases, these reactions can reduce levels of gaseous pollutants while
simultaneously increasing the hygroscopicity of dust particles, which may decrease dust lifetime in the atmos-
phere (Andreae & Rosenfeld, 2008).

In addition to direct impact on criteria air pollutants, dust can affect precursor gases that in turn influence second-
ary pollutant levels, as with tropospheric O, and secondary organic aerosol (SOA). Dust may react with O, precur-
sors including NO, and NO, reservoir compounds such as dinitrogen pentoxide (N,O;) to reduce ground-level
concentrations of O (B. Alexander et al., 2009; Dentener & Crutzen, 1993). Because O, photochemically reacts
to generate hydroxyl radicals (*OH, the primary radical in the atmosphere), losses of NO, also reduce the oxidiz-
ing capacity of the atmosphere with consequences for the lifetime of methane (CH,), volatile organic compounds
(VOCs), and the production of SOA. However, the result of reactions between dust and NO, and NO, reser-
voir compounds on air quality depends on dust mineralogy. For example, halogen-bearing dusts emitted from
saline playas such as the Salton Sea and the Great Salt Lake facilitate formation of nitryl chloride (CINO,),
which photolyzes to regenerate NO, and generate a chlorine radical (C1*) (Mitroo et al., 2019; Royer et al., 2021;
Simpson et al., 2015; Thornton et al., 2010). C1* is highly reactive with VOCs to increase formation of both SOA
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and ground-level O, (Sarwar et al., 2014; Tanaka et al., 2000). Thus, reactions between dust and different gases
may have a positive or negative effect on criteria air pollutants, depending on the reaction pathway.

2.7. Dust Trends

Multiple lines of evidence suggest that North America has become dustier in recent decades than in the 1990s
(Brahney et al., 2013; Clow et al., 2016; Lambert et al., 2020; Tong et al., 2017). A significant increase in rainwa-
ter calcium (Ca?*), detected by the National Atmospheric Deposition Network from 1994 to 2010 in the western
US (Brahney et al., 2013), is one indicator. Using snowpack Ca?* as a surrogate, Clow et al. (2016) showed that
aeolian dust deposition on snow increased 80% in the southern Rockies during 1993-2014. The most direct
evidence came from the NASA Dust Climate Indicator project, which found that the frequency of locally sourced
windblown dust storms increased 240% between 1990 and 2011 in the Southwest US (see Figure 2 in Tong
et al., 2017). Dust storms in the US have increased ten-fold faster than global trends, which have tended down-
ward (Shao et al., 2013; Tong et al., 2017), although increases have been documented in the Middle East and at
high latitudes (Bullard et al., 2016). Increasing trends of up to 5%/year in dust optical depth are observed through-
out the Great Plains during 20002018, due likely to agricultural expansion (Lambert et al., 2020). The frequency
of high-concentration dust events was reported to decrease over the Western US, although the frequency of
smaller dust events shows significant increasing trends for the same period (2000-2021) (Aryal & Evans, 2022).
The rapid warming of high latitudes is causing rapid melting of glaciers, exposing sediments which are entrained
by the wind as periglacial dust in Canada and Alaska, US. For example, Bachelder et al. (2020) quantified the
concentration, size and composition of dust associated with an actively retreating glacier in Yukon Territory,
Canada. They found that PM,; and PM, 5 concentrations from dust at a National Park visitor's center popular with
tourists sometimes exceeded WHO air quality guidelines.

No significant trends of dust activity are found in South America (Shao et al., 2013), although noticeable interan-
nual variations in dust concentration have been observed, and systematic analysis of dust trends in South America
is still lacking. A few high dust years were recorded in the weather-based dust data set (Shao et al., 2013). Meas-
urements of dust flux at the Marcos Juarez (MJ) site in the Pampas found no trend in the 14-year observations
between May 2004 and June 2018 (Cosentino et al., 2019). Recent drying trends in the Americas have produced
emerging dust sources or enhanced existing ones. For example, Bucher and Stein (2016) reported a new dust
source from Mar Chiquita, Argentina, the largest saline lake in South America. Year-to-year variations of saline
dust storms correlate with the size of salt mudflats that originate from a 30-year cycle of expansion and retraction
driven by rainfall. Like interannual variations in North America (Tong et al., 2017), dust variations generally
relate to large-scale changes in the ocean, in particular, ENSO events (Shao et al., 2013).

3. Effects on Human Health

Unlike the numerous investigations performed in the Global Dust Belt extending from Africa through the Middle
East to Asia, there have been much fewer population-based studies of dust health effects in the Americas, with
the exception of fungal infection. Among these existing studies, the methodologies of the studies were far from
consistent, they were conducted in different locations, and the health effects being investigated (mortality, inten-
sive care admission, hospital admission, emergency room utilization) were quite different.

3.1. Respiratory Diseases

Exposure to dust storms results in respiratory morbidity and consequent emergency care and hospitalizations
(Griffin, 2007; Herrera- Molina et al., 2021; Meng & Lu, 2007; Soleimani et al., 2020). One of the first system-
atic studies of the human health consequences of dust from drying playas (saline lakes), and one of the first
population-level studies of dust health effects in the Americas, was done by Gomez et al. (1992) investigating the
respiratory health of persons living downwind of drying Old Wives Lake, Saskatchewan, Canada, which produced
plumes of dust composed of sodium sulfate salts and silicate minerals. Compared to persons living outside of the
paths of the plumes, residents exposed to the alkaline, saline dust experienced an increased prevalence of current
cough, current wheeze, chronic cough, chronic wheeze, chronic eye irritation, and chronic nasal irritation. More
recently, Smoyer-Tomic et al. (2004) and Yusa et al. (2015) reviewed the likely human health consequences of
drought in Canada, specifically including dust storms with their impacts on the respiratory system. Toxicological
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studies that reproduce real-world exposures during dust events show that mineral dust particles generate inflam-
matory lung injury and aggravate allergen-induced tissue eosinophilia (Fussell & Kelly, 2021). Mechanisms of
carcinogenicity of cells have also been investigated in relation to the impact of dust-borne minerals (montmoril-
lonite) (Ardon-Dryer et al., 2020).

Dust-borne allergens and toxins associated with respiratory stress include fungal spores, pollen, metals and
anthropogenic aerosols emitted from agricultural, industrial, military and civilian activity (see Holmes &
Miller, 2004; Ichinose et al., 2006; Kuske, 2006; Lancaster et al., 1995; Sandstrom et al., 1992). Numerous genera
of fungi, such Alternaria species, are potent allergens identified in many dust studies (Griffin et al., 2006, 2007;
Ho et al., 2005; Kellogg et al., 2004; Kwaasi et al., 1998; Schlesinger et al., 2006; D. J. Smith et al., 2012; Wu
et al., 2004). Regarding bacteria, endotoxins such as lipopolysaccharides, a cell wall component of gram-negative
bacteria, can cause fever and respiratory stress under short term exposures and, with long term exposure, devel-
opment and exacerbation of asthma and other irreversible respiratory illnesses (Sandstrom et al., 1992; Vernooy
et al., 2002).

Gyan et al. (2005) reported that African dust was associated with increased pediatric asthma accident and emer-
gency admissions in Trinidad, while Prospero et al. (2008) found no such relationship with pediatric asthma
attendance rates in Barbados. Monteil (2008) pointed out the conflicting results and called for more thorough
studies with standardized protocols. Cadelis et al. (2014) concluded that “The PM,, and PM, , ,, pollutants
contained in the Saharan dust increased the risk of visiting the health emergency department for children with
asthma in Guadeloupe.” Akpinar-Elci et al. (2015) inferred a broad relationship between dust and emergency
room visits for asthma in Grenada. Nichols (2020) examined the associations between Saharan dust days and
pediatric asthma emergency room visits on four Caribbean islands from 2015 to 2017. They found a general
regional increased risk with Saharan PM, ; but no significant association with Saharan PM, ), and this relationship
varied by individual year and location (island) (Nichols, 2020).

3.2. Other Morbidity Effects

In continental North America, Hefflin et al. (1994) found increased emergency room visits for respiratory disor-
ders on the day of a dust event and 2 days thereafter in the arid Columbia Plateau of southeastern Washington
state, USA. Schwartz et al. (1999) found no statistically significant increase in mortality on the day of a dust
event or the next day, and Slaughter et al. (2005) did not detect associations between any size fraction of PM and
emergency room visits or hospital admissions for respiratory or cardiovascular disease. In the adjoining state of
Idaho, also prone to dust storms, Norton and Gunter (1999) did not see a correlation between PM,, and respira-
tory diseases in the general population. Rublee et al. (2020), looking at data for the USA as a whole, reported a
4.8% increase in total intensive care unit admissions on local dust storm days and 9.2% and 7.5% increases in for
respiratory disease on the day of a dust event and 5 days later, respectively.

There have been several epidemiological studies of the effects of blowing dust on human health in the Chihua-
huan Desert of southern New Mexico and western Texas, USA. Increased odds of hospitalization for asthma and
acute bronchitis were detected on dust days and for up to 3 days thereafter in El Paso, Texas, with the greatest
impacts being seen in children (especially girls, for acute bronchitis) and persons with low income (Grineski
et al., 2011). Herrera-Molina et al. (2021) found the relative risks of hospitalizations for multiple diseases over a
5-year period in El Paso were significantly associated with windblown dust exposure on the day of the event and
for up to 7 days later. Rodopoulou et al. (2014) noted a connection between concentrations of PM,, and PM, ; and
emergency room utilization for cardiovascular conditions in the warm season in Las Cruces, New Mexico, USA,
where blowing dust is frequent.

A few past studies examined the connection between African dust transport to human health in Caribbean islands.
L. M. Lewis et al. (2020) identified positive associations between increases in outdoor PM exposure, which
would include but were not limited to African dust, and outpatient asthma-related healthcare use in Puerto Rico.
Viel et al. (2019) looked at the association between Saharan dust intrusions and birth outcomes on the island of
Guadeloupe, showing an association between mean PM,, concentration and the proportion of intense dust events
and preterm births. A follow-up study also found a relationship between increased PM,, and low birth weight
(Viel et al., 2020).

TONG ET AL.

11 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T



~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

3.3. Premature Deaths

Effects of dust storms on non-accidental death have been studied in the Americas, but with mixed results (Crooks
et al., 2016; Schwartz et al., 1999). A study of 17 US dust storms in Spokane, Washington, reported a 24-hr mean
PM,, concentration of 263 pg/m? during these storms (Schwartz et al., 1999). When compared to the control
days, defined as the same time of the year but without dust storms (mean PM,, of 42 pg/m?), researchers found
little evidence of any risk (relative risk = 1.00; 95% confidence interval (CI), 0.81-1.22). They concluded that
high coarse particle concentrations from windblown dust are not associated with increased risk of non-accidental
death.

Crooks et al. (2016) looked into a larger pool of dust storms across the US and found dust and mortality were
correlated. A total of 141 county-level dust storms were identified using the U.S. National Weather Service
Storm Data for the period of 1993-2005. It was estimated that the non-accidental death rate for the US popu-
lation increased by 7.4% (95% CI: 1.6%—13.5%) and 6.7% (95% CI: 1.1%-12.6%) at 2- and 3-day lags, respec-
tively, during dusty days compared to no-dust days. This study also found significant associations between dust
storms and cardiovascular mortality in the US (2-day lag) and Arizona (3-day lag), and for other non-accidental
mortality in California (lags 1-3 and 0-5 days) (Crooks et al., 2016). Differences in study results were attributed
to either the difference in sample size (17 vs. 141 storms) or analysis approaches (e.g., same-day vs. lagged
responses) (Crooks et al., 2016). Compared to the large number of dust epidemiological studies in other regions,
research on dust-induced mortality across the Americas is limited in number and scope. In the Americas, such
quantitative risk assessment is either nonexistent or limited to a single region. The nationwide study in the U.S.
by Crooks et al. (2016) did not provide the relative risk to PM,, concentration—the Storm Data used to identify
dust storms do not include such information. Too, the Storm Data set is incomplete due to inconsistent report-
ing mechanisms (Ardon-Dryer et al., 2023; Tong et al., 2022). Potential links between dust storms and health
consequences are complicated by health surveillance shortcomings and many unreported small-scale sources of
airborne dust genesis, for example, agricultural tilling, microscale “dust channels,” and dust devils that throw dry
soils upward to 100 m and more (Sprigg, 2016; Sprigg et al., 2014, 2022; Vukovic et al., 2014). Long-term dust
climatologies, such as those reconstructed using surface measurements (Hand et al., 2017; Lei et al., 2016; Tong
et al., 2017), can support future epidemiological studies to fill the knowledge gap.

3.4. Valley Fever

Coccidioidomycosis (Valley fever) has been well documented, with outbreaks known to occur after large dust
storms and exposure from large dust events (Pappagianis & Einstein, 1978; Williams et al., 1997). Among fungal
taxa of southwestern North America, Central America, and warm, dry regions of South America, the patho-
gens Coccidioides immitis and Coccidioides posadasii (C. immitis and C. posadasii) are examples of danger-
ous soil-dwelling organisms. They are the causative agents of coccidioidomycosis (Fiese, 1958; Freedman
et al., 2018; Kirkland & Fierer, 1996; Sprigg et al., 2014; Tong et al., 2017). Infection with Valley fever occurs
when the arthroconidia of the fungi, either C. immitis or C. posadasii, are inhaled. An increasing pool of new
information to map the population structure and species delineation for Coccidioides has emerged (Figure 2),
summarized by Barker et al. (2019).

Small outbreaks of this disease are reported often in the US after regional dust events (Chatterjee et al., 2017;
McCotter et al., 2019; Pappagianis & Einstein, 1978; Park et al., 2005; Schneider et al., 1997). Since 2000, more
than 4,000 people have died from Valley fever and hundreds of thousands more were infected in the US alone
(CDC, 2020). Annual medical costs, lost income and economic welfare for Valley fever sum to $400,000 per case
(Gorris et al., 2021). Considering the average hospitalization rate, the total health burden of Valley fever infection
amounted to $40 billion in the past decade in the US. It is suggested that climate warming and drought, which
lead to more frequent windblown dust storms and anthropogenic fugitive dust from unpaved roads, are the cause
(Padua y Gabriel, 1999; Tong et al., 2017). These conditions appear to favor saprobic growth, conidia formation,
and air dispersal of Coccidioides (Comrie, 2005; Kolivras et al., 2001; E. R. Lewis et al., 2015; Stacy et al., 2012;
Zender & Talamantes, 20006).

In spite of several decades of interest and research, questions remain unanswered regarding this link with dust
storms (Tong et al., 2022). Sprigg et al. (2014) suggest that confidence in dust storm-Valley fever links will
require more detailed disease surveillance. Until recently, the ability to detect Coccidioides at low abundance in

TONG ET AL.

12 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T



~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

environmental samples has been difficult and time-consuming (Chow et al., 2017; Finn et al., 2021), with low
throughput (Barker et al., 2012). In addition, although hotspots of Coccidioides in the soils of Arizona and Cali-
fornia have been mapped, more comprehensive sampling across space, time, and climates is required for adequate
description of its climatic parameters (Finn et al., 2021; Lauer et al., 2020).

The source of Coccidioides spores is as important as their dispersal. Spores have been known to infect native rodent
populations (e.g., pocket mouse, kangaroo rat, and ground squirrel; Emmons, 1943; Emmons & Ashburn, 1942;
Catalan-Dibene et al., 2014) and the fungus has a greater number of genes associated with the breakdown of
animal protein (Sharpton et al., 2009). Coccidioides may be an endozoan and may initiate hyphal growth from
infected tissues when its rodent host dies (Taylor & Barker, 2019). Also, recent work has shown higher prevalence
of Coccidioides in soils collected from rodent burrows (Kollath et al., 2020). Climate factors affect both the distri-
bution of rodent hosts and growth of fungus in soil. Spread of the fungus from rodent to rodent may be by air or
more direct contact (such as contaminated fur), but spread to humans is most likely via air/dust.

3.5. Other Microbe-Related Diseases

Viruses have been found associated with organic aerosols as small as <0.7 pm in diameter (Reche et al., 2018),
easily transported with dust. Hantavirus pulmonary syndrome (HPS) is a respiratory disease with up to a
30%—-40% fatality rate, borne by the droppings of certain rodents native to Western Hemisphere drylands from
Canada to southern South America, and spread primarily through inhalation (Gonzalez-Martin, 2019). Reports
from Canada (Parkes et al., 2016) to Argentina and in between (Douglas et al., 2022; McMichael, 2004; Plumlee
& Ziegler, 2005; Richardson et al., 2013; Watson et al., 2014) implicate potential spread of hantaviruses in
contaminated windblown soil dusts in the Americas, but definitive case studies confirming its transmission in
dust aerosols appear lacking. Greifenhagen and Noland (2003) pointed out that under conditions of extreme
drought, dust transported long distances from the semiarid Great Plains could conceivably introduce new path-
ogens to the temperate regions of eastern Canada, and under conditions of drought and wind, the bacteria that
cause rickettsial diseases in humans, such as Q fever, could be transported in soil dust from infected pastures.

Kawasaki disease (KD) is a pediatric vascular condition that is a common cause of acquired heart disease in chil-
dren in US, Chile, as well as in other countries such as Japan. Interannual and seasonal fluctuations of KD cases
in Japan and California and seasonal variations of KD in Japan, Hawaii and California were linked to patterns of
trans-Pacific wind transport (Rod6 et al., 2011). Rod6 et al. (2011) stated, “results suggest that the environmental
trigger for KD could be wind-borne. Efforts to isolate the causative agent of KD should focus on the microbiology
of aerosols.” More recent research (El-Askary et al., 2017) raised the possibility that KD may be associated with
a fungus carried in Asian dust. A statistical association between KD and meteorological variables was reported
for Santiago, Chile and it was suggested that windborne desert dust may include a causative agent for the disease
(Jorquera et al., 2015).

Some dust-associated microbes found in other regions of the globe would also be expected to be present in the
Americas. Aerosolized influenza viruses were detected at a higher frequency when Asian dust was present over
Taiwan than when it was not (P. S. Chen et al., 2010). Similarly, scientists in Tenerife, Spain noted that they
were more likely to detect human enteric viruses in the atmosphere when North African dust was present in the
atmosphere than when it was not (Gonzalez-Martin, 2018). Bacteriophages whose genomes may harbor virulence
genes such as those that enable toxin production and antibiotic resistance, may be transported within the genomes
of dust storm bacteria resulting in the transfer of these genes to other microorganisms in downwind environments
(Teigell-Perez et al., 2019).

Cyanobacteria, ubiquitous in surface crusts of desert soils and playa sediments which are widely wind-erodible,
produce a wide variety of cyanotoxins that are hazardous to humans and animals, being inflammatory agents,
tumor promoters, and cause liver damage (Powell et al., 2015). Wisniewska et al. (2019) reviewed the presence of
cyanobacteria in aerosols and their potential human and ecosystem health effects. Metcalf et al. (2012) calculated
that dust storms could lead to inhalation of a sufficient quantity of cyanotoxins to exceed the tolerable daily intake
to avoid tumor production.
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3.6. Airborne Dust and COVID-19/SARS-CoV-2

Exposure to airborne particles may exacerbate the symptoms and progress of the Severe Acute Respiratory
Syndrome-CoV-2 (COVID-19). In a study of 257 COVID-19 patients in China, over 94% were found with viral
fungal and bacterial co-infections (Zhu et al., 2020). X. Wang et al. (2020) also reached a similar conclusion:
COVID-19 infection often comes along with bacterial and fungal co-infections. Questions of the speed in which
proper diagnoses can be made and administration of treatment can begin are raised, since other viruses, fungi
and bacteria can spread through the air on dust particles (), and have similarities in initial COVID-19 symptoms
(including fatigue, fever, headache, shortness of breath, cough) among many respiratory illnesses (including
tuberculosis, pneumonia, SARS-CoV-2, influenza and Valley fever). Valley fever, pneumonia, and COVID-19,
for example, all share symptoms of fatigue, shortness of breath and cough.

Direct and indirect transmission routes of COVID-19 virus are via touching infected surfaces (skin-to-skin,
touching infected inanimate objects), then mediating the virus infection through the mouth, nose, or eyes (Mori-
yama et al., 2020; Peng et al., 2020; Qu et al., 2020). Transmission via inhalation of small, exhaled respiratory air
droplets (e.g., close contact within 1m) and aerosols (e.g., presence of microbes and particles <5 pm in diameter
that remain in the air for long periods of time and transmitted to others over distances greater than 1 m) is likely
effective (Qu et al., 2020; Service, 2020; Vergadi et al., 2022). The most efficient transmission route amid the
ongoing pandemic of SARS-CoV-2 and its variants is inhalation and exhalation of the viral-aerosol (Moriyama
et al., 2020; Peng et al., 2020; Qu et al., 2020; Service, 2020). Inhalation of both coronavirus and high concentra-
tion airborne dust, together, would likely increase risk of mortality due to severe respiratory illness and cardiac
injury (Madjid et al., 2020; C. Shi, Yu, et al., 2020). Many unanswered questions exist regarding whether or how
severe the dust storms impact the COVID-19 pandemic in both indoor and outdoor settings.

Coinfection of COVID-19 (and/or its variants) with other microorganisms in airborne dust is a critical compli-
cation (Zhu et al., 2020). Further complications arise when all the possible microorganisms in airborne particles
that can be linked to infectious diseases are considered (Qu et al., 2020). Superimposed COVID-19 pneumonia
on Coccidioidomycosis disseminated infection has been reported, in which patient was diagnosed positive for
COVID-19 via DNA PCR and Coccidioides reactivation via antibody testing (Passeri et al., 2022). Endotracheal
aspirates collected for bacterial culture from a patient with COVID-19 grew white fluffy mold on blood and
inhibitory mold agar plates after 6 days (Nielsen et al., 2021). The mold was identified as Coccidioides immitis/
Coccidioides posadasii by matrix-assisted laser desorption ionization—time of flight mass spectrometry. The
isolate was further identified as Coccidioides posadasii by internal transcribed spacer ribosomal DNA sequenc-
ing (Nielsen et al., 2021).

4. Effects on Environmental Health
4.1. Harmful Algae Blooms, Pathogenic Microorganisms, and Toxins

Correlation of dust storms with increase of phytoplankton biomass and harmful algal blooms (HABs) has been
documented in freshwater lakes, coastal and oceanic regions worldwide (Bali et al., 2019; Cropp, 2013; Farahat &
Abuelgasim, 2019; Mackey et al., 2017; Tan & Wang, 2014; Tian et al., 2020; Winton et al., 2016). Gulf of Mexico
blooms of the dinoflagellate Karenia brevis (aka Red Tide), a potential neurotoxin producer, have been linked to
Saharan dust storms (Lenes & Heil, 2010; Walsh & Steidinger, 2001). Red Tide toxins can cause significant direct
mortality to marine organisms and indirect morbidity to terrestrial organisms through bloom-associated aerosol
exposures, and cyanobacteria derived toxins known to be carried in desert dust storms may be a direct human
health problem through aerosol exposure (Cox et al., 2009).

Saharan dust deposition in the Atlantic Ocean and the Gulf of Mexico produce short-lived blooms of Vibrio
species, many of which are known human and marine organism pathogens (Westrich et al., 2016, 2018). Agricul-
ture, urbanization and deforestation have increased deposition of macronutrients from anthropogenic dust sources
(Al-Enezi et al., 2014; Bauer et al., 2016). The increase of biologically available N from dust deposition can
enhance phytoplankton growth, such as in the low-nutrient low-chlorophyll (LNLC) regions. It may also change
the nutrient stoichiometry and shift the system from N- limiting to P- limiting (T.-W. Kim et al., 2011), conse-
quently altering the phytoplankton composition and growth of some undesirable species. Olsen et al. (2018) found
that atmospheric loading of dissolved inorganic nitrogen and total phosphorus, mostly derived from local sources,
may support algal blooms in Utah Lake and become a major contributor to lake eutrophication—a condition that

TONG ET AL.

14 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T



~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

may advance cyanobacteria prevalence (Ren et al., 2020). Impact of dust inputs on marine phytoplankton produc-
tivity and biological C-pump is evident from a sedimentological study in the Gulf of California (Arellano-Torres
et al., 2020). Also, organic nitrogen makes up a large portion of total N in wet and dry deposition (Matsumoto
etal., 2019). Atmospheric deposition of organic matter has significant effect on the microbial community in water
bodies (Rahav et al., 2016; Sisma-Ventura & Rahav, 2019): a massive Australian dust storm was reported linked
to an extensive “bloom” of Aspergillus sydowii, a fungus believed detrimental to corals (Hallegraeff et al., 2014).

Dust and aerosols provide significant new amounts of iron (Fe) and stimulate growth of the offshore oceanic
diazotroph community (Farahat & Abuelgasim, 2019; Winton et al., 2016). Mesocosm experiments demonstrate
diazotroph growth enhancement after polluted aerosols and Saharan dust have been added to water from the
Eastern Mediterranean Sea; the prevalence of N-fixing cyanobacterium Trichodesmium was found associated
with Saharan dust as a result of Fe fertilization (Rahav et al., 2016). While historical records reveal a direct
relation between Trichodesmium and K. brevis off the west coast of Florida, further studies show the “new” and
regenerated N derived from the dust associated Trichodesmium blooms could alleviate N limitation to the growth
of K. brevis and potentially initialize and sustain large blooms of K. brevis for as long as a couple months (Lenes
& Heil, 2010). However, while Trichodesmium blooms occur every year in the Gulf of Mexico and in Southwest
Florida, outbreaks of K. brevis are typically episodic. For example, the massive “Godzilla” Saharan dust storm
arrived in the Gulf of Mexico and bordering US states during late June-early July 2020; in June a bloom of
Trichodesmium was observed off the southwest coast of Florida that lasted weeks—but K. brevis concentrations
remained at background levels (Florida Fish and Wildlife Conservation Commission, 2020). Further study is
needed to better understand the underlying mechanisms of the linkage among dust storms, Trichodesmium, and
K. brevis blooms.

4.2. Dust Deposition and Ecosystem Health

Dust deposition may be positive or negative for ecosystem health. Dust is beneficial when delivering key
nutrients such as phosphorus (P) and iron (Fe) that are essential to biological functions that stimulate primary
productivity—and, for Earth's climate, sequesters atmospheric carbon dioxide (CO,) in the ocean and terrestrial
biosphere (N. Mahowald, 2011). Another positive: African dust transported to South America in winter and
spring is thought to fertilize the P-limited soils of the Amazon rainforest and to increase primary productivity
(Barkley et al., 2019; Prospero et al., 1981, 2020; Swap et al., 1992; Vitousek & Sanford, 1986; Yu et al., 2015).

While deposited dusts may be creating conditions for HABs, they may also be stimulating primary productivity
of non-HAB-forming marine biota: as in high latitude low nutrient, low chlorophyll oceans by supplying Fe and
productivity in the nitrogen (N)-limited low latitude oceans with Fe and P to stimulate nitrogen fixation (Mills
et al., 2004; Moore et al., 2013; Tagliabue et al., 2017). A critical point is the solubility of nutrients found in
dust. While deposited dust has a very long residence time in terrestrial soils, dust only spends a few weeks in
the surface ocean before sinking out—thus, nutrients must be readily soluble in seawater to have an apprecia-
ble effect on marine productivity (Gaston, 2020; Jickells & Moore, 2015; Okin et al., 2004). Commonly found
mineral forms of P and Fe in dust include apatite and iron oxides, which have very limited solubility. However,
recent research shows that nutrient solubility can be affected by particle size (Baker & Jickells, 2006), association
of dust with organic aerosol containing chelators such as oxalate (Meskhidze et al., 2017), mineralogy (Journet
et al., 2008), and heterogeneous reactions between dust and atmospheric acidic gases (Nenes et al., 2011; Spokes
& Jickells, 1995).

In contrast to increasing primary productivity through deposition of key nutrients, dust may exert negative impact
on ecosystem health and reduce primary productivity. Trace metals in dust, such as copper (Cu), can be toxic
to phytoplankton and lead to changes in marine community composition (Paytan et al., 2009). Additionally, as
covered in other sections of this review, dust storm particles may contain pathogenic microorganisms, microplas-
tics, inorganic and organic toxins and natural and anthropogenic radioisotopes deleterious to ecosystem health. A
notable example is transport of large quantities of African dust to the Caribbean that are linked to pathogens that
degrade coral reef health (Shinn et al., 2000).
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4.3. Water Supply Contamination Caused by Soil Dust

Wherever a drinking water supply is exposed to the atmosphere it is potentially vulnerable to contaminants arriv-
ing with dustfall (Middleton & Kang, 2017). Many low-income communities in the Americas lack potable water.
Drinking water often must be delivered by truck or hauled from a site in storage containers. Household water stor-
age containers and truck-mounted water tanks soiled by falling dust may be contaminated by organic pollutants or
heavy metals (Parra et al., 2019) and soil-borne microbes (Farenhorst et al., 2017). Risks of physical, chemical,
and/or microbial contamination from atmospheric dust deposition is of extra concern when untreated rainwater
is used for drinking, as from cisterns (Gwenzi et al., 2015; Sanchez et al., 2017). Griffin and Kellogg (2004)
stated, ““...most of the drinking water in the Caribbean is collected from rooftop drainage and stored in cisterns.
It remains to be determined if dust contamination of the water could result in numbers of microbes sufficient to
cause disease by ingestion.” Peters (2011) found that “few households exercised good rainwater harvesting prac-
tices” in the Caribbean Grenadine islands, increasing the risk of contamination in drinking water storage tanks
from airborne dust.

4.4. Food Contamination From Windblown Dust

Foodstuffs consumed uncooked, particularly certain fresh fruits and vegetables but also ready-to-eat meats, are
prone to contamination by pathogens such as Salmonella and Escherichia coli that can be carried with aeolian
dust (Kumar et al., 2018). Hellberg and Chu (2016) conclude that “multiple peer-reviewed studies show a quan-
tifiable, consistent trend” of the dispersal of the foodborne bacterial pathogens Bacillus, Clostridium, and Staph-
vlococcus by dust storms. Mendonca et al. (2020) review various genera of harmful bacteria that have been
isolated in dust and are thought to pose a risk.

Most foods, if coated with dust, likely are not a health risk if properly washed or peeled. However, a risk may exist
for leaf-based foodstuffs. The hygroscopic components of aerosols become deliquescent on transpiring leaves,
which may take up the solutions by cuticle and stomata. This “hydraulic activation of stomata” (HAS), referring
to the deliquescent aerosols affecting stomatal walls, could render aerosols to work as “desiccants”, reducing the
tolerance of plants to drought conditions (Burkhardt, 2010). In addition, some leafy vegetables such as lettuce are
difficult to wash thoroughly enough to remove bacteria that have adhered to the plant tissue. Thus dust may be
a vector of contamination (Brandl, 2006). Fruits such as melons, which are traditionally not washed thoroughly
due to their shell, may transfer pathogens from dust on the rind when sliced, contaminating the edible flesh inside
(Annous et al., 2005).

If windblown soil dust containing Salmonella settles on blossoms of tomato plants shortly before they set fruit,
the bacteria can be incorporated into and diffused within the tomato's flesh, leading to ripe tomatoes infused
on the inside with Salmonella (Kumar et al., 2017). Similarly, Salmonella internalization in cucumbers through
blossom inoculation (Burris et al., 2020) and E. coli incorporated into apples through their blossoms (Burnett
et al., 2000) have been observed. The authors of these papers suggest that the blossom inoculation pathway may
explain some otherwise unexplainable recent foodborne illness outbreaks.

4.5. Agricultural Hazards Associated With Dust

Agricultural workers and others whose occupations require frequent contact with soil are at risk of exposure
to inhalation of soil particles and contact with soil-borne pathogens, including toxic pesticides and herbicides
(C. A. Smith & Gunther, 1978; Spencer et al., 1980). By sampling and measuring the particulate matter in the
cabs of tractors, Green et al. (1990) concluded that farmers in the Prairie Provinces of Canada had a potential
risk for pneumoconiosis related to exposure to mineral dust and its associated organic materials. A review of
California farm workers (R. Alexander et al., 2018) suggests that dust-associated respiratory disease is an occu-
pational hazard. Sherwin et al. (1979) reported of California Central Valley residents who developed silicate
pneumonitis: five of the seven worked in vineyards and five died with respiratory failure—the composition
of particles found in their lungs was consistent with local soil. Nieuwenhuijsen et al. (1999) reported that machine
harvesting of tree nuts and vegetables and cleaning poultry houses exposed California agricultural workers to
significant levels of dust, including high levels of endotoxin. Some young Hispanic agricultural workers who
died suddenly were found to have pathologic changes in their lungs including mineral dust small airway disease,
pneumoconiosis, and other pathologies consistent with chronic bronchitis, emphysema and interstitial fibrosis
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(Schenker et al., 2009)—changes reported to be more prominent in farmworkers than in non-farmworkers.
Schenker et al. (2009) concluded that mineral dust exposure is associated with increased small airway disease
and pneumoconiosis among California farmworkers. But the clinical significance and natural history of these
changes remain undetermined. Schenker (2010) stated, based on evidence from farmworkers, that “overall, the
evidence supports a causal association of mineral dust exposure and pneumoconiosis.” R. Alexander et al. (2018)
concluded that chronic occupational exposure to soil dust may associate with chronic lung disease that “depends
on the frequency of exposure, the intensity of exposure and the composition of the dust.”

It is apparent that a variety of fungal plant pathogens have been established or spread to the Americas through
wind and/or associated with dust, including wheat rust (fungi of the genus Puccinia) spread through the North
American Great Plains, and Peronospora hyoscyami, the organism that causes tobacco blue mold (Main &
Davis, 1989). Erwinia carotovora, the causal agent of potato blackleg disease, apparently spreads from the US
west coast to the interior US through dust-associated wind transport (Franc, 1994). Pseudomonas syringae, a
widely distributed pathogen of a variety of crops, has been associated with intercontinental transport of dust.
These two species of phytopathogenic bacteria can serve as cloud condensation nuclei, facilitating their survival
in long-distance aeolian transport (Behzad et al., 2018). Another species of Puccinia, which causes sugarcane rust,
may have spread from Africa to the Caribbean and to Florida via seasonal winds and dust (Purdy et al., 1985);
several species of Mycosphaerella, which inflict severe losses to bananas and plantains, may be transported to the
Caribbean from Africa along the same pathway, potentially in dust clouds (Burt, 1991; Stover, 1962). Massaria
platani, the causative agent of Florida sycamore canker, and Alternaria dauci, a species that infects Florida
carrots, were found in the mid-Atlantic transoceanic African trade-wind corridor when atmospheric dust was
present (Gonzalez-Martin et al., 2014; Griffin et al., 2006). Behzad et al. (2018) report that Hemileia vastatrix,
the fungus behind coffee leaf rust (Bowden et al., 1971) and Phakopsora pachyrhizi, which causes soybean rust
(Pan et al., 2006), were apparently introduced into North America in clouds of windborne dust from Africa and
Asia, respectively.

Thiel et al. (2020) demonstrate that manure bacteria, including enteric pathogens, aerosolize from fertilized soil
more easily than do soil bacteria; their wind tunnel tests show airborne bacterial emission fluxes from freshly
fertilized soil are 100-fold higher than previous estimates of average emissions from land. Confined animal
feeding operations (CAFOs) are potent point source emitters of particles into the atmosphere. Twenty-four-hour
mean concentrations of PM,, as high as 1,200 pg m~>—particles replete with carbonaceous materials (some
soluble) and salts—have been reported (Hiranuma et al., 2011). Bacteria also hitchhike on dust from CAFOs.
Berry et al. (2015) reported strain specific Eschericia coli contamination of leafy green vegetables at distances
of 180 m downwind from the source CAFO. The U.S. Food and Drug Administration (2021) reported that fugi-
tive dust from a nearby animal operation was the suspected cause of a Salmonella outbreak on fresh peaches in
summer 2020 that triggered more than 100 illnesses in 17 US states. Other manure- or urine-borne contaminants
such as hormones are constituents of fugitive dust particles, possibly affecting human and environmental health
(Blackwell et al., 2013).

Airborne dust carrying contaminants can transfer harmful substances between different agricultural entities.
Examples include transmission of avian influenza between poultry facilities (Sematimba et al., 2012), transport of
the foot-and-mouth-disease virus potentially to great distances by dust (Garner et al., 2006) and herbicide-bearing
dust falling on blossoms that reduce yields of pistachio crops in the San Joaquin Valley of California (L. Zhang
et al., 2019). Seeds coated with insecticides, when planted by drills may release the coating, which is toxic to
bees and other beneficial insects, into the wind (Devarrewaere et al., 2016). Insecticides toxic to honeybees and
aquatic organisms are wind-suspended along with materials from cattle feed yards in the US and entrained into
downwind particulate matter in a quantity modeled “to kill over a billion honeybees daily” (Peterson et al., 2020).
As to soil-borne pathogens mentioned earlier, Nieder et al. (2018) identify “several soil-borne diseases ... capable
of transmission to the air (e.g., Q fever, aspergillosis, tularemia, sporotrichosis) ... then transported by dust.” Of
particular concern are pathogens and toxins typically associated with agriculture, but that could potentially be
weaponized. Examples include anthrax (Bacillus anthracis) (Dragon & Rennie, 1995), the ricin toxin (Zartman
& Jaynes, 2014) and Coxiella burnetii, the bacterium which causes Q fever (Baret et al., 1999; Kersh et al., 2010:
Hogerwerf et al., 2012).
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4.6. Effects on Domestic and Wild Animals

Airborne, inhalable pesticide, pollen, fungi, heavy metals and other components of soil are problematic for pets,
livestock, and wild animals as well as humans. When mercury, for example, settles from the air onto soil and water
it is a continued hazard, as when humans or animals consume methylmercury-contaminated fish and shellfish.
The Government of Canada (2020) identifies predators such as bears and eagles particularly susceptible to bioac-
cumulation of air pollutants, with potentially fatal illness. Humans and their pets can be infected with inhaled
Coccidioides arthroconidia (See Valley fever discussion in Section 3.4 and Sprigg, 2016), but domestic animal
habits of frequent contact with and rooting about in the soil, and wildlife living in natural landscapes, very likely
increase their risk in coccidioidomycosis endemic areas. A seminal paper by Shubitz (2007) reports coccidioido-
mycosis across many animal species, including horses, cattle, sheep, burros, coyotes, cougars, dolphins, rodents,
bats, and snakes. Cats are known to contract Valley fever (Arbona et al., 2020; Tofflemire & Betbeze, 2010), with
non-healing skin lesions a common symptom. Alpacas in the American Southwest have been treated for Valley
fever (Butkiewicz & Shubitz, 2019). Dogs, possibly because of their habits as well as their numbers in family
households, are commonly infected by Coccidioides. People may travel over considerable distances to encounter
the fungus, but the physical range for pets, livestock and most wild animals is limited; when a pet or an animal in
a zoo is diagnosed with Valley fever, the animal is likely to have contracted the disease close to home.

The presence of Valley fever in marine mammals along the U.S. West Coast may help solve questions of surviv-
ability of airborne C. immitis. Sea otters, dolphins, and whales have been diagnosed with coccidioidomycosis
(Carlson-Bremmer et al., 2012). Stranded California sea lions and Northern Fur seal pups diagnosed with respira-
tory problems when admitted to California marine mammal care centers had Coccidioides-specific antibodies in
their blood sera (Lauer et al., 2019). Coccidioidomycosis is identified as the most common mycosis in stranded
marine mammals along the central California coast (Huckabone et al., 2015; Simeone et al., 2015)—and possibly
a cause of the stranding itself. Between 2005 and 2014, 12 California sea lions rescued at one Marine Mammal
Center died from Valley fever. Marine mammals do not venture far from waters' edge, though they range consid-
erably north and south off California's shoreline. Infection is assumed to have occurred when these animals
met with airborne Coccidioides arthroconidia, possibly from the Mojave Desert (Grayzel et al., 2017; Guevara
et al., 2015; Hector et al., 2011; Thompson et al., 2015). Pacific Ocean marine mammals are often exposed to
windblown dust from points well inland. The normal migratory patterns of these mammals, the length of time for
symptoms to appear after contracting the disease, and variable weather patterns make it difficult to pinpoint the
geographical source of the fungus without further population genomics analysis of the infecting isolates.

4.7. Radioactive Contamination (Radionuclides) in Dust

In the complex matrix of Earth's soil minerals, organics, water and gases, any and all may be radioactive. Natu-
ral forms of radioactivity include radioactive minerals and daughter products of decay. Solid forms include
the primary minerals of the soil matrix and solutes including 2*®U, 23?Th, “’K, and ?'°Pb (Jasaitis et al., 2020;
Monged et al., 2020; Nenadovic et al., 2012) and #C, 343, and N in organic matter. Deuterium is found in water,
and ?%Rn is the primary radioactive gas (Carneiro et al., 2013) associated with geology and stress in the earth's
crust (D’Alessandro et al., 2020). Cosmogenic radionuclides, such as "Be, can be rain-deposited on surfaces (Itoh
& Narazaki, 2015). Global fallout of anthropogenic radionuclides from nuclear weapons tests adds soil radio-
activity (Gharbi et al., 2020; Mezina et al., 2020; Pravalie, 2014). Anthropogenic sources of soil radioactivity
include burning of fossil fuels (Ault et al., 2015), dust from weapons-testing regions, resuspension of previously
deposited radionuclides (Schulting et al., 2018) and releases from nuclear power plants, commercial nuclear fuel
reprocessing, nuclear accidents and uranium mining and milling (Hu et al., 2010). Exposure to these radioiso-
topes is hazardous (Jasaitis et al., 2020; Monged et al., 2020; Nenadovic et al., 2012).

Of these natural and anthropogenic sources, probably the wind redistribution of uranium mining spoils and
mill tailings are most widespread and of most concern to human health (Blake et al., 2015; de Souza Pereia
et al., 2018; Doering et al., 2019; Malin & Petrzelka, 2010; Velarde, 2011). In many cases, legacy mine waste
and mill tailings have been exposed to the erosive forces of wind for more than a half century, but few estimates
exist of the amount of radioactive U and decay series daughter products that leave the site and deposit downwind
(Doering et al., 2019; Rood et al., 2008). A recent increase in respiratory and metabolic diseases in the Navajo
indigenous population living close to the Grants uranium mining district in New Mexico, USA, may be associated
with bioavailable uranium in respirable dusts (Hettiarachchi et al., 2018, 2020).
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Continued atmospheric nuclear tests to 1 January 1963, resulted in deposition of un-spent radioactive fuels and
fission daughter products across the continental US (Simon et al., 2004) and the world (Bu et al., 2014). There
were 100 atmospheric nuclear tests at the Nevada Test Site (NTS) from 1951 to 1962 and a smaller number of
tests at other locations in the USA, as well as thousands of atmospheric nuclear tests worldwide. These and a few
underground tests released fallout particles that were carried by the wind. The entire United States population
exhibited an increasing leukemia rate during and for several years after the open air nuclear testing; the rate
fell sharply thereafter (Archer, 1987). Residents of southwestern Utah, directly downwind of the NTS, showed
increased rates of cancer, especially in organs most sensitive to radionuclides (Johnson, 1984). In addition, other
nuclear experiments at the NTS released plutonium onto the desert surface (Cizdziel et al., 1998). Dust samples
collected at residences in the surrounding states contained excess plutonium not related to global background
fallout, apparently resuspended by the wind from the test site (Cizdziel et al., 1998). Increased incidence of
cancers has also been detected in residents downwind of plutonium production facilities at Rocky Flats, Colorado
(Johnson, 1981) and Hanford, Washington (Grossman et al., 2003), likely at least partially related to aeolian
resuspension of radionuclides: however, other chemicals associated with plutonium production may pose a
greater health risk at Rocky Flats (Till et al., 2002).

Although stratospheric fallout from high altitude detonations spread evenly over the landscape from high to low
northern hemisphere latitudes and in greater quantities in more rainy climates, ground-based detonations resulted
in localized “hot spots” of radionuclide contamination, particularly in semiarid and arid regions prone to dust
emissions (Simon et al., 2004). An accidental release of radioactive dust from a deep geological repository in
southwestern North America resulted in a temporary spike in local dust radioactivity that returned to pre-release
levels consistent with the load of anthropogenic radionuclides in the soil (Thakur & Ward, 2019). Miller and
McClain (2007) review potential health problems when aerosolized depleted uranium used in munitions and
manufacturing is inhaled.

Today, resuspension of dust from soils contaminated with anthropogenic radionuclide fallout is prevalent in
semiarid and arid regions prone to wind erosion. In arid areas with sandy soils and heterogeneous vegetation
patterns such as southeastern New Mexico, radioactive dust has been quantified (Arimoto et al., 2002, 2005;
Thakur et al., 2012). In more humid climates, disturbance of the vegetative cover by fire releases anthropogenic
radionuclides contained in the litter layer as smoke (Strode et al., 2012), and after, the loss of vegetative cover
increases the hazard of soil dust emissions (Whicker, Pinder, & Bresehars, 2006; Whicker, Pinder, Breshears,
& Eberhart, 2006). Aeolian transport of radionuclides from the soil can be modeled and predicted to allow esti-
mation of inhalation doses off previously contaminated, but recently disturbed, soils (Michelotti et al., 2013).
Radionuclides in dust are used to estimate the age of atmospheric aerosols (Han & Zender, 2010), and loss or
gain of fallout anthropogenic radionuclides has been used to estimate decadal rates of soil redistribution by wind
(Van Pelt, 2013; Van Pelt & Ketterer, 2013; Van Pelt et al., 2007). The eventual fate of all surface sediments on
Earth is into the oceans, either as wet or dry dust deposition or by water erosion and transport in rivers. They then
become ideal tracers for ocean currents (van Hulten et al., 2018). Yet, this oceanic deposition is not a dead-end
sink. As marine sediments return to sea surfaces and deposit again on land, they remind us of nature's propensity
for recycling.

4.8. Heavy Metal Contamination (Resuspension)

Contaminants such as heavy metals (Schreck et al., 2012) carried with aerosols including dust fall out on gardens
or agricultural lands—especially in and downwind of urban and industrial areas that tend to have more of this
type of contaminated soil (Cooper et al., 2020). People, livestock and wildlife consuming those crops are at risk.
Leafy vegetables with large proportion of edible surface area exposed to the air may pose the greater risk (Schreck
et al., 2012), while root uptake of heavy metals into vegetable crop leaves is also a problem (F.-L. Li, Shi,
et al., 2017). Heavy metals in agricultural soils come from many sources including deposition of metal-bearing
dusts.

Native minerals and weathering products supply numerous metallic minerals (Eleftheriadis & Colbeck, 2001;
Nicoll et al., 2020; Trapp et al., 2010; Z. Wang et al., 2019). And redistribution of mining spoils and deposition of
industrial emissions increase heavy metal concentrations in surface soils that may ride with fugitive dusts (Csavina
et al., 2012; Entwistle et al., 2019; J. Li & McDonald-Gillespie, 2020; Ono et al., 2016; Rodriguez-Espinaosa
et al., 2017; Van Pelt, Shekhter, et al., 2020; Vito et al., 2020). Metallic ions in surface soils may have cosmic
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sources (Benna et al., 2015). Specific to agriculture, heavy metals are contaminants in fertilizer materials, espe-
cially phosphate based, applied to increase crop growth (Azzi et al., 2017; Dharma-Wardana, 2018; X. Wang
et al., 2020); heavy metals found in organic fertilizer (Gong et al., 2019). Dzul-Caamal et al. (2020) report that
these contaminants cause biomass loss in the common earthworm, Eisenia foetida.

Pesticides and herbicides have revolutionized production agriculture. Pesticides absorbed or attached to dust
particles (Richards et al., 2016) may be eroded with the wind (Glotfelty & Caro, 1975) and drift into unin-
tended locations where they pose a risk, as into inhabited areas, croplands certified as organic and required to
be pesticide-free, or rangelands with no history of pesticide application (Alonso et al., 2018; Bento et al., 2017).
Exposure is a function of distance from where pesticides are applied (Gunier et al., 2011), occupation density
of where they land (Bennett et al., 2019; M. N. Smith et al., 2017) and season of required use (M. N. Smith
et al., 2017). New pesticides and classes of pesticides are always being developed to replace older technologies
for which crop pests have become resistant, to address new pest invasions, and to limit environmental impacts.
Pesticides found in house dust reflect the pesticides in use at the time (Bennett et al., 2019). Pesticides are also
present in urban dusts due to lawn and household use (Richards et al., 2016); they may exist in gas phase before
attaching to dust particles either in the atmosphere or on the deposition surface (Yao et al., 2008). In studies
of herbicides transported on dust, Alonso et al. (2018) found glyphosate and atrazine, commonly used herbi-
cides, in Argentine soils and rainfall. Glyphosate degrades into a daughter product, aminomethylphosphoric acid
(AMPA)—both hold tightly onto particle surfaces. AMPA has a much longer half-life than glyphosate. It tends
to accumulate in the soil and thus is present in greater concentrations and for longer periods than glyphosate
(Aparicio et al., 2013). As with other contaminants in semi-arid regions with bare soil surfaces, wind may entrain
the surface soils and transport the glyphosate and AMPA from the field into adjacent agroecosystems (Aparicio
et al., 2017; Bento et al., 2017). These compounds are also components in respirable dust from eroding agricul-
tural soils (Mendez et al., 2017).

4.9. Ocean Acidification

A significant amount of CO, is absorbed by the oceans (Tessin, 2020). Oceans become acidic when dissolved
carbon dioxide concentrations rise. How it gets this way is complex and may begin with a discussion of oceanic
primary productivity, which depends on availability of certain macro- and micro-nutrients. Atmospheric
transport and deposition of these nutrients impact ocean surface biogeochemistry (Prospero et al., 2009). For
example, Fe is transported primarily to the oceans from land via atmospheric dust deposition (Duce et al., 2009;
Martin, 1990). The arid Sahara and the Sahel of Sub-Saharan Africa are copious sources of this dust, where
every year millions of tons are transported by strong winds over thousands of miles to the Amazon region of
South America and the Caribbean (Prospero et al., 2014; Yu et al., 2010). Silica components of dust and microal-
gae create diatoms such as the siliceous marine phytoplankton. These diatoms account for 20% of the world's
photosynthesis (Bopp et al., 2003; F.-L. Li, Shi, et al., 2017), and are found in the Fe-limited regions of the
oceans (Hettiarachchi et al., 2020). They play a crucial role in export of organic C from surface waters to the
deep oceans (Malviya et al., 2016). Various biochemical processes such as photosynthesis, nitrogen fixation,
and chlorophyll synthesis are affected by availability of Fe as it controls the marine primary productivity and
efficiency of the biological C pump (Breitbarth et al., 2010; X. Li, Roevros, et al., 2017). Laboratory stud-
ies show that ocean acidification could lower the bioavailability of dissolved Fe, which is crucial for marine
phytoplankton (D. Shi et al., 2010). Although higher aerosol dust deposition on the ocean surfaces could result
in greater availability of Fe, scientists have posited that rising seawater temperatures and lower pH could alter
this Fe bioavailability—a crucial factor in marine phytoplankton production (Jickells et al., 2005; F.-L. Li, Shi,
et al., 2017; Liu & Millero, 2002).

4.10. Renewable Energy (Solar and Wind Energy)

Renewable energies, such as solar and wind, help to mitigate air pollution and climate change by reducing the
emissions of air pollutants and greenhouse gases while still satisfying energy demands (Al-Dousari et al., 2019;
IPCC, 2011; Ma et al., 2015; Owusu & Asumadu-Sarkodie, 2016). Therefore, the effects of dust on renewable
energy will be indirectly associated with environmental health. Desert areas are excellent regions for both solar
photovoltaic (PV) and concentrated solar power plants due to their large solar irradiation (Barbosa et al., 2017;
Koberle et al., 2015). Clear, open spaces that allow free air flow are best for locating wind farms, which makes
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nearly frictionless, offshore and arid land deserts ideal for siting renewable energy sources such as wind and
solar farms. Unfortunately, arid lands with loose soils easily lofted into the free atmosphere bring particles that
erode and coat substances on wind blades (Khalfallah & Koliub, 2007; Sagol et al., 2013) and damage, contam-
inate, and clog gears and mechanisms of the turbines and operating mechanisms themselves (Guerrero-Lemus
et al., 2015; Pasqualetti, 2004).

Overall performance of these power stations can be hindered by dust accumulation or soiling on the
insolation-receiving surfaces (Al-Addous et al., 2019; Cordero et al., 2018) and/or solar radiation attenuation
by atmospheric dust (Polo & Estalayo, 2015; Del Hoyo et al., 2020). The coating of surfaces with dust (soiling)
leads not only to reflectance degradation but also reduces the lifespan of PV cells due to overheating and shading
(Sarver et al., 2013; C. Shi, Yu, et al., 2020). Dust deposition rates onto solar power cells depend on factors such
as wind speed, cell orientation, angle of incidence and relative humidity (hygroscopic aerosol growth) (J. Chen
et al., 2019; Goossens et al., 1993; Hammond et al., 1997). This soiling combined with water scarcity in arid
regions represents a challenge for current as well as future projects (Xu et al., 2016). For instance, the combi-
nation of high dust deposition rates and low precipitation amounts was found to cause up to 39% annual energy
losses in the northern coastal part of the Atacama Desert, while the losses are much smaller where rainfalls are
more frequent or soiling is less (Cordero et al., 2018). Cleaning and mitigation are fundamental to the solar indus-
try due to soiling degradation of energy production (Gupta et al., 2019)—large dust particles have greater conse-
quence than small particles (C. Shi, Yu, et al., 2020). For instance sand and dust storms are found to reduce PV
panel efficiency up to 80% in 1 hr (Ghazi et al., 2014). Artificial cleaning techniques comprise a range of methods
such as hydrophobic and hydrophilic surfaces, mechanical dispositive for dust removal, electrostatic shields and
robotic devices (Jamil et al., 2017). Applications of these methods depend on the region and associated costs, and
may require other mitigation measures such as concreting the surface or planting grass, which would not prevent
deposition of dust generated offsite. Other causes of dust accumulation may occur, as triggered, for example, by
bird droppings that act as an adhesive for particles (Gupta et al., 2019). In this case, a mechanical brushing system
cannot be used (Ghazi et al., 2014). Therefore, several elements, along with associated costs, must be taken into
account in order to mitigate soiling impacts, such as the nature of dust accumulation, dust composition and the
governing meteorological conditions.

Limited scientific literature is available on the impact of dust on wind farms energy production partly due to the
protection of intellectual property in a competitive market (Shalby et al., 2022). The few studies conducted on
this topic consider wind farms in the Middle East. To the best of our knowledge, no equivalent study has been
conducted in the Americas. This dust impact on wind turbines can be either through dust accumulation on blade
surfaces (Sagol et al., 2013) and/or impact in the equipment inside the nacelles (Al-Khayat et al., 2021). The
former perturbs the roughness lengths potentially disturbing the flow field and thereby reducing the power gener-
ation by the turbine (Sagol et al., 2013). The latter, however, results in the clogging of nacelles filters causing
decreasing cooling efficiency thereby affecting operation and performance of turbines (Al-Khayat et al., 2021;
Shalby et al., 2022). Cleaning frequency needs to be optimized to avoid too much dust accumulation in nacelles
to prevent significant performance losses (Al-Khayat et al., 2021).

The use of numerical dust prediction would not only be beneficial for better operation and maintenance of both
solar energy plants and wind farms but would also contribute to aggregate energy from different production
sources optimizing profit of the electricity market (Al-Khayat et al., 2021; Gomes et al., 2020).

5. Safety Concerns

In addition to endangering human and environmental health, airborne dust and related phenomena, such as high
winds, are a major safety hazard in transportation, especially motor vehicles on dust-affected highways and asso-
ciated support fatalities. Concern grows, too, about hazards to aviation, marine navigation, and railroads.

5.1. Roadway Safety

During windblown dust events, driver distraction and disorientation, loss of awareness of the road and other vehi-
cles, and sudden change in vehicle speed, increase risk of accidents (Ashley et al., 2015). Coarse dust and sand
on the roadway cause loss of traction and of vehicular control (Day, 1993; Pan et al., 2006). Dust also appears
associated with greater crash severity than other hazardous weather. Burritt and Hyers (1981) point out that
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Figure 3. (a) A scene of multi-vehicle crashes on I-10 highway at Lordsburg Playa near the New Mexico and Arizona border
on 22 May 2014 (photo courtesy of New Mexico State Police and Motor Transportation Police), (b) A typical haboob dust
storm observed near Phoenix, Arizona on 2 August 2018. Inside the haboob, there is blinding sand and dust as visibility can
drop to zero (Photo source: Washington Post), (c) A plume of blowing dust passing across I-10 in San Simon, southeastern
Arizona, 16 May 2016 (Source: CBS 5, Tucson, Arizona), and (d) San Simon Valley dust source area next to I-10 in southern
Arizona with abandoned and unprotected land (photo courtesy Arizona Department of Transportation).

blowing dust and sand events favor the occurrence of “chain reaction” multi-vehicle crashes or numerous crashes
clustered together in dust-affected stretches of roadway. Any form of airborne dust/sand sufficient to reduce road-
way visibility is a hazard to motor vehicles and life—although haboob dust events that steadily reduce visibility
over larger areas and longer times may give drivers time to adjust to conditions, their typical thick obscurations
if suddenly encountered from clear conditions are undoubtedly more treacherous to drivers than synoptic-scale
dust events. Microscale, ephemeral near-ground dust plumes known in the Southwest US as “dust channels” are
extremely hazardous, due to their local nature and difficulty to detect with conventional meteorological or air
quality networks or remote sensing platforms. Dust and sand hazard to motorists may come from many factors:
wind erosion of natural dryland surfaces; emissions from temporarily fallow and wind-erodible croplands (J.
Li, Kandakji, et al., 2018); cattle feed lots; fields being tilled (Crooks et al., 2016) that emit un-anticipated dust
plumes in fair weather; land disturbed by road, housing and industry development can be a source of fugitive dust
in any climate (Weber et al., 2014); off-road recreation where surface crusts (desert pavement) are broken; vehi-
cles driven on unpaved roadways; etc. The heavily traveled, crash-prone corridor between Phoenix and Tucson,
Arizona is an example (Hyers & Marcus, 1981; Lougeay et al., 1987; Raman et al., 2014).

Dust hazard to road transportation is well-documented in the southwest US (Figure 3), a region where blowing
dust is most frequently encountered (Prospero et al., 2002). The “Interstate 5 dust storm crashes” in central Cali-
fornia on 29 November 1991 raised national awareness of the problem: at least 33 collisions involved an estimated
164 vehicles and 349 persons within a ten-minute period along a few kilometers of dust-blinded freeway and
left 151 people injured and 17 dead (Day, 1993; Pauley et al., 1996). In the dusty desert counties of southeast
California, the percentage of fatalities in wind-related accidents is roughly double the deaths in accidents coded
for weather other than wind. Bhattachan et al. (2019) suggest that dust contributed to these incidents, given that
wind-related accidents increase when visibility is low. Blowing dust is Arizona's third deadliest weather hazard,
killing over 150 people and injuring more than 1,300 in a recent 50-year period (Lader et al., 2016). In Arizona,
crashes in dusty conditions have a higher-than-average ratio of fatalities to injuries (Burritt & Hyers, 1981), possi-
bly because of high speed limits and sudden, unexpected, small-scale events of blinding dust. Not far to the east,
Interstate 10 highway crosses the naturally-ephemeral, dust-emitting Lordsburg Playa in southwest New Mexico
(Eibedingil et al., 2021); this single short stretch of road was the site of 117 dust-and-sand-related highway crashes
between 1980 and 2017, with at least 41 fatalities since 1965 and 21 since 2012 (Botkin & Hutchinson, 2020;

TONG ET AL.

22 of 52

85UBD17 SUOLLLIOD BAIERID) 3|l jdde ay) Ag pausenob a1e 9P YO (88N JO S3|NI o ARIq1T BUIUO AB|1IM UO (SUORIPUOD-PUR-SLLLBY WD AB|IMAfe.q 1 [BUIUO//SARY) SUORIPUOD PUe Swid | a4} 835 *[£202/70/L0] Uo ARiqiauluo A|1Mm Wb 8deds peppoo eseN A £€9.0009HT202/620T 0T/10p/wod" Ao imAlqijpur|uosgndnBey/sdny wouy pepeojumod ‘Z ‘€202 ‘80¢6776T



~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

New Mexico Department of Transportation, 2018; Van Pelt, Tatarko, et al., 2020). The “Black Tuesday Storm”
of 14 April 2015 generated dust in the Great Basin Desert of western Utah, limited visibility on Interstate 80,
and caused a 17-vehicle pileup with one death and 25 injuries (Nicoll et al., 2020). However, roads in almost
every part of the US have potential to be affected by windblown dust: Goudie (2014) documented dust-related
fatal highway crashes that took place in six states in a single year, Weber et al. (2014) reported that blowing
dust on Route 108 near Carlinville, Illinois, in the agricultural Corn Belt of the central US, reduced visibility to
about a meter and resulted in several collisions and temporary highway closure, and Breslin (2016) investigated
an April 2016 windblown dust event in eastern Arkansas—in the humid southeast US—that caused at least two
multi-vehicle crashes that injured 11 people. Dust storms in the Canadian Prairies (E. E. Wheaton, 1992; E.
Wheaton et al., 2008) and undoubtedly other nations such as Australia, Germany, Iran, Kuwait, and Saudi Arabia
(Middleton et al., 2019; Miri & Middleton, 2022) have led to fatal highway accidents.

5.2. Aviation Safety

Aviation transportation depends critically on timely, planned, and uninterrupted flight operations. Even short
delays result in millions of dollars of economic loss. Aviation is vulnerable to dust that reduces visibility (Monteiro
et al., 2022), and dust particles damage engines and instrument sensors and is implicated in icing during flight
(Ackerman et al., 2015). Dust storms affect air traffic management and disrupt takeoffs and landings, yet rarely
influence procedures in whole airport zones, wide regions, or even entire routes (Monteiro et al., 2022). Heli-
copter operations are another concern (McDonald, 2013), where rotor “downwash” may lift loose soil, reduce
visibility and interrupt pilot orientation and situational awareness (Jasion & Shrimpton, 2012).

Airport activities near dust sources are often compromised by reduced horizontal visibility. Many studies and
research flight campaigns prove that mineral dust particles represent one of the most effective ice nucleation
agents (Cziczo et al., 2013), which can increase ice formation and subsequent high risk dramatically along aircraft
routes (Haggerty et al., 2019; Nickovic et al., 2021). Two aircraft accidents, where elevated Saharan dust had
been present, ended in catastrophe: a June 2009 Air France flight (AF477) and a July 2014 Air Algérie flight
(AH5017); see BEA (2014, 2016), Nickovic et al. (2021), and Section 7 of this review. Airborne dust will reduce
the number of engine flight cycles, shorten standard maintenance intervals, require engine replacement and
increase overall costs—a case in point, several hundreds of million dollars for a fleet of 110 commercial aircraft
(Nasser, 2019). Aircraft turbines are damaged when mineral dust particles are encountered, both at the moment
of impact and accumulated damage over time (Song et al., 2016)—a consequence of long-term operations in
dust-prone regions and melting of ingested mineral dusts in new high-operating-temperature turbines (Clarkson
et al., 2016; Song et al., 2016). These are lessons learned in decades of study on engine intake of volcanic ash.
Conventional dust forecasts do not address the level of possible dust melt (a gap in operations discussed further
in Section 7).

Another flight risk, “brownout,” refers to extremely dense clouds of dust and sand raised by aircraft operating
near ground in dry terrain or over loose soils. It is a particular hazard with helicopter rotor downwash that hits the
ground with high velocity (Jasion & Shrimpton, 2012; McDonald, 2013). The result is loss of vision, orientation,
and situational awareness to the pilot as well as to ground personnel. The chance of aircraft mechanical failure
as well as uncontrolled contact with the ground or obstacles is increased. Brownout is a significant safety issue,
especially in desert regions (Ramee et al., 2021).

5.3. Marine Navigation

Low visibility is a concern in marine operations. When the Sahara extreme dust event “Godzilla” (see Section 2.1)
spread over the Greater Caribbean, the Gulf of Mexico and the southern United States from Texas through Flor-
ida, between 21 and 24 June 2020, visibility dropped in many locations into international standard scales of low
and moderate—from the typical 10-30 km of visibility to 5 and 7 km. Boat and ship captains risked disorienta-
tion, as did helicopter pilots, and became a hazard to nearby vessels, moorings and port facilities.
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5.4. Railroad Safety and Health

Excessive windblown dust or (more commonly) sand on railroad tracks is a safety and reliability hazard to rail-
roads through desert regions (Bruno et al., 2018; Raffaele & Bruno, 2020). Western Hemisphere problems seem
not as severe as those in Asia (especially Iran and China) today, but railway infrastructure in the Americas has
been set back by blowing sand in the past. Examples include: extensive coastal sand dune movement hindered
development of a railway in Oregon that resulted in some of the first extensive campaigns for sand dune stabi-
lization via revegetation (Reckendorf et al., 1985); sand blown onto Southern Pacific Railroad tracks resulted
in numerous derailments in the early 20th century in the Coachella Valley arid region of southern California
(Ward, 2014); and windblown sand caused train derailments and re-routings in the US Great Plains during the
protracted drought of the 1950s (Finnell, 1954).

Railroad train cars carrying ore, coal, or other soil/mineral material that is insufficiently covered or stabilized
under windy conditions can lead to aeolian entrainment of particles that blow onto areas near and downwind of the
tracks. Coal-carrying freight trains often trail more than 100 open coal cars that can generate fugitive coal dusts
(Jaffe et al., 2015), which has been directly associated with several forms of lung disease (Schins & Borm, 1999).
In a study in Vancouver, Canada, passing coal trains caused significant short-term increases in particulate matter
concentrations in an adjacent residential neighborhood—up to ~100 pg/m? (Akaoka et al., 2017). The dust also
represents an ecosystem health hazard to biota in proximity to the railway (Hapke et al., 2019).

6. Other Critical Issues
6.1. Climate Change and Dust Effects

Climate models have projected robust drying trends in several areas across Pan-America, including western North
America, Central America and the Amazon Basin in the 21st century (Cook et al., 2014). This Pan-American
expansion of drying areas is attributed to increased potential evapotranspiration from global warming. The
drying trends, coupled with projected increases in wind speed over major dust sources, are expected to make
this region dustier. Using a climate model projection and observed connections between dust and controlling
factors, Pu and Ginoux (2017) predict that the dust loading is likely to increase over eastern South America
during the period from December through February and March through May. In North America, dust activity
is projected to increase in the southern Great Plains from spring to fall in the latter half of the 21st century
due to reduced precipitation, enhanced land surface bareness, and increased surface wind speed. Conversely,
increased precipitation and more vegetation are expected to reduce dust activity in the northern Great Plains
(Pu & Ginoux, 2017).

The projected changes in climate and dust activities are expected to impact human health. Compared to
1986-2005 levels, fine and coarse dust concentrations could increase by 57% and 38%, respectively, result-
ing in elevated health issues, including 230% more all-cause mortality, 210% more cardiovascular mortality
and 88% more asthma emergency room visits (Achakulwisut et al., 2019). Due to the projected changes in
temperature and precipitation, the area potentially endemic to Valley fever will more than double by 2100 in
the western US (Gorris et al., 2019). It remains elusive what roles climate change will play for other health
and safety effects.

6.2. High-Latitude Dust Sources

Besides the sources in tropical and mid-latitude arid regions shown in Figure 1, there are emerging dust
sources in higher latitudes (>50°N or S), particularly in proglacial and periglacial regions (Crusius et al., 2011;
Prospero et al., 2012). At high latitudes, dust emissions are controlled not only by the typical physical processes
encountered in hot environments such as strong winds, but also by other processes specific to cold environ-
ments, such low temperatures, low dewpoints, permafrost and niveo-aeolian activity (Bullard et al., 2016). At
present, high-latitude sources are estimated to cover half a million km? and contribute at least 80-100 Tg yr~!
of dust emission to the Earth system (~5% of the global dust budget) (Bullard et al., 2016). In North America,
high latitude dust sources include the Gulf of Alaska coastline (Crusius et al., 2011) and Pallliser's triangle
in southern Saskatchewan and Alberta of Canada (Bullard et al., 2016). Small scale dust emissions are also
known to occur in selected periglacial settings in Arctic Canada (Bachelder et al., 2020; Nickling, 1978). In

TONG ET AL.

24 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T



~1
AGU

ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

South America, Patagonia, a large landmass located between 39 and 558, is the dominant high latitude dust
source (Foth et al., 2019). The sparse vegetation and semiarid climate in this region are inductive to wind
erosion during drier summer months, although dust events also were also observed in other seasons (Gaiero
et al., 2013). Patagonia was a dominant source of dust in the Southern Hemisphere during glacial periods
(Basile et al., 1997). The present day dust sources include reworked loess, alluvial fans, dry lakebeds and
riverbeds, and occasional resuspension of volcanic dust particles (Gaiero et al., 2003; Gasso et al., 2010; N.
M. Mahowald et al., 2006).

6.3. Environmental Justice

Across the world, it remains unclear how dust particles contribute the disparity of population exposure to PM, .
The “State of the Air” 2021 report of the American Lung Association found that more than 40% of USA resi-
dents or 135 million people are breathing unhealthy levels of ozone or particle pollution, with people of color
being more than three-fold more likely to be breathing the most polluted air than white people (American Lung
Association, 2021). A study of PM, ; exposure caused by each emission type shows that almost all sources
contribute to systematic exposure disparity experience by people of color (Tessum et al., 2021). These studies
either focused on anthropogenic sources only or treated natural sources as exceptional events and it remains
unclear how dust emissions contribute to this disparity. However, historically underserved and socially vulnera-
ble communities may have a higher exposure to dust, due to proximity to industrial activity or a higher propor-
tion of unpaved roads which release fugitive dust. Measurements of samples collected by citizen scientists in
Marion County (Indiana, US) did reveal that renters are more likely to contain higher levels of heavy metals
(lead, zinc and copper) in soil dust than homeowners (Dietrich et al., 2022). This issue needs to be further exam-
ined in future studies.

7. Mitigation Measures
7.1. Observations and Prediction of Sand and Dust Storms

To mitigate harmful effects of sand and dust storms, observations and forecasts as well as early warning advi-
sory and assessment systems are critical for regions affected by aeolian (windblown) sand and dust (Sprigg
et al., 2008; Yin et al., 2005). In response to the United Nations General Assemblies (UNGA) resolution A/
RES/70/195 and an appeal by the UN Secretary General, the United Nations Environment Program (UNEP),
the WMO and the UNCCD conducted, together, a “Global Assessment of Sand and Dust Storms” (UNEP,
WMO, UNCCD, 2016). The assessment report, which was recognized in UNGA resolution A/RES/71/219,
sets out proposals to consolidate and coordinate technical and policy options to respond to sand and dust storm
issues. The WMO was one of the first UN agencies to address the problem. In 2007, the 15th World Meteor-
ological Congress highlighted the importance of windblown dust and endorsed launch of the SDS-WAS. The
main objectives apply regional centers to facilitate research and user access to observation, assessment and
forecast products—particularly as an asset for national meteorological and hydrological services—as well as
to enhance capacity-building. The SDS-WAS project is organized under the WMO World Weather Research
Program (WWRP) and Global Atmosphere Watch (GAW), coordinated by the SDS-WAS Steering Commit-
tee (SC) (the SC meets annually) supported by the WMO Secretariat. For development and realization of the
SDS-WAS, a Science and Implementation Plan for 2015-2020 was prepared (WMO, 2015) and approved by
the 17th World Meteorological Congress. The SDS-WAS SC recommends science priorities and updates the
Science Implementation Plan periodically (WMO, 2020). As of 2021, more than 25 organizations provide daily
global or regional dust forecasts in different geographic regions through 9 global models and more than 15
regional models that contribute to the SDS-WAS.

The WMO SDS-WAS consists of three Regional Nodes, or Centers: The Northern Africa-Middle East-Europe
Node, the Asia Node and the Pan-America Node for North, Central and South American collaboration. In addi-
tion, two new SDS-WAS regional initiatives took placein the Gulf Cooperation Council (GCC) countries and
the West Asia region. Geographically centrally located for the Americas, Barbados holds the longest-running,
scientific, continuous dust sampling site (55+ years at Ragged Point: Zuidema et al., 2019), which continues
to provide unique information on the character and variability of trans-Atlantic crossing of Saharan dust
(Prospero et al., 2021). The Cape San Juan Atmospheric Observatory managed by the University of Puerto
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Rico—Rio Piedras Campus (a regional WMO GAW station and part of the NOAA Global Monitoring Labo-
ratory Federated Aerosol Network) provides a continuous record of aerosol and dust properties from 2004
(Andrews et al., 2019). The Center's Dust Regional Atmospheric Model (DREAM) and Weather Research
Forecast-Chemistry (WRF-Chem) models provide hands-on educational opportunities for local university
students and early warning for Saharan dust into the Americas. In 2020, a new ensemble dust prediction
project was funded by NASA, in partnership with the SDS-WAS Pan America Center, WHO/Pan-American
Health Organization, and federal and local agencies, to provide real-time forecasts of dust storms over North
America (WMO, 2021). Although air quality continues to improve in North American, the frequency of
high-impact extreme events, such as dust storms and wildland fires, has increased rapidly in recent decades
and is projected to rise further in response to climate change. This ensemble forecast system will leverage
two operational/research programs: the National Air Quality Forecast Capability (NAQFC) and the Interna-
tional Cooperative for Aerosol Prediction (ICAP). A plan is in place to include additional model predictions
in future. Plans include, with stakeholders, customized data packages for three applications: (a) air quality
metrics for the City Health Dashboard to serve 750 of the largest US cities; (b) real-time ensemble dust
prediction as a pilot project for the Pan-America SDS-WAS node; and (c¢) with the WHO/Pan-American
Health Organization (PAHO), provide prediction and observations of wildfires and air quality to its member
countries (WMO, 2021).

The NWS NAQFC has responsibility to develop and implement operational air quality forecast guidance for the
US. The current NAQFC forecasts cover the Continental US, Alaska and Hawaii (P. Lee et al., 2017). At present,
Puerto Rico and other Caribbean Small Island States (SIS) lack capability to provide near-real-time air pollutant
assessments or air quality forecasts. Current forecast operations of NWS San Juan-Puerto Rico Field Office
include ozone, smoke, dust, and PM,, and PM, ,, but since 2018 a multidisciplinary team of universities, agencies
and non-governmental organizations located in the Caribbean region have had to fill the need to characterize and
inform authorities of trans-Atlantic Africa dust and health impacts in SIS. This initiative is led by the University
of Puerto Rico-Medical Sciences Campus, Environmental Health Department and funded by NASA's Applied
Sciences Health and Air Quality program. The NOAA-AOML (NOAA-Coastwatch) and the Caribbean Coastal
and Ocean Observing System (CARICOOS) are helping to design this new information tool to assist in strategic
planning, policy makings and public services.

7.2. Soil Conservation Efforts

Hugh Hammond Bennett, the progenitor of soil conservation, used the dust cloud emanating from a “black bliz-
zard” dust storm in the North American Great Plains during the Dust Bowl to convince the Congress of the United
States to create the Soil Conservation Service, now the USDA Natural Resources Conservation Service, over
80 years ago. Early wind erosion studies, led by Austin W. Zingg and William S. Chepil at the High Plains Wind
Erosion Laboratory in Kansas, USA, focused on developing a fundamental understanding of the processes of
wind erosion and soil properties that affect wind erosion with laboratory and portable wind tunnels (Chepil, 1960;
Chepil and Woodruff, 1954, 1959, 1963; Chepil et al., 1962). The works by Chepil and co-workers aimed at elab-
orating the roles of key factors in wind erosion, including soil structure, climate and surface conditions (rough-
ness, vegetative materials etc.). The understanding that soil properties, vegetative cover, and wind speed control
soil erosion and dust emissions has led to computer models to predict wind erosion. The initial attempt by Chepil
and Woodruff (1959, 1963) to model wind erosion was extended by Woodruff and Siddoway (1965) to develop
the first widely used dust emission model, called the Wind Erosion Equation (WEQ). Computer models such as
WEAQ are used to compare potential rates of erosion and dust emissions with different management policies (Feng
and Sharratt, 2007a, 2007b; Pierre et al., 2014). For example, conservation tillage, such as reduced tillage and
no-tillage, can effectively control wind erosion and dust emission (Bewick et al., 2008; Lin et al., 2021; Thorne
et al., 2003), although intrinsic soil erodibility and dust emissivity may increase under such systems (Van Pelt
et al., 2013).

Conventional crop production involves tillage of the soil, with resulting loss of vegetative cover and a bare soil
surface susceptible to wind erosion. In areas with degraded soil resources, conservation tillage may restore
soil productivity by trapping ambient dust and sequestration of soil carbon (Lahmar et al., 2012; Schlatter
et al., 2018), however the simple addition of biosolids has little or no effect on the intrinsic soil erodibility
(Pi et al., 2018). The increase of dust in the western US cannot be entirely attributed to crop production, as
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most of the land remains in native plant communities used for grazing (Duniway et al., 2019). Grazing reduces
vegetative cover and, if grazing exceeds the ability of the ecosystem to replace the biomass, the vegetation
community is damaged. Grazing has been credited with increased atmospheric dust loading (Neff et al., 2008)
through damage to vegetation and soil crusts (Baddock et al., 2011). Reducing stocking rates can mitigate the
grazing effects on surface erodibility (Aubault et al., 2015). Other anthropogenic disturbances such as residen-
tial construction, industrial development, and excessive water use also increase atmospheric dust loading (Frie
et al., 2019). Restoration of the soil ecosystem by establishing biological crusts (Chiquoine et al., 2016), plant-
ing a species mix that will persist on the landscape (Yang et al., 2022), and removal of invasive shrub species
(Havrilla et al., 2017) are shown to reduce erosion and dust emissions. Post-fire restoration is more difficult and
restorative treatments may exacerbate short-term dust emissions by disturbing the soil before vegetative cover
is restored (Duniway et al., 2019).

Soil conservation initiatives in Canada have been proved successful to mitigate blowing dust from agricultural
fields and the Canadian Prairies (Fox et al., 2012). Soil losses in the Canadian Prairie Provinces were estimated
to be as high as $700 million per year, with wind erosion being the largest cost (Dregne, 2002). In 1935, Canada
established the Prairie Farm Rehabilitation Administration (PFRA) to stimulate drought rehabilitation across
Canada (Marchildon et al., 2008). Several local and regional initiatives, including the Alberta No-Till Farmer's
Association (ANTFA), Alberta Conservation Tillage Society (ACTS), Saskatchewan Soil Conservation Associ-
ation, Pembina Valley Conservation District (PVCD), No-Till on the Prairies (NTOTP) and Zero Tillage Produc-
tion Manual (ZTPM), were developed to promote and implement wind erosion prevention techniques or provide
information to farmers on adopting these practices (see Table 1 of Fox et al., 2012).

7.3. Dust Mitigation for Transportation

Highway dust safety hazards may be reduced by any method of wind erosion control on nearby “hotspots.”
Such efforts have been implemented by State transportation agencies in Arizona (in the Phoenix-Tucson corri-
dor) and New Mexico (at Lordsburg Playa). Highways in dust-prone regions may be re-engineered to reduce
risks. The reworking of 16 kms of Interstate 10 near Casa Grande, Arizona began in 2016 at a cost of at least
$72 million (Larson, 2020). The most recent re-engineering of Interstate 10 between Tucson and Phoenix,
a “hot spot” for windblown dust-related accidents, is intended to warn motorists of blinding dust potential
(Arizona Department of Transportation, 2019). Dust, weather and visibility sensors, closed-circuit cameras,
and an X-band radar were installed adjacent to the highway. Vehicle sensors were embedded in the roadway.
When conditions degrade, overhead message boards display warnings, and the speed limit is reduced. The
system began full operation during summer 2020. Roadways can be closed, or highway patrol vehicles may
slow and guide convoys of motorists through dust-prone areas when dust is predicted or observed. But doing
so causes traffic congestion, delays in delivery of goods or services, increases costs for public safety agencies,
and may lead to crashes elsewhere and damage to secondary roads if motorists seek other routes to bypass a
closed section of highway.

An alternative, often complementary, approach to reduce dust-related motor vehicle crashes is to educate and
inform motorists to consider avoiding travel during dust storms but, if they must take to the road, provide them
information on how to do so safely. The USA NWS began distributing a “Dust Storm Driving Safety” pamphlet in
1982 (NOAA, 1982). In it, drivers are advised to never stop on the pavement, to pull off the roadway, turn off
headlights and take feet off the brake. In some cases, vehicles approaching from the rear have been guided
by the advance car's lights, even if off the roadway, and triggered a collision with the parked vehicle (Novlan
et al., 2007). If conditions prevent pulling off the road, the pamphlet advises motorists to proceed at reduced
speed with lights on, using the center line as a guide. These guidelines prevail, as in 2012, the Arizona Depart-
ment of Transportation began the campaign, “Pull Aside, Stay Alive” (Reid et al., 2015).

For aircraft and airports, mitigation of brownout hazard has included field-based (Gillies et al., 2010) and numer-
ical modeling (Jasion & Shrimpton, 2012) to understand brownout intensity and duration—a function of aircraft
type and design (Ghosh & Rajagopalan, 2022), engine configuration and characteristics (Vulpio et al., 2021),
land surface conditions and pilot education (McDonald, 2013), and development of sensors and engineering
controls that would avoid or overcome the phenomenon (summarized, e.g., in Shimkin et al., 2020). Cognitive
training of pilots may also increase their situational awareness in brownout conditions and reduce the hazard
(Innes et al., 2021).
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7.4. Valley Fever Surveillance

At the time of writing, routine public health surveillance for this disease is limited to the US. Coccidioidomy-
cosis has been included on the Nationally Notifiable Disease Surveillance (NNDS) list since 1985 (Benedict
et al., 2019). In the U.S. approximately 15,000 cases are reported to public health departments annually from 26
States currently, with nearly 95% of the cases coming from Arizona and California; however, Valley fever cases
are not required to be reported in many states. This surveillance is conducted by mandatory reporting of positive
laboratory results to public health authorities and may include interviews for compatible symptoms, typically in
low endemic or non-endemic states with much lower-case burdens. Valley fever cases in the US have increased
drastically in the last decade, reaching a record high of 22,634 in 2011, and, after a decline to 8,232 in 2014,
increasing to 15,611 cases in 2018 (Benedict et al., 2019; Sondermeyer Cooksey et al., 2020). While the reasons
for this recent increase are not completely understood, it is postulated that increased awareness and improved
diagnostics, rising air temperatures, severe droughts, and increased urbanization have played important roles
(Colson et al., 2016; Pearson et al., 2019). In 2019, case numbers quickly reached levels near those of 2011, with
Arizona and California alone reporting 19,362 cases (CDC, 2021). The reasons for annual variability are not
fully understood but are believed related to several factors, including preceding period of precipitation patterns
and related soil moisture followed by a dry period to increase dust emissions (Coopersmith et al., 2017; Stacy
et al., 2012; Tamerius & Comrie, 2011).

Although coccidioidomycosis causes a substantial amount of morbidity, the mortality is relatively low. In the US,
approximately 200 coccidioidomycosis-related deaths occur each year, from primary or contributing causes listed
on death certificates. However, Jones et al. (2018) found this may be an underreported cause of death in Arizona
and the true burden could be at least twofold greater. Studies have created vulnerability maps of areas and popu-
lations at higher risk of severe forms of coccidioidomycosis (Shriber et al., 2017). These types of studies can only
identify locations of greater concern based on social demographic variables. They do not map actual distribution.

A national surveillance system such as in the USA allows systematic reporting and collection of burden of
disease and geographic distribution. Some of the most extensive understanding of Valley fever is drawn from
Arizona and California epidemiological studies (Sondermeyer Cooksey et al., 2020; Tsang et al., 2010). Inves-
tigations into low and non-endemic states showed similar spectra of disease and long delays in diagnosis
(Benedict et al., 2018). A major limitation of all these studies is the reliance on using person-case data, which
is linked to the cases of home residence to assess the ecological distribution and range of this fungus. In areas
of newly endemic regions some surveillance efforts go beyond the standard case-based laboratory reporting.
Following the initial discovery of three Valley fever cases that were locally-acquired in south-central Wash-
ington State, public health agencies employed several alternative surveillance efforts including: (a) domestic
animal serology tests to examine Valley fever in pets (Chow et al., 2017); (b) genomic sequencing of human
specimens to identify cases that were locally-acquired or from travel (Oltean et al., 2019); and (c) targeted soil
sampling around human and animal cases for suspected exposure in order to better understand the extent of
geographic distribution in this area (Litvintseva et al., 2015). Predictive modeling studies based on climatic
variables have estimated expansion of Coccidioides distributions both northward and eastward in the United
States (Gorris et al., 2018, 2019). Models that included environmental factors also show these trends (Weaver
et al., 2020).

Further work and technologies to detect the fungus itself directly in the environment would allow more envi-
ronmental surveillance (Bowers et al., 2019; Chow et al., 2016). A recent proof of concept for air sampling
directly for the fungus that causes Valley fever shows the potential for added-value routine air monitoring to
improve surveillance (Gade et al., 2020). As soil habitat niche models have improved, there is opportunity to
develop predictive systems to track dust emissions from soils that are likely habitat of Coccidioides spp. (Sprigg
et al., 2014). Outlooks of future environmental and climatic conditions that may increase disease prevalence
would inform long range strategies for health research and public service.

8. Global Implications and Research/Operation Gaps

Airborne dust carries global implications (Gabriele et al., 2011; McConnell et al., 2007). The effects on the
Americas also exist in other parts of the world. Figure 4 provides a graphical summary of documented or anecdo-
tally reported health and safety effects discussed in this current study. Among these risks, Valley fever infection is
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Figure 4. Summary of health and safety effects of airborne dust across Pan-America.

the only one that is believed endemic to the Americas. However, similar infectious diseases caused by dust-borne
microorganisms, such as meningitis and Rift Valley fever, have been reported in Africa, Asia, western Europe,
and Middle East (Garcia-Pando et al., 2014; Jost et al., 2010; Kellogg & Griffin, 2006). Aerosolized influenza
viruses were detected at a higher frequency when dust was present than when it was not in Asia (P. S. Chen
et al., 2010). Similarly, scientists in Europe noted that they were more likely to detect human enteric viruses in
the atmosphere when North African dust was present in the atmosphere (Gonzalez-Martin et al., 2018). Although
the Foot-and-Mouth disease virus has not been isolated from the atmosphere to date, outbreaks have been noted in
livestock populations following Asian dust events that affect Korea and Japan (Joo et al., 2002; Maki et al., 2012;
Ozawa et al., 2001; Sakamoto & Yoshida, 2002).

Besides microbial infections, hundreds of studies, most in the Global Dust Belt and Australia, yield quantita-
tive results of the human mortality and morbidity effects of dust particles (e.g., De Longueville et al., 2013;
Hashizume et al., 2020; Karanasiou et al., 2012; X. Zhang et al., 2016). These studies cover a range of particle
sizes, population age groups, geographical areas, and different health endpoints, such as total mortality, respira-
tory mortality, circulatory mortality, cardiovascular mortality, cerebrovascular mortality, emergency department
attendance and hospitalizations for various conditions. Most found evidence that dust storms and mortality are
linked, usually expressed as % risk per 10 pg/m* PM,, concentration. In comparison, in the Americas, such
quantitative risk assessment is either nonexistent or limited to a single area. The nationwide US study by Crooks
et al. (2016) did not provide the relative risk to PM,, concentration—the NWS Storm Data used do not include
such information. In addition, the Storm Data set is known to be incomplete for dust storms due to a lack of
consistent reporting mechanisms (Tong et al., 2022). Long-term dust climatologies, such as those reconstructed
using surface measurements (Hand et al., 2017; Lei et al., 2016; Tong et al., 2012, 2017), can support future
epidemiological studies to fill the knowledge gap in this region.
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Similarly, the effects of dust particles on transportation (air, land, and sea) safety, and ocean and terrestrial
ecosystems are also global (Griffin & Kellogg, 2004; Middleton, 2020). Clearing railway lines of wind-
blown drifting sand has been a perennial problem, most evident in China (L. Shi, Wang, & Li, 2020) and
Iran (Mehdipour & Baniamerian, 2019). The 1 April 2015, Doha, Qatar extreme dust event, mentioned in
Section 5.2, is raised again here to suggest, for important practical reasons, that some advances in research
may be near ready for operations (Figure 5). Measured dust concentrations in the Qatar case exceeded
1,000,000 pg/m? (Irfan et al., 2017), and most models at the Barcelona SDS-WAS had predicted the incoming
episode—the intensity of which qualified it for inclusion in the Rolls-Royce “Duration of exposure versus ash
concentration (DEVAC)” chart for hazard to aircraft engines (Lekki, 2017). Looking toward practical, impor-
tant operational ends, over the last 20 years, more than 150 cases of engine power-loss and damage caused by
cloud ice crystals have been recorded.

Initial reports blamed strong winds and blinding dust when the container ship, Ever Given, ran aground in the
Suez Canal on 23 March 2021 (Guardian, 2021). As investigations continued, the Suez Canal Authority repeated
“... the accident [was] mainly due to the lack of visibility ...,” blinding dust accompanied by 40 knot (~20 m/s)
winds (Van Boom & Keane, 2021). The ship blocked international trade for 6 days before being freed on 29
March, with estimates of multi-billion-Euro consequences in fines, lost and delayed international trade and
efforts to release the ship. Help in the form of dust and wind forecasts and observed environmental conditions for
the safe navigation of the Canal and for the investigation afterward had been available before, during and after the
accident. The day prior to the ship's grounding, a 72-hr prediction of the dust storm and the weather conditions
that caused it were publicly accessible at the WMO SDS-WAS (http://dust.aemet.es/), with observations and
analyses available thereafter.

Despite considerable progress, large gaps remain in knowledge of dust and the risks it poses to society and
the environment. Table 1 summarizes some of the most pressing, as well as observations and modeling
research needed to fill them. There is lack of process-level understanding of the linkages between dust and
its health endpoints, a global issue but even more so across Pan-America, and especially in South America,
where studies of health and safety effects of dust are particularly missing. Information on dust composition,
including viable dust-borne microorganisms that cause Valley fever and may cause other diseases (for which
even less is known) among humans and animals, is critical to understand the full health effects of dust parti-
cles. Such knowledge is also critical to understand the environmental effects of dust particles, including
the impacts of dust deposition on marine and terrestrial biosphere productivity. As to dust risks to highway
transportation safety, the detection and prediction of small-scale “killer” dust plumes adjacent to roadways
represents a major challenge (Sprigg et al., 2022), which calls for new research to deploy next-generation
low-cost sensors and satellites near sources at the right time. There is also a need to document dust related

g

Height [m]
§

Figure 5. Dust storm and melting on aircraft engines during a dust storm on 1 April 2015, in Doha, Qatar: (left) the storm observed by NASA Aqua satellite; (center)
reduced visibility in the city (red dot in the left panel); (right) predicted melting intensity for the Doha, Qatar episode from Nickovic, Cvetkovic, et al. (2019) and

Nickovic, Vukovic, et al. (2019).
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Recommended future work
4. Satellite missions to cover peak dust hours, improve night and below cloud dust detection

4. Missing key remote sensing capabilities, including dust particle optical properties not well

Continued
Gaps/Needs

Table 1

and dust chemistry/mineralogy/optical properties; new sensors and new technologies such as

CubeSats for dust detection at much finer spatial scales

known; overpass times for polar orbiting instruments not ideal for dust detection; nighttime and
below-cloud dust not well detected with remote sensing; satellite imager resolution not high

enough to detect high-risk small events

5. In situ measurements of particle dynamics (emission, transport, chemical evolution, and in-cloud 5. Near-source and transport path dust measurements, laboratory analysis, theoretical

calculation of extinction and scattering properties to improve dust optical models used in

remote-sensing retrievals

processes) are very limited

6. Invite citizen scientists' active participation in carefully designed and managed dust

6. Dust-associated weather observations improperly coded (e.g., listed as “haze”)

observing crowdsourcing projects using smartphones and other personal devices

Modeling and Forecasting

1. Closer collaboration of NOAA, NCAR, NASA and NRL global modeling facilities with the

1. Downscaling capability for dust prediction and early warning from global to regional and local

WMO SDS-WAS Pan-America Node

scales still lacking for specific regions/areas of the Americas

2. Coordinated international efforts to combine ground-based observations with Earth

2. Assimilation of available satellite, lidar/ceilometer and in-situ dust observations not regularly

Observation data and dust prediction models

used by dust forecast models

3. Stochastic models and turbulence-resolving numerical simulations, such as large-eddy

3. Small-scale variations in soil characteristics, vegetation, land use and topography cause errors in

simulation to understand the turbulent transport of dust and sand

parameterizing surface shear stress threshold in dust emission models

4. Explore new methodology such as artificial intelligence and machine learning to address

model shortcomings, for example, uncertainties, errors, and computing capacity bottlenecks

highway accidents properly by transportation and public safety agen-
cies. Improved coding is required to better represent weather condi-
tions, such as explicit use of “blowing dust” instead of “wind” if soil
dust becomes airborne and impairs visibility. For all associated risks,
better coordination and communication are essential to improve public
awareness of dust hazards, and to transition research capabilities into
health and safety operations.

9. Conclusion

Dust in the Americas has been associated with unique health and safety
effects, most notably coccidioidomycosis or Valley fever, that has spread
to many parts of the region with an annual health burden on the order of
billions of dollars. Dust also affects environmental health: provides nutri-
ents to increase phytoplankton biomass and harmful algae; contaminates
water supplies, soil, and food (crops/fruits/vegetables and ready-to-eat
meat); spread crop pathogens, pests, and unintended herbicides and
pesticides; causes Valley fever among domestic and wild animals and
livestock and may cause other diseases; transports heavy metals, radio-
nuclides, microplastics, other contaminant compounds and diseases; and
reduces solar power generation and depletes soil fertility. Dust is also a
well-documented hazard to road transportation, aviation, and marine navi-
gation, in the southwestern US in particular, where blowing dust is one
of the deadliest weather hazards. Projected climate change is expected
to amplify the health and economic burdens of dust in some parts of the
Americas, making it critical to develop effective measures and strategic
plans to mitigate these harmful effects. Current efforts include regional
and international collaborations to enhance dust observations and predic-
tion capability, implement soil conservation measures, design specific
dust mitigation and public awareness projects for transportation safety,
and conduct Valley fever surveillance. While this work emphasizes the
Pan-American region, many of the dust effects found in this region also
exist in other parts of the world.

Critical gaps in knowledge remain. Among the most pressing is a lack
of process-level understanding of linkages between dust and its health
endpoints, including prevalence of Valley fever among humans and
animals. Furthermore, operational links between dust observations, dust
prediction, and public health/safety advisories are still missing, more so
in South America than in North America and the Caribbean. Another
significant challenge to mitigate dust effects is the inability of satellites,
models, and surface-based monitoring networks to observe and predict
small-scale dust events that are responsible for most fatal accidents and
attendant societal costs. To address these challenges, it is important to
advance dust research through both observations and modeling and to
implement mitigation measures that emerge from research. Finally, it is
essential to engage in capacity building in affected communities, particu-
larly in regions with fewer resources, through collaborative frameworks
such as the WMO SDS-WAS and PAHO. Whether these regional efforts
succeed will depend on the successes and failures of local and regional
policies and interdisciplinary social and environmental science (e.g.,
Sprigg & Steinberg, 2016).

TONG ET AL.

32 0of 52

85U8017 SUOWILLIOD BAIERID 3|l jdde ayy Aq peusenob ale Sapie O ‘85N JO S8|NJ o ARIq1T 8UIUO A3 U0 (SUONIPUOD-PUR-SLLBY W00 A 1M A e.d) 1 jBUlUO//StY) SUORIPUOD Pue Swia | 8y} 88S *[£202/70/20] U0 Ariqiauliuo A(1m ‘Wb 8deds pleppoo eseN Ad £9/0009HT2Z02/620T 0T/I0p/wo0" Ae M Ariqijeul|uo'sqndnBey/sdiy wouy pepeojumod ‘g ‘€202 ‘8026vv6T



A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Acknowledgments

This work is performed under the
collaborative framework of World
Meteorological Organization Sand and
Dust Storm Warning Advisory and
Assessment System (SDS-WAS). The
authors gratefully acknowledge financial
support from the following agencies: the
NASA Health and Air Quality Program,
the NOAA Weather Program Office, the
NASA Atmospheric Chemistry Modeling
and Analysis Program, the NASA Earth
Observing System Terra Project. We
thank two anonymous reviewers for their
constructive comments on an earlier
version of this manuscript. Although
this manuscript has been reviewed and
approved for publication, it reflects the
views of the authors, not necessarily the
institutions at which they work or the
agencies which support the work.

Data Availability Statement

The Sand and Dust Storm Index data are obtained from Vukovic (2019) and Vukovic Vimic (2021), and available
from the United Nations Convention for Combating Desertification (https://maps.unccd.int/sds/). The spatial
distribution of Coccidioides fungi is reproduced from Barker et al. (2019). The satellite dust observation is
provided by NASA WorldView (available from https://worldview.earthdata.nasa.gov). The prediction of dust
melting intensity on aircraft engines is obtained from Nickovic, Cvetkovic, et al. (2019) and Nickovic, Vukovic,
et al. (2019).

References

Abbatt, J. P. D., Lee, A. K. Y., & Thornton, J. A. (2012). Quantifying trace gas uptake to tropospheric aerosol: Recent advances and remaining
challenges. Chemical Society Reviews, 41(19), 6555. https://doi.org/10.1039/c2¢cs35052a

Achakulwisut, P., Anenberg, S. C., Neumann, J. E., Penn, S. L., Weiss, N., Crimmins, A., et al. (2019). Effects of increasing aridity on ambient
dust and public health in the US Southwest under climate change. GeoHealth, 3(5), 127-144. https://doi.org/10.1029/2019gh000187

Ackerman, A. S., Fridlind, A. M., Grandin, A., Dezitter, F., Weber, M., Strapp, J. W., & Korolev, A. V. (2015). High ice water content at low radar
reflectivity near deep convection — Part 2: Evaluation of microphysical pathways in updraft parcel simulations. Atmospheric Chemistry and
Physics, 15(20), 11729-11751. https://doi.org/10.5194/acp-15-11729-2015

Adachi, K., Oshima, N., Gong, Z., de Sa, S., Bateman, A. P., Martin, S. T., et al. (2020). Mixing states of Amazon basin aerosol particles
transported over long distances using transmission electron microscopy. Atmospheric Chemistry and Physics, 20, 11923—11939. https://doi.
org/10.5194/acp-20-11923-2020

Akaoka, K., McKendry, L., Saxton, J., & Cottle, P. W. (2017). Impact of coal-carrying trains on particulate matter concentrations in South Delta,
British Columbia, Canada. Environmental Pollution, 223, 376-383. https://doi.org/10.1016/j.envpol.2017.01.034

Akpinar-Elci, M., Martin, F. E., Behr, J. G., & Diaz, R. (2015). Saharan dust, climate variability, and asthma in Grenada, the Caribbean. Interna-
tional Journal of Biometeorology, 59(11), 1667-1671. https://doi.org/10.1007/s00484-015-0973-2

Al-Addous, M., Dalala, Z., Alawneh, F., & Class, C. B. (2019). Modeling and quantifying dust accumulation impact on PV module performance.
Solar Energy, 194, 86—-102. https://doi.org/10.1016/j.solener.2019.09.086

Al-Dousari, A., Al-Nassar, W., Al-Hemoud, A., Alsaleh, A., Ramadan, A., Al-Dousari, N., & Ahmed, M. (2019). Solar and wind energy: Chal-
lenges and solutions in desert regions. Energy, 176, 184—194. https://doi.org/10.1016/j.energy.2019.03.180

Al-Enezi, E., Al-Dousari, A., & Al-Shammari, F. (2014). Modeling adsorption of inorganic phosphorus on dust fallout in Kuwait bay. Journal of
Engineering Research, 2(2), 1-14. https://doi.org/10.7603/s40632-014-0001-4

Alexander, B., Hastings, M. G., Allman, D. J., Dachs, J., Thornton, J. A., & Kunasek, S. A. (2009). Quantifying atmospheric nitrate formation
pathways based on a global model of the oxygen isotopic composition (D'’O) of atmospheric nitrate. Atmospheric Chemistry and Physics,
9(14), 5043-5056. https://doi.org/10.5194/acp-9-5043-2009

Alexander, R., Nugent, C., & Nugent, K. (2018). The dust bowl in the US: An analysis based on current environmental and clinical studies. The
American Journal of the Medical Sciences, 356(2), 90-96. https://doi.org/10.1016/j.amjms.2018.03.015

Al-Khayat, M., Al-Rasheedi, M., Gueymard, C. A., Haupt, S. E., Kosovi¢, B., Al-Qattan, A., & Lee, J. A. (2021). Performance analysis of a
10-MW wind farm in a hot and dusty desert environment. Part 2: Combined dust and high-temperature effects on the operation of wind
turbines. Sustainable Energy Technologies and Assessments, 47, 101461. https://doi.org/10.1016/j.seta.2021.101461

Allen, A. D., Velez-Quinones, M., Eribo, B. E., & Morris, V. (2015). MALDI-TOF MS as a supportive tool for the evaluation of bacterial diversity
in soils from Africa and the Americas. Aerobiologia, 31(1), 111-126. https://doi.org/10.1007/s10453-014-9351-5

Allen, S., Allen, D., Moss, K., Roux, G. L., Phoenix, V. R., & Sonke, J. E. (2020). Examination of the ocean as a source for atmospheric
microplastics. PLoS One, 15(5), €0232746. https://doi.org/10.1371/journal.pone.0232746

Alonso, L. L., Demetrio, P. M., Etcchegoyen, H. A., & Mrino, D. J. (2018). Glyphosate and atrazine in rainfall and soils in agroproductive areas
of the pampas region of Argentina. Science of the Total Environment, 645, 89-96. https://doi.org/10.1016/j.scitotenv.2018.07.134

Amato, P., Joly, M., Scaupp, C., Attard, E., Mohler, O., Morris, C. E., et al. (2015). Survival and ice nucleation activity of bacteria as aerosols in
a cloud simulation chamber. Atmospheric Chemistry and Physics, 15(11), 6455-6465. https://doi.org/10.5194/acp-15-6455-2015

American Lung Association (ALA). (2021). The state of the air. Retrieved from https://www.lung.org/getmedia/l7c6cb6c-8a38-42a7-a3b0-
6744011da370/sota-2021.pdf

Andreae, M. O., & Rosenfeld, D. (2008). Aerosol-cloud-precipitation interactions. Part 1. The nature and sources of cloud-active aerosols.
Earth-Science Reviews, 89(1-2), 13-41. https://doi.org/10.1016/j.earscirev.2008.03.001

Andrews, E., Sheridan, P. J., Ogren, J. A., Hageman, D., Jefferson, A., Wendell, J., et al. (2019). Overview of the NOAA/ESRL federated aerosol
network. Bulletin of the American Meteorological Society, 100(1), 123—135. https://doi.org/10.1175/bams-d-17-0175.1

Annous, B. A., Sapers, G. M., Jones, D. M., & Burke, A. (2005). Improved recovery procedure for evaluation of sanitizer efficacy in disinfecting
contaminated cantaloupes. Journal of Food Science, 70(4), M242-M247. https://doi.org/10.1111/j.1365-2621.2005.tb07195.x

Aparicio, V. C., Aimar, S., De Geronimo, E., Mendez, M. J., & Costa, J. L. (2017). Glyphosate and AMPA concentrations in wind-blown material
under field conditions. Land Degradation & Development, 29(5), 1317-1326. https://doi.org/10.1002/1dr.2920

Aparicio, V. C., De Geronimo, E., Marino, D., Primorst, J., Carriquiriborde, P., & Costa, J. L. (2013). Environmental fate of glyphosate and
aminomethylphosphoric acid in surface waters and soil of agricultural basins. Cemosphere, 93(9), 1866—1873. https://doi.org/10.1016/j.
chemosphere.2013.06.041

Arbona, N., Butkiewicz, C. D., Keyes, M., & Shubitz, L. F. (2020). Clinical features of cats diagnosed with coccidioidomycosis in Arizona,
2004-2018. Journal of Feline Medicine & Surgery, 22(2), 129-137. https://doi.org/10.1177/1098612x19829910

Archer, V. E. (1987). Association of nuclear fallout with leukemia in the United States. Archives of Environmental Health, 42(5), 263-271. https://
doi.org/10.1080/00039896.1987.9935819

Ardon-Dryer, K., Gill, T. E., & Tong, D. Q. (2023). When a dust storm is not a dust storm: Reliability of dust records from the storm events
database and implications for geohealth applications. GeoHealth, 7, €2022GH000699. https://doi.org/10.1029/2022gh000699

Ardon-Dryer, K., Mock, C., Reyes, J., & Lahav, G. (2020). The effect of dust storm particles on single human lung cancer cells. Environmental
Research, 181, 108891. https://doi.org/10.1016/j.envres.2019.108891

TONG ET AL.

33 of 52

85UBD17 SUOLLLIOD BAIERID) 3|l jdde ay) Ag pausenob a1e 9P YO (88N JO S3|NI o ARIq1T BUIUO AB|1IM UO (SUORIPUOD-PUR-SLLLBY WD AB|IMAfe.q 1 [BUIUO//SARY) SUORIPUOD PUe Swid | a4} 835 *[£202/70/L0] Uo ARiqiauluo A|1Mm Wb 8deds peppoo eseN A £€9.0009HT202/620T 0T/10p/wod" Ao imAlqijpur|uosgndnBey/sdny wouy pepeojumod ‘Z ‘€202 ‘80¢6776T


https://maps.unccd.int/sds/
https://worldview.earthdata.nasa.gov/
https://doi.org/10.1039/c2cs35052a
https://doi.org/10.1029/2019gh000187
https://doi.org/10.5194/acp-15-11729-2015
https://doi.org/10.5194/acp-20-11923-2020
https://doi.org/10.5194/acp-20-11923-2020
https://doi.org/10.1016/j.envpol.2017.01.034
https://doi.org/10.1007/s00484-015-0973-2
https://doi.org/10.1016/j.solener.2019.09.086
https://doi.org/10.1016/j.energy.2019.03.180
https://doi.org/10.7603/s40632-014-0001-4
https://doi.org/10.5194/acp-9-5043-2009
https://doi.org/10.1016/j.amjms.2018.03.015
https://doi.org/10.1016/j.seta.2021.101461
https://doi.org/10.1007/s10453-014-9351-5
https://doi.org/10.1371/journal.pone.0232746
https://doi.org/10.1016/j.scitotenv.2018.07.134
https://doi.org/10.5194/acp-15-6455-2015
https://www.lung.org/getmedia/17c6cb6c-8a38-42a7-a3b0-6744011da370/sota-2021.pdf
https://www.lung.org/getmedia/17c6cb6c-8a38-42a7-a3b0-6744011da370/sota-2021.pdf
https://doi.org/10.1016/j.earscirev.2008.03.001
https://doi.org/10.1175/bams-d-17-0175.1
https://doi.org/10.1111/j.1365-2621.2005.tb07195.x
https://doi.org/10.1002/ldr.2920
https://doi.org/10.1016/j.chemosphere.2013.06.041
https://doi.org/10.1016/j.chemosphere.2013.06.041
https://doi.org/10.1177/1098612x19829910
https://doi.org/10.1080/00039896.1987.9935819
https://doi.org/10.1080/00039896.1987.9935819
https://doi.org/10.1029/2022gh000699
https://doi.org/10.1016/j.envres.2019.108891

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Arellano-Torres, E., Mora-Rivera, A. J., Vazquez-Romero, P., Nava-Sanchez, E. H., Kasper-Zubillaga, J. J., & Lozano-Garcia, M. S. (2020).
Comparisons between marine productivity and terrestrial input records in the Gulf of California over the last 28 ka. Journal of Quaternary
Science, 35(3), 479-491. https://doi.org/10.1002/jgs.3192

Arimoto, R., Kirchner, T., Webb, J., Conley, m., Stewart, B., Schoep, D., & Walthall, M. L. (2002). 239,240 Pu and inorganic substances in
aerosols from the vicinity of a Waste Isolation Pilot Plant: The importance of resuspension. Health Physics, 83(4), 456—470. https://doi.
org/10.1097/00004032-200210000-00003

Arimoto, R., Webb, J. L., & Conley, M. (2005). Radioactive contamination of atmospheric dust over southeastern New Mexico. Atmospheric
Environment, 39(26), 4745-4754. https://doi.org/10.1016/j.atmosenv.2005.04.022

Arizona Department of Transportation (ADOT). (2019). Pull aside—Stay alive. Retrieved from https://www.pullasidestayalive.org

Aryal, Y., & Evans, S. (2022). Decreasing trends in the Western US dust intensity with rareness of heavy dust events. Journal of Geophysical
Research: Atmospheres, 127(13), €2021JD036163. https://doi.org/10.1029/2021jd036163

Ashley, W. S., Strader, S., Dziubla, D. C., & Haberlie, A. (2015). Driving blind: Weather-related vision hazards and fatal motor vehicle crashes.
Bulletin of the American Meteorological Society, 96(5), 755-778. https://doi.org/10.1175/bams-d-14-00026.1

Aubault, H., Webb, N. P., Strong, C. L., McTainsh, G. H., Leys, J. F., & Scanlan, J. C. (2015). Grazing impacts on the susceptibility of rangelands
to wind erosion: The effects of stocking rate, stocking strategy and land condition. Aeolian Research, 17, 89-99. https://doi.org/10.1016/j.
aeolia.2014.12.005

Ault, T., Krahn, S., & Croff, A. (2015). Radiological impacts and regulation of rare earth elements in non-nuclear energy production. Energies,
8(3), 2066-2081. https://doi.org/10.3390/en8032066

Azua-Bustos, A., Gonzélez-Silva, C., Fernindez-Martinez, M. A., Arenas-Fajardo, C., Fonseca, R., Martin-Torres, F. J., et al. (2019). Aeolian
transport of viable microbial life across the Atacama Desert, Chile: Implications for Mars. Scientific Reports, 9(1), 11024. https://doi.
0rg/10.1038/541598-019-47394-z

Azzi, V., Kazpard, V., Lartiges, B., Kobeissi, A., Kanso, A., & El Samrani, A. G. (2017). Trace metals in phosphate fertilizers used in Eastern
Mediterranean countries. Clean Soil Air Water, 45(1), 1500988. https://doi.org/10.1002/clen.201500988

Bachelder, J., Cadieux, M., Liu-Kang, C., Lambert, P., Filoche, A., Galhardi, J. A., et al. (2020). Chemical and microphysical properties of
wind-blown dust near an actively retreating glacier in Yukon, Canada. Aerosol Science and Technology, 54(1), 2-20. https://doi.org/10.1080
/02786826.2019.1676394

Baddock, M. C., Bryant, R. G., Acosta, M. D., & Gill, T. E. (2021). Understanding dust sources through remote sensing: Making a case for
CubeSats. Journal of Arid Environments, 184, 104335. https://doi.org/10.1016/j.jaridenv.2020.104335

Baddock, M. C., Ginoux, P., Bullard, J. E., & Gill, T. E. (2016). Do MODIS-defined dust sources have a geomorphological signature? Geophys-
ical Research Letters, 43(6), 2606-2613. https://doi.org/10.1002/2015gl067327

Baddock, M. C., Strong, C. L., Murray, P. S., & McTainsh, G. H. (2013). Aeolian dust as a transport hazard. Atmospheric Environment, 71, 7-14.
https://doi.org/10.1016/j.atmosenv.2013.01.042

Baddock, M. C., Zobeck, T. M., Van Pelt, R. S., & Fredrickson, E. L. (2011). Dust emissions from undisturbed and disturbed, crusted playa
surfaces: Cattle trampling effects. Aeolian Research, 3(1), 31-41. https://doi.org/10.1016/j.aeolia.2011.03.007

Baker, A. R., & Jickells, T. D. (2006). Mineral particle size as a control on aerosol iron solubility. Geophysical Research Letters, 33(17), L17608.
https://doi.org/10.1029/2006GL026557

Balabanova, B., Stafilov, T., Sajin, R., & Tanaselia, C. (2017). Long-term geochemical evolution of lithogenic versus anthropogenic distribution
of macro and trace elements in household attic dust. Archives of Environmental Contamination and Toxicology, 72(1), 88—107. https://doi.
org/10.1007/s00244-016-0336-y

Bali, K., Mishra, A. K., Singh, S., Chandra, S., & Lehahn, Y. (2019). Impact of dust storm on phytoplankton bloom over the Arabian sea: A case
study during March 2012. Environmental Science and Pollution Research, 26(12), 11940-11950. https://doi.org/10.1007/s11356-019-04602-7

Barbosa, L. D. S. N. S., Bogdanov, D., Vainikka, P., & Breyer, C. (2017). Hydro, wind and solar power as a base for a 100% renewable energy
supply for South and Central America. PLoS One, 12(3), e0173820. https://doi.org/10.1371/journal.pone.0173820

Baret, M., Klement, E., Dos Santos, G., Bricaire, J. M., & Caumes, E. (1999). Coxiella burnetii pneumopathy on return from French Guiana.
Bulletin de la Société de Pathologie Exotique, 93(5), 325-327.

Barker, B. M., Litvintseva, A. P., Riquelme, M., & Vargas-Gastélum, L. (2019). Coccidioides ecology and genomics. Medical Mycology,
57(Supplement_1), S21-S29. https://doi.org/10.1093/mmy/myy051

Barker, B. M., Tabor, J. A., Shubitz, L. F., Perrill, R., & Orbach, M. J. (2012). Detection and phylogenetic analysis of Coccidioides posadasii in
Arizona soil samples. Fungal Ecology, 5(2), 163—176. https://doi.org/10.1016/j.funeco.2011.07.010

Barkley, A. E., Prospero, J. M., Mahowald, N., Hamilton, D. S., Popendorf, K. J., Oehlert, A. M., et al. (2019). African biomass burning is a
substantial source of phosphorus deposition to the Amazon, Tropical Atlantic Ocean, and Southern Ocean. In Proceedings of the national
Academy of Sciences of the United States of America. https://doi.org/10.1073/pnas.1906091116

Basile, I, Grousset, F. E., Revel, M., Petit, J. R., Biscaye, P. E., & Barkov, N. L. (1997). Patagonian origin of glacial dust deposited in East Antarc-
tica (Vostok and Dome C) during glacial stages 2, 4 and 6. Earth and Planetary Science Letters, 146(3—4), 573-589. https://doi.org/10.1016/
s0012-821x(96)00255-5

Bauer, S. E., Tsigaridis, K., & Miller, R. (2016). Significant atmospheric aerosol pollution caused by world food cultivation. Geophysical
Research Letters, 43(10), 5394-5400. https://doi.org/10.1002/2016GL068354

BEA: Bureau d’Enquétes et d’Analysespour la sécurité de 1’aviation civil. (2014). Final Report on the accident on 1st June 2009 to the Airbus
A330-203 registered F-GZCP operated by Air France flight AF 447 Rio de Janeiro—Paris, 209 (Ministére de I’Ecologie, du Développement
durable, des Transports et du Logeme, 2014).

BEA: Bureau d’Enquétes et d’Analysespour la sécurité de I’aviation civil. (2016). Final Report on the accident on 24 July 2014 near Gossi (Mali)
to the McDonnell Douglas DC-9-83 (MD-83) registered EC-LTV operated by Swiftair S.A., 170 (Ministere de 1’Equipment, des Transports
et du Desenclavement, 2016).

Beamer, P. I, Elish, C. A., Roe, D. J., Loh, M., & Layton, D. W. (2012). Differences in metal concentration by particle size in house dust and soil.
Journal of Environmental Monitoring, 14(3), 839-844. https://doi.org/10.1039/c2em10740f

Behzad, H., Mineta, K., & Gojobori, T. (2018). Global ramifications of dust and sandstorm microbiota. Genome Biology and Evolution, 10(8),
1970-1987. https://doi.org/10.1093/gbe/evy 134

Bell, J. E., Herring, S. C., Jantarasami, L., Adrianopoli, C., Benedict, K., Conlon, K., et al. (2016). Ch. 4: Impacts of extreme events on human
health. In The impacts of climate change on human health in the United States: A scientific assessment (pp. 99-128). U.S. Global Change
Research Program. https://doi.org/10.7930/JOBZ63ZV

TONG ET AL.

34 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1002/jqs.3192
https://doi.org/10.1097/00004032-200210000-00003
https://doi.org/10.1097/00004032-200210000-00003
https://doi.org/10.1016/j.atmosenv.2005.04.022
https://www.pullasidestayalive.org
https://doi.org/10.1029/2021jd036163
https://doi.org/10.1175/bams-d-14-00026.1
https://doi.org/10.1016/j.aeolia.2014.12.005
https://doi.org/10.1016/j.aeolia.2014.12.005
https://doi.org/10.3390/en8032066
https://doi.org/10.1038/s41598-019-47394-z
https://doi.org/10.1038/s41598-019-47394-z
https://doi.org/10.1002/clen.201500988
https://doi.org/10.1080/02786826.2019.1676394
https://doi.org/10.1080/02786826.2019.1676394
https://doi.org/10.1016/j.jaridenv.2020.104335
https://doi.org/10.1002/2015gl067327
https://doi.org/10.1016/j.atmosenv.2013.01.042
https://doi.org/10.1016/j.aeolia.2011.03.007
https://doi.org/10.1029/2006GL026557
https://doi.org/10.1007/s00244-016-0336-y
https://doi.org/10.1007/s00244-016-0336-y
https://doi.org/10.1007/s11356-019-04602-7
https://doi.org/10.1371/journal.pone.0173820
https://doi.org/10.1093/mmy/myy051
https://doi.org/10.1016/j.funeco.2011.07.010
https://doi.org/10.1073/pnas.1906091116
https://doi.org/10.1016/s0012-821x(96)00255-5
https://doi.org/10.1016/s0012-821x(96)00255-5
https://doi.org/10.1002/2016GL068354
https://doi.org/10.1039/c2em10740f
https://doi.org/10.1093/gbe/evy134
https://doi.org/10.7930/JOBZ63ZV

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Belnap, J., Phillips, S. L., Herrick, J. E., & Johansen, J. R. (2007). Wind erodibility of soils at Fort Irwin, California (Mojave Desert), USA,
before and after trampling disturbance: Implications for land management. Earth Surface Processes and Landforms: The Journal of the British
Geomorphological Research Group, 32(1), 75-84. https://doi.org/10.1002/esp.1372

Benedict, K., Ireland, M., Weinberg, M. P., Gruninger, R. J., Weigand, J., Chen, L., et al. (2018). Enhanced surveillance for coccidioidomycosis,
14 US States, 2016. Emerging Infectious Diseases, 24(8), 1444—1452. https://doi.org/10.3201/eid2408.171595

Benedict, K., McCotter, O. Z., Brady, S., Komatsu, K., Cooksey, G. L. S., Nguyen, A., et al. (2019). Surveillance for coccidioidomycosis—United
States, 2011-2017. In Morbidity and Mortality Weekly report. Surveillance Summaries (Washington, D.C.) (Vol. 68, pp. 1-15).

Benna, M., Mahaffy, P. R., Grebowski, J. M., Plane, J. M. C., Yelle, R. V., & Jakosky, B. M. (2015). Metallic ions in the upper atmosphere of Mars
from the passage of comet C/2013 A1 (Siding Spring). Geophysical Research Letters, 42(12),4670-4675. https://doi.org/10.1002/2015g1064159

Bennett, B., Workman, T., Smith, M. N., Griffith, W. P. C., Thompson, B., & Faustman, E. M. (2019). Longitudinal, seasonal, and occupational
trends of multiple pesticides in house dust. Environmental Health Perspectives, 127(1), 017003. https://doi.org/10.1289/ehp3644

Bento, C. P. M., Goossens, D., Rezaei, M., Riksen, M., Mol, H. G. J., Ritsema, C. J., & Geissen, V. (2017). Glyphosate and AMPA distribution
in wind-eroded sediment derived from loess soil. Environment and Pollution, 220, 1079-1089. https://doi.org/10.1016/j.envpol.2016.11.033

Berry, E. D., Wells, J. E., Bono, J. L., Woodbury, B. L., Kalchayanand, N., Norman, K. N., et al. (2015). Effect of proximity to a cattle feedlot on
Escherichia coli O157:H7 contamination of leafy greens and evaluation of the potential for airborne transmission. Applied and Environmental
Microbiology, 81(3), 1101-1110. https://doi.org/10.1128/aem.02998-14

Bewick, L. S., Young, F. L., Alldredge, J. R., & Young, D. L. (2008). Agronomics and economics of no-till facultative wheat in the Pacific North-
west, USA. Crop Protection, 27(6), 932-942. https://doi.org/10.1016/j.cropro.2007.11.013

Bhattachan, A., Okin, G. S., Zhang, J., Vimal, S., & Lettenmaier, D. P. (2019). Characterizing the role of wind and dust in traffic accidents in
California. GeoHealth, 3(10), 328-226. https://doi.org/10.1029/2019gh000212

Blackwell, B. R., Buser, M. D., Johnson, B. J., Baker, M., Cobb, G. P., & Smith, P. H. (2013). Analysis of veterinary growth promoters in airborne
particulate matter by liquid chromatography—Tandem mass spectrometry. In G. P. Cobb & P. H. Smith (Eds.), Evaluating veterinary pharma-
ceutical behavior in the environment (pp. 137-148). Oxford University Press USA.

Blake, J. M., Avarasala, S., Artyushkova, K., Ali, A.-M.-S., Brearley, A.J., Shuey, C., et al. (2015). Elevated concentrations of U and co-occurring
metals in abandoned mine wastes in a northeastern Arizona Native American community. Environmental Science & Technology, 49(14),
8506—8514. https://doi.org/10.1021/acs.est.5b01408

Bopp, L., Kohfeld, K. E., Quere, C. L., & Aumont, O. (2003). Dust impact on marine biota and atmospheric CO, during glacial periods. Pale-
oceanogaphy, 18(2), 1046. https://doi.org/10.1029/2002PA000810

Borthakur, A., Leonard, J., Koutnik, V. S., Ravi, S., & Mohanty, S. K. (2022). Inhalation risks of wind-blown dust from biosolid-applied agri-
cultural lands: Are they enriched with microplastics and PFAS? Current Opinion in Environmental Science & Health, 25, 100309. https://doi.
org/10.1016/j.coesh.2021.100309

Botkin, T., & Hutchinson, B. (2020). Lordsburg playa dust storm mitigation update. In Presentation at the USA National Weather Service 9th
Dust Storm Workshop, March 2020, Coolidge, Arizona. Retrieved from https://www.weather.gov/media/pst/Dust/2020/9_BOTKIN_DustMit-
igation_AZ_2020.pdf

Bowden, J., Gregory, P. H., & Johnson, C. G. (1971). Possible wind transport of coffee leaf rust across the Atlantic Ocean. Nature, 229(5285),
500-501. https://doi.org/10.1038/229500b0

Bowers, J. R., Parise, K. L., Kelley, E. J., Lemmer, D., Schupp, J. M., Driebe, E. M., et al. (2019). Direct detection of Coccidioides from Arizona
soils using CocciENYV, a highly sensitive and specific real-time PCR assay. Medical Mycology, 57(2), 246-255. https://doi.org/10.1093/mmy/
myy007

Bozlaker, A., Prospero, J. M., Price, J., & Chellam, S. (2019). Identifying and quantifying the impacts of advected North African dust on the
concentration and composition of airborne fine particulate matter in Houston and Galveston, Texas. Journal of Geophysical Research: Atmos-
pheres, 124(22), 12282-12300. https://doi.org/10.1029/2019jd030792

Brahney, J., Ballantyne, A. P., Sievers, S., & Neff, J. C. (2013). Increasing Ca>* deposition in the western US: The role of mineral aerosols.
Aeolian Research, 10, 77-87. https://doi.org/10.1016/j.aeo0lia.2013.04.003

Brahney, J., Hallerud, M., Heim, E., Hahnenberger, M., & Sukumaran, S. (2020). Plastic rain in protected areas of the United States. Science,
368(6496), 1257-1260. https://doi.org/10.1126/science.aaz5819

Brahney, J., Mahowald, N., Prank, M., Cornwell, G., Klimont, Z., Matsui, H., & Prather, K. A. (2021). Constraining the atmospheric limb
of the plastic cycle. Proceedings of the National Academy of Sciences of the United States of America, 118(16), €2020719118. https://doi.
org/10.1073/pnas.2020719118

Brandl, M. T. (2006). Human pathogens and the health threat of the phyllosphere. In M. J. Bailey, A. K. Lilley, T. M. Timms-Wilson, & P. T. N.
Spencer-Phillips (Eds.), Microbial ecology of aerial plant surfaces (pp. 269-286). CABI International.

Breitbarth, E., Achterberg, E. P., Ardelan, M. V., Ye, Y., Bucciarelli, E., Chever, F., etal. (2010). Fe biogeochemistry across marine systems-progress
from the past decade. Biogeosciences, 7(3), 1075-1097. https://doi.org/10.5194/bg-7-1075-2010

Breslin, S. (2016). One killed, at least 11 injured after dust storm causes two multi-vehicle collisions in Arkansas. Retrieved from https://weather.
com/news/news/south-plains-severe-storms-impacts-april-20

Bristow, C. S., & Moller, T. H. (2018). Testing the auto-abrasion hypothesis for dust production using diatomite dune sediments from the Bodele
Depression in Chad. Sedimentology, 65(4), 1322—1330. https://doi.org/10.1111/sed.12423

Brown, E. G., Gottlieb, S., & Laybourn, R. L. (1935). Dust storms and their possible effect on health: With special reference to the dust storms in
Kansas in 1935. In Public health reports (1896—1970) (pp. 1369-1383).

Bruno, L., Horvat, M., & Raffaele, L. (2018). Windblown sand along railway infrastructures: A review of challenges and mitigation measures.
Journal of Wind Engineering and Industrial Aerodynamics, 177, 340-365. https://doi.org/10.1016/j.jweia.2018.04.021

Bu, W., Zheng, J., Guo, Q., & Uchida, S. (2014). Vertical distribution and migration of global fallout Pu in forest soils in southwestern China.
Journal of Environmental Radioactivity, 136, 174-180. https://doi.org/10.1016/j.jenvrad.2014.06.010

Bucher, E. H., & Stein, A. F. (2016). Large salt dust storms follow a 30-year rainfall cycle in the Mar Chiquita Lake (Cérdoba, Argentina). PLoS
One, 11(6), €0156672. https://doi.org/10.1371/journal.pone.0156672

Bullard, J. E., Baddock, M., Bradwell, T., Crusius, J., Darlington, E., Gaiero, D., et al. (2016). High-latitude dust in the earth system. Reviews of

Geophysics, 54(2), 447-485. https://doi.org/10.1002/2016RG000518

Burkhardt, J. (2010). Hygroscopic particles on leaves: Nutrients or desiccants? Ecological Monographs, 80(3), 369-399. https://doi.
org/10.1890/09-1988.1

Burnett, S. L., Chen, J., & Beuchat, L. R. (2000). Attachment of Escherichia coli O157: H7 to the surfaces and internal structures of apples
as detected by confocal scanning laser microscopy. Applied and Environmental Microbiology, 66(11), 4679—4687. https://doi.org/10.1128/
aem.66.11.4679-4687.2000

TONG ET AL.

35 of 52

85UBD17 SUOLLLIOD BAIERID) 3|l jdde ay) Ag pausenob a1e 9P YO (88N JO S3|NI o ARIq1T BUIUO AB|1IM UO (SUORIPUOD-PUR-SLLLBY WD AB|IMAfe.q 1 [BUIUO//SARY) SUORIPUOD PUe Swid | a4} 835 *[£202/70/L0] Uo ARiqiauluo A|1Mm Wb 8deds peppoo eseN A £€9.0009HT202/620T 0T/10p/wod" Ao imAlqijpur|uosgndnBey/sdny wouy pepeojumod ‘Z ‘€202 ‘80¢6776T


https://doi.org/10.1002/esp.1372
https://doi.org/10.3201/eid2408.171595
https://doi.org/10.1002/2015gl064159
https://doi.org/10.1289/ehp3644
https://doi.org/10.1016/j.envpol.2016.11.033
https://doi.org/10.1128/aem.02998-14
https://doi.org/10.1016/j.cropro.2007.11.013
https://doi.org/10.1029/2019gh000212
https://doi.org/10.1021/acs.est.5b01408
https://doi.org/10.1029/2002PA000810
https://doi.org/10.1016/j.coesh.2021.100309
https://doi.org/10.1016/j.coesh.2021.100309
https://www.weather.gov/media/psr/Dust/2020/9_BOTKIN_DustMitigation_AZ_2020.pdf
https://www.weather.gov/media/psr/Dust/2020/9_BOTKIN_DustMitigation_AZ_2020.pdf
https://doi.org/10.1038/229500b0
https://doi.org/10.1093/mmy/myy007
https://doi.org/10.1093/mmy/myy007
https://doi.org/10.1029/2019jd030792
https://doi.org/10.1016/j.aeolia.2013.04.003
https://doi.org/10.1126/science.aaz5819
https://doi.org/10.1073/pnas.2020719118
https://doi.org/10.1073/pnas.2020719118
https://doi.org/10.5194/bg-7-1075-2010
https://weather.com/news/news/south-plains-severe-storms-impacts-april-20
https://weather.com/news/news/south-plains-severe-storms-impacts-april-20
https://doi.org/10.1111/sed.12423
https://doi.org/10.1016/j.jweia.2018.04.021
https://doi.org/10.1016/j.jenvrad.2014.06.010
https://doi.org/10.1371/journal.pone.0156672
https://doi.org/10.1002/2016RG000518
https://doi.org/10.1890/09-1988.1
https://doi.org/10.1890/09-1988.1
https://doi.org/10.1128/aem.66.11.4679-4687.2000
https://doi.org/10.1128/aem.66.11.4679-4687.2000

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Burris, K. P., Simmons, O. D., Webb, H. M., Deese, L. M., Moore, R. G., Jaykus, L. A., et al. (2020). Colonization and internalization of Salmo-
nella enterica and its prevalence in cucumber plants. Frontiers in Microbiology, 11, 1135. https://doi.org/10.3389/fmicb.2020.01135

Burritt, B. E., & Hyers, A. (1981). Evaluation of Arizona’s highway dust warning system. Geological Society of America Special Paper, 186,
281-292.

Burt, F. J. A. (1991). Windborne dispersal of Sigatoka leaf spot pathogens. Grana, 33(2), 108—111. https://doi.org/10.1080/00173139409427842

Butkiewicz, C. D., & Shubitz, L. F. (2019). Coccidioidomycosis in alpacas in the southwestern United States. Transbound Emerg Dis, 66(2),
807-812. https://doi.org/10.1111/tbed.13088

Cadelis, G., Tourres, R., & Molinie, J. (2014). Short-term effects of the particulate pollutants contained in Saharan dust on the visits of children
to the emergency department due to asthmatic conditions in Guadeloupe (French Archipelago of the Caribbean). PLoS One, 9(3), €91136.
https://doi.org/10.1371/journal.pone.0091136

Cahill, T. A., Gill, T. E., Reid, J. S., Gearhart, E. A., & Gillette, D. A. (1996). Saltating particles, playa crusts and dust aero-
sols at Owens (dry) Lake, California. Earth Surface Processes and Landforms, 21(7), 621-639. https://doi.org/10.1002/
(sici)1096-9837(199607)21:7<621::aid-esp661>3.0.co;2-¢

Carabajal, C. C., & Boy, J. P. (2021). Lake and reservoir volume variations in South America from radar altimetry, ICESat laser altimetry, and
GRACE time-variable gravity. Advances in Space Research, 68(2), 652—671. https://doi.org/10.1016/j.asr.2020.04.022

Carlson-Bremer, D., Johnson, C. K., Miller, R. H., Gulland, F. M., Conrad, P. A., Wasmuth, J. D., et al. (2012). Identification of two novel coccidian
species shed by California Sea Lions (Zalophus californianus). The Journal of Parasitology, 98(2), 347-354. https://doi.org/10.1645/ge-2752.1

Carneiro, G. L., Braz, D., de Jesus, E. F., Santos, S. M., Cardoso, K., Hecht, A. A., & Dias da Cunha, M. K. (2013). Radon in indoor concentra-
tions and indoor concentrations of metal dust particles in museums and other public buildings. Environmental Geochemistry and Health, 35(3),
333-340. https://doi.org/10.1007/s10653-012-9497-4

Catalan-Dibene, J., Johnson, S. M., Eaton, R., Romero-Olivares, A. L., Baptista-Rosas, R. C., Pappagianis, D., & Riquelme, M. (2014). Detection
of coccidioidal antibodies in serum of a small rodent community in Baja California, Mexico. Fungal biology, 118(3), 330-339. https://doi.
org/10.1016/j.funbio.2014.01.006

Centers for Disease Control and Prevention (CDC). (2013). Increase in reported coccidioidomycosis—United States, 1998-2011. MMWR.
Morbidity and Mortality Weekly Report, 62(12), 217.

Centers for Disease Control and Prevention (CDC). (2020). Multiple cause of death 1999-2019 on CDC WONDER online database, released
2020. Retrieved from https://wonder.cdc.gov/wonder/help/med.html

Centers for Disease Control and Prevention (CDC). (2021). Valley fever (coccidioidomycosis) statistics. Retrieved from https://www.cdc.gov/
fungal/diseases/coccidioidomycosis/statistics.html

Chadwick, O. A., Derry, L. A., Vitousek, P. M., Huebert, B. J., & Hedin, L. O. (1999). Changing sources of nutrients during four million years of
ecosystem development. Nature, 397(11 February), 491-497. https://doi.org/10.1038/17276

Chatterjee, M., Behrendt, A., Schmid, M., Beck, S., Schneider, M., Mack, A., et al. (2017). Platelets as a novel source of Gremlin-1: Implications
for thromboinflammation. Thrombosis and Haemostasis, 117(02), 311-324. https://doi.org/10.1160/th16-08-0665

Chen, B., Stein, A. F., Castell, N., Gonzalez-Castanedo, Y., De La Campa, A. S., & De La Rosa, J. D. (2016). Modeling and evaluation of urban
pollution events of atmospheric heavy metals from a large Cu-smelter. Science of the Total Environment, 539, 17-25. https://doi.org/10.1016/j.
scitotenv.2015.08.117

Chen, J., Li, Z., Lv, M., Wang, Y., Wang, W., Zhang, Y., et al. (2019). Aerosol hygroscopic growth, contributing factors, and impact on haze
events in a severely polluted region in northern China. Atmospheric Chemistry and Physics, 19(2), 1327-1342. https://doi.org/10.5194/
acp-19-1327-2019

Chen, P. S., Tsai, F. T., Lin, C. K., Yang, C. Y., Chan, C. C., Young, C. Y., & Lee, C. H. (2010). Ambient influenza and avian influenza virus
during sandstorm days and background days. Environmental Health Perspectives, 118(9), 1211-1216. https://doi.org/10.1289/ehp.0901782

Chepil, W. S. (1960). Conversion of relative field erodibility to annual soil loss by wind. Soil Science Society of America Proceedings, 24(2),
143-145. https://doi.org/10.2136/ss5aj1960.03615995002400020022x

Chepil, W. S., Siddoway, F. H., & Armbrust, D. V. (1962). Climatic factor for estimating wind erodibility of farm fields. Journal of Soil and Water
Conservation, 17(4), 162-165.

Chepil, W. S., & Woodruff, N. P. (1954). Estimations of wind erodibility of field surfaces. Journal of Soil and Water Conservation, 9(257-265), 285.

Chepil, W. S., & Woodruff, N. P. (1959). Estimations of wind erodibility of farm fields. In USDA, ARS, Prod. Res. Rpt. No. 25.

Chepil, W. S., & Woodruff, N. P. (1963). The physics of wind erosion and its control. Advances in Agronomy, 15, 211-302.

Chiquoine, L. P., Abella, S. R., & Bowker, M. A. (2016). Rapidly restoring biological soil crusts and ecosystem functions in a severely disturbed
desert ecosystem. Ecological Applications, 26(4), 1260—1272. https://doi.org/10.1002/15-0973

Chow, N. A., Griffin, D. W., Barker, B. M., Loparev, V. N., & Litvintseva, A. P. (2016). Molecular detection of airborne coccidioides in Tucson,
Arizona. Medical Mycology, 54(6), 584-592. https://doi.org/10.1093/mmy/myw022

Chow, N. A., Lindsley, M. D., McCotter, O. Z., Kangiser, D., Wohrle, R. D., Clifford, W. R., et al. (2017). Development of an enzyme immu-
noassay for detection of antibodies against Coccidioides in dogs and other mammalian species. PLoS One, 12(4), e0175081. https://doi.
org/10.1371/journal.pone.0175081

Cizdziel, J. V., Hodge, V. F., & Faller, S. H. (1998). Plutonium anomalies in attic dust and soils at locations surrounding the Nevada test site.
Chemosphere, 37(6), 1157-1168. https://doi.org/10.1016/s0045-6535(98)00107-6

Clarkson, J. R., Majewicz, E., & Mack, P. (2016). A re-evaluation of the 2010 quantitative understanding of the effects volcanic ash has on gas
turbine engines. Journal of Aerospace Engineering, 230(12), 2274-2291. https://doi.org/10.1177/0954410015623372

Clow, D. W., Williams, M. W., & Schuster, P. F. (2016). Increasing aeolian dust deposition to snowpacks in the Rocky Mountains inferred from
snowpack, wet deposition, and aerosol chemistry. Atmospheric Environment, 146, 183—194. https://doi.org/10.1016/j.atmosenv.2016.06.076

Colson, A.J., Vredenburgh, L. M., Guevara, R. E., Rangel, N. P., Kloock, C. T., & Lauer, A. (2016). Large-scale land development, fugitive dust,
and increased coccidioidomycosis incidence in the Antelope Valley of California, 1999-2014. Mycopathologia, 182(5-6), 439-458. https://
doi.org/10.1007/s11046-016-0105-5

Comrie, A. C. (2005). Climate factors influencing coccidioidomycosis seasonality and outbreaks. Environmental Health Perspectives, 113(6),
688—692. https://doi.org/10.1289/ehp.7786

Conen, F., Morris, C. E., Leifeld, J., Yakutin, M. V., & Alewell, C. (2011). Biological residues define the ice nucleation properties of soil dust.
Atmospheric Chemistry and Physics, 11(18), 9643-9648. https://doi.org/10.5194/acp-11-9643-2011

Cook, B. I, Ault, T. R., & Smerdon, J. E. (2015). Unprecedented 21st century drought risk in the American southwest and central Plains. Science
Advances, 1(1), €1400082. https://doi.org/10.1126/sciadv.1400082

Cook, B. I, Smerdon, J. E., Seager, R., & Coats, S. (2014). Global warming and 21st century drying. Climate Dynamics, 43(9-10), 2607-2627.
https://doi.org/10.1007/s00382-014-2075-y

TONG ET AL.

36 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.3389/fmicb.2020.01135
https://doi.org/10.1080/00173139409427842
https://doi.org/10.1111/tbed.13088
https://doi.org/10.1371/journal.pone.0091136
https://doi.org/10.1002/(sici)1096-9837(199607)21:7%3C621::aid-esp661%3E3.0.co;2-e
https://doi.org/10.1002/(sici)1096-9837(199607)21:7%3C621::aid-esp661%3E3.0.co;2-e
https://doi.org/10.1016/j.asr.2020.04.022
https://doi.org/10.1645/ge-2752.1
https://doi.org/10.1007/s10653-012-9497-4
https://doi.org/10.1016/j.funbio.2014.01.006
https://doi.org/10.1016/j.funbio.2014.01.006
https://wonder.cdc.gov/wonder/help/mcd.html
https://www.cdc.gov/fungal/diseases/coccidioidomycosis/statistics.html
https://www.cdc.gov/fungal/diseases/coccidioidomycosis/statistics.html
https://doi.org/10.1038/17276
https://doi.org/10.1160/th16-08-0665
https://doi.org/10.1016/j.scitotenv.2015.08.117
https://doi.org/10.1016/j.scitotenv.2015.08.117
https://doi.org/10.5194/acp-19-1327-2019
https://doi.org/10.5194/acp-19-1327-2019
https://doi.org/10.1289/ehp.0901782
https://doi.org/10.2136/sssaj1960.03615995002400020022x
https://doi.org/10.1002/15-0973
https://doi.org/10.1093/mmy/myw022
https://doi.org/10.1371/journal.pone.0175081
https://doi.org/10.1371/journal.pone.0175081
https://doi.org/10.1016/s0045-6535(98)00107-6
https://doi.org/10.1177/0954410015623372
https://doi.org/10.1016/j.atmosenv.2016.06.076
https://doi.org/10.1007/s11046-016-0105-5
https://doi.org/10.1007/s11046-016-0105-5
https://doi.org/10.1289/ehp.7786
https://doi.org/10.5194/acp-11-9643-2011
https://doi.org/10.1126/sciadv.1400082
https://doi.org/10.1007/s00382-014-2075-y

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Cooper, A. M., Felix, D., Alcantara, F., Zaslavsky, 1., Work, A., Watson, P. L., et al. (2020). Monitoring and mitigation of toxic heavy metals and
arsenic accumulation in food crops: A case study of an urban community garden. Plant Direct, 4(1), €00198. https://doi.org/10.1002/pld3.198

CoopersmithBell, E. J. J. E., Benedict, K., Shriber, J., McCotter, O., & Cosh, M. H. (2017). Relating coccidioidomycosis (valley fever) incidence
to soil moisture conditions. GeoHealth, 1, 51-63. https://doi.org/10.1002/2016GH000033

Cordero, R. R., Damiani, A., Laroze, D., MacDonell, S., Jorquera, J., Septilveda, E., et al. (2018). Effects of soiling on photovoltaic (PV) modules
in the Atacama Desert. Scientific Reports, 8(1), 1-14. https://doi.org/10.1038/s41598-018-32291-8

Cosentino, N. J., Gaiero, D. M., Torre, G., Pasquini, A. 1., Coppo, R., Arce, J. M., & Vélez, G. (2019). Atmospheric dust dynamics in
southern South America: A 14-year modern dust record in the loessic Pampean region. The Holocene, 30(4), 575-588. https://doi.
org/10.1177/0959683619875198

Councell, T. B., Duckenfield, K. U., Landa, E. R., & Callendar, E. (2004). Tire-wear particles as a source of zinc in the environment. Environ-
mental Science & Technology, 38(15), 4206-4214. https://doi.org/10.1021/es03463 1

Cox, P. A, Richer, R., Metcalf, J. S., Banack, S. A., Codd, G. A., & Bradley, W. G. (2009). Cyanobacteria and BMAA exposure from
desert dust: A possible link to sporadic ALS among Gulf war veterans. Amyotrophic Lateral Sclerosis, 10(sup2), 109—117. https://doi.
org/10.3109/17482960903286066

Crooks, J. L., Cascio, W. E., Percy, M. S., Reyes, J., Neas, L. M., & Hilborn, E. D. (2016). The association between dust storms and daily
non-accidental mortality in the United States, 1993-2005. Environmental Health Perspectives, 124(11), 1735-1743. https://doi.org/10.1289/
ehp216

Cropp, R. A., Gabric, A., Levasseur, M., McTainsh, G., Bowie, A., Hassler, C., etal. (2013). The likelihood of observing dust-stimulated phytoplank-
ton growth in waters proximal to the Australian continent. Journal of Marine Systems, 10,43-52. https://doi.org/10.1016/j.jmarsys.2013.02.013

Crusius, J., Schroth, A. W., Gass6, S., Moy, C. M., Levy, R. C., & Gatica, M. (2011). Glacial flour dust storms in the Gulf of Alaska: Hydrologic
and meteorological controls and their importance as a source of bioavailable iron. Geophysical Research Letters, 38(6), L06602. https://doi.
org/10.1029/2010GL046573

Csavina, J., Field, J., Taylor, M. P., Gao, S., Landazuri, A., Betterton, E. A., & Saez, A. E. (2012). A review on the importance of metals and
metalloids in atmospheric dust and aerosols from mining operations. Science of the Total Environment, 433, 58-73. https://doi.org/10.1016/j.
scitotenv.2012.06.013

Cwiertny, D. M., Young, M. A., & Grassian, V. H. (2008). Chemistry and photochemistry of mineral dust aerosol. Annual Review of Physical
Chemistry, 59(1), 27-51. https://doi.org/10.1146/annurev.physchem.59.032607.093630

Cziczo, D. J., Froyd, K. D., Hoose, C., Jensen, E. J., Diao, M., Zondlo, M. A., et al. (2013). Clarifying the dominant sources and mechanisms of
cirrus cloud formation. Science, 340(6138), 1320-1324. https://doi.org/10.1126/science.1234145

D’Alessandro, A., Scudero, S., Liino, M., Alessandro, G., & Mineo, R. (2020). Long-term monitoring and characterization of soil radon emission
in a seismically active area. Geochemistry, Geophysics, Geosystems, 21(7), €2020GC009061. https://doi.org/10.1029/2020gc009061

Day, R. W. (1993). Accidents on interstate highways caused by blowing dust. Journal of Performance of Constructed Facilities, 7(2), 128-132.
https://doi.org/10.1061/(asce)0887-3828(1993)7:2(128)

de Rooij-van der Goes, P. C. E. M., van Dijk, C., van der Putten, W. H., & Jungerius, P. D. (2014). Effects of Sand movement by wind on nema-
todes and soil-borne fungi in coastal foredunes. Journal of Coastal Conservation, 3(2), 133-142. https://doi.org/10.1007/bf02905239

DeBell, L. J., Vozzella, M., Talbot, R. W., & Dibb, J. E. (2004). Asian dust storm events of spring 2001 and associated pollutants observed in
New England by the Atmospheric Investigation, Regional Modeling, Analysis and Prediction (AIRMAP) monitoring network. Journal of
Geophysical Research, 109(D1), D01304. https://doi.org/10.1029/2003jd003733

Del Hoyo, M., Rondanelli, R., & Escobar, R. (2020). Significant decrease of photovoltaic power production by aerosols. The case of Santiago de
Chile. Renewable Energy, 148, 1137-1149. https://doi.org/10.1016/j.renene.2019.10.005

De Longueville, F., Ozer, P., Doumbia, S., & Henry, S. (2013). Desert dust impacts on human health: An alarming worldwide reality and a need
for studies in West Africa. International Journal of Biometeorology, 57(1), 1-19. https://doi.org/10.1007/s00484-012-0541-y

Dentener, F. J., Carmichael, G. R., Zhang, Y., Lelieveld, J., & Crutzen, P. J. (1996). Role of mineral aerosol as a reactive surface in the global
troposphere. Journal of Geophysical Research, 101(D17), 22869-22889. https://doi.org/10.1029/96jd01818

Dentener, F. J., & Crutzen, P. J. (1993). Reaction of N205 on tropospheric aerosols: Impact on the global distributions of NO,, O,, and OH.
Journal of Geophysical Research, 98(D4), 7149-7163. https://doi.org/10.1029/92jd02979

DeSouza-Machado, S. G., Strow, L. L., Hannon, S. E., & Motteler, H. E. (2006). Infrared dust spectral signatures from AIRS. Geophysical
Research Letters, 33(3), L0O3801. https://doi.org/10.1029/2005GL024364

de Souza Pereia, W., Kelecom, A. G. A. C., da Silva, A. X., do Carmo, A. S., & de Azavedo Py, D., Jr. (2018). Assessment of uranium release
to the environment from a disabled uranium mine in Brazil. Journal of Environmental Radioactivity, 188, 18-22. https://doi.org/10.1016/j.
jenvrad.2017.11.012

Devarrewaere, W., Heimbach, U., Foqué, D., Nicolai, B., Nuyttens, D., & Verboven, P. (2016). Wind tunnel and CFD study of dust dispersion
from pesticide-treated maize seed. Computers and Electronics in Agriculture, 128, 27-33. https://doi.org/10.1016/j.compag.2016.08.007

Dharma-Wardana, M. W. C. (2018). Fertilizer usage and cadmium in soils, crops, and food. Environmental Geochemistry and Health, 40(6),
2739-2759. https://doi.org/10.1007/s10653-018-0140-x

Dietrich, M., Wood, L. R., Shukle, J. T., Herrmann, A., & Gabriel, F. (2022). Community science reveals insights into metal pollution and envi-
ronmental justice. https://doi.org/10.1002/essoar.10511751.1

Doering, C., McMaster, S. A., & Johansen, M. P. (2019). Modelling the dispersion of radionuclides in dust from a landform covered by low
uranium grade waste rock. Journal of Environmental Radioactivity, 202, 51-58. https://doi.org/10.1016/j.jenvrad.2019.02.006

Dong, C., & Taylor, M. P. (2017). Applying geochemical signatures of atmospheric dust to distinguish current mine emissions from legacy
sources. Atmospheric Environment, 161, 82—89. https://doi.org/10.1016/j.atmosenv.2017.04.024

Douglas, K. O., Payne, K., Sabino-Santos, G., Jr., & Agard, J. (2022). Influence of climatic factors on human hantavirus infections in Latin
America and the caribbean: A systematic review. Pathogens, 11(1), 15. https://doi.org/10.3390/pathogens11010015

Dragon, D. C., & Rennie, R. P. (1995). The ecology of anthrax spores: Tough but not invincible. Canadian Veterinary Journal, 36(5), 295-301.

Dregne, H. E. (2002). Land degradation in the drylands. Arid Land Research and Management, 16(2), 99-132. https://doi.
org/10.1080/153249802317304422

Duce, R. A., Galloway, J. N., & Liss, P. S. (2009). The impacts of atmospheric deposition to the ocean on marine ecosystems and climate. World
Meteorological Organization Bulletin, 58(1), 61-66.

Duniway, M. C., Pfennigwerth, A. A., Fick, S. E., Nauman, T. W., Belnap, J., & Barger, N. N. (2019). Wind erosion and dust from US drylands:
A review of causes, consequences, and solutions in a changing world. Ecosphere, 10(3), €02650. https://doi.org/10.1002/ecs2.2650

TONG ET AL.

37 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1002/pld3.198
https://doi.org/10.1002/2016GH000033
https://doi.org/10.1038/s41598-018-32291-8
https://doi.org/10.1177/0959683619875198
https://doi.org/10.1177/0959683619875198
https://doi.org/10.1021/es034631f
https://doi.org/10.3109/17482960903286066
https://doi.org/10.3109/17482960903286066
https://doi.org/10.1289/ehp216
https://doi.org/10.1289/ehp216
https://doi.org/10.1016/j.jmarsys.2013.02.013
https://doi.org/10.1029/2010GL046573
https://doi.org/10.1029/2010GL046573
https://doi.org/10.1016/j.scitotenv.2012.06.013
https://doi.org/10.1016/j.scitotenv.2012.06.013
https://doi.org/10.1146/annurev.physchem.59.032607.093630
https://doi.org/10.1126/science.1234145
https://doi.org/10.1029/2020gc009061
https://doi.org/10.1061/(asce)0887-3828(1993)7:2(128)
https://doi.org/10.1007/bf02905239
https://doi.org/10.1029/2003jd003733
https://doi.org/10.1016/j.renene.2019.10.005
https://doi.org/10.1007/s00484-012-0541-y
https://doi.org/10.1029/96jd01818
https://doi.org/10.1029/92jd02979
https://doi.org/10.1029/2005GL024364
https://doi.org/10.1016/j.jenvrad.2017.11.012
https://doi.org/10.1016/j.jenvrad.2017.11.012
https://doi.org/10.1016/j.compag.2016.08.007
https://doi.org/10.1007/s10653-018-0140-x
https://doi.org/10.1002/essoar.10511751.1
https://doi.org/10.1016/j.jenvrad.2019.02.006
https://doi.org/10.1016/j.atmosenv.2017.04.024
https://doi.org/10.3390/pathogens11010015
https://doi.org/10.1080/153249802317304422
https://doi.org/10.1080/153249802317304422
https://doi.org/10.1002/ecs2.2650

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Dzul-Caamal, R., Vega-Lopez, A., & Osten, J. R. (2020). Distribution of heavy metals in crop soils from an agricultural region of the Yucatan
Peninsula and biochemical changes in earthworm Eisenia foetida exposed experimentally. Environmental Monitoring and Assessment, 192(6),
10-15. https://doi.org/10.1007/s10661-020-08273-7

Eibedingil, I. G., Gill, T. E., Van Pelt, R. S., & Tong, D. Q. (2021). Combining optical and radar satellite imagery to investigate the surface prop-
erties and evolution of the Lordsburg playa, New Mexico, USA. Remote Sensing, 13(17), 3402. https://doi.org/10.3390/rs13173402

El-Askary, H., LaHaye, N., Linstead, E., Sprigg, W. A., & Yacoub, M. (2017). Remote sensing observation of annual dust cycles and possi-
ble causality of Kawasaki disease outbreaks in Japan. Global cardiology science & practice, 2017(3), €201722. https://doi.org/10.21542/
gesp.2017.22

Eleftheriadis, K., & Colbeck, I. (2001). Coarse atmospheric aerosol: Size distributions of trace elements. Atmospheric Environment, 35(31),
5321-5330. https://doi.org/10.1016/s1352-2310(01)00304-1

Elmassry, M. M., Ray, N., Sorge, S., Webster, J., Merry, K., Caserio, A., et al. (2021). Investigating the culturable atmospheric fungal and bacte-
rial microbiome in West Texas: Implication of dust storms and Origins of air parcels. FEMS Microbes, 1(1), xtaa009. https://doi.org/10.1093/
femsmc/xtaa009/6035240

Emmons, C. W. (1943). Coccidioidomycosis in wild rodents. A method of determining the extent of endemic areas. In Public health reports
(1896-1970) (pp. 1-5).

Emmons, C. W., & Ashburn, L. L. (1942). The isolation of Haplosporangium parvum n. sp. and Coccidioides immitis from wild rodents. Their
relationship to coccidioidomycosis. Public Health Reports, 57(46), 1715-1727. https://doi.org/10.2307/4584276

Entwistle, J. A., Hursthouse, A. S., Marinho-Reis, P. A., & Stewart, A. G. (2019). Metalliferous mine dust: Human health impacts and the poten-
tial determinants of disease in mining communities. Current Pollution Reports, 5(3), 67-83. https://doi.org/10.1007/s40726-019-00108-5

Evangeliou, N., Grythe, H., Klimont, Z., Heyes, C., Eckhardt, S., Lopez-Aparicio, S., & Stohl, A. (2020). Atmospheric transport is a major path-
way of microplastics to remote regions. Nature Communications, 11(1), 3381. https://doi.org/10.1038/s41467-020-17201-9

Eveleth, R. (2013). Up with microbes: Cloud-borne bacteria may affect human health and the environment. Scientific American, 308(3), 14.
https://doi.org/10.1038/scientificamerican0313-14

Farahat, A., & Abuelgasim, A. (2019). Role of atmospheric nutrient pollution in stimulating phytoplankton growth in small area and shallow depth
water bodies: Arabian Gulf and the sea of Oman. Atmospheric Environment, 219, 117045. https://doi.org/10.1016/j.atmosenv.2019.117045

Farenhorst, A., Li, R., Jahan, M., Tun, H. M., Mi, R., Amarakoon, I., et al. (2017). Bacteria in drinking water sources of a First Nation reserve in
Canada. Science of the Total Environment, 575, 813-819. https://doi.org/10.1016/j.scitotenv.2016.09.138

Favet, J., Lapanje, A., Giongo, A., Kennedy, S., Aung, Y. Y., Cattaneo, A., et al. (2013). Microbial hitchhikers on intercontinental dust: Catching
alift in Chad. The ISME Journal, 7(4), 850-867. https://doi.org/10.1038/isme;j.2012.152

Feng, G., & Sharratt, B. (2007a). Scaling from field to region for wind erosion prediction using the Wind Erosion Prediction System and
geographical information systems. Journal of Soil and Water Conservation, 62(5), 321-328.

Feng, G., & Sharratt, B. (2007b). Validation of WEPS for soil and PM10 loss from agricultural fields within the Columbia Plateau of the United
States. Earth Surface Processes and Landforms, 32(5), 743-753. https://doi.org/10.1002/esp.1434

Field, J. P., Breshears, D. D., Whicker, J. J., & Zou, C. B. (2011). Interactive effects of grazing and burning on wind-and water-driven sediment
fluxes: Rangeland management implications. Ecological Applications, 21(1), 22-32. https://doi.org/10.1890/09-2369.1

Fiese, M. J. (1958). Coccidioidomycosis. Charles C. Thomas.

Finn, D. R., Maldonado, J., de Martini, F., Yu, J., Penton, C. R., Fontenele, R. S., et al. (2021). Agricultural practices drive biological loads,
seasonal patterns and potential pathogens in the aerobiome of a mixed-land-use dryland. Science of the Total Environment, 798, 149239.
https://doi.org/10.1016/j.scitotenv.2021.149239

Finnell, H. H. (1954). The dust storms of 1954. Scientific American, 191(1), 25-29. https://doi.org/10.1038/scientificamerican0754-25

Fischer, E. V., Hsu, N. C,, Jaffe, D. A., Jeong, M. J., & Gong, S. L. (2009). A decade of dust: Asian dust and springtime aerosol load in the US
Pacific northwest. Geophysical Research Letters, 36(3). https://doi.org/10.1029/2008g1036467

Florida Fish and Wildlife Conservation Commission. (2020). Red Tide status update for July 17, 2020. Retrieved from https://content.govdelivery.
com/accounts/FLFFWCC/bulletins/2963ac3

Food and Drug Administration. (2021). Investigation report: Factors potentially contributing to the contamination of peaches implicated in the
summer 2020 outbreak of Salmonella Enteritidis. Retrieved from https://www.fda.gov/media/149804/download

Foth, A., Kanitz, T., Engelmann, R., Baars, H., Radenz, M., Seifert, P., et al. (2019). Vertical aerosol distribution in the southern hemispheric
midlatitudes as observed with lidar in Punta Arenas, Chile (53.2S and 70.9W), during ALPACA. Atmospheric Chemistry and Physics, 19(9),
6217-6233. https://doi.org/10.5194/acp-19-6217-2019

Fox, T. A., Barchyn, T. E., & Hugenholtz, C. H. (2012). Successes of soil conservation in the Canadian Prairies highlighted by a historical decline
in blowing dust. Environmental Research Letters, 7(1), 014008. https://doi.org/10.1088/1748-9326/7/1/014008

Franc, G. D. (1994). Atmospheric transport of Erwinia carotovora. In Proceedings of the 21st conference on agricultural and forest meteorology
and 11th conference on biometeorology and aerobiology (pp. 435-437). American Meteorological Society.

Freedman, M., Jackson, B. R., McCotter, O., & Benedict, K. (2018). Coccidioidomycosis outbreaks, Untied States and worldwide, 1940-2015.
Emerging Infectious Diseases, 24(5), 417-424. https://doi.org/10.3201/eid2403.170623

Frie, A. L., Garrison, A. C., Shaefer, M. V., Bates, S. M., Bottoff, J., Maitz, M., et al. (2019). Dust sources in the Salton Sea basin: A clear
case of an anthropogenically impacted dust budget. Environmental Science & Technology, 535(16), 9378-9388. https://doi.org/10.1021/acs.
est.9b02137

Frohlich-Nowoisky, J., Burrows, S. M., Xie, Z., Engling, G., Solomon, P. A., Fraser, M. P., et al. (2012). Biogeography in the air: Fungal diversity
over land and oceans. Biogeosciences, 9(3), 1125-1136. https://doi.org/10.5194/bg-9-1125-2012

Fussell, J. C., & Kelly, F. J. (2021). Mechanisms underlying the health effects of desert sand dust. Environment International, 157, 106790. https://
doi.org/10.1016/j.envint.2021.106790

Gabriele, J., Cozi, G., Vallelonga, P., Schwikowski, M., Sigl, M., Eickenberg, J., et al. (2011). Contamination of Alpine snow and ice at
Colle Gnifetti, Swiss/Italian Alps, from nuclear weapons tests. Atmospheric Environment, 45(3), 587-593. https://doi.org/10.1016/j.
atmosenv.2010.10.039

Gade, L., OrionMcCotter, O. Z., Bowers, J. R., Waddell, V., Brady, S., Carvajal, J. A., et al. (2020). The detection of Coccidioides from ambient
air in Phoenix, Arizona: Evidence of uneven distribution and seasonality. Medical Mycology, 58(4), 552-559. https://doi.org/10.1093/mmy/
myz093

Gaiero, D. M., Probst, J. L., Depetris, P. J., Bidart, S. M., & Leleyter, L. (2003). Iron and other transition metals in patagonian riverborne and
windborne materials: Geochemical control and transport to the southern South Atlantic Ocean. Geochimica et Cosmochimica Acta, 67(19),
3603-3623. https://doi.org/10.1016/s0016-7037(03)00211-4

TONG ET AL.

38 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1007/s10661-020-08273-7
https://doi.org/10.3390/rs13173402
https://doi.org/10.21542/gcsp.2017.22
https://doi.org/10.21542/gcsp.2017.22
https://doi.org/10.1016/s1352-2310(01)00304-1
https://doi.org/10.1093/femsmc/xtaa009/6035240
https://doi.org/10.1093/femsmc/xtaa009/6035240
https://doi.org/10.2307/4584276
https://doi.org/10.1007/s40726-019-00108-5
https://doi.org/10.1038/s41467-020-17201-9
https://doi.org/10.1038/scientificamerican0313-14
https://doi.org/10.1016/j.atmosenv.2019.117045
https://doi.org/10.1016/j.scitotenv.2016.09.138
https://doi.org/10.1038/ismej.2012.152
https://doi.org/10.1002/esp.1434
https://doi.org/10.1890/09-2369.1
https://doi.org/10.1016/j.scitotenv.2021.149239
https://doi.org/10.1038/scientificamerican0754-25
https://doi.org/10.1029/2008gl036467
https://content.govdelivery.com/accounts/FLFFWCC/bulletins/2963ac3
https://content.govdelivery.com/accounts/FLFFWCC/bulletins/2963ac3
https://www.fda.gov/media/149804/download
https://doi.org/10.5194/acp-19-6217-2019
https://doi.org/10.1088/1748-9326/7/1/014008
https://doi.org/10.3201/eid2403.170623
https://doi.org/10.1021/acs.est.9b02137
https://doi.org/10.1021/acs.est.9b02137
https://doi.org/10.5194/bg-9-1125-2012
https://doi.org/10.1016/j.envint.2021.106790
https://doi.org/10.1016/j.envint.2021.106790
https://doi.org/10.1016/j.atmosenv.2010.10.039
https://doi.org/10.1016/j.atmosenv.2010.10.039
https://doi.org/10.1093/mmy/myz093
https://doi.org/10.1093/mmy/myz093
https://doi.org/10.1016/s0016-7037(03)00211-4

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Gaiero, D. M., Simonella, L., Gasso, S., Gili, S., Stein, A. F., Sosa, P., et al. (2013). Ground/satellite observations and atmospheric modeling
of dust storms originating in the high Puna-Altiplano deserts (South America): Implications for the interpretation of paleo-climatic archives.
Journal of Geophysical Research: Atmospheres, 118(9), 3817-3831. https://doi.org/10.1002/jgrd.50036

Garcia-Pando, C. P, Stanton, M. C., Diggle, P.J., Trzaska, S., Miller, R. L., Perlwitz, J. P., et al. (2014). Soil dust aerosols and wind as predictors
of seasonal meningitis incidence in Niger. Environmental Health Perspectives, 122(7), 679-686. https://doi.org/10.1289/ehp.1306640

Garcia-Vargas, G. G., Rothenberg, S. J., Silbergeld, E. K., Weaver, V., Zamoiski, R., Resnick, C., et al. (2014). Spatial clustering of toxic trace
elements in adolescents around the Torreon, Mexico lead-zinc smelter. Journal of Exposure Science and Environmental Epidemiology, 24(6),
634-642. https://doi.org/10.1038/jes.2014.11

Gardner, T., Acosta-Martinez, V., Calderdn, F. J., Zobeck, T. M., Baddock, M., Van Pelt, R. S., et al. (2012). Pyrosequencing reveals bacteria
carried in different wind-eroded sediments. Journal of Environmental Quality, 41(3), 744-753. https://doi.org/10.2134/jeq2011.0347

Garner, M. G., Hess, G. D., & Yang, X. (2006). An integrated modelling approach to assess the risk of wind-borne spread of foot-and-mouth
disease virus from infected premises. Environmental Modeling & Assessment, 11(3), 195-207. https://doi.org/10.1007/s10666-005-9023-5

Garrison, V. H., Foreman, W. T., Genualdi, S., Griffin, D. W., Kellogg, C. A., Majewski, M. S., et al. (2006). Saharan dust—A carrier of persistent
organic pollutants. Revista de Biologia Tropical, 54, 9-21.

Gasso, S., Stein, A., Marino, F., Castellano, E., Udisti, R., & Ceratto, J. (2010). A combined observational and modeling approach to study
modern dust transport from the Patagonia desert to East Antarctica. Atmospheric Chemistry and Physics, 10(17), 8287-8303. https://doi.
org/10.5194/acp-10-8287-2010

Gasso, S., & Stein, A. F. (2007). Does dust from Patagonia reach the sub-Antarctic Atlantic Ocean? Geophysical Research Letters, 34(1), LO1801.
https://doi.org/10.1029/2006GL027693

Gasso, S., & Torres, O. (2019). Temporal characterization of dust activity in the Central Patagonia desert (years 1964-2017). Journal of Geophys-
ical Research: Atmospheres, 124(6), 3417-3434. https://doi.org/10.1029/20181D030209

Gaston, C. J. (2020). Re-Examining dust chemical aging and its impacts on earth’s climate. Accounts of Chemical Research, 53(5), 1005-1013.
https://doi.org/10.1021/acs.accounts.0c00102

Gates, F. P. (1938). Duststorm words. American Speech, 13(1), 71-72. https://doi.org/10.2307/451376

Gharbi, F., Alsheddi, T. H., Ammar, R. B., & El-Naggar, M. A. (2020). Combination of '¥’Cs and ?'°Pb radioactive atmospheric fallouts to
estimate soil erosion for the same time scale. International Journal of Environmental Research and Public Health, 17(22), 1-8. https://doi.
org/10.3390/ijerph17228292

Ghazi, S., Sayigh, A., & Ip, K. (2014). Dust effect on flat surfaces—A review paper. Renewable and Sustainable Energy Reviews, 33, 742-751.
https://doi.org/10.1016/j.rser.2014.02.016

Ghosh, S., & Rajagopalan, R. G. (2022). A computational study on rotor and Fuselage configuration effect on rotorcraft brownout. Journal of the
American Helicopter Society, 67(1), 1-18. https://doi.org/10.4050/jahs.67.012001

Gill, T. E,, Gillette, D. A., Niemeyer, T., & Winn, R. T. (2002). Elemental geochemistry of wind-erodible playa sediments, Owens Lake, Cali-
fornia. Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms, 189(1-4), 209-213.
https://doi.org/10.1016/s0168-583x(01)01044-8

Gillette, D. A., & Hanson, K. J. (1989). Spatial and temporal variability of dust production caused by wind erosion in the United States. Journal
of Geophysical Research, 94(D2), 2197-2206. https://doi.org/10.1029/jd094id02p02197

Gillette, D. A., & Passi, R. (1988). Modeling dust emission caused by wind erosion. Journal of Geophysical Research, 93(D11), 14233-14242.
https://doi.org/10.1029/jd093id 1 1p14233

Gillies, J., Etyemezian, V., Kuhns, H., McAlpine, J., King, J., Uppapalli, S., et al. (2010). Dust emissions created by low-level rotary-winged
aircraft flight over desert surfaces. Atmospheric Environment, 44(8), 1043-1053. https://doi.org/10.1016/j.atmosenv.2009.12.018

Ginoux, P., Prospero, J. M., Gill, T. E., Hsu, N. C., & Zhao, M. (2012). Global-scale attribution of anthropogenic and natural dust sources and their
emission rates based on MODIS Deep Blue aerosol products. Reviews of Geophysics, 50(3), RG3005. https://doi.org/10.1029/2012rg000388

Glotfelty, D. E., & Caro, J. H. (1975). Introduction, transport, and fate of persistent pesticides in the atmosphere. In V. R. Deitz (Ed.), Removal of
trace contaminants from the air. American chemical society symposium series (Vol. 17, pp. 42-62).

Gomes, I. L. R., Melicio, R., & Mendes, V. M. F. (2020). Dust effect impact on PV in an aggregation with wind and thermal powers. Sustainable
Energy, Grids and Networks, 22, 100359. https://doi.org/10.1016/j.segan.2020.100359

Gomez, S. R., Parker, R. A., Dosman, J. A., & McDuffie, H. H. (1992). Respiratory health effects of alkali dust in residents near desiccated Old
Wives Lake. Archives of Environmental Health, 47(5), 364-369. https://doi.org/10.1080/00039896.1992.9938376

Gong, Q., Chen, P., Shi, R., Gao, Y., Zheng, S. A, Xu, Y., et al. (2019). Health assessment of trace metal concentrations in organic fertilizer in
northern China. International Journal of Environmental Research and Public Health, 16(6), 1031. https://doi.org/10.3390/ijerph16061031

Gonzalez-Martin, C. (2019). Airborne infectious microorganisms. In T. M. Smith (Ed.), Encyclopedia of microbiology (4th ed., pp. 52-60).
Elsevier.

Gonzalez-Martin, C., Coronado-Alvarez, N. M., Teigell-Perez, N., Diaz-Solano, R., Exposito, F. J., Diaz, J. P., et al. (2018). Analysis of the
impact of African dust storms on the presence of enteric viruses in the atmosphere in Tenerife, Spain. Aerosol and Air Quality Research, 18(7),
1863—1873. https://doi.org/10.4209/aaqr.2017.11.0463

Gonzalez-Martin, C., Teigell-Perez, N., Lyles, M., Valladares, B., & Griffin, D. W. (2013). Epifluorescent direct counts of bacteria and viruses
from topsoil of various desert dust storm regions. Research in Microbiology, 164(1), 17-21. https://doi.org/10.1016/j.resmic.2012.08.009

Gonzalez-Martin, C., Teigell-Perez, N., Valldares, B., & Griffin, D. W. (2014). The global dispersion of pathogenic microorganisms by dust
storms and its relevance to agriculture. Advances in Agronomy, 127, 1-41. https://doi.org/10.1029/2012RG000388

Goodman, M. M., Carling, G. T., Fernandez, D. P., Rey, K. A., Hale, C. A., Bickmore, B. R., et al. (2019). Trace element chemistry of atmospheric
deposition along the Wasatch Front (Utah, USA) reflects regional playa dust and local urban aerosols. Chemical Geology, 530, 119317. https://
doi.org/10.1016/j.chemgeo.2019.119317

Goossens, D., Offer, Z. Y., & Zangyvil, A. (1993). Wind tunnel experiments and field investigations of eolian dust deposition on photovoltaic solar
collectors. Solar Energy, 50(1), 75-84. https://doi.org/10.1016/0038-092x(93)90009-d

Gorris, M. E., Cat, L. A., Zender, C. S., Treseder, K. K., & Randerson, J. T. (2018). Coccidioidomycosis dynamics in relation to climate in the
southwestern United States. GeoHealth, 2(1), 6-24. https://doi.org/10.1002/2017gh000095

Gorris, M. E., Neumann, J. E., Kinney, P. L., Sheahan, M., & Sarofim, M. C. (2021). Economic valuation of coccidioidomycosis (Valley fever)
projections in the United States in response to climate change. Weather, Climate, and Society, 13(1), 107-123. https://doi.org/10.1175/
weas-d-20-0036.1

Gorris, M. E., Treseder, K. K., Zender, C. S., & Randerson, J. T. (2019). Expansion of coccidioidomycosis endemic regions in the United States
in response to climate change. GeoHealth, 3(10), 308-327. https://doi.org/10.1029/2019gh000209

TONG ET AL.

39 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1002/jgrd.50036
https://doi.org/10.1289/ehp.1306640
https://doi.org/10.1038/jes.2014.11
https://doi.org/10.2134/jeq2011.0347
https://doi.org/10.1007/s10666-005-9023-5
https://doi.org/10.5194/acp-10-8287-2010
https://doi.org/10.5194/acp-10-8287-2010
https://doi.org/10.1029/2006GL027693
https://doi.org/10.1029/2018JD030209
https://doi.org/10.1021/acs.accounts.0c00102
https://doi.org/10.2307/451376
https://doi.org/10.3390/ijerph17228292
https://doi.org/10.3390/ijerph17228292
https://doi.org/10.1016/j.rser.2014.02.016
https://doi.org/10.4050/jahs.67.012001
https://doi.org/10.1016/s0168-583x(01)01044-8
https://doi.org/10.1029/jd094id02p02197
https://doi.org/10.1029/jd093id11p14233
https://doi.org/10.1016/j.atmosenv.2009.12.018
https://doi.org/10.1029/2012rg000388
https://doi.org/10.1016/j.segan.2020.100359
https://doi.org/10.1080/00039896.1992.9938376
https://doi.org/10.3390/ijerph16061031
https://doi.org/10.4209/aaqr.2017.11.0463
https://doi.org/10.1016/j.resmic.2012.08.009
https://doi.org/10.1029/2012RG000388
https://doi.org/10.1016/j.chemgeo.2019.119317
https://doi.org/10.1016/j.chemgeo.2019.119317
https://doi.org/10.1016/0038-092x(93)90009-d
https://doi.org/10.1002/2017gh000095
https://doi.org/10.1175/wcas-d-20-0036.1
https://doi.org/10.1175/wcas-d-20-0036.1
https://doi.org/10.1029/2019gh000209

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Goudie, A. S. (2014). Desert dust and human health disorders. Environment International, 63, 101-113. https://doi.org/10.1016/].
envint.2013.10.011

Goudie, A. S., & Middleton, N. J. (2006). Desert dust in the global system. Springer Science & Business Media.

Government of Canada. (2020). Retrieved from https://www.canada.ca/en/environment-climate-change/services/air-pollution/quality-environ-
ment-economy/ecosystem/wild-animals.html

Grayzel, S. E., Martinez-Lépez, B., & Sykes, J. E. (2017). Risk factors and spatial distribution of canine coccidioidomycosis in California,
2005-2013. Transboundary and Emerging Diseases, 64(4), 1110-1119. https://doi.org/10.1111/tbed.12475

Green, F. H. Y., Yoshida, K., Fick, G., Paul, J., Hugh, A., & Green, W. F. (1990). Characterization of airborne mineral dusts associated with
farming activities in rural Alberta, Canada. International Archives of Occupational and Environmental Health, 62(6), 423—430. https://doi.
org/10.1007/BF00379058

Greifenhagen, S., & Noland, T. L. (2003). A synopsis of known and potential diseases and parasites associated with climate change. In Ontario
ministry of natural rescoures, forest research information paper no. 154.

Griffin, D. W. (2007). Atmospheric movement of microorganisms in clouds of desert dust and implications for human health. Clinical Microbi-
ology Reviews, 20(3), 459-477. https://doi.org/10.1128/cmr.00039-06

Griffin, D. W., Garrison, V. H., Herman, J. R., & Shinn, E. (2001). African desert dust in the Caribbean atmosphere: Microbiology and public
health. Aerobiologia, 17(3), 203-213. https://doi.org/10.1023/a:1011868218901

Griffin, D. W., & Kellogg, C. A. (2004). Dust storms and their impact on ocean and human health: Dust in earth’s atmosphere. EcoHealth, 1(3),
284-295. https://doi.org/10.1007/s10393-004-0120-8

Griffin, D. W., Kellogg, C. A., Garrison, V. H., Lisle, J. T., Borden, T. C., & Shinn, E. A. (2003). Atmospheric microbiology in the northern
Caribbean during African dust events. Aerobiologia, 19(3/4), 143—157. https://doi.org/10.1023/b:aero.0000006530.32845.8d

Griffin, D. W., Kubilay, N., Kocak, M., Gray, M. A., Borden, T. C., & Shinn, E. A. (2007). Airborne desert dust and aeromicrobiology over the
Turkish Mediterranean coastline. Atmospheric Environment, 41(19), 4050-4062. https://doi.org/10.1016/j.atmosenv.2007.01.023

Griffin, D. W., Westphal, D. L., & Gray, M. A. (2006). Airborne microorganisms in the African desert dust corridor over the mid-Atlantic ridge,
Ocean Drilling Program, Leg 209. Aerobiologia, 22(3), 211-226. https://doi.org/10.1007/s10453-006-9033-z

Grineski, S. E., Staniswalis, J. G., Bulathsinhala, P., Peng, Y., & Gill, T. E. (2011). Hospital admissions for asthma and acute bronchitis in El
Paso, Texas: Do age, sex, and insurance status modify the effects of dust and low wind events? Environmental Research, 111(8), 1148—1155.
https://doi.org/10.1016/j.envres.2011.06.007

Grossman, C. M., Nussbaum, R. H., & Nussbaum, F. D. (2003). Cancers among residents downwind of the Hanford, Washington, plutonium
production site. Archives of Environmental Health, 58(5), 267-274. https://doi.org/10.3200/AEOH.58.5.267-274

Guardian. (2021). Ever given, the ship that blocked the Suez canal, to be released after settlement agreed. Retrieved from https://www.theguard-
ian.com/world/2021/jul/05/ever-given-ship-that-blocked-the-suez-canal-to-be-released-after-settlement-agreed

Guerrero-Lemus, R., Gonzalez-Diaz, B., Rios, G., & Dib, R. M. (2015). Study of the new Spanish legislation applied to an insular system
that has achieved grid parity on PV and wind energy. Renewable and Sustainable Energy Reviews, 49, 426—436. https://doi.org/10.1016/j.
rser.2015.04.079

Guevara, R. E., Motala, T., & Terashita, D. (2015). The changing epidemiology of coccidioidomycosis in Los Angeles (LA) County, California,
1973-2011. PLoS One, 10(8), €0134753. https://doi.org/10.1371/journal.pone.0136753

Gunier, R. B., Ward, M. H., Airola, M., Bell, E. M., Colt, J., Mishioka, M., et al. (2011). Determianants of agricultural pesticide concentration in
carpet dust. Environmental Health Perspectives, 119(7), 970-976. https://doi.org/10.1289/ehp.1002532

Gupta, V., Sharma, M., Pachauri, R. K., & Babu, K. D. (2019). Comprehensive review on effect of dust on solar photovoltaic system and mitiga-
tion techniques. Solar Energy, 191, 596—622. https://doi.org/10.1016/j.solener.2019.08.079

Gwenzi, W., Dunjana, N., Pisa, C., Tauro, T., & Nyamadzawo, G. (2015). Water quality and public health risks associated with roof rainwa-
ter harvesting systems for potable supply: Review and perspectives. Sustainability of Water Quality and Ecology, 6, 107-118. https://doi.
org/10.1016/j.swaqe.2015.01.006

Gyan, K., Henry, W,, Lacaille, S., Laloo, A., Lamsee-Ebanks, C., McKay, S., et al. (2005). African dust clouds are associated with increased
paediatric asthma accident and emergency admissions on the Caribbean island of Trinidad. International Journal of Biometeorology, 49(6),
371-376. https://doi.org/10.1007/s00484-005-0257-3

Haggerty, J., Defer, E., De Laat, A., Bedka, K., Moisselin, J. M., Potts, R., et al. (2019). Detecting clouds associated with jet engine ice crystal
icing. Bulletin of the American Meteorological Society, 31(1), 31-40. https://doi.org/10.1175/bams-d-17-0252.1

Hallegraeff, G., Coman, F., Davies, C., Hayashi, A., McLeod, D., Slotwinski, A., et al. (2014). Australian dust storm associated with extensive
Aspergillus sydowii fungal bloom in coastal waters. Applied and Environmental Microbiology, 80(11), 3315-3320. https://doi.org/10.1128/
AEM.04118-13

Hammond, R., Srinivasan, D., Harris, A., Whitfield, K., & Wohlgemuth, J. (1997). Effects of soiling on PV module and radiometer performance.
In Conference record of the twenty sixth IEEE photovoltaic specialists conference-1997 (pp. 1121-1124). IEEE.

Han, Q., & Zender, C. S. (2010). Desert dust aerosol age characterized by mass-age tracking of tracers. Journal of Geophysical Research, 115(22),
D22201. https://doi.org/10.1029/2010JD0141555

Hand, J. L., Gill, T. E., & Schichtel, B. A. (2017). Spatial and seasonal variability in fine mineral dust and coarse aerosol mass at remote sites
across the United States. Journal of Geophysical Research: Atmospheres, 122(5), 3080-3097. https://doi.org/10.1002/2016jd026290

Hand, J. L., White, W. H., Gebhart, K. A., Hyslop, N. P., Gill, T. E., & Schichtel, B. A. (2016). Earlier onset of the spring fine dust season in the
southwestern United States. Geophysical Research Letters, 43(8), 4001-4009. https://doi.org/10.1002/2016g1068519

Hapke, W. B., Black, R. W., Eagles-Smith, C. A., Smith, C. D., Johnson, L., Ylitalo, G. M., et al. (2019). Contaminant concentrations in sedi-
ments, aquatic invertebrates, and fish in proximity to rail tracks used for coal transport in the Pacific Northwest (USA): A baseline assessment.
Archives of Environmental Contamination and Toxicology, 77(4), 549-574. https://doi.org/10.1007/s00244-019-00667-0

Hara, K., Zhang, D., Matsusaki, H., Sadanaga, Y., Ikeda, K., Hanaoka, S., & Hatakeyama, S. (2015). UV-tolerant culturable bacteria in an Asian
dust plume transported over the East China Sea. Aerosol and Air Quality Research, 15(2), 591-599. https://doi.org/10.4209/aaqr.2014.03.0067

Hashizume, M., Kim, Y., Ng, C. F. S., Chung, Y., Madaniyazi, L., Bell, M. L., et al. (2020). Health effects of Asian dust: A systematic review and
meta-analysis. Environmental Health Perspectives, 128(6), 066001. https://doi.org/10.1289/ehp5312

Havrilla, C. A., Faist, A. M., & Barger, N. N. (2017). Understory plant community responses to fuel-reduction treatments and seeding in an upland
pinon-juniper woodland. Rangeland Ecology & Management, 70(5), 609-620. https://doi.org/10.1016/j.rama.2017.04.002

Hector, R. F., & Laniado-Laborin, R. (2005). Coccidioidomycosis—A fungal disease of the Americas. PLoS Medicine, 2(1), e2. https://doi.
org/10.1371/journal.pmed.0020002

TONG ET AL.

40 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1016/j.envint.2013.10.011
https://doi.org/10.1016/j.envint.2013.10.011
https://www.canada.ca/en/environment-climate-change/services/air-pollution/quality-environment-economy/ecosystem/wild-animals.html
https://www.canada.ca/en/environment-climate-change/services/air-pollution/quality-environment-economy/ecosystem/wild-animals.html
https://doi.org/10.1111/tbed.12475
https://doi.org/10.1007/BF00379058
https://doi.org/10.1007/BF00379058
https://doi.org/10.1128/cmr.00039-06
https://doi.org/10.1023/a:1011868218901
https://doi.org/10.1007/s10393-004-0120-8
https://doi.org/10.1023/b:aero.0000006530.32845.8d
https://doi.org/10.1016/j.atmosenv.2007.01.023
https://doi.org/10.1007/s10453-006-9033-z
https://doi.org/10.1016/j.envres.2011.06.007
https://doi.org/10.3200/AEOH.58.5.267-274
https://www.theguardian.com/world/2021/jul/05/ever-given-ship-that-blocked-the-suez-canal-to-be-released-after-settlement-agreed
https://www.theguardian.com/world/2021/jul/05/ever-given-ship-that-blocked-the-suez-canal-to-be-released-after-settlement-agreed
https://doi.org/10.1016/j.rser.2015.04.079
https://doi.org/10.1016/j.rser.2015.04.079
https://doi.org/10.1371/journal.pone.0136753
https://doi.org/10.1289/ehp.1002532
https://doi.org/10.1016/j.solener.2019.08.079
https://doi.org/10.1016/j.swaqe.2015.01.006
https://doi.org/10.1016/j.swaqe.2015.01.006
https://doi.org/10.1007/s00484-005-0257-3
https://doi.org/10.1175/bams-d-17-0252.1
https://doi.org/10.1128/AEM.04118-13
https://doi.org/10.1128/AEM.04118-13
https://doi.org/10.1029/2010JD0141555
https://doi.org/10.1002/2016jd026290
https://doi.org/10.1002/2016gl068519
https://doi.org/10.1007/s00244-019-00667-0
https://doi.org/10.4209/aaqr.2014.03.0067
https://doi.org/10.1289/ehp5312
https://doi.org/10.1016/j.rama.2017.04.002
https://doi.org/10.1371/journal.pmed.0020002
https://doi.org/10.1371/journal.pmed.0020002

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Hector, R. F., Rutherford, G. W., Tsang, C. A., Erhart, L. M., McCotter, O., Anderson, S. M., et al. (2011). The public health impact of coccid-
ioidomycosis in Arizona and California. International Journal of Environmental Research and Public Health, 8(4), 1150-1173. https://doi.
org/10.3390/ijerph8041150

Hefflin, B. J., Jalaludin, B., McClure, E., Cobb, N., Johnson, C. A., Jecha, L., & Etzel, R. A. (1994). Surveillance for dust storms and respiratory
diseases in Washington State, 1991. Archives of Environmental Health, 49(3), 170-174. https://doi.org/10.1080/00039896.1994.9940378

Hellberg, R. S., & Chu, E. (2016). Effects of climate change on the persistence and dispersal of foodborne bacterial pathogens in the outdoor
environment: A review. Critical Reviews in Microbiology, 42(4), 548-572. https://doi.org/10.3109/1040841x.2014.972335

Herrera-Molina, E., Gill, T. E., Ibarra-Mejia, G., & Jeon, S. (2021). Associations between dust exposure and hospitalizations in El Paso, Texas,
USA. Atmosphere, 2021(12), 1413. https://doi.org/10.3390/atmos 12111413

Hettiarachchi, E., Ivanov, S., Keift, T., Goldstein, H. L., Moskowitz, B. M., Reynolds, R. L., & Rubasinghege, G. (2020). Atmospheric processing
of iron-bearing mineral dust aerosol and its effect on growth of a marine diatom, Cyclotella meneghiniana. Environmental Science & Technol-
ogy, 55(2), 871-881. https://doi.org/10.1021/acs.est.0c06995

Hettiarachchi, E., Paul, S., Cadol, D., Frey, B., & Rubasinghege, G. (2018). Mineralogy controlled dissolution of uranium from airborne dust
in simulated lung fluids (SLFs) and possible health implications. Environmental Science & Technology Letters, 6(2), 62-67. https://doi.
org/10.1021/acs.estlett.8b00557

Hiranuma, N., Brooks, S. D., Gramann, J., & Auverman, B. W. (2011). High concentrations of coarse particles emitted from a cattle feeding
operation. Atmospheric Chemistry and Physics, 11(16), 8809-8823. https://doi.org/10.5194/acp-11-8809-2011

Ho, H. M., Rao, C. Y., Hsu, H. H., Chiu, Y. H., Liu, C. M., & Chao, H. J. (2005). Characteristics and determinants of ambient fungal spores in
Hualien, Taiwan. Atmospheric Environment, 39(32), 5839-5850. https://doi.org/10.1016/j.atmosenv.2005.06.034

Hogerwerf, L., Borlée, F., Still, K., Heederik, D., van Rotterdam, B., de Bruin, A., et al. (2012). Detection of Coxiella burnetii DNA in inhalable
airborne dust samples from goat farms after mandatory culling. Applied and Environmental Microbiology, 78(15), 5410-5412. https://doi.
org/10.1128/aem.00677-12

Holmes, C. W., & Miller, R. (2004). Atmospherically transported metals and deposition in the southeastern United States: Local or transoceanic?
Applied Geochemistry, 19(7), 1189-1200. https://doi.org/10.1016/j.apgeochem.2004.01.015

Hu, Q. H., Weng, J. Q., & Wang, J. S. (2010). Sources of anthropogenic radionuclides in the environment: A review. Journal of Environmental
Radioactivity, 101(6), 426-437. https://doi.org/10.1016/j.jenvrad.2008.08.004

Huckabone, S. E., Gulland, F. M. D., Johnson, S. M., Colegrove, K. M., Dodd, E. M., Pappagianis, D., et al. (2015). Coccidioidomycosis and other
systemic mycoses of marine mammals stranding along the central California, USA coast: 1998-2012. Journal of Wildlife Diseases, 51(2),
295-308. https://doi.org/10.7589/2014-06-143

Husar, R. B., Tratt, D. M., Schichtel, B. A., Falke, S. R., Li, F., Jaffe, D., et al. (2001). Asian dust events of April 1998. Journal of Geophysical
Research, 106(D16), 18317-18330. https://doi.org/10.1029/2000jd900788

Hyers, A. D., & Marcus, M. G. (1981). Land use and desert dust hazards in central Arizona. In Geological society of America special paper (Vol.
186, pp. 267-280).

Ichinose, T., Sadakane, K., Takano, H., Yanagisawa, R., Nishikawa, M., Mori, I., et al. (2006). Enhancement of mite allergen-induced eosinophil
infiltration in the murine airway and local cytokine/chemokine expression by Asian sand dust. Journal of Toxicology and Environmental
Health Part A: Current Issues, 69(16), 1571-1585. https://doi.org/10.1080/15287390500470833

Innes, R. J., Howard, Z. L., Thorpe, A., Eidels, A., & Brown, S. D. (2021). The effects of increased visual information on cognitive workload in
a helicopter simulator. Human Factors, 63(5), 788-803. https://doi.org/10.1177/0018720820945409

IPCC. (2011). Summary for policymakers. In O. Edenhofer, R. Pichs-Madruga, Y. Sokona, K. Seyboth, P. Matschoss, et al. (Eds.), IPCC special
report on renewable energy sources and climate change mitigation. Cambridge University Press.

Irfan, F., Pathan, S., Bhutta, Z., Abbasy, M., Elmoheen, A., Elsaeidy, A., et al. (2017). Health system response and adaptation to the largest
sandstorm in the Middle East. Disaster Medicine and Public Health Preparedness, 11(2), 227-238. https://doi.org/10.1017/dmp.2016.111
Itoh, H., & Narazaki, Y. (2015). Fast descent routes from within or near the stratosphere to Earth’s surface. Atmospheric Chemistry and Physics

Discussions, 15(23), 34439-34496. https://doi.org/10.5194/acpd-15-34439-2015

Jaffe, D., Putz, J., Hof, G., Hof, G., Hee, J., Lommers-Johnson, D. A., et al. (2015). Diesel particulate matter and coal dust from trains in the
Columbia River Gorge, Washington State, USA. Atmospheric Pollution Research, 6, 946-952. https://doi.org/10.1016/j.apr.2015.04.004

Jamil, W. J., Rahman, H. A., Shaari, S., & Salam, Z. (2017). Performance degradation of photovoltaic power system: Review on mitigation meth-
ods. Renewable and Sustainable Energy Reviews, 67, 876-891. https://doi.org/10.1016/j.rser.2016.09.072

Jasaitis, D., Klima, V., Peciuliene, M., Vasliauskiene, V., & Konstantinova, M. (2020). Comparative assessment of radiation background due to
natural and artificial radionuclides in soil in specific areas on the territories of State of Washington (USA) and Lithuania. Water, Air, & Soil
Pollution, 231(7), 347. https://doi.org/10.1007/s11270-020-04730-8

Jasion, G., & Shrimpton, J. (2012). Prediction of brownout inception beneath a full-scale helicopter downwash. Journal of the American Helicop-
ter Society, 57(4), 042006-042013. https://doi.org/10.4050/jahs.57.042006

Jenkins, D. G., & Underwood, M. O. (1998). Zooplankton may not disperse readily in wind, rain, or waterfowl. Hydrobiologia, 387/388, 15-21.
https://doi.org/10.1023/a:1017080029317

Jickells, T., & Moore, C. M. (2015). The importance of atmospheric deposition for ocean productivity. Annual Review of Ecology, Evolution, and
Systematics, 46(1), 481-501. https://doi.org/10.1146/annurev-ecolsys-112414-054118

JickellS, T. D., An, Z. S., Anderson, K. K., Torres, R., Bergametti, G., Brooks, N., et al. (2005). Global Fe connections between desert dust, ocean
biochemistry, and climate. Science, 308(5718), 67-71. https://doi.org/10.1126/science.1105959

Johnson, C. J. (1981). Cancer incidence in an area contaminated with radionuclides near a nuclear installation. Ambio, 176-182.

Johnson, C. J. (1984). Cancer incidence in an area of radioactive fallout downwind from the Nevada test site. Journal of the American Medical
Association, 251(2), 230-236. https://doi.org/10.1001/jama.1984.03340260034023

Jones, J. M., Koski, L., Khan, M., Brady, S., Sunenshine, R., & Komatsu, K. K. (2018). Coccidioidomycosis: An underreported cause of death—
Arizona, 2008-2013. Medical Mycology, 56(2), 172—179. https://doi.org/10.1093/mmy/myx041

Joo, Y. S., An, S. H., Kim, O. K., Lubroth, J., & Sur, J. H. (2002). Foot-and-mouth disease eradication efforts in the Republic of Korea. Canadian
Journal of Veterinary Research, 66, 122—124.

Jorquera, H., Borzutzky, A., Hoyos-Bachiloglu, R., & Garcia, A. (2015). Association of Kawasaki disease with tropospheric winds in Central
Chile: Is wind-borne desert dust a risk factor? Environment International, 78, 32-38. https://doi.org/10.1016/j.envint.2015.02.007

Jost, C. C., Nzietchueng, S., Kihu, S., Bett, B., Njogu, G., Swai, E. S., & Mariner, J. C. (2010). Epidemiological assessment of the Rift Valley
fever outbreak in Kenya and Tanzania in 2006 and 2007. The American Journal of Tropical Medicine and Hygiene, 83(2 Suppl), 65-72. https://
doi.org/10.4269/ajtmh.2010.09-0290

TONG ET AL.

41 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.3390/ijerph8041150
https://doi.org/10.3390/ijerph8041150
https://doi.org/10.1080/00039896.1994.9940378
https://doi.org/10.3109/1040841x.2014.972335
https://doi.org/10.3390/atmos12111413
https://doi.org/10.1021/acs.est.0c06995
https://doi.org/10.1021/acs.estlett.8b00557
https://doi.org/10.1021/acs.estlett.8b00557
https://doi.org/10.5194/acp-11-8809-2011
https://doi.org/10.1016/j.atmosenv.2005.06.034
https://doi.org/10.1128/aem.00677-12
https://doi.org/10.1128/aem.00677-12
https://doi.org/10.1016/j.apgeochem.2004.01.015
https://doi.org/10.1016/j.jenvrad.2008.08.004
https://doi.org/10.7589/2014-06-143
https://doi.org/10.1029/2000jd900788
https://doi.org/10.1080/15287390500470833
https://doi.org/10.1177/0018720820945409
https://doi.org/10.1017/dmp.2016.111
https://doi.org/10.5194/acpd-15-34439-2015
https://doi.org/10.1016/j.apr.2015.04.004
https://doi.org/10.1016/j.rser.2016.09.072
https://doi.org/10.1007/s11270-020-04730-8
https://doi.org/10.4050/jahs.57.042006
https://doi.org/10.1023/a:1017080029317
https://doi.org/10.1146/annurev-ecolsys-112414-054118
https://doi.org/10.1126/science.1105959
https://doi.org/10.1001/jama.1984.03340260034023
https://doi.org/10.1093/mmy/myx041
https://doi.org/10.1016/j.envint.2015.02.007
https://doi.org/10.4269/ajtmh.2010.09-0290
https://doi.org/10.4269/ajtmh.2010.09-0290

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Journet, E., Desboeufs, K. V., Caquineau, S., & Colin, J. L. (2008). Mineralogy as a critical factor of dust iron solubility. Geophysical Research
Letters, 35(7), LO7805. https://doi.org/10.1029/2007GL031589

Kaiser, E.-A., Mueller, T., Joergensen, R. G., Insam, H., & Heinemeyer, O. (1992). Evaluation of methods to estimate the soil micro-
bial biomass and the relationship with soil texture and organic matter. Soil Biology and Biochemistry, 24(7), 675-683. https://doi.
0rg/10.1016/0038-0717(92)90046-z

Kalashnikova, O. V., & Kahn, R. A. (2006). Ability of multiangle remote sensing observations to identify and distinguish mineral dust types: Part
2. Sensitivity over dark water. Journal of Geophysical Research, 111(D11), D11207. https://doi.org/10.1029/2005JD006756

Kanatani, K. T., Ito, I., Al-Delaimy, W. K., Adachi, Y., Mathews, W. C., & Ramsdell, J. W. (2010). Desert dust exposure is associated with
increased risk of asthma hospitalization in children. American Journal of Respiratory and Critical Care Medicine, 182(12), 1475-1481.
https://doi.org/10.1164/rccm.201002-02960¢

Kandakji, T., Gill, T. E., & Lee, J. A. (2020). Identifying and characterizing dust point sources in the southwestern United States using remote
sensing and GIS. Geomorphology, 353, 107019. https://doi.org/10.1016/j.geomorph.2019.107019

Karanasiou, A., Moreno, N., Moreno, T., Viana, M., de Leeuw, F., & Querol, X. (2012). Health effects from Sahara dust episodes in Europe:
Literature review and research gaps. Environment International, 47, 107-114. https://doi.org/10.1016/j.envint.2012.06.012

Karpovich-Tate, N. (2000). Detection of fungi in sinus fluid of patients with allergic fungal rhinosinusitis. Acta Oto-Laryngologica, 120(2),
296-302. https://doi.org/10.1080/000164800750001125

Katra, I. (2020). Soil erosion by wind and dust emission in semi-arid soils due to agricultural activities. Agronomy, 10(1), 89. https://doi.
org/10.3390/agronomy 10010089

Katra, 1., Arotsker, L., Krasnov, H., Zaritsky, A., Kushmaro, A., & Ben-Dav, E. (2014). Richness and diversity in dust stormborne biomes at the
southeast mediterranean. Scientific Reports, 4(1), 5265. https://doi.org/10.1038/srep05265

Kellogg, C., & Griffin, D. (2006). Aerobiology and the global transport of desert dust. Trends in Ecology & Evolution, 21(11), 638—644. https://
doi.org/10.1016/j.tree.2006.07.004

Kellogg, C. A., Griffin, D. W., Garrison, V. H., Peak, K. K., Royall, N., Smith, R. R., & Shinn, E. A. (2004). Characterization of aerosolized bacte-
ria and fungi from desert dust events in Mali, West Africa. Aerobiologia, 20(2), 99-110. https://doi.org/10.1023/b:aero.0000032947.88335.bb

Kersh, G. J., Wolfe, T. M., Fitzpatrick, K. A., Candee, A. J., Oliver, L. D., Patterson, N. E., et al. (2010). Presence of Coxiella burnetii DNA in
the environment of the United States, 2006 to 2008. Applied and Environmental Microbiology, 76(13), 4469-4475. https://doi.org/10.1128/
aem.00042-10

Khalfallah, M. G., & Koliub, A. M. (2007). Effect of dust on the performance of wind turbines. Renewable and Sustainable Energy Reviews,
209(1-3), 209-220. https://doi.org/10.1016/j.desal.2007.04.030

Kim, D., Chin, M., Yu, H., Pan, X., Bian, H., Tan, Q., et al. (2019). Asia and trans-Pacific dust: A multi-model and multi-remote sensing obser-
vation analysis. Journal of Geophysical Research, 124(23), 13534—13559. https://doi.org/10.1029/2019JD030822

Kim, T.-W., Lee, K., Najjar, R. G., Jeong, H.-D., & Jeong, H. J. (2011). Increasing N abundance in the northwestern Pacific ocean due to atmos-
pheric nitrogen deposition. Science, 334(6055), 505-509. https://doi.org/10.1126/science.1206583

Kirkland, T. N., & Fierer, J. (1996). Coccidioidomycosis: A reemerging infectious disease. Emerging Infectious Diseases, 2(3), 192-199. https://
doi.org/10.3201/eid0203.960305

Knippertz, P., & Stuut, J. B. W. (2014). Mineral dust. Mineral dust—A key player in the Earth system (pp. 359-384).

Koberle, A. C., Gernaat, D. E. H. J., & van Vuuren, D. P. (2015). Assessing current and future techno-economic potential of concentrated solar
power and photovoltaic electricity generation. Energy, 89, 739-756. https://doi.org/10.1016/j.energy.2015.05.145

Kobziar, L. N., Pingree, M. R. A., Larson, H., Dreaden, T. J., Green, S., & Smith, J. A. (2018). Pyroaerobiology: The aerosolization and transport
of viable microbial life by wildland fire. Ecosphere, 9(11), €02507. 10.1002/ecs2.2507

Kolivras, K. N., Johnson, P. S., Comrie, A. C., & Yool, S. R. (2001). Environmental variability and coccidioidomycosis (valley fever). Aerobio-
logia, 17(1), 31-42. https://doi.org/10.1023/a:1007619813435

Kollath, D. R., Teixeira, M. M., Funke, A., Miller, K. J., & Barker, B. M. (2020). Investigating the role of animal burrows on the ecology and
distribution of Coccidioides spp. in Arizona soils. Mycopathologia, 185(1), 145-159. https://doi.org/10.1007/s11046-019-00391-2

Kumar, G. D., Ravi, S., Micallef, S. A., Brown, E. W., & Macarisin, D. (2018). Aeolian contamination of fruits by enteric pathogens: An unex-
plored paradigm. Current Opinion in Food Science, 19, 138—144. https://doi.org/10.1016/j.cofs.2017.12.003

Kumar, G. D., Williams, R. C., Qublan, A. H. M., Sriranganathan, N., Boyer, R. R., & Eifert, J. D. (2017). Airborne soil particulates as
vehicles for Salmonella contamination of tomatoes. International Journal of Food Microbiology, 243, 90-95. https://doi.org/10.1016/j.
ijfoodmicro.2016.12.006

Kuske, C. R. (2006). Current and emerging technologies for the study of bacteria in the outdoor air. Current Opinion in Biotechnology, 17(3),
291-296. https://doi.org/10.1016/j.copbio.2006.04.001

Kwaasi, A. A., Parhar, R. S., Al-Mohanna, F. A., Harfi, H. A., Collison, K. S., & Al-Sedairy, S. T. (1998). Aeroallergens and viable
microbes in sandstorm dust. Potential triggers of allergic and nonallergic respiratory ailments. Allergy, 53(3), 255-265. https://doi.
org/10.1111/5.1398-9995.1998.tb03885.x

Lader, G., Raman, A., Davis, J. T., & Waters, K. (2016). Blowing dust and dust storms: One of Arizona's most underrated weather hazards. In
NOAA technical memorandum NWSWR-290.

Lagomarsino Oneto, D., Golan, J., Mazzino, A., Pringle, A., & Seminara, A. (2020). Timing of fungal spore release dictates survival during
atmospheric transport. Proceedings of the National Academy of Sciences, 117(10), 5134-5143. https://doi.org/10.1073/pnas.1913752117

Lahmar, R., Bationo, B. A., Lamso, N. D., Guéro, Y., & Tittonell, P. (2012). Tailoring conservation agriculture technologies to West Africa
semi-arid zones: Building on traditional local practices for soil restoration. Field Crops Research, 132, 158-167. https://doi.org/10.1016/j.
fcr.2011.09.013

Lambert, A., Hallar, A. G., Garcia, M., Strong, C., Andrews, E., & Hand, J. L. (2020). Dust impacts of rapid agricultural expansion on the Great
Plains. Geophysical Research Letters, 47(20), €2020GL090347. https://doi.org/10.1029/2020g1090347

Lancaster, N., Bamford, R., & Metzger, S. (1995). Field studies of the potential for wind transport of plutonium—Contaminated soils at sites in
Areas 6 and 11, Nevada Test Site (pp. 1-77). US Department of Energy.

Langley, J. M., Shiel, R. J., Nielsen, D. L., & Green, J. D. (2001). Hatching from the sediment egg-bank or aerial dispersing?—The use of meso-
cosms in assessing rotifer biodiversity. Hydrobiologia, 446/447, 203-211. https://doi.org/10.1023/a:1017515809966

Larson, K. (2020). Dust detection and warning system tracks its first season. ADOT Communications, Arizona Department of Transportation.
Retrieved from https://azdot.gov/adot-blog/dust-detection-and-warning-system-tracks-its-first-season

Lauer, A., Etyemezian, V., Nikolich, G., Kloock, C., Arzate, A. F., Sadiq Batcha, F., et al. (2020). Valley fever: Environmental risk factors and
exposure pathways deduced from field measurements in California. International Journal of Environmental Research and Public Health,
17(15), 5285. https://doi.org/10.3390/ijerph17155285

TONG ET AL.

42 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1029/2007GL031589
https://doi.org/10.1016/0038-0717(92)90046-z
https://doi.org/10.1016/0038-0717(92)90046-z
https://doi.org/10.1029/2005JD006756
https://doi.org/10.1164/rccm.201002-0296oc
https://doi.org/10.1016/j.geomorph.2019.107019
https://doi.org/10.1016/j.envint.2012.06.012
https://doi.org/10.1080/000164800750001125
https://doi.org/10.3390/agronomy10010089
https://doi.org/10.3390/agronomy10010089
https://doi.org/10.1038/srep05265
https://doi.org/10.1016/j.tree.2006.07.004
https://doi.org/10.1016/j.tree.2006.07.004
https://doi.org/10.1023/b:aero.0000032947.88335.bb
https://doi.org/10.1128/aem.00042-10
https://doi.org/10.1128/aem.00042-10
https://doi.org/10.1016/j.desal.2007.04.030
https://doi.org/10.1029/2019JD030822
https://doi.org/10.1126/science.1206583
https://doi.org/10.3201/eid0203.960305
https://doi.org/10.3201/eid0203.960305
https://doi.org/10.1016/j.energy.2015.05.145
https://doi.org/10.1002/ecs2.2507
https://doi.org/10.1023/a:1007619813435
https://doi.org/10.1007/s11046-019-00391-2
https://doi.org/10.1016/j.cofs.2017.12.003
https://doi.org/10.1016/j.ijfoodmicro.2016.12.006
https://doi.org/10.1016/j.ijfoodmicro.2016.12.006
https://doi.org/10.1016/j.copbio.2006.04.001
https://doi.org/10.1111/j.1398-9995.1998.tb03885.x
https://doi.org/10.1111/j.1398-9995.1998.tb03885.x
https://doi.org/10.1073/pnas.1913752117
https://doi.org/10.1016/j.fcr.2011.09.013
https://doi.org/10.1016/j.fcr.2011.09.013
https://doi.org/10.1029/2020gl090347
https://doi.org/10.1023/a:1017515809966
https://azdot.gov/adot-blog/dust-detection-and-warning-system-tracks-its-first-season
https://doi.org/10.3390/ijerph17155285

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Lauer, A., Palmer, L., Kloock, C., Liwanag, H. E. M., Norris, T., McDonald, B., et al. (2019). Survey for Coccidioides antibodies in blood sera
from California sea lions and northern Fur seals that stranded along the coast of California (2013-2015). Western Wildlands, 6, 69-81.

Lee, J. A., Baddock, M. C., Mbuh, M. J., & Gill, T. E. (2012). Geomorphic and land cover characteristics of aeolian dust sources in west Texas
and eastern New Mexico, USA. Aeolian Res, 3(4), 459-466. https://doi.org/10.1016/j.acolia.2011.08.001

Lee, J. A., & Gill, T. E. (2015). Multiple causes of wind erosion in the Dust Bowl. Aeolian Research, 19, 15-36. https://doi.org/10.1016/j.
aeolia.2015.09.002

Lee, P, McQueen, J., Stajner, 1., Huang, J., Pan, L., Tong, D., et al. (2017). NAQFC developmental forecast guidance for fine particulate matter
(PM 2.5). Weather and Forecasting, 32(1), 343-360. https://doi.org/10.1175/waf-d-15-0163.1

Lei, H., Wang, J. X., Tong, D. Q., & Lee, P. (2016). Merged dust climatology in Phoenix, Arizona based on satellite and station data. Climate
Dynamics, 47(9-10), 2785-2799. https://doi.org/10.1007/s00382-016-2997-7

Lekki, J. (2017). The hazard of volcanic ash ingestion. In Meeting at central aerohydrodynamic institute (no. GRC-E-DAA-TN39768).

Lenes, J. M., & Heil, C. A. (2010). A historical analysis of the potential nutrient supply from the N2 fixing marine cyanobacterium Trichode-
smium spp. to Karenia brevis blooms in the eastern Gulf of Mexico. Journal of Plankton Research, 32(10), 1421-1431. https://doi.org/10.1093/
plankt/fbq061

Lewis, E. R., Bowers, J. R., & Barker, B. M. (2015). Dust devil: The life and times of the fungus that causes Valley fever. PLoS Pathogens, 11(5),
€1004762. https://doi.org/10.1371/journal.ppat. 1004762

Lewis, L. M., Mirabelli, M. C., Beavers, S. F., Kennedy, C. M., Shriber, J., Stearns, D., et al. (2020). Characterizing environmental asthma triggers
and healthcare use patterns in Puerto Rico. Journal of Asthma, 57(8), 886—897. https://doi.org/10.1080/02770903.2019.1612907

Li, F.-L., Shi, W., Jin, Z.-F., Wu, H.-M., & Sheng, G. D. (2017). Excessive uptake of heavy metals by greenhouse vegetables. Journal of Geochem-
ical Exploration, 173, 76-84. https://doi.org/10.1016/j.gexplo.2016.12.002

Li, J., Kandakji, T., Lee, J. A., Tatarko, J. T., Blackwell, J., Gill, T. E., & Collins, J. (2018). Blowing dust and highway safety in the southwestern
United States: Characteristics of dust emission hotspots and management implications. Science of the Total Environment, 621, 1023-1032.
https://doi.org/10.1016/j.scitotenv.2017.10.124

Li, J., & McDonald-Gillespie, J. (2020). Airborne lead (Pb) from abandoned mine waste in northeastern Oklahoma, USA. GeoHealth, 4(9),
€2020GH000273. https://doi.org/10.1029/2020gh000273

Li, P, Liu, L., Wang, Z. X. L., Chen, S. J., Wand, Z., Wang, X., et al. (2018). Wind erosion enhanced by land use changes significantly reduces
ecosystem carbon storage and carbon sequestration potentials in semiarid grasslands. Land Degradation & Development, 29(10), 3469-3478.
https://doi.org/10.1002/1dr.3118

Li, X., Roevros, N., Chou, L. N., Dehairs, F., & Chou, L. (2017). Biological responses of the marine diatom chaetoceros socialis to changing
environmental conditions: A laboratory experiment. PLoS One, 12(11), e0188615. https://doi.org/10.1371/journal.pone.0188615

Lin, X., Niu, J., Yu, X., Berndtsson, R., Wu, S., & Xie, S. (2021). Maize residue effects on PM2.5, PM10, and dust emission from agricultural
land. Soil and Tillage Research, 205, 104738. https://doi.org/10.1016/j.still.2020.104738

Litvintseva, A. P., Marsden-Haug, N., Hurst, S., Hill, H., Gade, L., Driebe, E. M., et al. (2015). Valley fever: Finding new places for an Old
disease: Coccidioides immitis found in Washington state soil associated with recent human infection. Clinical Infectious Diseases, 60(1),
el—e3. https://doi.org/10.1093/cid/ciu681

Liu, X. W, & Millero, F. J. (2002). The solubility of iron in seawater. Marine Chemistry, 77(1), 43-54. https://doi.org/10.1016/
S0304-4203(01)00074-3

Lopes, P. M., Bozelli, R., Bini, L. M., Santangelo, J. M., & Declerck, S. A. (2016). Contributions of airborne dispersal and dormant propagule
recruitment and the assembly of rotifer and crustacean zooplankton communities in temporary ponds. Freshwater Biology, 61(5), 658-669.
https://doi.org/10.1111/fwb.12735

Lougeay, R., Brazel, A., & Miller, T. (1987). Monitoring changing desert biomass through video digitization of Landsat MSS data—An applica-
tion to dust storm generation. Photogrammetric Engineering & Remote Sensing, 53, 1251-1254.

Ma, Z. X., Bx, Y. G., Heck, P, Ren, W., Tobias, A. M., Jiang, P., et al. (2015). A life cycle co-benefits assessment of wind power in China. Renew-
able and Sustainable Energy Reviews, 41, 338-346. https://doi.org/10.1016/j.rser.2014.08.056

Mackey, K. R. M., Kavanaugh, M. T., Wang, F., Chen, Y., Liu, F., Glover, D. M., et al. (2017). Atmospheric and Fluvial nutrients fuel algal blooms
in the East China Sea. Frontiers in Marine Science, 4. https://doi.org/10.3389/fmars.2017.00002

Madjid, M., Solomon, S., & Vardeny, O. (2020). ACC clinical bulletin: Cardiac implications of novel Wuhan coronavirus (2019-nCoV).

Mabhler, A.-B., Thome, K., Yin, D., & Sprigg, W. A. (2006). Dust transport model validation using satellite- and ground-based methods in the
southwestern United States (Vol. 6299). SPIE.

Mahowald, N. (2011). Aerosol indirect effect on biogeochemical cycles and climate. Science, 334(6057), 794-796. https://doi.org/10.1126/
science.1207374

Mahowald, N. M., Muhs, D. R., Levis, S., Rasch, P. J., Yoshioka, M., Zender, C. S., & Luo, C. (2006). Change in atmospheric mineral aerosols
in response to climate: Last glacial period, preindustrial, modern, and doubled carbon dioxide climates. Journal of Geophysical Research,
111(D10), D10202. https://doi.org/10.1029/2005JD006653

Main, C. E., & Davis, M. (1989). Epidemiology and biometeorology of tobacco blue mold. In W. E. McKean (Ed.), Blue mold of tobacco
(pp- 201-215). American Phytopathological Society.

Maki, T., Isoda, H., Morio, T., Yamada, P., Hatta, T., Du, M., & Wakimizu, K. (2012). Outbreak of foot-and-mouth disease in Miyazaki from
March to July 2010—Effect of yellow sand and local surface wind. Journal of Arid Land Studies, 22, 167-170.

Malin, S. A., & Petrzelka, P. (2010). Left in the dust: Uranium’s legacy and victims of mill tailings exposure in Monticello, Utah. Society &
Natural Resources, 23(12), 1187-1200. https://doi.org/10.1080/08941920903005795

Malviya, S., Scalcob, E., Audicc, S., Vincenta, F., Veluchamya, A., Poulain, J., et al. (2016). Insights into global distribution and diversity in
the world’s ocean. Proceedings of the National Academy of Sciences of the United States of America, 113(11), E1516-E1525. https://doi.
org/10.1073/pnas.1509523113

Marchildon, G. P., Kulshreshtha, S., Wheaton, E., & Sauchyn, D. (2008). Drought and institutional adaptation in the great Plains of Alberta and
Saskatchewan, 1914-1939. Natural Hazards, 45(3), 391-411. https://doi.org/10.1007/s11069-007-9175-5

Marone, A., Kane, C. T., Mbengue, M., Jenkins, G. S., Niang, D. N., Drame, M. S., & Gernand, J. M. (2020). Characterization of bacteria on
aerosols from dust events in Dakar, Senegal, West Africa. GeoHealth, 4(6), €2019GH000216. https://doi.org/10.1029/2019gh000216

Martin, J. H. (1990). Glacial-interglacial CO, change: The iron hypothesis. Paleoceanography, 5, 1-13. https://doi.org/10.1029/pa005i001p00001

Matsumoto, K., Sakata, K., & Watanabe, Y. (2019). Water-soluble and water-insoluble organic nitrogen in the dry and wet deposition. Atmos-
pheric Environment, 218, 117022. https://doi.org/10.1016/j.atmosenv.2019.117022

May, J. H. (2013). Dunes and dunefields in the Bolivian Chaco as potential records of environmental change. Aeolian Researchl0, 10, 89-102.
https://doi.org/10.1016/j.aeolia.2013.04.002

TONG ET AL.

43 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1016/j.aeolia.2011.08.001
https://doi.org/10.1016/j.aeolia.2015.09.002
https://doi.org/10.1016/j.aeolia.2015.09.002
https://doi.org/10.1175/waf-d-15-0163.1
https://doi.org/10.1007/s00382-016-2997-7
https://doi.org/10.1093/plankt/fbq061
https://doi.org/10.1093/plankt/fbq061
https://doi.org/10.1371/journal.ppat.1004762
https://doi.org/10.1080/02770903.2019.1612907
https://doi.org/10.1016/j.gexplo.2016.12.002
https://doi.org/10.1016/j.scitotenv.2017.10.124
https://doi.org/10.1029/2020gh000273
https://doi.org/10.1002/ldr.3118
https://doi.org/10.1371/journal.pone.0188615
https://doi.org/10.1016/j.still.2020.104738
https://doi.org/10.1093/cid/ciu681
https://doi.org/10.1016/S0304-4203(01)00074-3
https://doi.org/10.1016/S0304-4203(01)00074-3
https://doi.org/10.1111/fwb.12735
https://doi.org/10.1016/j.rser.2014.08.056
https://doi.org/10.3389/fmars.2017.00002
https://doi.org/10.1126/science.1207374
https://doi.org/10.1126/science.1207374
https://doi.org/10.1029/2005JD006653
https://doi.org/10.1080/08941920903005795
https://doi.org/10.1073/pnas.1509523113
https://doi.org/10.1073/pnas.1509523113
https://doi.org/10.1007/s11069-007-9175-5
https://doi.org/10.1029/2019gh000216
https://doi.org/10.1029/pa005i001p00001
https://doi.org/10.1016/j.atmosenv.2019.117022
https://doi.org/10.1016/j.aeolia.2013.04.002

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Mazar, Y., Cytryn, E., Erel, Y., & Rudich, Y. (2016). Effect of dust storms on the atmospheric microbiome in the eastern mediterranean. Environ-
mental Science & Technology, 50(8), 4194-4202. https://doi.org/10.1021/acs.est.5b06348

McConnell, J. R., Aristarain, A. J., Banta, J. R., Edwards, P. R., & Simdes, J. C. (2007). 20th-century doubling in dust archived in an Antarctic
Peninsula ice core parallels climate change and desertification in South America. Proceedings of the National Academy of Sciences of the
United States of America, 104(14), 5743-5748. https://doi.org/10.1073/pnas.0607657104

McCotter, O. Z., Benedict, K., Engelthaler, D. M., Komatsu, K., Lucas, K. D., Mohle-Boetani, J. C., et al. (2019). Update on the epidemiology of
coccidioidomycosis in the United States. Medical Mycology, 57(Supplement_1), S30-S40. https://doi.org/10.1093/mmy/myy095

McDonald, E. (2013). Brownout, whiteout, and things that make you bump into stuff. Air Medical Journal, 32(1), P19-P20. https://doi.
org/10.1016/j.am;j.2012.10.002

McMichael, A. J. (2004). Environmental and social influences on emerging infectious diseases: Past, present and future. Philosophical Transac-
tions of the Royal Society of London. Series B: Biological Sciences, 359(1447), 1049—1058. https://doi.org/10.1098/rstb.2004.1480

Mehdipour, R., & Baniamerian, Z. (2019). A new approach in reducing sand deposition on railway tracks to improve transportation. Aeolian
Research, 41, 100537. https://doi.org/10.1016/j.aeolia.2019.07.003

Mendez, M. J., Aimar, S. B., Aparicio, V. C., Ramirez-Haberkon, N. B., Buschiazzo, D. E., De Geronimo, E., & Costa, J. L. (2017). Glyphosate
and Aminomethylphosphoric acid (AMPA) contents in the respirable dust emitted by agricultural soil of the central semiarid region of Argen-
tina. Aeolian Res, 29, 23-29. https://doi.org/10.1016/j.aeo0lia.2017.09.004

Mendonca, A., Thomas-Popo, E., & Gordon, A. (2020). Microbiological considerations in food safety and quality systems implementation. In
A. Gordon (Ed.), Food safety and quality systems in developing countries, volume III: Technical and market considerations (pp. 185-260).

Meng, Z., & Lu, B. (2007). Dust events as a risk factor for daily hospitalization for respiratory and cardiovascular diseases in Mingin, China.
Atmospheric Environment, 41(33), 7048-7058. https://doi.org/10.1016/j.atmosenv.2007.05.006

Meskhidze, N., Hurley, D., Royalty, T. M., & Johnson, M. S. (2017). Potential effect of atmospheric dissolved organic carbon on the iron solubility
in seawater. Marine Chemistry, 194, 124—132. https://doi.org/10.1016/j.marchem.2017.05.011

Metcalf, J. S., Richer, R., Cox, P. A., & Codd, G. A. (2012). Cyanotoxins in desert environments may present a risk to human health. Science of
the Total Environment, 421422, 118-123. https://doi.org/10.1016/j.scitotenv.2012.01.053

Mezina, K., Melgunov, M., & Belyanin, D. (2020). "Be, 2!°Pb,,.., and '¥’Cs in snow deposits in the arctic part of western Siberia (Yamul-Nenets
autonomous district). Atmosphere, 11(8), 825. https://doi.org/10.3390/atmos 11080825

Michelotti, E. A., Whicker, J. J., Eisele, W. F., Bresears, D. D., & Krchner, T. B. (2013). Modelling aeolian transport of soil-bound plutonium:
Considering infrequent but normal environmental disturbances is critical in estimating future dose. Journal of Environmental Radioactivity,
120, 73-80. https://doi.org/10.1016/j.jenvrad.2013.01.011

Middleton, N. (2018). Rangeland management and climate hazards in drylands: Dust storms, desertification and the overgrazing debate. Natural
Hazards, 92(1), 57-70. https://doi.org/10.1007/s11069-016-2592-6

Middleton, N. (2020). Health in dust belt cities and beyond—An essay by nick Middleton. BMJ, 371, m3089. https://doi.org/10.1136/bmj.m3089

Middleton, N., & Kang, U. (2017). Sand and dust storms: Impact mitigation. Sustainability, 9(6), 1053. https://doi.org/10.3390/su9061053

Middleton, N., Tozer, P., & Tozer, B. (2019). Sand and dust storms: Underrated natural hazards. Disasters, 43(2), 390-409. https://doi.
org/10.1111/disa.12320

Milana, J. P., & Krohling, D. M. (2017). First data on volume and type of deflated sediment from Southern Puna Plateau and its role as source of
the Chaco-Pampean loess. Quaternary International, 438, 126—140. https://doi.org/10.1016/j.quaint.2017.03.007

Miller, A. C., & McClain, D. E. (2007). A review of depleted uranium biological effects: In vitro and in vivo studies. Reviews on Environmental
Health, 22(1), 75-89. https://doi.org/10.1515/reveh.2007.22.1.75

Mills, M. M., Ridame, C., Davey, M., La Roche, J., & Geider, R. J. (2004). Iron and phosphorus co-limit nitrogen fixation in the eastern tropical
North Atlantic. Nature, 429(6989), 292-294. https://doi.org/10.1038/nature02550

Mims, S. A., & Mims, F. M., III. (2004). Fungal spores are transported long distances in smoke from biomass fires. Atrmospheric Environment,
38(5), 651-655. https://doi.org/10.1016/j.atmosenv.2003.10.043

Miri, A., & Middleton, N. (2022). Long-term impacts of dust storms on transport systems in south-eastern Iran. Natural Hazards, 114(1),
291-312. https://doi.org/10.1007/s11069-022-05390-z

Mitroo, D., Gill, T. E., Haas, S., Pratt, K. A., & Gaston, C. J. (2019). CINO, production from N,O; uptake on saline playa dusts: New insights
into potential inland sources of CINO,. Environmental Science & Technology, 53(13), 7442-7452. https://doi.org/10.1021/acs.est.9b0112

Monged, M. H. E., Hassan, H. B., & El-Sayed, S. A. (2020). Spatial distribution and ecological risk assessment of natural radionuclides
and trace elements in agricultural soil of northeastern Nile Valley, Egypt. Water, Air. Soil Pollut, 231(7), 338. https://doi.org/10.1007/
s11270-020-04678-9

Monteil, M. A. (2008). Saharan dust clouds and human health in the english-speaking caribbean: What we know and don’t know. Environmental
Geochemistry and Health, 30(4), 339-343. https://doi.org/10.1007/s10653-008-9162-0

Monteiro, A., Basart, S., Kazadzis, S., Votzis, A., Gkikas, A., Vandenbussche, S., et al. (2022). Multi-sectoral impact assessment of an extreme
African dust episode in the Eastern Mediterranean in March 2018. Science of the Total Environment, 843, 156861. https://doi.org/10.1016/j.
scitotenv.2022.156861

Moore, C. M., Mills, M. M., Arrigo, K. R., Berman-Frank, I., Bopp, L., Boyd, P. W,, et al. (2013). Processes and patterns of oceanic nutrient
limitation. Nature Geoscience. Nature Publishing Group. https://doi.org/10.1038/ngeo1765

Morales-Acuiia, E., Torres, C. R., Delgadillo-Hinojosa, F., Linero-Cueto, J. R., Samaman’a—del—/\ngel, E., & Castro, R. (2019). The Baja Califor-
nia Peninsula, a significant source of dust in Northwest Mexico. Atmosphere, 10(10), 582. https://doi.org/10.3390/atmos 10100582

Moriyama, M., Hugentobler, W. J., & Iwasaki, A. (2020). Seasonality of respiratory viral infections. Annual Review of Virology, 7(1), 83-101.
https://doi.org/10.1146/annurev-virology-012420-022445

Mubhs, D. R., Budahn, J. R., Prospero, J. M., & Carey, S. N. (2007). Geochemical evidence for African dust inputs to soils of western Atlantic
islands: Barbados, the Bahamas and Florida. Journal of Geophysical Research, 112(F2), F02009. https://doi.org/10.1029/2005JF000445

Munyaneza, J., Jia, Q., Qaraah, F. A., Hossain, M. F., Wu, C., Zhen, H., & Xiu, G. (2022). A review of atmospheric microplastics pollution:
In-depth sighting of sources, analytical methods, physiognomies, transport and risks. Science of the Total Environment, 822, 153339. https://
doi.org/10.1016/j.scitotenv.2022.153339

Nasser, H. (2019). Airport operations under intense dust storm conditions in Egypt. In Dust user workshop on dust products for aviation, 14—15
March 2019, Cranfield, United Kingdom. Retrieved from https://cost-indust.eu/events/indust-events

Nauman, T. W., Duniway, M. C., Webb, N. P., & Belnap, J. (2018). Elevated dust emissions on the Colorado Plateau, USA: The role of grazing,
vehicle disturbance, and increasing aridity. Earth Surface Processes and Landforms, 43(14), 2897-2914. https://doi.org/10.1002/esp.4457

Neft, J. C., Ballantyne, A. P., Farmer, G. L., Mahowald, N. M., Conroy, J. L., Landry, C. C., et al. (2008). Increasing eolian dust deposition in the
western United States linked to human activity. Nature Geoscience, 1(3), 189-195. https://doi.org/10.1038/ngeo133

TONG ET AL.

44 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1021/acs.est.5b06348
https://doi.org/10.1073/pnas.0607657104
https://doi.org/10.1093/mmy/myy095
https://doi.org/10.1016/j.amj.2012.10.002
https://doi.org/10.1016/j.amj.2012.10.002
https://doi.org/10.1098/rstb.2004.1480
https://doi.org/10.1016/j.aeolia.2019.07.003
https://doi.org/10.1016/j.aeolia.2017.09.004
https://doi.org/10.1016/j.atmosenv.2007.05.006
https://doi.org/10.1016/j.marchem.2017.05.011
https://doi.org/10.1016/j.scitotenv.2012.01.053
https://doi.org/10.3390/atmos11080825
https://doi.org/10.1016/j.jenvrad.2013.01.011
https://doi.org/10.1007/s11069-016-2592-6
https://doi.org/10.1136/bmj.m3089
https://doi.org/10.3390/su9061053
https://doi.org/10.1111/disa.12320
https://doi.org/10.1111/disa.12320
https://doi.org/10.1016/j.quaint.2017.03.007
https://doi.org/10.1515/reveh.2007.22.1.75
https://doi.org/10.1038/nature02550
https://doi.org/10.1016/j.atmosenv.2003.10.043
https://doi.org/10.1007/s11069-022-05390-z
https://doi.org/10.1021/acs.est.9b0112
https://doi.org/10.1007/s11270-020-04678-9
https://doi.org/10.1007/s11270-020-04678-9
https://doi.org/10.1007/s10653-008-9162-0
https://doi.org/10.1016/j.scitotenv.2022.156861
https://doi.org/10.1016/j.scitotenv.2022.156861
https://doi.org/10.1038/ngeo1765
https://doi.org/10.3390/atmos10100582
https://doi.org/10.1146/annurev-virology-012420-022445
https://doi.org/10.1029/2005JF000445
https://doi.org/10.1016/j.scitotenv.2022.153339
https://doi.org/10.1016/j.scitotenv.2022.153339
https://cost-indust.eu/events/indust-events
https://doi.org/10.1002/esp.4457
https://doi.org/10.1038/ngeo133

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Nenadovic, S., Nenadovic, M., Klajevic, L., Vukanac, 1., Poznanovic, M., Mihajlovic-Radosavljevic, A., & Pavlovic, V. (2012). Vertical distribu-
tion of natural radionuclides in soil: Assessment of external exposure of population in cultivated and undisturbed areas. Science of the Total
Environment, 429, 309-316. https://doi.org/10.1016/j.scitotenv.2012.04.054

Nenes, A., Krom, M. D., Mihalopoulos, N., Van Cappellen, P., Shi, Z., Bougiatioti, A., et al. (2011). Atmospheric acidification of mineral aero-
sols: A source of bioavailable phosphorus for the oceans. Atmospheric Chemistry and Physics, 11(13), 6265-6272. https://doi.org/10.5194/
acp-11-6265-2011

New Mexico Department of Transportation. (2018). Dust mitigation safety projects: Interstate 10. Presentation at the New Mexico transportation
and construction conference. April 2018, Las Cruces, New Mexico.

Nichols, N. T. A. (2020). Saharan dust and pediatric asthma: A multinational, multiyear assessment in the caribbean. Ph.D. dissertation. The
University of Texas at Dallas.

Nickling, W. G. (1978). Eolian sediment transport during dust storms: Slims River Valley, Yukon territory. Canadian Journal of Earth Sciences,
15(7), 1069-1084. https://doi.org/10.1139/e78-114

Nickovic, S., Cvetkovic, B., Pejanovic, G., & Petkovic, S. (2019). Predicting time and location of melted dust in turbines. In Dust user workshop
on dust products for aviation, 14—15 March 2019, Cranfield, United Kingdom. Retrieved from https://cost-indust.eu/events/indust-events

Nickovic, S., Cvetkovic, B., Petkovi¢, S., Amiridis, V., Pejanovic, G., Solomos, S., et al. (2021). Cloud icing by mineral dust and impacts to
aviation safety. Scientific Reports, 11(1), 6411. https://doi.org/10.1038/s41598-021-85566-y

Nickovic, S., Vukovic, A., Vujadinovic, M., Djurdjevic, V., & Pejanovic, G. (2019). Technical note: High-resolution mineralogical database
of dust-productive soils for atmospheric dust modeling. Atmospheric Chemistry and Physics, 12(2), 845-855. https://doi.org/10.5194/
acp-12-845-2012

Nicoll, K., Hahnenberger, M., & Goldstein, H. L. (2020). ‘Dust in the wind’ from source to sink: Analysis of the 14—15 April 2015 storm in Utah.
Aeolian Research, 46, 100532. https://doi.org/10.1016/j.aeo0lia.2019.06.002

Nieder, R., Benbi, D. K., & Reichl, F. X. (2018). Soil as a transmitter of human pathogens. In R. Nieder, D. K. Benbi, & F. X. Reichel (Eds.), Soil
components and human health (pp. 723-827). Springer.

Nielsen, M. C., Reynoso, D., & Ren, P. (2021). The brief case: A fatal case of SARS-CoV-2 coinfection with Coccidioides in Texas—Another
challenge we face. Journal of Clinical Microbiology, 59(8), €00163-21. https://doi.org/10.1128/jcm.00163-21

Nieuwenhuijsen, M. J., Noderer, K. S., Schenker, M. B., Vallyathan, V., & Olenchock, S. (1999). Personal exposure to dust, endotoxin and
crystalline silica in California agriculture. Annals of Occupational Hygiene, 43(1), 35—42. https://doi.org/10.1016/s0003-4878(98)00068-4

NOAA. (1982). Dust storm driving safety. NOAA Pamphlet 82002.

Norton, M. R., & Gunter, M. E. (1999). Relationships between respiratory diseases and quartz-rich dust in Idaho. U.S.A. American Mineralogist,
84(7-8), 1009-1019. https://doi.org/10.2138/am-1999-7-802

Novlan, D. J., Hardiman, M., & Gill, T. E. (2007). A synoptic climatology of blowing dust events in El Paso, Texas from 1932-2005. In Paper
presented at the American meteorological society annual meeting, J3.12.

Okin, G. S., Mahowald, N., Chadwick, O. A., & Artaxo, P. (2004). Impact of desert dust on the biogeochemistry of phosphorus in terrestrial
ecosystems. Global Biogeochemical Cycles, 18(2), GB2005. https://doi.org/10.1029/2003GB002145

Olsen, J., Williams, G., Miller, A., & Merritt, L. (2018). Measuring and calculating current atmospheric phosphorous and nitrogen loadings to
Utah lake using field samples and geostatistical analysis. Hydrology, 5(3), 45. https://doi.org/10.3390/hydrology5030045

Oltean, H. N., Etienne, K. A., Roe, C. C., Gade, L., McCotter, O. Z., Engelthaler, D. M., & Litvintseva, A. P. (2019). Utility of whole-genome
sequencing to ascertain locally acquired cases of coccidioidomycosis, Washington, USA. Emerging Infectious Diseases, 25(3), 501-506.
https://doi.org/10.3201/eid2503.181155

Ono, F. B., Tappero, R., Sparks, D., & Guilherme, L. R. G. (2016). Investigation of arsenic species in tailings and windblown dust from a gold
mining area. Environmental Science & Pollution Research, 23(1), 638-647. https://doi.org/10.1007/s11356-015-5304-y

O’Sullivan, D., Murray, B. J., Malkin, T. L., Whale, T. F., Umo, N. S., Atkinson, J. D., et al. (2014). Ice nucleation by fertile soil dusts:
Relative importance of mineral and biogenic components. Atmospheric Chemistry and Physics, 14(4), 1853—1867. https://doi.org/10.5194/
acp-14-1853-2014

O’Sullivan, D., Murreay, B. J., Ross, J. F., & Webb, M. E. (2016). The adsorption of fungal ice-nucleating proteins on mineral dusts: A terres-
trial reservoir of atmospheric ice-nucleating particles. Atmospheric Chemistry and Physics, 16(12), 7879-7887. https://doi.org/10.5194/
acp-16-7879-2016

Owusu, P. A., & Asumadu-Sarkodie, S. (2016). A review of renewable energy sources, sustainability issues and climate change mitigation. Cogent
Engineering, 3(1), 1167990. https://doi.org/10.1080/23311916.2016.1167990

Ozawa, Y., Ong, B. L., & An, S. H. (2001). Traceback systems used during recent epizootics in Asia. Revue Scientifique et Technique-Office
International des Epizooties, 20(2), 605-613. https://doi.org/10.20506/rst.20.2.1297

Padilla, J., Calderon, F. J., Acosta Martinez, V., Van Pelt, R. S., Gardner, T., Baddock, M., et al. (2014). Diffuse-reflectance mid-infrared spec-
troscopy reveals chemical differences in soil organic matter carried in different size wind eroded sediments. Aeolian Res, 15, 193-201. https://
doi.org/10.1016/j.ae0lia.2014.06.003

Padua y Gabriel, A., Martinez-Ordaz, V. A., Velasco-Rodreguez, V. M., Lazo-Saenz, J. G., & Cicero, R. (1999). Prevalence of skin reactivity to
coccidioidin and associated risks factors in subjects living in a northern city of Mexico. Archives of Medical Research, 30(5), 388-392. https://
doi.org/10.1016/s0188-0128(99)00048-2

Pan, Z., Yang, X. B., Pivonia, S., Xue, L., Pasken, R., & Roads, J. (2006). Long-term prediction of soybean rust entry into the continental United
States. Plant Disease, 90(7), 840-846. https://doi.org/10.1094/pd-90-0840

Panikkath, R., Jumper, C. A., & Mulkey, Z. (2013). Multilobar lung infiltrates after exposure to dust storm: The haboob lung syndrome. The
American Journal of Medicine, 126(2), e5—¢7. https://doi.org/10.1016/j.amjmed.2012.08.012

Pappagianis, D., & Einstein, H. (1978). Tempest from Tehachapi takes toll or Coccidioides conveyed aloft and Afar (medical information). West-
ern Journal of Medicine, 129, 527-530.

Parekh, P. A., Paetkau, M. J., & Gosselin, L. A. (2014). Historical frequency of wind dispersal events and role of topography in the dispersal of
anostracan cysts in a semi-arid environment. Hydrobiologia, 740(1), 51-59. https://doi.org/10.1007/s10750-014-1936-z

Park, B. J., Sigel, K., Vaz, V., Komatsu, K., McRill, C., Phelan, M., et al. (2005). An epidemic of coccidioidomycosis in Arizona associated with
climatic changes, 1998-2001. Journal of Infectious Diseases, 191(11), 1981-1987. https://doi.org/10.1086/430092

Parkes, L. O., Nguyen, T. T., Longtin, J., Beaudoin, M. C., Bestman-Smith, J., Vinh, D. C,, et al. (2016). A cluster of three cases of hantavirus
pulmonary syndrome among Canadian military personnel. The Canadian Journal of Infectious Diseases & Medical Microbiology, 2016,
2757969-2757974. https://doi.org/10.1155/2016/2757969

Parra, V. V. F. (2019). Assessment of point of use (POU) systems for reducing health risks associated with drinking water along the U.S.-Mexico
colonias. In The Paso del Norte region. Thesis (M.S., environmental engineering). The University of Texas at El Paso.

TONG ET AL.

45 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1016/j.scitotenv.2012.04.054
https://doi.org/10.5194/acp-11-6265-2011
https://doi.org/10.5194/acp-11-6265-2011
https://doi.org/10.1139/e78-114
https://cost-indust.eu/events/indust-events
https://doi.org/10.1038/s41598-021-85566-y
https://doi.org/10.5194/acp-12-845-2012
https://doi.org/10.5194/acp-12-845-2012
https://doi.org/10.1016/j.aeolia.2019.06.002
https://doi.org/10.1128/jcm.00163-21
https://doi.org/10.1016/s0003-4878(98)00068-4
https://doi.org/10.2138/am-1999-7-802
https://doi.org/10.1029/2003GB002145
https://doi.org/10.3390/hydrology5030045
https://doi.org/10.3201/eid2503.181155
https://doi.org/10.1007/s11356-015-5304-y
https://doi.org/10.5194/acp-14-1853-2014
https://doi.org/10.5194/acp-14-1853-2014
https://doi.org/10.5194/acp-16-7879-2016
https://doi.org/10.5194/acp-16-7879-2016
https://doi.org/10.1080/23311916.2016.1167990
https://doi.org/10.20506/rst.20.2.1297
https://doi.org/10.1016/j.aeolia.2014.06.003
https://doi.org/10.1016/j.aeolia.2014.06.003
https://doi.org/10.1016/s0188-0128(99)00048-2
https://doi.org/10.1016/s0188-0128(99)00048-2
https://doi.org/10.1094/pd-90-0840
https://doi.org/10.1016/j.amjmed.2012.08.012
https://doi.org/10.1007/s10750-014-1936-z
https://doi.org/10.1086/430092
https://doi.org/10.1155/2016/2757969

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Parrington, J. R., Zoller, W. H., & Aras, N. K. (1983). Asian dust: Seasonal transport to the Hawaiian Islands. Science, 220(4593), 195-197.
https://doi.org/10.1126/science.220.4593.195

Pasqualetti, M. J. (2004). Wind power: Obstacles and opportunities. Environment: Science and Policy for Sustainable Development, 46(7), 22-38.
https://doi.org/10.1080/00139150409604395

Passeri, M. F., Villafuerte, D. B., Qazi, R., & Deliz, R. J. (2022). Fulminant superimposed Covid-19 pneumonia on coccidioidomycosis dissemi-
nated infection. Journal of Infectious Diseases & Case Reports, 186, 2—6. https://doi.org/10.47363/JIDSCR/2022(3)165

Pauley, P. M., Baker, N. L., & Barker, E. H. (1996). An observational study of the interstate 5 dust storm case. Bulletin of the American Meteor-
ological Society, 77(4), 693-720. https://doi.org/10.1175/1520-0477(1996)077<0693:a0sotd>2.0.co;2

Paytan, A., Mackey, K. R. M., Chen, Y., Lima, I. D., Doney, S. C., Mahowald, N., et al. (2009). Toxicity of atmospheric aerosols on marine phyto-
plankton. Proceedings of the National Academy of Sciences of the United States of America, 106(12), 4601-4605. https://doi.org/10.1073/
pnas.0811486106

Pearson, D., Ebisu, K., Wu, X., & Basu, R. (2019). A review of coccidioidomycosis in California: Exploring the intersection of land use, popula-
tion movement, and climate change. Epidemiologic Reviews, 41(1), 145-157. https://doi.org/10.1093/epirev/mxz004

Peng, X., Xu, X., Li, Y., Cheng, L., Zhou, X., & Ren, B. (2020). Transmission routes of 2019-nCoV and controls in dental practice. International
Journal of Oral Science, 12(1), 1-6. https://doi.org/10.1038/s41368-020-0075-9

Pérez-Ramirez, D., Andrade-Flores, M., Eck, T. F., Stein, A. F., O’Neill, N. T., Lyamani, H., et al. (2017). Multi year aerosol characteriza-
tion in the tropical Andes and in adjacent Amazonia using AERONET measurements. Atmospheric Environment, 166, 412—432. https://doi.
org/10.1016/j.atmosenv.2017.07.037

Peters, E. J. (2011). Water quality of rainwater cisterns in the grenadines. The West Indian Journal of Engineering, 33(1-2), 56—64.

Peterson, E. M., Green, F. B., & Smith, P. N. (2020). Pesticides used on beef cattle feed yards are aerially transported into the environment via
particulate matter. Environmental Science & Technology, 54(20), 13008-13015. https://doi.org/10.1021/acs.est.0c03603

Pi, H., Sharratt, B., Schillinger, W. F., Bary, A. 1., & Cogger, C. G. (2018). Wind erosion potential of a winter wheat—summer fallow rotation after
land application of biosolids. Aeolian research, 32, 53-59. https://doi.org/10.1016/j.aeolia.2018.01.009

Pierre, C., Bergametti, G., Marticorena, B., AbdourhamaneTouré, A., Rajot, J. L., & Kergoat, L. (2014). Modeling wind erosion flux and its
seasonality from a cultivated Sahelian surface: A case study in Niger. Catena, 122, 61-71. https://doi.org/10.1016/j.catena.2014.06.006

Pinceel, T., Brendonck, L., & Vanschoenwinkel, B. (2015). Propagule size and shape may promote local wind dispersal in freshwater
zooplankton—A wind tunnel experiment. Limnology & Oceanography, 61(1), 122—131. https://doi.org/10.1002/Ino.10201

Plumlee, G. S., & Ziegler, T. L. (2005). The medical geochemistry of dusts, soils and other Earth materials. In B. S. Lollar (Ed.), Environmental
geochemistry. Treatise on geochemistry (Vol. 9, pp. 263-310). Elsevier.

Polo, J., & Estalayo, G. (2015). Impact of atmospheric aerosol loads on Concentrating Solar Power production in arid-desert sites. Solar Energy,
115, 621-631. https://doi.org/10.1016/j.solener.2015.03.031

Powell, J. T., Chatziefthimiou, A. D., Banack, S. A., Cox, P. A., & Metcalf, J. S. (2015). Desert crust microorganisms, their environment, and
human health. Journal of Arid Environments, 112, 127-133. https://doi.org/10.1016/j.jaridenv.2013.11.004

Prata, J. C. (2018). Airborne microplastics: Consequences to human health? Environmental Pollution, 234, 115-126. https://doi.org/10.1016/j.
envpol.2017.11.043

Pravalie, R. (2014). Nuclear weapons tests and environmental consequences: A global perspective. Ambio, 43(6), 729-744. https://doi.
org/10.1007/s13280-014-0491-1

Prein, A. F.,, Holland, G. J., Rasmussen, R. M., Clark, M. P., & Tye, M. R. (2016). Running dry: The U.S. Southwest's drift into a drier climate
state. Geophysical Research Letters, 43(3), 1272-1279. https://doi.org/10.1002/2015GL066727

Prospero, J. M. (2001). African dust in America. Geotimes, 46(11), 24-27.

Prospero, J. M., Arimoto, R., & Steele, J. H. (2009). Atmospheric transport and deposition of particulate material to the oceans. In Encyclopedia
of ocean sciences (2nd ed., pp. 248-257). Academic Press.

Prospero, J. M., Barkley, A. E., Gaston, C. J., Gatineau, A., Campos y Sansano, A., & Panechou, K. (2020). Characterizing and quantifying
African dust transport and deposition to South America: Implications for the phosphorus budget in the Amazon Basin. Global Biogeochemical
Cycles, 34(9), €2020GB006536. https://doi.org/10.1029/2020gb006536

Prospero, J. M., Blades, E., Mathison, G., & Naidu, R. (2005). Interhemispheric transport of viable fungi and bacteria from Africa to the Carib-
bean with soil dust. Aerobiologia, 21, 1-19. https://doi.org/10.1007/s10453-004-5872-7

Prospero, J. M., Blades, E., Naidu, R., Mathison, G., Thani, H., & Lavoie, M. C. (2008). Relationship between African dust carried in the Atlantic
trade winds and surges in pediatric asthma attendances in the Caribbean. International Journal of Biometeorology, 52(8), 823—-832. https://
doi.org/10.1007/s00484-008-0176-1

Prospero, J. M., Bullard, J. E., & Hodgkins, R. (2012). High-latitude dust over the North Atlantic: Inputs from Icelandic proglacial dust storms.
Science, 335(6072), 1078-1082. https://doi.org/10.1126/science.1217447

Prospero, J. M., Collard, F.-X., Moline, J., & Jeannot, A. (2014). Characterizing the annual cycle of African dust transport to the Caribbean
Basin and South America and its impact on air quality and the environment. Global Biogeochemical Cycles, 29(7), 757-773. https://doi.
org/10.1002/2013GB004802

Prospero, J. M., Delany, A. C., Delany, A. C., & Carlson, T. N. (2021). The discovery of African dust transport to the Western hemisphere and the
saharan air layer: A history. Bulletin of the American Meteorological Society, 102(6), E1239-E1260. https://doi.org/10.1175/bams-d-19-0309.1

Prospero, J. M., Ginoux, P., Torres, O., Nicholson, S. E., & Gill, T. E. (2002). Environmental characterization of global sources of atmospheric
soil dust identified with the Nimbus 7 Total Ozone Mapping Spectrometer (TOMS) absorbing aerosol product. Reviews of Geophysics, 40(1),
1002—-2-31. https://doi.org/10.1029/2000RG000095

Prospero, J. M., Glaccum, R. A., & Nees, R. T. (1981). Atmospheric transport of soil dust from Africa to South America. Nature, 289(5798),
570-572. https://doi.org/10.1038/289570a0

Prospero, J. M., & Mayol-Bracero, O. L. (2013). Understanding the transport and impact of African dust on the Caribbean basin. Bulletin of the
American Meteorological Society, 94(9), 1329-1337. https://doi.org/10.1175/bams-d-12-00142.1

Prospero, J. M., Nees, R. T., & Uematsu, M. (1987). Deposition rate of particulate and dissolved aluminum derived from Saharan dust in precip-
itation at Miami, Florida. Journal of Geophysical Research, 92(D12), 14723-14731. https://doi.org/10.1029/jd092id12p14723

Pu, B., & Ginoux, P. (2017). Projection of American dustiness in the late 21st century due to climate change. Scientific Reports, 7(1), 1-10.
https://doi.org/10.1038/s41598-017-05431-9

Pu, B., & Jin, Q. (2021). A record-breaking trans-Atlantic African dust plume associated with atmospheric circulation extremes in June 2020.
Bulletin of the American Meteorological Society, 102(7), E1340-E1356. https://doi.org/10.1175/bams-d-21-0014.1

Purdy, L. J., Krupa, S. V., & Dean, J. L. (1985). Introduction of sugarcane rust into the Americas and its spread to Florida. Plant Disease, 69(8),
689—693. https://doi.org/10.1094/pd-69-689

TONG ET AL.

46 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1126/science.220.4593.195
https://doi.org/10.1080/00139150409604395
https://doi.org/10.47363/JIDSCR/2022(3)165
https://doi.org/10.1175/1520-0477(1996)077%3C0693:aosotd%3E2.0.co;2
https://doi.org/10.1073/pnas.0811486106
https://doi.org/10.1073/pnas.0811486106
https://doi.org/10.1093/epirev/mxz004
https://doi.org/10.1038/s41368-020-0075-9
https://doi.org/10.1016/j.atmosenv.2017.07.037
https://doi.org/10.1016/j.atmosenv.2017.07.037
https://doi.org/10.1021/acs.est.0c03603
https://doi.org/10.1016/j.aeolia.2018.01.009
https://doi.org/10.1016/j.catena.2014.06.006
https://doi.org/10.1002/lno.10201
https://doi.org/10.1016/j.solener.2015.03.031
https://doi.org/10.1016/j.jaridenv.2013.11.004
https://doi.org/10.1016/j.envpol.2017.11.043
https://doi.org/10.1016/j.envpol.2017.11.043
https://doi.org/10.1007/s13280-014-0491-1
https://doi.org/10.1007/s13280-014-0491-1
https://doi.org/10.1002/2015GL066727
https://doi.org/10.1029/2020gb006536
https://doi.org/10.1007/s10453-004-5872-7
https://doi.org/10.1007/s00484-008-0176-1
https://doi.org/10.1007/s00484-008-0176-1
https://doi.org/10.1126/science.1217447
https://doi.org/10.1002/2013GB004802
https://doi.org/10.1002/2013GB004802
https://doi.org/10.1175/bams-d-19-0309.1
https://doi.org/10.1029/2000RG000095
https://doi.org/10.1038/289570a0
https://doi.org/10.1175/bams-d-12-00142.1
https://doi.org/10.1029/jd092id12p14723
https://doi.org/10.1038/s41598-017-05431-9
https://doi.org/10.1175/bams-d-21-0014.1
https://doi.org/10.1094/pd-69-689

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Pye, K. (1987). Aeolian dust and dust deposits (p. 334). Academic Press.

Qu, G., Li, X, Hu, L., & Jiang, G. (2020). An imperative need for research on the role of environmental factors in transmission of novel corona-
virus (COVID-19).

Raffaele, L., & Bruno, L. (2020). Windblown sand mitigation along railway megaprojects: A comparative study. Structural Engineering Interna-
tional, 30(3), 355-364. https://doi.org/10.1080/10168664.2020.1714530

Raga, G. B., Ladino, L. A., Baumgardner, D., Ramirez-Romero, C., Cérdoba, F., Alvarez—Ospina, H., et al. (2021). ADABBOY: African
dust and biomass burning over Yucatan. Bulletin of the American Meteorological Society, 102(8), E1543—-E1556. https://doi.org/10.1175/
BAMS-D-20-0172.1

Rahav, E., Shun-Yan, C., Cui, G., Liu, H., Tsagaraki, T. M., Giannakourou, A., et al. (2016). Evaluating the impact of atmospheric depositions on
springtime dinitrogen fixation in the Cretan Sea (eastern Mediterranean)—A mesocosm approach. Frontiers in Marine Science, 3, 180. https://
doi.org/10.3389/fmars.2016.00180

Raman, A., Arellano, A. F., Jr., & Brost, J. J. (2014). Revisiting haboobs in the southwestern United States: An observational case study of the 5
July 2011 Phoenix dust storm. Atmospheric Environment, 89, 179-188. https://doi.org/10.1016/j.atmosenv.2014.02.026

Ramee, C., Speirs, A., Payan, A. P., & Mavris, D. (2021). Analysis of weather-related helicopter accidents and incidents in the United States. In
Proceedings of the AIAA Aviation 2021 Forum. https://doi.org/10.2514/6.2021-2954

Ramirez-Romero, C., Jaramillo, A., Cérdoba, M. F., Raga, G. B., Miranda, J., Alvarez-Ospina, H., et al. (2021). African dust particles over the
western caribbean part I: Impact on air quality over the Yucatan Peninsula. Atmospheric Chemistry and Physics, 21(1), 239-253. https://doi.
org/10.5194/acp-21-239-2021

Rasmussen, P. E., Levesque, C., Chenier, M., Gardner, H. D., Jones-Otazo, H., & Petrovic, S. (2013). Canadian house dust study: Population-based
concentrations, loads, and loading rates of arsenic, cadmium, chromium, copper, nickel, lead, and zinc inside urban homes. Science of the Total
Environment, 443, 520-529. https://doi.org/10.1016/j.scitotenv.2012.11.003

Ravi, S., D’Odorico, P., Goudie, A., Okin, G. S., Li, J., Breshears, D., et al. (2011). Aeolian processes and the biosphere. Review of Geophysics,
49(3), RG3001. https://doi.org/10.1029/2010RG000328

Ravi, S., Sharratt, B. S., Li, J., Olshevski, S., Meng, Z., & Zhang, J. (2016). Particulate matter emissions from biochar-amended soils as a potential
tradeoff to the negative emission potential. Scientific Reports, 6(1), 35984. https://doi.org/10.1038/srep35984

Reche, I., D’Orta, G., Mladenov, N., Winget, D. M., & Suttle, C. A. (2018). Deposition rate of viruses and bacteria above the atmospheric bound-
ary layer. The ISME Journal, 12(4), 1154-1162. https://doi.org/10.1038/s41396-017-0042-4

Reckendorf, F., Leach, D., Baum, R., & Carlson, J. (1985). Stabilization of sand dunes in Oregon. Agricultural History, 59, 260-268.

Reheis, M. (1997). Dust deposition downwind of Owens (dry) Lake, 1991-1994: Preliminary findings. Journal of Geophysical Research,
102(D22), 25999-26008. https://doi.org/10.1029/97JD01967

Reid, S. B., MacDonald, C. P., Alrick, D. M., Veneziano, D., Koon, L., Pryor, D., & Ginn, D. (2015). Communication plan for windblown dust.
Report SPR-723. Arizona Department of Transportation Research Center.

Ren, L., Rabalais, N. N., & Turner, R. E. (2020). Effects of Mississippi River water on phytoplankton growth and composition in the upper
Barataria estuary, Louisiana. Hydrobiologia, 847(8), 1831-1850. https://doi.org/10.1007/s10750-020-04214-0

Reyers, M., Hamidi, M., & Shao, Y. (2019). Synoptic analysis and simulation of an unusual dust event over the Atacama Desert. Atmospheric
Science Letters, 20(6), €899. https://doi.org/10.1002/as1.899

Richards, J., Reif, R., Luo, Y., & Gan, J. (2016). Distribution of pesticides in dust particles in urban environments. Environmental Pollution, 214,
290-298. https://doi.org/10.1016/j.envpol.2016.04.025

Richardson, K. S., Kuenzi, A., Douglass, R. J., Hart, J., & Carver, S. (2013). Human exposure to particulate matter potentially contaminated with
Sin Nombre virus. EcoHealth, 10(2), 159-165. https://doi.org/10.1007/s10393-013-0830-x

Ridings, J. W., Schell, S. R., & Stearnes, W. T. (2010). The first record of American tadpole shrimp (Triops longicaudatus) in Illinois. Transac-
tions of the lllinois State Academy of Science, 103, 49-50.

Rivas, J. A, Jr., Mohl, J. E., Van Pelt, R. S., Leung, M. Y., Wallace, R. L., Gill, T. E., & Walsh, E. J. (2018). Evidence for regional aeolian trans-
port of freshwater micrometazoans in arid regions. Limnology and Oceanography Letters, 3(4), 320-330. https://doi.org/10.1002/1012.10072

Rivera Rivera, N. L., Gill, T. E., Bleiweiss, M. P., & Hand, J. L. (2010). Source characteristics of hazardous Chihuahuan Desert dust outbreaks.
Atmospheric Environment, 44(20), 2457-2468. https://doi.org/10.1016/j.atmosenv.2010.03.019

Rivera Rivera, N. I, Gill, T. E., Gebhart, K. A., Hand, J. L., Bleiweiss, M. P., & Fitzgerald, R. M. (2009). Wind modeling of Chihuahuan Desert
dust outbreaks. Atmospheric Environment, 43(2), 347-354. https://doi.org/10.1016/j.atmosenv.2008.09.069

Rodo, X., Ballester, J., Cayan, D., Melish, M. E., Nakamura, Y., Uehara, R., & Burns, J. C. (2011). Association of Kawasaki disease with tropo-
spheric wind patterns. Scientific Reports, 1(1), 1-7. https://doi.org/10.1038/srep00152

Rodopoulou, S., Chalbot, M. C., Samoli, E., DuBois, D. W., San Filippo, B. D., & Kavouras, I. G. (2014). Air pollution and hospital emergency
room and admissions for cardiovascular and respiratory diseases in Dofla Ana County, New Mexico. Environmental Research, 129, 39-46.
https://doi.org/10.1016/j.envres.2013.12.006

Rodriguez-Espinosa, P. F., Flores-Rangel, R. M., Mugica-Alvarez, V., & Morales-Garcia, S. S. (2017). Sources of trace metals in PM10 from
a petrochemical industrial complex in Northern Mexico. Air Qual. Atmos. Health, 10(1), 69-84. https://doi.org/10.1007/s11869-016-0409-0

Rodriguez-Gomez, C., Ramirez-Romero, C., Cordoba, F., Raga, G. B., Salinas, E., Martinez, L., et al. (2020). Characterization of culturable
airborne microorganisms in the Yucatan Peninsula. Atmospheric Environment, 223, 117183. https://doi.org/10.1016/j.atmosenv.2019.117183

Romm, J. (2011). The next dust bowl. Nature, 478(7370), 450-451. https://doi.org/10.1038/478450a

Rood, A. S., Voilleque, P. G., Rope, S. K., Grogan, H. A., & Till, J. E. (2008). Reconstruction of atmospheric concentrations and deposition
of uranium and decay products released from the former uranium mill at Uravan, Colorado. Journal of Environmental Radioactivity, 99(8),
1258-1278. https://doi.org/10.1016/j.jenvrad.2008.03.009

Rosenberg, J., & Burt, P. J. (1999). Windborne displacements of desert locusts from Africa to the Caribbean and South America. Aerobiologia,
15(3), 167-175. https://doi.org/10.1023/a:1007529617032

Rosselli, R., Fiamma, M., Deligios, M., Pintus, G., Pellizzaro, G., Canu, A., et al. (2015). Microbial immigration across the mediterranean via
airborne dust. Scientific Reports, 5(1), 16306. https://doi.org/10.1038/srep16306

Royer, H. M., Mitroo, D., Hayes, S. M., Haas, S. M., Pratt, K. A., Blackwelder, P. L., et al. (2021). The role of hydrates, competing chemical
constituents, and surface composition on CINO, formation. Environmental Science & Technology, 55(5), 2869-2877. https://doi.org/10.1021/
acs.est.0c06067

Rublee, C. S., Sorensen, C.J., Lemery, J., Wade, T. J., Sams, E. A., Hilborn, E. D., & Crooks, J. L. (2020). Associations between dust storms and
intensive care unit admissions in the United States, 2000-2015. GeoHealth, 4(8), €2020GH000260. https://doi.org/10.1029/2020gh000260

Sagol, E., Reggio, M., & Ilinca, A. (2013). Issues concerning roughness on wind turbine blades. Renewable and Sustainable Energy Reviews, 23,
514-525. https://doi.org/10.1016/j.rser.2013.02.034

TONG ET AL.

47 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1080/10168664.2020.1714530
https://doi.org/10.1175/BAMS-D-20-0172.1
https://doi.org/10.1175/BAMS-D-20-0172.1
https://doi.org/10.3389/fmars.2016.00180
https://doi.org/10.3389/fmars.2016.00180
https://doi.org/10.1016/j.atmosenv.2014.02.026
https://doi.org/10.2514/6.2021-2954
https://doi.org/10.5194/acp-21-239-2021
https://doi.org/10.5194/acp-21-239-2021
https://doi.org/10.1016/j.scitotenv.2012.11.003
https://doi.org/10.1029/2010RG000328
https://doi.org/10.1038/srep35984
https://doi.org/10.1038/s41396-017-0042-4
https://doi.org/10.1029/97JD01967
https://doi.org/10.1007/s10750-020-04214-0
https://doi.org/10.1002/asl.899
https://doi.org/10.1016/j.envpol.2016.04.025
https://doi.org/10.1007/s10393-013-0830-x
https://doi.org/10.1002/lol2.10072
https://doi.org/10.1016/j.atmosenv.2010.03.019
https://doi.org/10.1016/j.atmosenv.2008.09.069
https://doi.org/10.1038/srep00152
https://doi.org/10.1016/j.envres.2013.12.006
https://doi.org/10.1007/s11869-016-0409-0
https://doi.org/10.1016/j.atmosenv.2019.117183
https://doi.org/10.1038/478450a
https://doi.org/10.1016/j.jenvrad.2008.03.009
https://doi.org/10.1023/a:1007529617032
https://doi.org/10.1038/srep16306
https://doi.org/10.1021/acs.est.0c06067
https://doi.org/10.1021/acs.est.0c06067
https://doi.org/10.1029/2020gh000260
https://doi.org/10.1016/j.rser.2013.02.034

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Sakamoto, K., & Yoshida, K. (2002). Recent outbreaks of foot and mouth disease in countries of East Asia. Revue Scientifique et Technique-Office
International des Epizooties, 21(3), 459-463. https://doi.org/10.20506/rst.21.3.1347

Sanchez, A. S., Cohim, E., & Kalid, R. A. (2017). A review on physicochemical and microbiological contamination of roof-harvested rainwater
in urban areas. Sustainability of Water Quality and Ecology, 6, 119-137. https://doi.org/10.1016/j.swaqe.2015.04.002

Sandstrom, T., Bjermer, L., & Rylander, R. (1992). Lipopolysaccharide (LPS) inhalation in health subjects increases neutrophils, lymphocytes
and fibronectin levels in bronchoalveolar lavage fluid. European Respiratory Journal, 5(8), 992-996. https://doi.org/10.1183/09031936.93.
05080992

Sarafoglou, N., Kafatos, M., & Sprigg, W. A. (2016). Migration, environment and public health: Theory and interdisciplinary research from a
regional science perspective. International Journal of Social Science Studies, 4(4), 122. https://doi.org/10.11114/ijsss.v4i4.1473

Sarafoglou, N., Laniado-Laborin, R., Sprigg, W. A., & Kafatos, M. (2020). Interdisciplinary science to confront coccidioidomycosis. Interna-
tional Journal of Social Science Studies, 8(4), 97-118. https://doi.org/10.11114/ijsss.v8i4.4891

Sarver, T., Al-Qaraghuli, A., & Kazmerski, L. L. (2013). A comprehensive review of the impact of dust on the use of solar energy: History, inves-
tigations, results, literature, and mitigation approaches. Renewable and Sustainable Energy Reviews, 22, 698-733. https://doi.org/10.1016/j.
rser.2012.12.065

Sarwar, G., Simon, H., Xing, J., & Mathur, R. (2014). Importance of tropospheric CINO, chemistry across the northern hemisphere. Geophysical
Research Letters, 41(11), 4050-4058. https://doi.org/10.1002/2014g1059962

Schenker, M. B. (2010). Inorganic agricultural dust exposure causes pneumoconiosis among farmworkers. Proceedings of the American Thoracic
Society, 7(2), 107-110. https://doi.org/10.1513/pats.200906-036rm

Schenker, M. B., Pinkerton, K. E., Mitchell, D., Vallyathan, V., Elvine-Kreis, B., & Green, F. H. (2009). Pneumoconiosis from agricultural dust
exposure among young California farmworkers. Environmental Health Perspectives, 117(6), 988-994. https://doi.org/10.1289/ehp.0800144

Schins, R. P., & Borm, P. J. (1999). Mechanisms and mediators in coal dust induced toxicity: A review. Annals of Occupational Hygiene, 43(1),
7-33. https://doi.org/10.1016/s0003-4878(98)00069-6

Schlatter, D. C., Schillinger, W. F., Bary, A. L., Sharratt, B., & Paulitz, T. C. (2018). Dust-associated microbiomes from dryland what fields with
tillage practice and biosolids application. Atmospheric Environment, 185, 29-40. https://doi.org/10.1016/j.atmosenv.2018.04.030

Schlesinger, P., Mamane, Y., & Grishkan, I. (2006). Transport of microorganisms to Israel during Saharan dust events. Aerobiologia, 22(4),
259-273. https://doi.org/10.1007/s10453-006-9038-7

Schneider, E., Hajjeh, R. A., Spiegel, R. A., Jibson, R. W., Harp, E. L., Marshall, G. A., et al. (1997). A coccidioidomycosis outbreak following the
Northridge, California earthquake. Journal of the American Medical Association, 277(11), 904-908. https://doi.org/10.1001/jama.277.11.904

Schreck, E., Foucault, Y., Sarret, G., Sobanaska, S., Cecillon, L., Castrac-Rouelle, M., et al. (2012). Metal and metalloid foliar uptake by various
plant species exposed to atmospheric industrial fallout: Mechanisms involved for lead. Science of the Total Environment, 427428, 253-262.
https://doi.org/10.1016/j.scitotenv.2012.03.051

Schubert, S. D., Suarez, M. J., Pegion, P. J., Koster, R. D., & Backmeister, J. T. (2004). On the cause of the 1930s dust bowl. Science, 303(5665),
1855-1859. https://doi.org/10.1126/science. 1095048

Schulting, R., Richards, M., Pounsett, J., Manco, B. N., Fried, E., & Ostapkowicz, J. (2018). Absence of Saharan dust influence on the strontium
isotope ratios on modern trees from the Bahamas and Turks and Caicos Islands. Quaternary Research, 89(2), 394-412. https://doi.org/10.1017/
qua.2018.8

Schwartz, J., Norris, G., Larson, T., Sheppard, L., Claiborne, C., & Koenig, J. (1999). Episodes of high coarse particle concentrations are not
associated with increased mortality. Environmental Health Perspectives, 107(5), 339-342. https://doi.org/10.1289/ehp.99107339

Seager, R., Ting, M., Held, L., Kushnir, Y., Lu, J., Vecchi, G., et al. (2007). Model projections of an imminent transition to a more arid climate in
southwestern North America. Science, 316(5828), 1181-1184. https://doi.org/10.1126/science.1139601

Sematimba, A., Hagenaars, T. J., & De Jong, M. C. (2012). Modelling the wind-borne spread of highly pathogenic avian influenza virus between
farms. PLoS One, 7(2), e31114. https://doi.org/10.1371/journal.pone.0031114

Service, R. F. (2020). NAS letter suggests ‘normal breathing’ can expel coronavirus. But some experts are skeptical that small respiratory parti-
cles transmit infectious virus (Vol. 368).

Shalby, M., Abuseif, A., Gomaa, M. R., Salah, A., Marashli, A., & Al-Rawashdeh, H. (2022). Assessment of dust properties in Ma'an wind farms
in southern Jordan. Jordan Journal of Mechanical & Industrial Engineering, 16(4), 645-652. https://doi.org/10.3390/pr10010105

Shao, Y., Klose, M., & Wyrwoll, K. H. (2013). Recent global dust trend and connections to climate forcing. Journal of Geophysical Research:
Atmospheres, 118(19), 11107-11118. https://doi.org/10.1002/jgrd.50836

Sharpton, T. J., Stajich, J. E., Rounsley, S. D., Gardner, M. J., Wortman, J. R., Jordar, V. S., et al. (2009). Comparative genomic analyses of the
human fungal pathogens Coccidioides and their relatives. Genome Research, 19(10), 1722—1731. https://doi.org/10.1101/gr.087551.108

Sharratt, B. S., & Collins, H. P. (2018). Wind Erosion potential influenced by tillage in an irrigated potato—sweet corn rotation in the Columbia
Basin. Agronomy Journal, 110(3), 842-849. https://doi.org/10.2134/agronj2017.12.0681

Sharratt, B. S., & Lauer, D. A. V. I. D. (2006). Particulate matter concentration and air quality affected by windblown dust in the Columbia
Plateau. Journal of Environmental Quality, 35(6), 2011-2016. https://doi.org/10.2134/jeq2006.0212

Sherwin, R. P., Barman, M. L., & Abraham, J. L. (1979). Silicate pneumoconiosis of farm workers. Laboratory Investigation; a Journal of Tech-
nical Methods and Pathology, 40(5), 576-582.

Shi, C., Yu, B, Liu, D., Wu, Y., Li, P,, Chen, G., & Wang, G. (2020). Effect of high-velocity sand and dust on the performance of crystalline
silicon photovoltaic modules. Solar Energy, 206, 390-395. https://doi.org/10.1016/j.solener.2020.06.018

Shi, D., Xu, Y., Hopkinson, B. M., & Morel, F. M. M. (2010). Effect of ocean acidification on iron availability to marine phytoplankton. Science,
327(5966), 676-679. https://doi.org/10.1126/science.1183517

Shi, L., Wang, D., & Li, K. (2020). Windblown sand characteristics and hazard control measures for the Lanzhou—Wulumugqi high-speed railway.
Natural Hazards, 104(1), 353-374. https://doi.org/10.1007/s11069-020-04172-9

Shimkin, P. E., Baskakov, A. I., Komarov, A. A., & Ka, M. H. (2020). Safe helicopter landing on unprepared terrain using onboard Interferometric
radar. Sensors, 20(8), 2422. https://doi.org/10.3390/s20082422

Shinn, E. A., Smith, G. W., Prospero, J. M., Betzer, P., Hayes, M. L., Garrison, V., & Barber, R. T. (2000). African dust and the demise of Carib-
bean coral reefs. Geophysical Research Letters, 27(19), 3029-3032. https://doi.org/10.1029/2000g1011599

Shriber, J., Conlon, K. C., Benedict, K., McCotter, O. Z., & Bell, J. E. (2017). Assessment of vulnerability to coccidioidomycosis in Arizona and
California. International Journal of Environmental Research and Public Health, 14(7), 680. https://doi.org/10.3390/ijerph 14070680

Shubitz, L. F. (2007). Comparative aspects of coccidioidomycosis in animals and humans. Annals of the New York Academy of Sciences, 1111(1),
395-403. https://doi.org/10.1196/annals.1406.007

Simeone, C. A., Gulland, F. M., Norris, T., & Rowles, T. K. (2015). A systematic review of changes in marine mammal health in North America,
1972-2012: The need for a novel integrated approach. PLoS One, 10(11), e0142105. https://doi.org/10.1371/journal.pone.0142105

TONG ET AL.

48 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.20506/rst.21.3.1347
https://doi.org/10.1016/j.swaqe.2015.04.002
https://doi.org/10.1183/09031936.93.05080992
https://doi.org/10.1183/09031936.93.05080992
https://doi.org/10.11114/ijsss.v4i4.1473
https://doi.org/10.11114/ijsss.v8i4.4891
https://doi.org/10.1016/j.rser.2012.12.065
https://doi.org/10.1016/j.rser.2012.12.065
https://doi.org/10.1002/2014gl059962
https://doi.org/10.1513/pats.200906-036rm
https://doi.org/10.1289/ehp.0800144
https://doi.org/10.1016/s0003-4878(98)00069-6
https://doi.org/10.1016/j.atmosenv.2018.04.030
https://doi.org/10.1007/s10453-006-9038-7
https://doi.org/10.1001/jama.277.11.904
https://doi.org/10.1016/j.scitotenv.2012.03.051
https://doi.org/10.1126/science.1095048
https://doi.org/10.1017/qua.2018.8
https://doi.org/10.1017/qua.2018.8
https://doi.org/10.1289/ehp.99107339
https://doi.org/10.1126/science.1139601
https://doi.org/10.1371/journal.pone.0031114
https://doi.org/10.3390/pr10010105
https://doi.org/10.1002/jgrd.50836
https://doi.org/10.1101/gr.087551.108
https://doi.org/10.2134/agronj2017.12.0681
https://doi.org/10.2134/jeq2006.0212
https://doi.org/10.1016/j.solener.2020.06.018
https://doi.org/10.1126/science.1183517
https://doi.org/10.1007/s11069-020-04172-9
https://doi.org/10.3390/s20082422
https://doi.org/10.1029/2000gl011599
https://doi.org/10.3390/ijerph14070680
https://doi.org/10.1196/annals.1406.007
https://doi.org/10.1371/journal.pone.0142105

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Simon, S. L., Bouville, A., & Beck, H. L. (2004). The geographic distribution of radionuclide deposition across the continental US from atmos-
pheric nuclear testing. Journal of Environmental Radioactivity, 74(1-3), 91-105. https://doi.org/10.1016/j.jenvrad.2004.01.023

Simpson, W. R., Brown, S. S., Saiz-Lopez, A., Thornton, J. A., & von Glasow, R. (2015). Tropospheric halogen chemistry: Sources, cycling, and
impacts. Chemical Reviews, 115(10), 4035-4062. https://doi.org/10.1021/cr5006638

Sisma-Ventura, G., & Rahav, E. (2019). DOP stimulates heterotrophic bacterial production in the oligotrophic southeastern mediterranean coastal
waters. Frontiers in Microbiology, 10. https://doi.org/10.3389/fmicb.2019.01913

Slaughter, J. C., Kim, E., Sheppard, L., Sullivan, J. H., Larson, T. V., & Claiborn, C. (2005). Association between particulate matter and emer-
gency room visits, hospital admissions and mortality in Spokane, Washington. Journal of Exposure Analysis and Environmental Epidemiol-
ogy, 15(2), 153-159. https://doi.org/10.1038/sj.jea.7500382

Smith, C. A., & Gunther, F. A. (1978). Worker environment research. VI: Rapid estimation of organophosphorus pesticide residues in citrus grove
soil. Bulletin of Environmental Contamination and Toxicology, 19(1), 571-577. https://doi.org/10.1007/bf01685843

Smith, D.J., Jaffe, D. A., Birmele, M. N., Griffin, D. W., Schuerger, A. C., Hee, J., & Roberts, M. S. (2012). Free tropospheric transport of micro-
organisms from Asia to North America. Micobial Ecology, 64(4), 973-985. https://doi.org/10.1007/s00248-012-0088-9

Smith, M. N., Workman, T., McDonald, K. M., Vredevoogd, M. A., Vigoren, E. M., Griffith, W. C., et al. (2017). Seasonal and occupational
trends of five organophosphate pesticides in house dust. Journal of Exposure Science and Environmental Epidemiology, 27(4), 372-378.
https://doi.org/10.1038/jes.2016.45

Smoyer-Tomic, K. E., Klaver, J. D. A., Soskolne, C. L., & Spady, D. W. (2004). Health consequences of drought on the Canadian prairies.
EcoHealth, 1(S2), SU144-SU154. https://doi.org/10.1007/s10393-004-0055-0

Soleimani, Z., Teymouri, P., Boloorani, A. D., Mesdaghinia, A., Middleton, N., & Griffin, D. W. (2020). An overview of bioaerosol load and
health impacts associated with dust storms: A focus on the Middle East. Armospheric Environment, 223, 117187. https://doi.org/10.1016/.
atmosenv.2019.117187

Sondermeyer Cooksey, G. L., Nguyen, A., Vugia, D., & Jain, S. (2020). Regional analysis of coccidioidomycosis incidence—California, 2000—
2018. MMWR Morb Mortal Wkly Rep, 69(48), 1817-1821. https://doi.org/10.15585/mmwr.mm6948a4

Song, W., Lavallée, Y., Hess, K. U., Kueppers, U., Cimarelli, C., & Dingwell, D. B. (2016). Volcanic ash melting under conditions relevant to ash
turbine interactions. Nature Communications, 7(1), 1-10. https://doi.org/10.1038/ncomms 10795

Souza, F. F. C., Rissi, D. V., Pedrosa, F. O., Souza, E. M., Baura, V. A., Monteiro, R. A., et al. (2019). Uncovering prokaryotic biodiversity within
aerosols of the pristine Amazon forest. Science of the Total Environment, 688, 83-86. https://doi.org/10.1016/j.scitotenv.2019.06.218

Spencer, W. F., Adams, J. D., Shoup, T. D., & Spear, R. C. (1980). Conversion of parathion to paraoxon on soil dusts and clay minerals as affected
by ozone and UV light. Journal of Agricultural and Food Chemistry, 28(3), 366-371. https://doi.org/10.1021/jf60229a055

Spokes, L. J., & Jickells, T. D. (1995). Factors controlling the solubility of aerosol trace metals in the atmosphere and on mixing into seawater.
Aquatic Geochemistry, 1(4), 355-374. https://doi.org/10.1007/bf00702739

Sprigg, W. A. (2016). Dust storms, human health and a global early warning system. In S. L. Steinberg & W. A. Sprigg (Eds.), Extreme weather,
health and communities: Interdisciplinary engagement strategies. Springer Press.

Sprigg, W. A., Barbaris, B., Morain, S., Budge, A., Hudspeth, W., & Pejanovic, G. (2008). Public health applications in remote sensing. Retrieved
from http://spie.org/x33688.xml?ArticleID=x33688

Sprigg, W. A, Gill, T. E., Tong, D. Q., Li, J., Ren, L., & Van Pelt, R. S. (2022). Are opportunities to apply airborne dust research being missed?
Bulletin of the American Meteorological Society, 103(6), E1587-E1594. https://doi.org/10.1175/bams-d-22-0034.1

Sprigg, W. A., Nickovic, S., Galgiani, J. N., Pejanovic, G., Petkovic, S., Vujadinovic, M., et al. (2014). Regional dust storm modeling for health
services: The case for Valley fever. J. Aeolian Res, 14, 53-73. https://doi.org/10.1016/j.ae0lia.2014.03.001

Sprigg, W. A., & Steinberg, S. L. (2016). Introduction: Extreme weather, health and communities: Why consider the connections? In S. L. Stein-
berg & W. A. Sprigg (Eds.), Extreme weather, health and communities: Interdisciplinary engagement strategies. Springer Press.

Stacy, P. K. R., Comrie, A. C., & Yool, S. R. (2012). Modeling Valley fever incidence in Arizona using a satellite-derived soil moisture proxy.
GlIScience and Remote Sensing, 49(2), 299-316. https://doi.org/10.2747/1548-1603.49.2.299

Steinke, I., Funk, R., Busse, J., Iturri, A., Kirchen, S., Leue, M., et al. (2016). Ice nucleation activity of agricultural soil dust aerosols from Mongo-
lia, Argentina, and Germany. Journal of Geophysical Research: Atmospheres, 121(22), 13559-13576. https://doi.org/10.1002/2016jd025160

Stover, R. H. (1962). Intercontinental spread of banana leaf spot (Mycosphaerella musicola). Tropical Agriculture Trinidad, 39, 327-338.

Strode, S. A., Ott, L. E., Pawson, S., & Bowyer, T. W. (2012). Emission and transport of cesium-137 from boreal biomass burning in the summer
of 2010. Journal of Geophysical Research, 117(9), D09302. https://doi.org/10.1029/2011JD017382

Swap, R., Garstang, M., Greco, S., Talbot, R., & Kallberg, P. (1992). Saharan dust in the Amazon Basin. Tellus Series B Chemical and Physical
Meteorology, 44(2), 133-149. https://doi.org/10.3402/tellusb.v44i2.15434

Swap, R., Ulanski, S., Cobbett, M., & Garstang, M. (1996). Temporal and spatial characteristics of Saharan dust out-breaks. Journal of Geophys-
ical Research, 101(D2), 4205-4220. https://doi.org/10.1029/95jd03236

Tagliabue, A., Bowie, A. R., Boyd, P. W., Buck, K. N., Johnson, K. S., & Saito, M. A. (2017). The integral role of iron in ocean biogeochemistry.
Nature, 543(7643), 51-59. https://doi.org/10.1038/nature21058

Tamerius, J. D., & Comrie, A. C. (2011). Coccidioidomycosis incidence in Arizona predicted by seasonal precipitation. PLoS One, 6(6), €21009.
https://doi.org/10.1371/journal.pone.0021009

Tan, S.-C., & Wang, H. (2014). The transport and deposition of dust and its impact on phytoplankton growth in the Yellow Sea. Atmospheric
Environment, 99, 491-499. https://doi.org/10.1016/j.atmosenv.2014.10.016

Tanaka, P. L., Oldfield, S., Neece, J. D., Mullins, C. B., & Allen, D. T. (2000). Anthropogenic sources of chlorine and ozone formation in urban
atmospheres. Environmental Science & Technology, 34(21), 4470-4473. https://doi.org/10.1021/es991380v

Tang, M. J., Cziczo, D. J., & Grassian, V. H. (2016). Interactions of water with mineral dust aerosol: Water adsorption, hygroscopicity, cloud
condensation, and ice nucleation. Chemical Reviews, 116(7), 4205-4259. https://doi.org/10.1021/acs.chemrev.5b00529

Taylor, J. W., & Barker, B. M. (2019). The endozoan, small-mammal reservoir hypothesis and the life cycle of Coccidioides species. Medical
Mycology, 57(Supplement_1), S16-S20. https://doi.org/10.1093/mmy/myy039

Teigell-Perez, N., Gonzalez-Martin, C., Valladares, B., Smith, D. J., & Griffin, D. W. (2019). Virus-like particle production in atmospheric
eubacteria isolates. Atmosphere, 10(7), 417. https://doi.org/10.3390/atmos 10070417

Tessin, A. (2020). Anthropogenic influences on ocean chemistry, encyclopedia of geology (2nd ed.). Elsevier Inc. https://doi.org/10.1016/
B978-0-08-102908-4.00061-8

Tesson, S. V., Skjoth, C. A., Santl-Temkiv, T., & Londahl, J. (2016). Airborne microalgae: Insights opportunities and challenges. Applied and
Environmental Microbiology, 82(7), 1978-1991. https://doi.org/10.1128/aem.03333-15

Tessum, C. W., Paolella, D. A., Chambliss, S. E., Apte, J. S., Hill, J. D., & Marshall, J. D. (2021). PM2.5 polluters disproportionately and system-
ically affect people of color in the United States. Science Advances, 7(18), eabf4491. https://doi.org/10.1126/sciadv.abf4491

TONG ET AL.

49 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1016/j.jenvrad.2004.01.023
https://doi.org/10.1021/cr5006638
https://doi.org/10.3389/fmicb.2019.01913
https://doi.org/10.1038/sj.jea.7500382
https://doi.org/10.1007/bf01685843
https://doi.org/10.1007/s00248-012-0088-9
https://doi.org/10.1038/jes.2016.45
https://doi.org/10.1007/s10393-004-0055-0
https://doi.org/10.1016/j.atmosenv.2019.117187
https://doi.org/10.1016/j.atmosenv.2019.117187
https://doi.org/10.15585/mmwr.mm6948a4
https://doi.org/10.1038/ncomms10795
https://doi.org/10.1016/j.scitotenv.2019.06.218
https://doi.org/10.1021/jf60229a055
https://doi.org/10.1007/bf00702739
http://spie.org/x33688.xml?ArticleID=x33688
https://doi.org/10.1175/bams-d-22-0034.1
https://doi.org/10.1016/j.aeolia.2014.03.001
https://doi.org/10.2747/1548-1603.49.2.299
https://doi.org/10.1002/2016jd025160
https://doi.org/10.1029/2011JD017382
https://doi.org/10.3402/tellusb.v44i2.15434
https://doi.org/10.1029/95jd03236
https://doi.org/10.1038/nature21058
https://doi.org/10.1371/journal.pone.0021009
https://doi.org/10.1016/j.atmosenv.2014.10.016
https://doi.org/10.1021/es991380v
https://doi.org/10.1021/acs.chemrev.5b00529
https://doi.org/10.1093/mmy/myy039
https://doi.org/10.3390/atmos10070417
https://doi.org/10.1016/B978-0-08-102908-4.00061-8
https://doi.org/10.1016/B978-0-08-102908-4.00061-8
https://doi.org/10.1128/aem.03333-15
https://doi.org/10.1126/sciadv.abf4491

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Thakur, P., Ballard, S., & Nelson, R. (2012). Plutonium in the WIPP environment: Its detection, distribution, and behavior. Journal of Environ-
mental Monitoring, 14(6), 1604. https://doi.org/10.1039/c2em30027¢c

Thakur, P., & Ward, A. L. (2019). Sources and distribution of 2*' Am in the vicinity of a deep geologic repository. Environmental Science and
Pollution Research International, 26(3), 2328-2344. https://doi.org/10.1007/s11356-018-3712-5

Thiel, N., Munch, S., Behrens, W., Junker, V., Faust, M., Biniasch, O., et al. (2020). Airborne bacterial emission fluxes from manure-fertilized
agricultural soil. Microbial Biotechnology, 13, 1631-1647.

Thompson, G. R., III, Stevens, A., Clemons, K. V., Fierer, J., Johnson, R. H., Sykes, J., et al. (2015). Call for a California coccidioidomycosis
consortium to face the top ten challenges posed by a recalcitrant regional disease. Mycopathologia, 179(1-2), 1-9. https://doi.org/10.1007/
$11046-014-9816-7

Thorne, M. E., Young, F. L., Pan, W. L., Bafus, R., & Alldredge, J. R. (2003). No-till spring cereal cropping systems reduce wind erosion suscep-
tibility in the wheat/fallow region of the Pacific Northwest. Journal of Soil and Water Conservation, 58(5), 250-257.

Thornton, J. A., Kercher, J. P., Riedel, T. P., Wagner, N. L., Cozic, J., Holloway, J. S., et al. (2010). A large atomic chlorine source inferred from
mid-continental reactive nitrogen chemistry. Nature, 464(7286), 271-274. https://doi.org/10.1038/nature08905

Tian, R., Lin, Q., Li, D., Zhang, W., & Zhao, X. (2020). Atmospheric transport of nutrients during a harmful algal bloom event. Regional Studies
in Marine Science, 34, 101007. https://doi.org/10.1016/j.rsma.2019.101007

Till, J. E., Rood, A. S., Voilleque, P. G., Mcgavran, P. D., Meyer, K. R., Grogan, H. A, et al. (2002). Risks to the public from historical releases
of radionuclides and chemicals at the Rocky Flats Environmental Technology Site. Journal of Exposure Science and Environmental Epidemi-
ology, 12(5), 355-372. https://doi.org/10.1038/sj.jea.7500237

Tindall, K. V., Fothergill, K., Minson, W., & Oitis, B. (2009). A new pest of rice in Missouri: Range expansion of Triops longicaudatus (Crus-
tacea: Notostraca: Triopsidae) into the Northern Mississippi River Alluvial Plains. Florida Entomologist, 92(3), 503-505. https://doi.
org/10.1653/024.092.0314

Tobias, A., Karanasiou, A., Amato, F., Roqué, M., & Querol, X. (2019). Health effects of desert dust and sand storms: A systematic review and
meta-analysis protocol. BMJ Open, 9(7), €029876. https://doi.org/10.1136/bmjopen-2019-029876

Toepfer, I, Favet, J., Sculte, A., Scmolling, M., Butte, W., Triplett, E. W., et al. (2011). Pathogens as potential hitchhikers on intercontinental dust.
Aerobiologia, 28(2), 221-231. https://doi.org/10.1007/s10453-011-9230-2

Tofflemire, K., & Betbeze, C. (2010). Three cases of feline ocular coccidioidomycosis: Presentation, clinical features, diagnosis, and treatment.
Veterinary Ophthalmology, 13(3), 166—172. https://doi.org/10.1111/j.1463-5224.2010.00777.x

Tong, D. Q., Dan, M., Wang, T., & Lee, P. (2012). Long-term dust climatology in the western United States reconstructed from routine aerosol
ground monitoring. Atmospheric Chemistry and Physics, 12(11), 5189-5205. https://doi.org/10.5194/acp-12-5189-2012

Tong, D. Q., Gorris, M. E., Gill, T. E., Ardon-Dryer, K., Wang, J., & Ren, L. (2022). Dust storms, valley fever, and public awareness. GeoHealth,
6(8), €2022GH000642. https://doi.org/10.1029/2022gh000642

Tong, D. Q., Wang, J. X. L., Gill, T. E., Lei, H., & Wang, B. (2017). Intensified dust storm activity and Valley Fever infection in the southwestern
United States. Geophysical Research Letters, 44(9), 4304—4312. https://doi.org/10.1002/2017GL073524

Toomey, J. A., & Petersilge, C. L. (1944). Dust bronchitis. The Journal of Pediatrics, 25(1), 25-30. https://doi.org/10.1016/s0022-3476(44)80188-3

Trapp, J. M., Millero, F. J., & Prospero, J. M. (2010). Temporal variability of the elemental composition of African dust measured in trade wind
aerosols at Barbados and Miami. Marine Chemistry, 120(1-4), 71-82. https://doi.org/10.1016/j.marchem.2008.10.004

Troeh, F. R., Hobbs, A. H., & Donahue, R. L. (2004). Soil and water conservation: For productivity and environmental protection. Prentice Hall.

Troin, M., Vallet-Coulomb, C., Sylvestre, F., & Piovano, E. (2010). Hydrological modelling of a closed lake (Laguna Mar Chiquita, Argentina)
in the context of 20th century climatic changes. Journal of Hydrology, 393(3-4), 233-244. https://doi.org/10.1016/j.jhydrol.2010.08.019

Tsang, C. A., Anderson, S. M., Imholte, S. B., Erhart, L. M., Chen, S., Park, B. J., et al. (2010). Enhanced surveillance of coccidioidomycosis,
Arizona, USA, 2007-2008. Emerging Infectious Diseases, 16(11), 1738—1744. https://doi.org/10.3201/eid1611.100475

UNEP-WMO-UNCCD. (2016). Global assessment of sand and dust storms. Joint report of UNEP, WMO, & UNCCD. United Nations Environ-
ment Programme.

Urban, F. E., Goldstein, H. L., Fulton, R., & Reynolds, R. L. (2018). Unseen dust emission and global dust abundance: Documenting dust emis-
sion from the Mojave Desert (USA) by daily remote camera imagery and wind-erosion measurements. Journal of Geophysical Research:
Atmospheres, 123(16), 8735-8753. https://doi.org/10.1029/2018jd028466

Usher, C. R., Michel, A. E., & Grassian, V. H. (2003). Reactions on mineral dust. Chemical Reviews, 103(12), 4883-4939. https://doi.org/10.1021/
cr020657y

Van Boom, D., & Keane, S. (2021). Ever given leaves Egypt's Suez canal: Everything to know. Retrieved from https://www.cnet.com/science/
ever-given-leaves-egypt-suez-canal-everything-to-know/

VanCuren, R. A., & Cahill, T. A. (2002). Asian aerosols in North America: Frequency and concentration of fine dust. Journal of Geophysical
Research, 107(D24), AAC-19. https://doi.org/10.1029/2002jd002204

Van Hulten, M., Dutay, J.-C., & Roy-Barman, M. (2018). A global scavenging and circulation ocean model of thorium-230 and protactinium-231
with improved particle dynamics (NEMO-ProThorP 0.1). Geoscientific Model Development, 11(9), 3537-3556. https://doi.org/10.5194/
gmd-11-3537-2018

Van Pelt, R. S. (2013). Use of anthropogenic radioisotopes to estimate rates of soil redistribution by wind I: Historic use of '*’Cs. Aeolian
Research, 9, 103-116. https://doi.org/10.1016/j.aeolia.2012.11.004

Van Pelt, R. S., Baddock, M. C., Zobeck, T. M., Schlegel, A. J., Vigil, M. F., & Acosta-Martinez, V. (2013). Field wind tunnel testing of two silt
loam soils on the North American Central High Plains. Aeolian Research, 10, 53-59. https://doi.org/10.1016/j.aeolia.2012.10.009

Van Pelt, R. S., & Ketterer, M. E. (2013). Use of anthropogenic radioisotopes to estimate rates of soil redistribution by wind II: The potential for
future use of 2°+240Pu, Aeolian Research, 9, 103-110. https://doi.org/10.1016/j.aeolia.2013.01.004

Van Pelt, R. S., Shekhter, E. G., Barnes, M. A. W., Duke, S., Gill, T. E., & Pannell, K. H. (2020). Spatial and temporal patterns of heavy
metal deposition resulting from a smelter in El Paso, Texas. Journal of Geochemical Exploration, 210, 106414. https://doi.org/10.1016/j.
2explo.2019.106414

Van Pelt, R. S., Tatarko, J., Gill, T. E., Chang, C., Li, J., Eibedingil, I., & Mendez, M. (2020). Dust emission source characterization for visibility
hazard assessment on Lordsburg playa in southwestern New Mexico, USA. Geoenvironmental Disasters, 7(1), 34. https://doi.org/10.1186/
s40677-020-00171-x

Van Pelt, R. S., Zobeck, T. M., Ritchie, J. C., & Gill, T. E. (2007). Validating the use of '*’Cs measurements to estimate rates of soil redistribution
by wind. Catena, 70(3), 455-464. https://doi.org/10.1016/j.catena.2006.11.014

Vanstone, V. A., Holloway, G. J., & Stirling, G. R. (2008). Managing nematode pests in the southern and western regions of the Austrailian cereal
industry: Continuing progress in a challenging environment. Austral. Plant Path, 37, 220-234. https://doi.org/10.1071/AP08020

TONG ET AL.

50 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.1039/c2em30027c
https://doi.org/10.1007/s11356-018-3712-5
https://doi.org/10.1007/s11046-014-9816-7
https://doi.org/10.1007/s11046-014-9816-7
https://doi.org/10.1038/nature08905
https://doi.org/10.1016/j.rsma.2019.101007
https://doi.org/10.1038/sj.jea.7500237
https://doi.org/10.1653/024.092.0314
https://doi.org/10.1653/024.092.0314
https://doi.org/10.1136/bmjopen-2019-029876
https://doi.org/10.1007/s10453-011-9230-2
https://doi.org/10.1111/j.1463-5224.2010.00777.x
https://doi.org/10.5194/acp-12-5189-2012
https://doi.org/10.1029/2022gh000642
https://doi.org/10.1002/2017GL073524
https://doi.org/10.1016/s0022-3476(44)80188-3
https://doi.org/10.1016/j.marchem.2008.10.004
https://doi.org/10.1016/j.jhydrol.2010.08.019
https://doi.org/10.3201/eid1611.100475
https://doi.org/10.1029/2018jd028466
https://doi.org/10.1021/cr020657y
https://doi.org/10.1021/cr020657y
https://www.cnet.com/science/ever-given-leaves-egypt-suez-canal-everything-to-know/
https://www.cnet.com/science/ever-given-leaves-egypt-suez-canal-everything-to-know/
https://doi.org/10.1029/2002jd002204
https://doi.org/10.5194/gmd-11-3537-2018
https://doi.org/10.5194/gmd-11-3537-2018
https://doi.org/10.1016/j.aeolia.2012.11.004
https://doi.org/10.1016/j.aeolia.2012.10.009
https://doi.org/10.1016/j.aeolia.2013.01.004
https://doi.org/10.1016/j.gexplo.2019.106414
https://doi.org/10.1016/j.gexplo.2019.106414
https://doi.org/10.1186/s40677-020-00171-x
https://doi.org/10.1186/s40677-020-00171-x
https://doi.org/10.1016/j.catena.2006.11.014
https://doi.org/10.1071/AP08020

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Velarde, R. (2011). Chapter 2. Transport of radionuclide bearing dust by aeolian processes, Pena Blanca, Chihuahua, Mexico Ph.D. dissertation.
The University of Texas at El Paso.

Vergadi, E., Rouva, G., Angeli, M., & Galanakis, E. (2022). Infectious diseases associated with desert dust outbreaks: A systematic review. Inter-
national Journal of Environmental Research and Public Health, 19(11), 6907. https://doi.org/10.3390/ijerph19116907

Vernooy, J. H. J., Dentener, M. A., van Suylen, R. J., Buurman, W. A., & Wouters, E. F. M. (2002). Long-term intratracheal lipopolysaccharide
exposure in mice results in chronic lung inflammation and persistent pathology. American Journal of Respiratory Cell and Molecular Biology,
26(1), 152-159. https://doi.org/10.1165/ajrcmb.26.1.4652

Viel, J.-F., Mallet, Y., Raghoumandan, C., Quénel, P., Kadhel, P., Rouget, F., & Multigner, L. (2019). Impact of Saharan dust episodes on
preterm births in Guadeloupe (French West Indies). Occupational and Environmental Medicine, 76(5), 336-340. https://doi.org/10.1136/
oemed-2018-105405

Viel, J.-F., Michineau, L., Garbin, C., Monfort, C., Kadhel, P., Multigner, L., & Rouget, F. (2020). Impact of saharan dust on severe small for
gestational births in the caribbean. The American Journal of Tropical Medicine and Hygiene, 102(6), 1463—1465. https://doi.org/10.4269/
ajtmh.19-0699

Vito, C. V. G., Viera, H. G., Ferrarez, A. H., de Almeida, C. M. S., Silva, F. L. F., Matos, W. O., & Souza, M. D. (2020). Inorganic content of rock
dust waster from nothwest of Rio de Janeiro, Brazil: Do environmental risks incur from its use as natural fertilizer? Environmental Monitoring
and Assessment, 192(6), 1-9. https://doi.org/10.1007/s10661-020-08348-5

Vitousek, P. M., & Sanford, R. L. (1986). Nutrient cycling in moist tropical forest. Annual Review of Ecology and Systematics, 17(1), 137-167.
https://doi.org/10.1146/annurev.es.17.110186.001033

Vukovic, A. (2019). Report on consultancy to develop global sand and dust source base map, no. CCD/18/ERPA/21, UNCCD.

Vukovic, A., Vujadinovic, M., Pejanovic, G., Andric, J., Kumjian, M. R., Djurdjevic, V., et al. (2014). Numerical simulation of "an American
haboob". Atmospheric Chemistry and Physics, 14(7), 3211-3230. https://doi.org/10.5194/acp-14-3211-2014

Vukovic Vimic, A. (2021). Global high-resolution dust source map, InDust webinar, 2021. Retrieved from https://costindust.eu/events/
indust-events

Vulpio, A., Suman, A., Casari, N., & Pinelli, M. (2021). Dust ingestion in a rotorcraft engine compressor: Experimental and numerical study of
the Fouling rate. Aerospace, 8(3), 81. https://doi.org/10.3390/aerospace803008 1

Walsh, J. J., & Steidinger, K. A. (2001). Saharan dust and Florida red tides: The cyanophyte connection. Journal of Geophysical Research,
106(C6), 11597-11612. https://doi.org/10.1029/1999JC000123

Wang, G., Li, J., Ravi, S., Van Pelt, R. S., Costa, P. J. M., & Dukes, D. (2017). Tracer techniques in aeolian research: Approaches, applications,
and challenges. Earth-Science Reviews, 170, 1-16. https://doi.org/10.1016/j.earscirev.2017.05.001

Wang, J., Song, C., Reager, J. T., Yao, F., Famiglietti, J. S., Sheng, Y., et al. (2018). Recent global decline in endorheic basin water storages.
Nature Geoscience, 11(12), 926-932. https://doi.org/10.1038/s41561-018-0265-7

Wang, X., Xiong, J., & He, Z. (2020). Activated dolomite phosphate rock fertilizers to reduce leaching of phosphorous and trace metals as
compared to superphosphate. Journal of Environmental Management, 255, 109872. https://doi.org/10.1016/j.jenvman.2019.109872

Wang, Z., Wu, Y., Tan, L., Fu, T., Wen, Y., & Li, D. (2019). Provenance studies of aeolian sand in Mu Us Desert based on heavy-mineral analysis.
Aeolian Research, 40, 15-22. https://doi.org/10.1016/j.ae0lia.2019.05.003

Ward, E. M. (2014). Coachella. Arcadia Publishing.

Watson, D. C., Sargianou, M., Papa, A., Chra, P., Starakis, 1., & Panos, G. (2014). Epidemiology of hantavirus infections in humans: A compre-
hensive, global overview. Critical Reviews in Microbiology, 40(3), 261-272. https://doi.org/10.3109/1040841x.2013.783555

Weaver, E., Kolivras, K. N., Thomas, R. Q., Thomas, V. A., & Abbas, K. M. (2020). Environmental factors affecting ecological niche of Coccid-
ioides species and spatial dynamics of valley fever in the United States. Spatial and Spatio-temporal Epidemiology, 32, 100317. https://doi.
org/10.1016/j.sste.2019.100317

Weber, 1. (2014). Evaluating temporary soil stabilization methods for Illinois department of transportation construction sites. Thesis (M.S. Biol-
ogy). Southern Illinois University.

Wehking, J., Pickersgill, D. A., Bowers, R. M., Teschner, D., Poschl, U., Frohlich-Nowoisky, J., & Després, V. R. (2018). Community compo-
sition and seasonal changes of archaea in coarse and fine air particulate matter. Biogeosciences, 15(13), 4205-4214. https://doi.org/10.5194/
bg-15-4205-2018

Weil, R. R., & Brady, N. C. (2016). The nature and properties of soils (15th ed.). Pearson Press.

Westrich, J. R., Griffin, D. W., Lipp, E. K., Joyner, J. L., & Kemp, K. M. (2016). Vibrio bacteria growth response to Saharan dust nutrients.
Proceedings of the National Academy of Sciences, 113(21), 5964-5969. https://doi.org/10.1073/pnas.1518080113

Westrich, J. R., Griffin, D. W., Westphal, D., & Lipp, E. K. (2018). Vibrio populations in mid-Atlantic surface waters during Saharan dust events.
Frontiers in Marine Science, 5, 12. https://doi.org/10.3389/fmars.2018.00012

Wheaton, E., Kulshreshtha, S., Wittrock, V., & Koshida, G. (2008). Dry times: Hard lessons from the Canadian drought of 2001 and 2002. The
Canadian Geographer/Le Géographe canadien, 52(2), 241-262. https://doi.org/10.1111/j.1541-0064.2008.00211.x

Wheaton, E. E. (1992). Prairie dust storms—A neglected hazard. Natural Hazards, 5(1), 53-63. https://doi.org/10.1007/bf00127139

Whicker, J. J., Pinder, J. E., III, & Bresehars, D. D. (2006). Increased wind erosion from forest wildfire: Implications for contaminant-related
risks. Journal of Environmental Quality, 35(2), 468—478. https://doi.org/10.2134/jeq2005.0112

Whicker, J. J., Pinder, J. E., III, Breshears, D. D., & Eberhart, C. F. (2006). From dust to dose: Effects of forest disturbance on increased inhalation
exposure. Science of the Total Environment, 368(2-3), 519-530. https://doi.org/10.1016/j.scitotenv.2006.03.003

White, W. H., Hyslop, N. P., Trzepla, K., Yatkin, S., Rarig, R. S., Jr., Gill, T. E., & Jin, L. (2015). Regional transport of a chemically distinctive
dust: Gypsum from white sands, New Mexico. Aeolian Res, 16, 1-10. https://doi.org/10.1016/j.aeolia.2014.10.001

Williams, R. J., Bryan, R. T., Mills, J. N, Palma, R. E., Vera, 1., De Velasquez, F., et al. (1997). An outbreak of hantavirus pulmonary syndrome
in western Paraguay. The American Journal of Tropical Medicine and Hygiene, 57(3), 274-282. https://doi.org/10.4269/ajtmh.1997.57.274

Winton, V. H. L., Edwards, R., Bowie, A. R., Keywood, M., Williams, A. G., Chambers, S. D., et al. (2016). Dry season aerosol iron solubility in
tropical northern Australia. Atmospheric Chemistry and Physics, 16(19), 12829-12848. https://doi.org/10.5194/acp-16-12829-2016

Wisniewska, K., Lewandowska, A. U., & Sliwiriska-Wilczewska, S. (2019). The importance of cyanobacteria and microalgae present in aerosols
to human health and the environment—Review study. Environment International, 131, 104964. https://doi.org/10.1016/j.envint.2019.104964

WMO. (2015). Sand and dust storm warning advisory and assessment system (SDS-WAS) science and implementation plan 2015-2020. In World
meteorological organization (WMO), WWRP report-no. 2015-5. Retrieved from https://library.wmo.int/doc_num.php?explnum_id=3383

WMO. (2020). Sand and dust storm warning advisory and assessment system: Science progress report. In World meteorological organization
(WMO), GAW report-no. 254, WWRP 2020-4. Retrieved from https://library.wmo.int/doc_num.php?explnum_id=10346

WMO. (2021). Sand and dust storm warning advisory and assessment system, WMO airborne dust bulletin, no. 5, July 2021. Retrieved from
https://library.wmo.int/doc_num.php?explnum_id=10731

TONG ET AL.

51 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.3390/ijerph19116907
https://doi.org/10.1165/ajrcmb.26.1.4652
https://doi.org/10.1136/oemed-2018-105405
https://doi.org/10.1136/oemed-2018-105405
https://doi.org/10.4269/ajtmh.19-0699
https://doi.org/10.4269/ajtmh.19-0699
https://doi.org/10.1007/s10661-020-08348-5
https://doi.org/10.1146/annurev.es.17.110186.001033
https://doi.org/10.5194/acp-14-3211-2014
https://costindust.eu/events/indust-events
https://costindust.eu/events/indust-events
https://doi.org/10.3390/aerospace8030081
https://doi.org/10.1029/1999JC000123
https://doi.org/10.1016/j.earscirev.2017.05.001
https://doi.org/10.1038/s41561-018-0265-7
https://doi.org/10.1016/j.jenvman.2019.109872
https://doi.org/10.1016/j.aeolia.2019.05.003
https://doi.org/10.3109/1040841x.2013.783555
https://doi.org/10.1016/j.sste.2019.100317
https://doi.org/10.1016/j.sste.2019.100317
https://doi.org/10.5194/bg-15-4205-2018
https://doi.org/10.5194/bg-15-4205-2018
https://doi.org/10.1073/pnas.1518080113
https://doi.org/10.3389/fmars.2018.00012
https://doi.org/10.1111/j.1541-0064.2008.00211.x
https://doi.org/10.1007/bf00127139
https://doi.org/10.2134/jeq2005.0112
https://doi.org/10.1016/j.scitotenv.2006.03.003
https://doi.org/10.1016/j.aeolia.2014.10.001
https://doi.org/10.4269/ajtmh.1997.57.274
https://doi.org/10.5194/acp-16-12829-2016
https://doi.org/10.1016/j.envint.2019.104964
https://library.wmo.int/doc_num.php?explnum_id=3383
https://library.wmo.int/doc_num.php?explnum_id=10346
https://library.wmo.int/doc_num.php?explnum_id=10731

A7t |
NI
ADVANCING EARTH
AND SPACE SCIENCE

Reviews of Geophysics 10.1029/2021RGO00763

Woodruff, N. P., & Siddoway, F. H. (1965). A wind erosion equation. Soil Science Society of America Proceedings, 29(5), 602—608. https://doi.
org/10.2136/ss52j1965.03615995002900050035x

World Health Organization (WHO). (2021). Air quality guidelines. World Health Organization.

Worster, D. (1979). Dust bowl. The southern great Plains in the 1930s. Oxford University Press.

Wu, P. C,, Tsai, J. C., Li, F. C., Lung, S. C., & Su, H. J. (2004). Increased levels of ambient fungal spores in Taiwan are associated with dust events
from China. Atmospheric Environment, 38(29), 4879-4886. https://doi.org/10.1016/j.atmosenv.2004.05.039

Xu, X., Vignarooban, K., Xu, B., Hsu, K., & Kannan, A. M. (2016). Prospects and problems of concentrating solar power technologies for power
generation in the desert regions. Renewable and Sustainable Energy Reviews, 53, 1106-1131. https://doi.org/10.1016/j.rser.2015.09.015

Yang, B., Balazs, K. R., Butterfield, B. J., Laushman, K. M., Munson, S. M., Gornish, E. S., & Barberdn, A. (2022). Does restoration of
plant diversity trigger concomitant soil microbiome changes in dryland ecosystems? Journal of Applied Ecology, 59(2), 560-573. https://doi.
org/10.1111/1365-2664.14074

Yao, Y., Harner, T., Blanchard, P., Tuduri, L., Waite, D., Poissant, L., et al. (2008). Pesticides in the atmosphere across Canadian agricultural
regions. Environmental Science & Technology, 42(16), 5931-5937. https://doi.org/10.1021/es800878r

Yin, D., Nickovic, S., Barbaris, B., Chandy, B., & Sprigg, W. A. (2005). Modeling wind-blown desert dust in the southwestern United States for
public health warning: A case study. Atmospheric Environment, 39(33), 6243-6254. https://doi.org/10.1016/j.atmosenv.2005.07.009

Yin, D., Nickovic, S., & Sprigg, W. A. (2007). The impact of using different land cover data on wind-blown desert dust modeling results in the
southwestern United States. Atmospheric Environment, 41(10), 2214-2224. https://doi.org/10.1016/j.atmosenv.2006.10.061

Yin, D., & Sprigg, W. A. (2010). Modeling airborne mineral dust: A Mexico—United States trans-boundary perspective. In W. Halvorson, C.
Schwalbe, & C. van Riperlll (Eds.), Southwestern Desert resources (pp. 303-317). University of Arizona Press.

Yu, H., Chin, M., Winker, D. M., Omar, A. H., Liu, Z., Kittaka, C., & Dieh, T. (2010). Global view of aerosol vertical distributions from
CALIPSO lidar measurements and GOCART simulations: Regional and seasonal variations. Journal of Geophysical Research, 115, DOOH30.
https://doi.org/10.1029/2009JD013364

Yu, H., Chin, M., Yuan, T. L., Bian, H. S., Remer, L. A., Prospero, J. M., et al. (2015). The fertilizing role of African dust in the Amazon rainfor-
est: A first multiyear assessment based on data from cloud-aerosol lidar and infrared pathfinder satellite observations. Geophysical Research
Letters, 42(6), 1984-1991. https://doi.org/10.1002/2015g1063040

Yu, H., Remer, L. A., Chin, M., Bian, H. S, Tan, Q., Yuan, T. L., & Zhang, Y. (2012). Aerosols from overseas rival domestic emissions over North
America. Science, 337(6094), 566-569. https://doi.org/10.1126/science.1217576

Yu, H., Tan, Q., Chin, M., Bian, H., Kim, D., Zhang, Z., et al. (2019). Estimates of African dust deposition along the trans-Atlantic transit
using the decade-long record of aerosol measurements from CALIOP, MODIS, MISR, and IASL. Journal of Geophysical Research, 124(14),
7975-7996. https://doi.org/10.1029/2019JD030574

Yu, H., Tan, Q., Zhou, L., Zhou, Y., Bian, H., Chin, M., et al. (2021). Observation and modeling of the historic “Godzilla” African dust intru-
sion into the caribbean basin and the southern US in June 2020. Atmospheric Chemistry and Physics, 21(16), 12359-12383. https://doi.
org/10.5194/acp-21-12359-2021

Yusa, A., Berry, P., Cheng, J., Ogden, N., Bonsal, B., Stewart, R., & Waldick, R. (2015). Climate change, drought and human health in Canada.
International Journal of Environmental Research and Public Health, 12(7), 8359-8412. https://doi.org/10.3390/ijerph 120708359

Zartman, R. E., & Jaynes, W. F. (2014). Ricin: Sorption by soils, minerals, textiles, and food; soil infiltration and dust transport. In J. W.
Cherwonogrodzky (Ed.), Ricin toxin (pp. 57-85). Bentham Science Publishers.

Zender, C. S., & Talamantes, J. (2006). Climate controls on valley fever incidence in kern county, California. International Journal of Biomete-
orology, 50(3), 174-182. https://doi.org/10.1007/s00484-005-0007-6

Zhang, H., Miles, C., Gerdeman, B., LaHue, D. G., & DeVetter, L. (2021). Plastic mulch use in perennial fruit cropping systems—A review.
Scientia Horticulturae, 281, 109975. https://doi.org/10.1016/j.scienta.2021.109975

Zhang, L., Beede, R. H., Banuelos, G., Wallis, C. M., & Ferguson, L. (2019). Dust Interferes with pollen—stigma interaction and fruit set in pista-
chio pistacia vera cv. Kerman. HortScience, 54(11), 1967-1971. https://doi.org/10.21273/hortsci14330-19

Zhang, X., Zhao, L., Tong, D. Q., Wu, G., Dan, M., & Teng, B. (2016). A systematic review of global desert dust and associated human health
effects. Atrmosphere, 7(12), 158. https://doi.org/10.3390/atmos7120158

Zhang, Y., Kang, S., Allen, S., Allen, D., Gao, T., & Sillanpéd, M. (2020). Atmospheric microplastics: A review on current status and perspec-
tives. Earth-Science Reviews, 203, 103118. https://doi.org/10.1016/j.earscirev.2020.103118

Zhao, T. L., Gong, S. L., Zhang, X. Y., & Jaffe, D. A. (2008). Asian dust storm influence on North American ambient PM levels: Observational
evidence and controlling factors. Atmospheric Chemistry and Physics, 8(10), 2717-2728. https://doi.org/10.5194/acp-8-2717-2008

Zhu, X., Ge, Y., Wu, T., Zhao, K., Chen, Y., Wu, B., et al. (2020). Co-infection with respiratory pathogens among COVID-2019 cases. Virus
Research, 285, 198005. https://doi.org/10.1016/j.virusres.2020.198005

Zuidema, P., Alvarez, C., Kramer, S. J., Custals, L., Izaguirre, M., Sealy, P., et al. (2019). Is summer African dust arriving earlier to Barbados?
The updated long-term in situ dust mass concentration time series from ragged point, Barbados, and Miami, Florida. Bulletin of the American
Meteorological Society, 100(10), 1981-1986. https://doi.org/10.1175/bams-d-18-0083.1

TONG ET AL.

52 of 52

25U80 SUOWLIOD AIIES.D 3|ed1 dde aU) AQ PauRA0B 2 SBPIR YO 85N J0'SBIN1 JOJ A1 BUIIUO AB]IM LIO (SUDIIPUGD-PLB-SLLLIEYLIOD' A3 1M ARG [BUIUO// SCHIL) SUOTIPUOD PU. SULB | 8U) 05 *[£202/470/20] UO ARRicl1 BUIIUO A3{1M 14611 208dS PIRpPOS BSeN Ad £9/00094TZ02/620T OT/I0pL00"AB| 1 AReiq1jeujuo'sandnBe// sy wo.y pepeojumod ‘2 ‘€202 ‘80Z676T


https://doi.org/10.2136/sssaj1965.03615995002900050035x
https://doi.org/10.2136/sssaj1965.03615995002900050035x
https://doi.org/10.1016/j.atmosenv.2004.05.039
https://doi.org/10.1016/j.rser.2015.09.015
https://doi.org/10.1111/1365-2664.14074
https://doi.org/10.1111/1365-2664.14074
https://doi.org/10.1021/es800878r
https://doi.org/10.1016/j.atmosenv.2005.07.009
https://doi.org/10.1016/j.atmosenv.2006.10.061
https://doi.org/10.1029/2009JD013364
https://doi.org/10.1002/2015gl063040
https://doi.org/10.1126/science.1217576
https://doi.org/10.1029/2019JD030574
https://doi.org/10.5194/acp-21-12359-2021
https://doi.org/10.5194/acp-21-12359-2021
https://doi.org/10.3390/ijerph120708359
https://doi.org/10.1007/s00484-005-0007-6
https://doi.org/10.1016/j.scienta.2021.109975
https://doi.org/10.21273/hortsci14330-19
https://doi.org/10.3390/atmos7120158
https://doi.org/10.1016/j.earscirev.2020.103118
https://doi.org/10.5194/acp-8-2717-2008
https://doi.org/10.1016/j.virusres.2020.198005
https://doi.org/10.1175/bams-d-18-0083.1

	Health and Safety Effects of Airborne Soil Dust in the Americas and Beyond
	Abstract
	Plain Language Summary
	1. Introduction
	2. Dust in the Americas
	2.1. 
          Long-Range Dust Transport
	2.2. 
          Pan-America-Sourced Airborne Dust
	2.3. Chemical and Physical Characteristics of American Dust
	2.4. Biota in Dust
	2.5. Microplastics in the Dust
	2.6. Interactions With Air Pollution
	2.7. Dust Trends

	3. Effects on Human Health
	3.1. Respiratory Diseases
	3.2. Other Morbidity Effects
	3.3. Premature Deaths
	3.4. Valley Fever
	3.5. Other Microbe-Related Diseases
	3.6. Airborne Dust and COVID-19/SARS-CoV-2

	4. Effects on Environmental Health
	4.1. Harmful Algae Blooms, Pathogenic Microorganisms, and Toxins
	4.2. Dust Deposition and Ecosystem Health
	4.3. Water Supply Contamination Caused by Soil Dust
	4.4. Food Contamination From Windblown Dust
	4.5. Agricultural Hazards Associated With Dust
	4.6. Effects on Domestic and Wild Animals
	4.7. Radioactive Contamination (Radionuclides) in Dust
	4.8. Heavy Metal Contamination (Resuspension)
	4.9. Ocean Acidification
	4.10. Renewable Energy (Solar and Wind Energy)

	5. Safety Concerns
	5.1. Roadway Safety
	5.2. Aviation Safety
	5.3. Marine Navigation
	5.4. Railroad Safety and Health

	6. Other Critical Issues
	6.1. Climate Change and Dust Effects
	6.2. 
          High-Latitude Dust Sources
	6.3. Environmental Justice

	7. Mitigation Measures
	7.1. Observations and Prediction of Sand and Dust Storms
	7.2. Soil Conservation Efforts
	7.3. Dust Mitigation for Transportation
	7.4. Valley Fever Surveillance

	8. Global Implications and Research/Operation Gaps
	9. Conclusion
	Data Availability Statement
	References


