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Abstract

Changing weather patterns, droughts and competing water demands are dramatically altering the 

landscape and creating conditions conducive to the production of wind-blown dust and dust 

storms. In California, such factors are leading to the rapid shrinking of the Salton Sea, a 345 

square mile land-locked “sea” situated near the southeastern rural border region known as the 

Imperial Valley. The region is anticipated to experience a dramatic increase in wind-blown dust 

and existing studies suggest a significant impact on the health and quality of life for nearby 

residents of this predominantly low-income, Mexican-American community. The discussion calls 

attention to the public health dimensions of the Salton Sea crisis. We know little about the possible 

long-term health effects of exposure to mobilized lakebed sediments or the numerous toxic 

contaminants that may become respirable on entrained particles. We draw on existing 

epidemiological literature of other known sources of wind-blown dust, such as desert dust storms, 

and related health effects to begin to understand the potential public health impact of wind-blown 

dust exposure. The increased production of wind-blown dust and environmental exposures to such 

non-combustion related sources of particulate matter are a growing health threat, due in part to 

drought coupled with increasing pressures on limited water resources. Recent population-based 

studies have linked dust storms with cardiovascular mortality, asthma hospitalization and decrease 

in pulmonary function in both adults and children. A growing number of studies provide evidence 

of the acute health effects of wind-blown dust exposures among children, which with repeated 

insults have the potential to influence respiratory health over time. The shrinking of the Salton Sea 

illustrates a public health and environmental justice crisis that requires action and attention to 

protect the health and well-being of local communities.
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Introduction

A brief history of Salton Sea

Climate change is predicted to bring increasingly hotter and drier conditions to much of the 

Southwestern United States (US), creating conditions conducive to the increased production 

of wind-blown dust (Pu and Ginoux 2017). These factors, coupled with drought and 

competing water demands, have laid the ground for a human health and ecological disaster-

in-the-making in the southeastern border region of California (CA), known as the Imperial 

Valley. The Salton Sea, a 345-square-mile shallow land-locked “sea” situated in the northern 

part of Imperial Valley, was formed inadvertently during diversion of the Colorado River in 

the early 1900s filling a dry salt bed (Figure 1). This shallow terminal lake, which is 35 

miles long, 15 miles wide and only an average of 20 feet deep, has been sustained in this 

arid desert climate largely by irrigation runoff from adjacent agricultural lands. The Sea 

essentially serves as a repository for irrigation wastewaters, which historically have 

comprised over 95% of the annual water inflows (Hart et al. 1998; Tompson 2016).

The Imperial Valley, which surrounds the Salton Sea’s southern shores, is a highly 

productive agricultural region that is dependent on water imported from the Colorado River. 

The Imperial Irrigation District (IID), which provides water to the agricultural industry in 

Imperial Valley, has historically held the single largest entitlement to freshwater from the 

Colorado River of any Colorado River use.. Water for the Imperial Valley is diverted from 

the Colorado River into the All-American Canal, a human-made irrigation channel along the 

Mexico/California border. Through an extensive network of canals and ditches, 

approximately 3.2 billion cubic meters of Colorado River water is delivered to over 2,000 

square kilometers of Imperial Valley agricultural land per year, although this number is 

expected to decline in coming years (http://www.iid.com). In 2003, a federally ordered 

Quantification Settlement Agreement (QSA) stipulated a reduction of Colorado River water 

imports to the Imperial Valley, to increase water resources for growing urban regions. As 

part of the negotiations, 15 years of “mitigation water” was allocated to the Sea to provide 

time for the state to address the impacts of a shrinking Sea, due to the anticipated reduction 

Johnston et al. Page 2

Sci Total Environ. Author manuscript; available in PMC 2020 May 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.iid.com/


in agricultural irrigation runoff. The role of water in maintaining the ecological and 

economic vitality of the Salton Sea was not seen as a direct “beneficial use” within the water 

reapportionment (Cantor 2016). Thus, as of December 2017, nearly half of all freshwater 

flowing into the land-locked Salton Sea has been diverted for predominantly urban uses as 

part of this settlement, precipitating the rapid shrinking of the largest inland water body in 

CA (King et al. 2011; Tompson 2016).

A crisis in slow motion: Disappearing seas and air pollution

The Salton Sea has been shrinking slowly for years (Barnum et al. 2017). Given the 

surrounding desert climate and shallowness of the Sea, large swaths of the seabed have and 

will continue to become exposed as the water levels recede. The retreating shoreline leaves 

behind exposed playa which has the potential to generate dust that is easily mobilized by 

strong winds in the area from the vast salt flats (King et al. 2011) (Figure 2). A model from 

the US Geological Survey estimated that the decline of 3 feet in elevation will expose over 

11,000 acres of saline lakebed sediment (Case et al. 2013). A separate study predicts that 

fugitive wind-blown dust could increase by up to 40 to 80 tons per day after water inflows 

are reduced in 2018 and the lake will shrink by about 100 square miles by 2030 (Cohen and 

Hyun 2006). Previous research suggests that these salt-based crusts are already a significant 

source of dust emissions and predicts that the playa is likely to become an increasingly 

important source of respirable particulate matter <10 μm in diameter (PM10) in the region 

(King et al. 2011). Prior to the water transfer, approximately 10% of PM10 in the region was 

attributable to playa-like soils, a contribution that is estimated to increase during high wind 

events (Frie et al. 2017).

Large scale desertification of previously submerged areas greatly increases the amount of 

mobilized dust, and coupled with wind events, amplifies the potential for humans to be 

exposed to such dust (Crooks, 2016). The consequences of rapid desiccation of a lakebed 

have been previously observed, such as in the case of the Aral Sea (Uzbekistan and 

Kazakhstan) and Owens Lake (CA). Dust from saline lakebeds is associated with a high 

proportion of particles <10μm (PM10) containing adsorbed sulfate, chloride, pesticides and 

heavy metals (Abuduwaili et al. 2010). The drying of Owens Lake, which once occupied an 

area less than a third of the size of the Salton Sea, led to severe dust emissions and became 

the largest source of PM10 in the United States prior to mitigation (Gill 1996). The PM 

emissions from Owens Lake reached concentrations in the thousands of μg/m3 and could be 

transported hundreds of miles (Gill et al. 2002). The particulates entrained from the dried 

lakebed were smaller in size (mode of 3.5 μm) than agricultural dust and therefore more 

easily respirable by humans (Reid et al. 1994). Toxic metals, including lead, arsenic, nickel 

and chromium as well as high concentrations of salts have been identified in sediments (Gill 

et al. 2002) and in dust sampled during wind events (Reid et al. 1994). Similar impacts have 

been observed near the Aral Sea (Wiggs et al. 2003). These cases illustrate that the exposure 

of the sediments leads to substantial increases in respirable PM and therefore suggest the 

potential for significant impacts on the health and quality of life of nearby residents 

(Abuduwaili et al. 2010).
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Objectives

The shrinking of the Salton Sea has both known and likely unforeseen public health 

implications, including the growing risk of exposure to potentially hazardous wind-blown 

dust and dust storm events. However, historical efforts and management of the Salton Sea 

has focused primarily on habitat, ecology and restoration (Barnum et al. 2017). The 

consequences on the health and well-being of the local communities, who are staged to bear 

the disproportionate burden of the rural to urban water transfer, have largely been on the 

periphery of regulatory and legal discussions regarding water use and the future of the 

Salton Sea. There are nearly 130,000 people living within 15 miles (24 km) of the Salton 

Sea, of whom one-third are children based on 2010 US Census estimates.

The primary objective of this commentary is to call attention to the public health dimensions 

of the Salton Sea crisis. We know little about the possible long-term health effects of 

exposure to mobilized lakebed sediments or the numerous toxic contaminants that may 

become respirable on entrained particles. However, we can draw on existing epidemiological 

literature of other known sources of wind-blown dust, such as desert dust storms, and related 

health effects to begin to understand the potential public health impact of emerging exposure 

sources. Here, we briefly review what is known about the adverse health effects related to 

wind-blown dust exposure, in both adults and in children, and we highlight the case of the 

Salton Sea—a looming environmental crisis that has the potential for broad impacts on the 

future health of nearby communities, and implications for other communities facing the 

impacts of drying lakes.

Discussion

A Sea sustained by industrial agriculture leaves a toxic legacy

Agricultural irrigation runoff water flows into the Alamo and New Rivers or through 

discharge canals, which in turn, flow north and discharge into the Salton Sea (De Vlaming et 

al. 2004). This irrigation runoff brings agricultural pesticides, such as organophosphorus 

insecticides, chlorpyrifos, as well as industrial contaminants, into the Sea (De Vlaming et al. 

2004). As the Sea’s water quality and impacts on fish and bird life have been a long-standing 

issue in the region, researchers have measured organochlorines, pesticides and toxic metals 

in the water, sediments and marine life, over the past four decades (Eccles 1979; Setmire et 

al. 1990; Bruehler and de Peyster 1999; Sapozhnikova et al. 2004; LeBlanc and Kuivila 

2008; Xu et al. 2016). Some compounds partition extensively to sediments and one study of 

lakebed sediments frequently detected chlorpyrifos, trifluralin and DDE in concentrations 

that were concluded to be “not insignificant in terms of potential exposure and human 

health” (LeBlanc and Kuivila 2008). Measured concentrations of lindane, dieldrin, DDE and 

total PCBs in shoreline sediments of the Salton Sea exceeded PELs (probable effect levels) 

for sediment quality in freshwater, with the highest concentrations measured in the Southern 

part of the Sea which receives inflows from 2 rivers and agricultural runoff (Sapozhnikova et 

al. 2004). Levels of organochlorine pesticides on the southern edge of the Sea were higher in 

air-exposed sediments compared to submerged sediments (Wang et al. 2012). In addition to 

pesticides, toxic metals, such as arsenic, cadmium, copper, molybdenum, nickel, zinc and 
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selenium, have been measured in playa sediments at levels of ecological concern (Vogl and 

Henry 2002; Xu et al. 2016).

As the Sea dries, such toxicants that have been deposited in the playa sediments can become 

entrained in the air on dust particles, creating the potential for inhalation exposures. As 

observed at Owens Lake and during large-scale dust events, dust particles can carry a 

complex heterogeneous mixture of organic and inorganic species that can change across 

space and time (Kelly and Fussell 2012). According to the Imperial Irrigation District (IID), 

between 2003 and 2016 the acreage of exposed playa around the Salton Sea increased from 

862 to 16,452 (Formation Environmental LLC 2018). It is anticipated that this rate will 

accelerate in 2018, increasing not only acreage, but also the playa width and therefore the 

emissions potential. Models of dust potential suggest that southern portion of the shoreline, 

where the receding is progressing the fastest, has the highest dust emission potential (Breck 

et al. 2018). At the Salton Sea, soft crusts were found to be significant producers of dust 

during winter and early spring, as were dry wash areas containing loose particles on the 

surface year-round (King et al. 2011).

The composition of dust may strongly influence toxicity, which is important from a 

biological, public health and regulatory standpoint. Research is only beginning to examine 

the components and sources of dust in Imperial Valley, but the presence of multiple 

contaminants in Salton Sea sediments indicates that pesticides and metals could be carried 

on particles and inhaled by nearby residents. Prior work has suggested additional risks to 

respiratory health associated with exposure to toxicants carried by dust particles, including 

some evidence that metals carried in fine PM may contribute to respiratory hospital 

admissions among children (Ostro et al. 2009) and to increased blood pressure and 

decreased lung function in young adults (Cakmak et al. 2014). However, to date researchers 

have not evaluated the health risks associated with the inhalation of dust originated from 

these potentially toxic Salton Sea sediment mixtures among residents of nearby 

communities.

A drying Sea and the next generation: Effects of wind-blown dust on public health

Epidemiological studies have begun to explore the health effects of non-combustion related 

sources of PM exposure (reviewed in Tables 1 and 2). Among adults, a number of studies 

have observed that desert dust transported to Europe from Saharan dust storms was 

associated with increased mortality ( Tobias et al. 2011; Perez et al. 2012; Neophytou, 

2013), with the strongest effects associated with exposure to coarse PM10 desert dust 

particles (Mallone et al. 2011; Stafoggia et al. 2015). While US-based studies are few, a 

recent analysis found a significant association between dust storms and increases in lagged 

non-accidental and cardiovascular mortality (Crooks et al. 2016). Others have reported 

associations between dust storms and increased emergency room visits and hospitalizations 

due to asthma or chronic obstructive pulmonary disease, COPD (Kanatani, 2010; Tam et al. 

2012; Thalib and Al-Taiar, 2012; Ma et al 2016). Studies of exposure to Asian dust storm 

particles reported associations with decreased pulmonary function in adult asthmatics and 

increased reporting of lower respiratory tract symptoms (Watanabe et al. 2015). One study of 

respiratory symptoms in adults living near a desiccated lake in Canada compared to those 
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living farther away measured an increased prevalence of cough and wheeze at the time of 

assessment, as well as chronic symptoms of cough, wheeze, eye irritation, and nasal 

irritation in the exposed population (Gomez et al. 1992). Chamber experiments with 

asthmatic adults found that exposure to PM10 at levels equivalent to dust storms reduced 

FEV1 (forced expiratory volume in one second), up to an hour post-exposure (Gupta et 

al.2012). Evidence from an experimental study in animals suggests that exposure to desert 

dust may provoke inflammatory injury in the lower respiratory tract by inducing oxidative 

stress and the release of pro-inflammatory mediators in the respiratory epithelium (Ghio et 

al. 2014).

Children are highly susceptible to the impacts of air pollutants, as their lungs and immune 

systems continue to develop throughout childhood, and particle deposition has been shown 

to be higher in young children and asthmatics (Chalupa et al. 2004; Ginsberg et al. 2005; 

Ostro et al. 2009). In addition to acute adverse effects of exposure to PM, such as asthma 

exacerbations and respiratory distress, children may be at risk of long-term effects of 

exposure to ambient dust-borne contaminants, such as deficits in lung growth, airway 

inflammation and new onset asthma (Chen et al. 2015). Given that early life insults to the 

lung may elevate the risk of long-term disease (Stocks and Sonnappa 2013; Stocks et al. 

2013), such increases in ambient PM due to the drying of the Sea may influence long-term 

lung health. However, relatively few studies have assessed the impact of ambient dust 

exposures on children’s health and to our knowledge, all have focused on acute or relatively 

short-term health effects. Despite the limited studies, these studies support a role for wind-

blown dust exposures in potential impacts on respiratory symptoms, asthma, and lung 

inflammation.

A growing number of studies from dust-storm prone regions around the world have begun to 

provide evidence of acute effects of wind-blown dust on children’s health (Table 2). Among 

children in Greece, increases in PM10 likely due to desert dust transported from the Sahara, 

were associated with a 2.5% increase in emergency hospital admissions for pediatric asthma 

(Samoli et al. 2011). A study of Japanese children found similar associations between 

asthma hospitalizations and heavy dust events within the previous week (Kanatani et al. 

2010). Asian dust storm events have been associated with significant increases in respiratory 

clinic visits among preschool and school children in Taiwan (Chien et al. 2012). Similarly, 

Asian dust storms were associated with reduced pulmonary function among asthmatic 

children in Korea (Hong et al. 2010) and more recently, with decreased pulmonary function 

in healthy schoolchildren in Japan (Watanabe et al. 2017). Other recent studies have 

explored the relation between coarse PM10 exposure and fractional exhaled nitric oxide 

(FeNO), a biomarker of sub-clinical airway inflammation, among healthy school children. A 

Swedish study assessed children biweekly over two months and found that short-term 

changes in coarse PM were associated with significant increases in FeNO, even after 

accounting for other ambient air pollutants (Carlsen et al. 2016). Among Iranian children, 

researchers found that, compared to normal days, dusty days were related to significant 

increases in FeNO and decreases in lung function (Neisi et al. 2017). These studies provide 

evidence of the acute health effects of wind-blown dust exposures among children, which, 

with repeated insults, have the potential to influence respiratory health over time.
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An additional concern related to children’s health is the emerging evidence that suggests that 

wind-blown PM also may be related to allergies, atopic conditions and eye diseases. Recent 

publications have reported that dust may promote allergic disease by acting as an allergic 

adjuvant, and showed that dust storms may enhance allergic symptoms among allergen-

sensitized individuals, independently of increases in other ambient allergens (Mimura et al. 

2014; Kanatani, 2016). In addition to respiratory endpoints, there is suggestive evidence that 

dust storms may be associated with allergic and atopic conditions. Higher incidence of 

conjunctivitis in young children was observed among those with exposure to dust storm 

events in Taiwan (Chien et al. 2014). Asian dust storm particles have also been linked to skin 

irritation and have been found to induce pro-inflammatory and immunomodulatory changes 

in cultured epidermal cells (Choi et al. 2011; Otani et al. 2011; Onishi et al. 2015).

Finally, wind-blown dust exposure and dust events may be important exposure pathways for 

microbes, fungi and viruses that can be carried on dust particles (Yamaguchi et al. 2016; 

Maki et al. 2017; Behzad et al 2018). Wind-blown dust has been shown to carry various 

microbes and pathogens, which can cause respiratory illness when inhaled (Behzad et al 

2018). A recent study that monitored airborne bacteria during Asian dust storm events found 

that dust events can transport large amounts of bacterial cells and that airborne bacterial 

abundance was more than 10-fold higher on severe dust days, than on less dusty days 

(Yamaguchi et al. 2014). In the Imperial Valley, annual incident cases of Valley Fever in 

California increased by approximately 70% from 2009 to 2012 and while there are likely a 

number of factors, elevated dust levels, along with hotter, drier conditions have likely 

contributed to Valley Fever incidence (Park et al. 2005; Ampel 2010). Increasing amounts of 

PM from the shrunken Salton Sea basin could carry additional pathogens to communities, 

increasing the potential for infections and respiratory illness after dust events. Together, 

these studies begin to indicate possible long-term health significance of increasing dust 

exposures among children and highlight the need for longitudinal studies of the long-term 

impacts of these exposures.

The Aral Sea: children’s health after lakebed desiccation

The changes observed at the Aral Sea provide an example of the possible public health 

consequences of lakebed desiccation. The diversion of water for irrigation from the Aral Sea 

basin resulted in exposure of 36,000 square kilometer of former seabed over the course of 40 

years (Micklin 1998) and created one of the highest dust deposition rates globally (O’Hara 

et al. 2000). However, the few studies of wind-blown dust and children’s respiratory health 

in this region have been largely inconclusive. One study observed that school-aged children 

living near the Aral Sea had twice the reported recent wheeze symptoms along with lower 

lung function compared to an age- and sex-matched control group living farther away from 

the sea (Kunii et al. 2003). A separate study of lung function among children (age 7–9) 

around the Aral Sea suggested that while exposure to dust did not fully explain the variations 

in lung function among different communities, high levels of dust exposure during the 

summer may have an adverse effect on measured lung function (Bennion et al. 2007). Others 

also found an association between proximity to the Aral Sea and levels of renal tubular 

dysfunction in children, measured via urinary markers, which could indicate consequences 

for long-term renal health and hypertension risk (Kaneko et al. 2003). The case of the Aral 
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Sea highlights the need for longitudinal studies of wind-blown dust exposures that can 

establish baseline data about health and begin to more clearly elucidate the effects of long-

term wind-blown PM exposures on children’s health.

A population at risk: health and vulnerability in the Imperial Valley

The agricultural southeastern border region of California already faces frequent local dust 

storms that can create high levels of dust due to industrial and agricultural activities and the 

desert environment around the Imperial Valley. Recorded peak daily concentrations of PM10 

at levels nearly 10 times the state and federal limits (CARB 2012) (Figure 3). Imperial 

County is primarily Mexican/Mexican-American (~83%), with some of the highest rates of 

unemployment and poverty in the nation (Bureau 2014). An estimated 10,000 children (one-

third of residents) live in the towns nearest to the southern edge of the Sea. According to the 

statewide tool, CalEnviroScreen, the majority of the census tracts in this region are among 

some of the most vulnerable in the state to pollution, as measured by socioeconomic 

(education, housing, linguistic isolation, poverty and unemployment) and health indicators 

(asthma, cardiovascular disease and low birth weight) (OEHHA 2018) (Figure 4). In this 

region, approximately 23,000 residents, around 1 in 5, have been diagnosed with asthma 

(Lipsett et al. 2009; CEHTP 2017). Currently, emergency departments in Imperial County 

treat three times more pediatric asthma visits than elsewhere in California (Marshall 2017). 

Evidence from a cross-border pilot study of asthma incidence found the prevalence of 

physician-diagnosed asthma among 13–14 year olds was more than 4 times higher in the 

Imperial Valley cities compared to those just across the border in Mexico (26.5% versus 

5.8%) (Lipsett et al. 2009). Given the demographic and ethnic similarities of these two sites, 

these findings support the hypothesis that there are likely important environmental factors 

impacting asthma prevalence in the Imperial Valley on the US side of the border.

Looking ahead: Water scarcity, dust and health

Across the southwestern US, increased production of wind-blown dust and environmental 

exposures to such non-combustion related sources of PM are a growing health threat, due to 

long-standing drought conditions and increasingly limited water resources. As more inland 

lakes in the US and globally face risk of drying due to diverted water flow, drought and 

overuse, including the Great Salt Lake (Utah, US), Lake Mead (Arizona, US), Lake Chad 

(Chad/Cameroon, Nigeria), Lake Urmia (Iran) and the Dead Sea (Jordan/Israel/Palestine), 

exposure to wind-blown sediments will become an increasingly important emerging health 

risk. Furthermore, dust events are becoming more frequent, with the number of dust storms 

more than doubling from the 1990s to 2000s (Tong et al. 2017). In arid regions, such as the 

Imperial Valley, the mobilization, transport and deposition of wind-blown dust can 

contribute to significant ecological, economic and health issues (Griffin et al. 2001). 

Nonetheless, epidemiological studies on this emerging exposure remain limited and the 

health impacts of non-combustion related PM on communities, especially children and other 

vulnerable populations, are largely unknown (De Sario et al. 2013; Ma et al. 2016).

In the US, the distributions and types of rural pollution are typically not well characterized, 

nor are the population-level health effects of such types of pollution (Michael et al. 2010). 
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The intersection of rural populations with race and class often exacerbates environmental 

injustices. The industrialization of rural areas for agricultural or energy production, coupled 

with the transfer of resources from rural to urban communities can harm rural populations 

for urban beneficiaries (Kelly-Reif and Wing 2016). Rural low-income and people of color 

often lack the financial and social resources to mitigate their exposures, such as moving 

households to less polluted areas, using air conditioners instead of opening windows, or 

influencing local and state government to reduce pollution exposures (Thu 2001). Pressure 

to control the effects of rural environmental degradation is lessened because of the lack of 

political power and the direct benefits to the urban majority. Rural areas, like the Imperial 

Valley, tend to bear increasingly heavy cumulative economic and community health impacts 

of environmental changes, but are often overlooked by academics and policy-makers. A 

scientific framework to monitor pollutants and health outcomes in rural places through 

partnerships between researchers and rural community members can promote broader goals 

of economic, racial and social justice (Kelly-Reif and Wing 2016; English et al. 2017). In 

Imperial Valley, community-based organizations are bringing increasing attention to local 

public health issues and advancing efforts to address local concerns. As increasing levels of 

wind-blown PM and dust events are likely to burden agricultural and rural regions, 

community-engaged techniques to better understand the impacts of this emerging exposure 

on acute and chronic health are important for future epidemiological research.

The disappearance of the Salton Sea is just one example of how the intersection between 

competing water demands and a changing climate coupled with short-term planning and 

limited community engagement can have extensive and unforeseen public health 

implications. In 2017, fourteen years after the water transfer settlement, the California 

Natural Resources Agency released a 10-year plan to address the drying shoreline and loss 

of habitat. Despite this effort and growing awareness of this issue, the proposed $383 million 

patchwork of shallow ponds and wetlands along the receding shorelines are estimated to 

cover less than half of the nearly 100 square miles anticipated to be exposed over the next 

decade. The plan is poised to leave local populations at risk of increasing wind-blown PM 

exposures, which could have potentially devastating implications for human health. 

Improved understanding of the composition and toxicity of contaminated airborne particles 

from drying lakes, like the Salton Sea, as well as the geographic scope of the dust emissions, 

is critical to understanding and addressing the potential environmental health impacts in the 

region. Resources to rapidly deploy dust management measures and meaningful 

collaboration across agencies, government and the community residents may facilitate 

development of both mitigation and adaptive measure to the changing environment. 

Participatory forms of decision making and governance with respect to disaster and 

environmental health, can support multi-stakeholder dialogue, empower communities in 

social action and generate collective knowledge to build resiliency and improve public health 

(Berke et al. 2018; Cox et al. 2014; Wing et al. 2008). The shrinking of the Salton Sea 

illustrates a public health and environmental justice crisis that requires action by to protect 

public health and community well-being.
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Figure 1. 
Map of Imperial Valley and location within state of California.
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Figure 2. 
Images of three sites located on southern shore of Salton Sea, in 2002 (left panels, a, c, and 

e) and in 2017 (right panels b, d, and f). Aerial images were obtained using Google Earth 

and show differences in location of shoreline in relation to farm fields and exposure of 

lakebed playa over time.

Johnston et al. Page 16

Sci Total Environ. Author manuscript; available in PMC 2020 May 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Particulate matter levels <10 μm in diameter (PM10) as measured in μg/m3 by Imperial 

County Air Pollution Control District monitors in Imperial County, CA 2014–2017. The 

dashed line (150 μg/m3) represents the 24-hour average standard for PM10.
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Figure 4. 
Map of census tracts surrounding the Salton Sea, colored by CalEnviroscreen population 

characteristics, which represent biological traits, health status and community indicators that 

can increase vulnerability to pollution. CES population vulnerability percentile is calculated 

by assigning percentile scores for multiple population characteristics, to individual census 

tracts in California. Nearly all census tracts in Imperial County scored rank among the top 

20% of census tracts most vulnerable to pollution.
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